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Preface 
 
 The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based 
Practice Centers (EPCs), sponsors the development of evidence reports and technology 
assessments to assist public- and private-sector organizations in their efforts to improve the 
quality of health care in the United States. The reports and assessments provide organizations 
with comprehensive, science-based information on common, costly medical conditions, and new 
health care technologies. The EPCs systematically review the relevant scientific literature on 
topics assigned to them by AHRQ and conduct additional analyses when appropriate prior to 
developing their reports and assessments. 
 To bring the broadest range of experts into the development of evidence reports and health 
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into 
collaborations with other medical and research organizations. The EPCs work with these partner 
organizations to ensure that the evidence reports and technology assessments they produce will 
become building blocks for health care quality improvement projects throughout the Nation. The 
reports undergo peer review prior to their release. 
 AHRQ expects that the EPC evidence reports and technology assessments will inform 
individual health plans, providers, and purchasers as well as the health care system as a whole by 
providing important information to help improve health care quality. 
 We welcome written comments on this evidence report. They may be sent to the Task Order 
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, 
Rockville, MD 20850, or by email to epc@ahrq.gov. 
 
Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H. 
Director Director, Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality 
 
Beth A. Collins Sharp, Ph.D.,R.N.  Ernestine Murray, M.A.S., R.N. 
Director, EPC Program  EPC Program Task Order Officer 
Agency for Healthcare Research and Quality  Agency for Healthcare Research and Quality 
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Structured Abstract 
 
 
Objectives: To assess how nurse to patient ratios and nurse work hours were associated with 
patient outcomes in acute care hospitals, factors that influence nurse staffing policies, and nurse 
staffing strategies that improved patient outcomes. 
 
Data Sources: MEDLINE® (PubMed®), CINAHL, Cochrane Databases, EBSCO research 
database, BioMed Central, Federal reports, National Database of Nursing Quality Indicators, 
National Center for Workforce Analysis, American Nurses Association, American Academy of 
Nurse Practitioners, and Digital Dissertations. 
 
Review Methods: In the absence of randomized controlled trials, observational studies were 
reviewed to examine the relationship between nurse staffing and outcomes. Meta-analysis tested 
the consistency of the association between nurse staffing and patient outcomes; classes of patient 
and hospital characteristics were analyzed separately.  
 
Results: Higher registered nurse staffing was associated with less hospital-related mortality, 
failure to rescue, cardiac arrest, hospital acquired pneumonia, and other adverse events. The 
effect of increased registered nurse staffing on patients safety was strong and consistent in 
intensive care units and in surgical patients. Greater registered nurse hours spent on direct patient 
care were associated with decreased risk of hospital-related death and shorter lengths of stay. 
Limited evidence suggests that the higher proportion of registered nurses with BSN degrees was 
associated with lower mortality and failure to rescue. More overtime hours were associated with 
an increase in hospital related mortality, nosocomial infections, shock, and bloodstream 
infections. No studies directly examined the factors that influence nurse staffing policy. Few 
studies addressed the role of agency staff. No studies evaluated the role of internationally 
educated nurse staffing policies. 
 
Conclusions: Increased nursing staffing in hospitals was associated with lower hospital-related 
mortality, failure to rescue, and other patient outcomes, but the association is not necessarily 
causal. The effect size varied with the nurse staffing measure, the reduction in relative risk was 
greater and more consistent across the studies, corresponding to an increased registered nurse to 
patient ratio but not hours and skill mix. Estimates of the size of the nursing effect must be 
tempered by provider characteristics including hospital commitment to high quality care not 
considered in most of the studies. Greater nurse staffing was associated with better outcomes in 
intensive care units and in surgical patients.
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Executive Summary 
 

Introduction 
 

 A shortage of registered nurses, in combination with increased workload, has the potential to 
threaten quality of care.1-3 Increasing the nurse to patient ratios has been recommended as a 
means to improve patient safety.4,5 However, the cost effectiveness of increasing registered nurse 
(RN) staffing is controversial.6,7 
 This systematic review analyzes associations between hospital nurse staffing and patient 
outcomes with consideration of variables that could influence the primary association. The basic 
research questions were: 

1. How is a specific nurse to patient ratio associated with patient outcomes (i.e., mortality; 
adverse drug events, nurse quality outcomes, length of stay; patient satisfaction with 
nurse care)? How does this association vary by patient characteristics, nurse 
characteristics, organizational characteristics, and nursing outcomes?  

2. How is a measure of nurse work hours (hours per patient or patient day) associated with 
the same patient outcomes?  

3. What factors influence nurse staffing policies? 
4. What nurse staffing strategies are effective for improving the patient outcomes listed in 

question 1? 
5. What gaps in research on nurse staffing and patient outcomes can be identified to address 

in future studies? 
 Questions 1, 2, and 4 are addressed in the systematic review using meta-analytic approaches. 
The literature associated with question 3 does not lend itself to meta-analysis.  
 Questions 1 and 2 address the same basic association but employ two different measures of 
nurse staffing. The nurse to patient ratio relies on a general ratio, which may include all nurses 
assigned to a unit, including non-clinical time, whereas nurse work hours look specifically at 
nurses involved in patient care. Even beyond this distinction, the varied ways staffing rates are 
calculated complicates pooling data. 
 

Methods 
 
 Observational studies from from 1990 to 2006 from the United States and Canada were 
reviewed for questions 1, 2, and 4. Studies for question 3 addressed implications for nurse 
staffing policies. No studies primarily empirically examined a specific nurse staffing policy. 
Sources included journal articles, administrative reports, and dissertations. 
 For questions 1, 2, and 4, we present the relative risks of nurse staffing levels on various 
patient outcomes adjusted for measured confounding factors. Meta-analysis was used to test the 
consistency of the association between nurse staffing and both patient outcomes and economic 
outcomes (e.g., length of stay); the analyses were conducted separately for classes of patients and 
hospital characteristics.  
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Results 
 
 Of the 94 eligible studies from 96 reports, 7 percent were case-control studies; 3 percent 
were case-series; 44 percent were cross-sectional studies; 46 percent assessed temporality in the 
association between nurse staffing and patient outcomes. The overall quality of the studies 
averaged 38 (of a possible 50).  
 
Patient Outcomes and Nurse Staffing Ratios 
 
 Consistent evidence from observational studies suggests that an increase in Registered 
Nurse (RN) to patient ratios was associated with a reduction in hospital-related mortality, failure 
to rescue,1 and other nurse sensitive outcomes, as well as reduced length of stay (LOS), after 
adjustment for patient and provider characteristics but does not establish a causal relationship. 
The effect size is greater in surgical patients; ratios less than 2.5 patients per RN per shift in 
intensive care units (ICUs) and less than 3.5 patients per RN in surgical units were associated 
with the largest risk reduction based on quartiles of nurse staffing ratios.  
 Pooled results showed that every additional RN full time equivalent (FTE) per patient 
day was associated with a relative risk reduction in hospital-related mortality by 9 percent in 
intensive care units and 16 percent in surgical patients.8-21 If the relationship were indeed causal, 
we estimate that an increase by one RN FTE per patient day would save five lives per 1,000 
medical patients, and six per 1,000 surgical patients. Reducing the workload from more than six 
to two or less patients per RN per shift would save 25 lives per 1,000 hospitalized patients and 
15 lives per 1,000 surgical patients. A further reduction from two to four patients to less than 1.5 
patients per RN would save four lives per 1,000 hospitalized patients and nine lives per 1,000 
surgical patients. However, staffing rates of this magnitude may not be realistic. 
 Every additional patient per RN per shift was associated with a 7 percent increase in 
relative risk of hospital acquired pneumonia,13,14,22 a 53 percent increase in pulmonary 
failure,13,14,23,24 a 45 percent increase in unplanned extubation,13,14,23-25 and a 17 percent increase 
in medical complications.13,23,24 The increase in relative risk of unplanned extubation and 
pulmonary failure was higher and in hospital acquired pneumonia was lower, corresponding to 
an increase in patients per nurse ratios. We estimated that if the relationship were causal, one 
additional patient per RN per shift would result in 12 additional cases of failure to rescue, six 
cases of pulmonary failure, and five accidental extubations per 1,000 hospitalized patients. 
 The associations vary by clinical settings and patient population. In ICUs, an increase by 
one RN FTE per patient day was associated with a consistent decrease across studies in relative 
risk of these patient outcomes: a 28 percent decrease of cardiopulmonary resuscitation,13,23,24 a 
51 percent decrease of unplanned extubation,13,14,23-25 a 60 percent decrease of pulmonary 
failure,13,14,23,24 and a 30 percent decrease of hospital acquired pneumonia.13,14,22 In surgical 
patients, an increase of one RN FTE per patient day was associated with a consistent reduction in 
the relative risk of failure to rescue by 16 percent,12,15,16,20,21 and in nosocomial bloodstream 
infections of 31 percent. 

                                                 
1 The number of deaths in patients who developed an adverse occurrence among the number of patients who 
developed an adverse occurrence. 
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 The data on other nursing personnel is limited and not replicable in the studies. LOS was 
shorter by 24 percent in ICUs and by 31 percent in surgical patients, corresponding to an 
additional RN FTE per patient day.8,9,13,14  
 
Patient Outcomes and Nurse Staffing Hours 
 
 An increase in total nurse hours per patient day was associated with reduced hospital 
mortality, failure to rescue, and other adverse events. The death rate decreased by 1.98 percent 
for every additional total nurse hours per patient day (95 percent confidence interval [CI] 0.96-3 
percent).26-29 The association with RN hours per patient day did not show significant changes in 
mortality rates.26-29 The relative risk of death was lower by 1 percent per 1 additional RN hour 
per patient day in ICUs8,9,13,14,16 and in medical8,10,11,17-19,26,27,30-32 and surgical patients.9,12-

16,20,26,27 The association between LPN/LVN hours per patient day and death rate was not 
consistent across studies.17,20,26,27,33,34 
 The association between patient outcomes and RN and LPN/LVN hours was inconsistent 
across the studies. Pooled analysis showed that 1 additional RN hour per patient day was 
associated with a reduction in relative risk of hospital acquired pneumonia by four percent,13,14,22 
pulmonary failure by 11 percent,13,14,23,24 unplanned extubation by 9 percent in ICUs,13,14,23-25 
failure to rescue by 1 percent in surgical12,15,16,20,26,27,30 and medical patients,26,27,35 and deep 
venous thrombosis by 2 percent in medical patients.27,35 
 The LOS in hospitals was lower for additional total nursing, but not for licensed 
LPN/LVN and unlicensed assistive personnel (UAP) hours. The association between RN hours 
and LOS was not consistent across studies.  
 
Other Attributes of Nursing 
 
 There was a significant negative correlation between the percentage of nurses with 
Bachelor of Science in Nursing (BSN) degrees and the incidence of deaths related to health care 
(r = -0.46, p = 0.02). Nurse job satisfaction and autonomy was associated with a significant 
reduction in the risk of death. An increase in nurse turnover increased the rate of patient falls by 
0.2 percent.36 
 Staffing policies examined for this review related to the shift length, scheduling nurses to 
rotate to different shifts, mandatory overtime, weekend staffing, use of agency or temporary 
nurses, assigning nurses to nursing units other than those they are regularly assigned to work 
(floating), use of full-time, part-time, and internationally educated nurses (IENs), the nurse-to-
patient ratio or nursing hours per patient day for nursing units, and the skill mix (licensed vs. 
unlicensed staff) of nursing units. Overall, few studies for any of these staffing policy variables 
limited drawing any conclusions. Trends in the literature suggested that rotating shifts may have 
negative effects on nurses’ stress levels and job performance perceptions. Further, several studies 
indicated that nurses working longer hours may have a negative impact on patient outcomes and 
safety. No research provides guidance on the impact or effective use of agency/temporary staff. 
Research on the use and effectiveness of IENs in U.S. hospitals37 includes qualitative exploratory 
studies38,39 and descriptive studies40-42 that examined IEN use in healthcare. No studies 
empirically evaluated the interaction of IEN staffing policies with organizational, nurse, or 
patient care unit factors.  
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 Within the limits of scant literature, RN overtime is not associated with the location of 
the hospital, teaching status of the hospital, average hours in a nurses’ work week, acute bed 
occupancy, acute average daily census, or financial margin of the hospital.37,42-44 More overtime 
hours were associated with an increase in hospital-related mortality, nosocomial infections, 
shock, and bloodstream infections. The proportion of float nurses was positively associated with 
the risk of nosocomial bloodstream infections.45-47 More contract hours was associated with an 
increase in LOS.28,45,48,50 
 

Discussion 
 
 This review confirms previous contentions that increased nurse staffing in hospitals is 
associated with better care outcomes,51 but this association has not been shown to reflect a causal 
relationship. Hospitals that invest in more nurses may also invest in other actions that improve 
quality. Magnet hospitals that are said to provide high quality care have better nurse staffing 
strategies.10,52 Overall hospital commitment to a high quality of care in combination with 
effective nurse retention strategies leads to better patient outcomes, patient satisfaction with 
overall and nursing care, and nurse satisfaction with job and provided care.10,52-59  
 Two general measures of nurse staffing were studied.60 One addressed hours of care provided 
by nursing staff averaging FTEs of different nurse categories at the hospital level,11,18,19 
sometimes including only productive hours worked in direct care.28,61,62 The other relies on less 
precise data of total nurse staffing to patient volume derived from administrative databases61,63-65 
averaging annual nurse to patient ratios20 at the hospital or unit level.20 The ratio of patients per 
RN per shift ratio was more frequently used and provided greater evidence of the effect, but both 
showed generally the same trends. 
 The effect size varied with the nurse staffing measure. The reduction in relative risk of 
hospital related mortality was 16 percent for one RN FTE per patient day, and 1 percent for an 
additional RN hour per patient day in surgical patients. Assuming that every additional RN FTE 
per patient day would provide approximately 8 additional RN hours per patient day, the expected 
reduction should be more than observed in the studies that examined the risk of mortality in 
relation to nurse hours. The comparison of the effect size on patient outcomes among quartiles of 
patients per RN per shift ratio and nurse hours per patient day detected the same pattern; the 
maximum reduction in relative risk of hospital-related mortality and adverse events occurred 
when no more than two patients were assigned to an RN and more than 11 nurse hours were 
spent per 1 patient day. We did not find consistent evidence that a further increase in RN FTE 
per patient day ratio can provide better patient safety. The evidence of the effects of LPN/LVNs 
and UAP were limited and inconsistent.   
 It is difficult to transition between nurse hours and nurse-to-patient ratios. Nurse hours per 
patient day reflect average staffing across a 24-hour period and do not reflect fluctuations in 
patient census, scheduling patterns during different shifts (even the length of shifts varies),9,13 

and periods of the year.66,67 They do not account for the time nurses spend in meetings, 
educational activities, and administrative work.  
 Nurse staffing could have a different effect in different hospital settings. The addition of one 
unit of nursing care may depend on the baseline rate. The effect of an additional nurse hour 
might be quite dissimilar in ICUs and typical hospital units. As shown in previous studies,26,27 
the present meta-analysis found consistent evidence that surgical patients are sensitive to nurse 
staffing.  
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 The size of the nursing effect must be tempered by all the other factors not considered in 
most of these studies. No direct measure of other influences on outcomes is typically made. The 
traditional concerns about factors that affect quality of care, such as the nature of the primary 
medical and surgical treatment and the skill of the physician staff, are not addressed and are 
assumed to be evenly distributed to yield noise, but not bias. Many of the studies are performed 
on data collected at the hospital level over a long period of time. Adjustments for comorbidity 
depend on simple averages. 
 Skill, organization, and leadership undoubtedly play a role but are much more difficult to 
assess. Skill mix did not demonstrate consistent associations with tested patient outcomes in the 
present review. Nurse competence requirements include education, expertise, and experience68,69 
Nurse education was associated with lower mortality. The importance of nurses’ professional 
competence and performance have been discussed with regard to developing standards of nurse 
performance to encourage high quality of care.70-73 
 

Conclusions 
 
 Increased nurse staffing in hospitals is associated with better care outcomes, but this 
association is not necessarily causal. The effect size varied with the nurse staffing measure and 
sites of patient care (i.e., ICU, medical vs. surgical units). The size of the nursing effect must be 
tempered by all the other factors not considered in most of these studies.  
 

Future Research 
 
 Future observational studies will need to take cognizance of the many other factors that 
can affect the outcomes of interest, especially medical care, patient characteristics, and 
organization of nursing units and staffs. Larger multi-center studies will be needed. More studies 
should be conducted at the patient level to allow for better control of issues like comorbidity. 
Hierarchical models that control for both institutional and nursing effects could be employed. 
Nonetheless, it is unlikely that all the salient variables can be addressed in any one study. Future 
work will need to target specific questions and collect and analyze enough information to isolate 
the effects of nurse staffing levels. 
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Chapter 1.  Introduction 
 

Overview 
 
 Reports from the Institute of Medicine addressing quality of health care provided in the 
United States call for significant improvements at a system level to guarantee effective, efficient, 
evidence-based, patient-oriented, and equitable care.74,84,85 Patient safety from injuries caused by 
the health care system is critical to improving quality of care and reducing health care costs.84 
Estimates suggest that 1 percent of health expenditures, or $8.8 billion, is attributable to 
preventable adverse events.84 Patient safety is included in certification process of health care 
organizations by the Joint Commission on Accreditation of Healthcare Organizations (JCAHO)4 
and monitored by the voluntary National Quality Forum (NQF).5,87 The health care workforce is 
crucial to providing patients with high-quality care.74 Nurses constitute 54 percent of all health 
care workers in the United States.74 Because of the key role nurses play in patient safety and 
quality of care, the U.S. Department of Health and Human Services (DHHS) and the Agency for 
Healthcare Research and Quality (AHRQ) conducted several studies51,65,89,90 to examine the 
association between nurse staffing and patient outcomes which showed that the work 
environment was a major threat to safe nursing practice in hospitals.27 Hospital restructuring in 
the last two decades, in response to the advent of managed care, resulted in shorter 
hospitalizations of acutely ill patients to increase hospitals’ efficiency and financial 
performance.19 Increased patient turnover placed new stresses on nurses to provide safe patient 
care.3,74 The increased workload, when 23 percent of hospitals reported 7-12 patients per nurse in 
most medical-surgical units, reduced nurses’ trust in hospital and nursing administration as well 
as reducing nurse autonomy.74 At least part of the growing nurse shortage from 6 percent in 2000 
to a projected 20 percent in 2020 can be traced to nurse job dissatisfaction.1,91 
 A nurse shortage, in combination with increased workload, has the potential to threaten 
quality of care.74,51 Hospitals with inadequate nurse staffing have higher rates of adverse events 
such as hospital acquired infection, shock, and failure to rescue.26,27,51 Systematic reviews of the 
published literature show that better nurse staffing is associated with less hospital mortality and 
failure to rescue, and shorter lengths of stay.51,92,93 A simulation model based on extensive 
research on nurse staffing estimates the need for additional nurses to achieve the quality goals set 
for hospital care.6,26,27 
 The design of nurse staffing studies varies. Some look specifically at individual units or 
nurses, while others use administrative data bases that address data at the hospital level and do 
not permit statistical adjustment for many potentially relevant factors. The latter designs allow 
for only crude associations. 
 Quality indicators directly related to nurse staffing have been developed.89,95 AHRQ, the 
American Nurses Association (ANA), and the NQF considered failure to rescue and pressure 
ulcers as patient outcomes that are sensitive to nursing care, but there is less consensus on other 
quality measures such as hospital acquired pneumonia (AHRQ, NQF), urinary tract infection 
(NQF, ANA), patient falls (NQF, ANA), patient satisfaction with nursing care (ANA), ventilator 
associated pneumonia, and catheter associated bloodstream infections (NQF).5,89,95 
 Few studies have evaluated optimal nurse staffing ratios and hours in different clinical 
settings; instead, they reported the overall correlation with selected patient outcomes.35,92,94,96-99 
The effect size varied widely using different definitions of RN to patient ratio. An additional 
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patient per RN per shift was associated with increased relative risk of mortality by 6-7 percent in 
surgical patients.15,16 An increased patient/RN ratio in the evening was associated with a 90 
percent increase in relative risk of death in ICUs.9 An increase from 1.06 to 2.66 RN FTE per 
patient day was associated with a relative reduction in hospital-related mortality by 9 percent.17 
Failure to rescue was reduced by 4-6 percent in surgical patients26 when the proportion of RNs 
increased by 13 percent.27 Each additional patient per RN was associated with a 5 percent 
increase in failure to rescue.16 Few studies examined the effect on patient outcomes of nurse 
staffing strategies, such as overtime hours100 and contract or agency nurses.28,30,64,101 
 Increasing the nurse-to-patient ratios and hours has been recommended as a means to 
improve patient safety.74 Mandatory nurse-to-patient ratios and staffing plans have been 
established in several states102 and proposed for all Medicare participating hospitals.103 However, 
most legislative efforts related to mandatory staffing regulations cannot be supported by research 
that has yielded evidence-based optimal nurse-to-patient ratios or hours.104 Moreover, the cost 
effectiveness of increasing the number of RN hours or RN patient ratios is controversial.105-107 A 
national estimation of the cost of increasing RN staffing and the concomitant benefits from 
avoided deaths, reduced length of stay, and patient adverse events (urinary tract infections, 
hospital acquired pneumonia, shock, upper gastrointestinal bleeding, and failure to rescue) 
concluded that increased RN hours per patient day without increased total nursing hours could 
yield a net reduction in cost of care.6 Comparing the results of different studies is complicated by 
the way both staffing and outcomes are measured. 
 The aim of this systematic review is to analyze associations between hospital nurse staffing 
and patient outcomes with consideration of variables that could influence the primary 
association. The idea for this systematic review was supported by the American Organization of 
Nurse Executives (AONE). AONE had representation on the Technical Expert Panel. A series of 
research questions was developed by AONE in conjunction with AHRQ staff as follows: 

1. How is a specific nurse-to-patient ratio associated with patient outcomes? 
a.  Patient outcomes: mortality; adverse drug events, nurse quality outcomes, length of 

stay; patient satisfaction with nurse care 
b. How does this association vary by: 

i. patient characteristics such as acuity/severity of illness, stage of treatment 
process; functional capacity 

ii. nurse characteristics such as nurse level of education, nursing years in practice, 
contract nurses, foreign-trained nurses 

iii. organizational characteristics such as type of clinical unit, duration of shift, shift 
rotation 

iv. nursing outcomes such as nurse satisfaction, nurse vacancy rate, nurse turnover 
rate, nurse retention rate 

2. How is a measure of nurse work hours (hours per patient or patient day) associated with 
patient outcomes?  
a. Patient outcomes: mortality; adverse drug events, nurse quality outcomes, length of 

stay; patient satisfaction with nurse care 
b. How does this association vary by: 

i. patient characteristics such as acuity/severity of illness, stage of treatment 
process; functional capacity 

ii. nurse characteristics such as nurse level of education, nursing years in practice, 
contract nurses, foreign-trained nurses 
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iii. organizational characteristics such as type of clinical unit, duration of shift; shift 
rotation 

iv. nursing outcomes such as nurse satisfaction, nurse vacancy rate, nurse turnover 
rate, nurse retention rate 

3. What factors influence nurse staffing policies (staffing ratios, hours per patient day, skill 
mix, shift rotations, shift durations, overtime (mandatory and voluntary), weekend 
staffing, temporary nurses, full-time/part-time mix, floating to nursing units, foreign 
graduate nurses)? 

4. What nurse staffing strategies (use of temporary nursing agencies, part-time nurses, 
proportion of RNs, experience mix of nursing staff, continuing nurse education, use of 
ancillary personnel) are effective for improving the patient outcomes listed in question 1? 

5. What gaps in the body of research of nurse staffing and patient outcomes can be 
identified to address in future studies? 

 Questions 1, 2, and 4 are addressed in the systematic review using meta-analytic approaches. 
The literature associated with question 3 does not lend itself to meta-analysis. Rather, the third 
question is approached by a review of the literature. The fifth question is addressed from the 
results of the overall review and analysis of the studies on nurse staffing and quality. 
 Questions about nurse ratios and hours are basically similar and examine the same 
conceptual association between nurse staffing and patient outcomes but employ two different 
measures of nurse staffing.108 The nurse to patient ratio relies on a general ratio, which may 
include all nurses assigned to a unit, including nonclinical time, whereas nurse work hours look 
specifically at nurses involved in patient care. Ideally, worked hours should not include other 
time (e.g., vacation, sick leave, conferences) that is included in the ratio. It is important to 
distinguish wherever possible paid hours from those actually worked.  
 Even within this distinction, a number of important differences exist in the way staffing 
ratios are calculated. Various authors used different operational definitions for the nurse to 
patient ratio, including: 

• Number of patients cared for by one nurse per shift. 
• FTE per 1,000 patient days. 
• Nurse per patient day or FTE per occupied bed. 

 These differences provide challenges to pool data across studies.  
 Hours per patient day (HPD) cannot readily be used to accurately determine nurse-to-patient 
ratios. HPD reflect average staffing across a 24-hour period and do not reflect fluctuations in 
census, scheduling patterns, or absenteeism. Not all productive nursing hours are spent at the 
bedside. Nurses may be engaged in activities such as education, administration, and quality 
assurance. Thus, HPD are likely to overestimate the actual amount of bedside care, and the 
magnitude of the discrepancy may vary from hospital to hospital.60,109 
 Other challenges are associated with the type of nursing staff included in the nursing hours or 
nurse ratios. Some studies include only RNs and other studies include both RNs and 
LPNs/LVNs. 
 Outcomes research attempts to isolate the relationship between any type of treatment and 
outcomes by adjusting for the effects of other salient variables, such as the nature of the disease 
and patient characteristics. In the case of nurse staffing, the situation is somewhat different. 
Nurse staffing is only one component of treatment. The ideal study design would simultaneously 
adjust for the effects of other treatment elements, such as the specific medications and 
procedures given and the skills of the medical staff. Instead, most nursing studies emphasize the 
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effect of nursing resources, assuming that all other variables are constant and use average 
comorbidity scores across hospitals instead of more patient-specific measures. Indeed, individual 
level patient characteristics are not usually directly addressed, at least not in any detail. Some 
studies may be conducted on specific units that treat certain types of patients, but the disease mix 
and severity are generally not addressed specifically.86 Whereas a typical medical outcomes 
study would include variables on patients’ disease severity and comorbidities, these can best be 
addressed in the nurse staffing analyses conducted at patient levels, but most studies were 
conducted at the unit and hospital level where average values may result from various mixes of 
patient types.110,111 
 Given this reality, the conceptual model for the relationship between nurse staffing and 
outcomes (questions 1 and 2) (shown in Figure 1) focuses on those aspects of care that are 
generally addressed in such studies.112-115 Two types of outcomes are proposed to be related to 
nurse staffing: nurse outcomes and patient outcomes. While patient outcomes are the ultimate 
concern, nurse outcomes can interact with nurse staffing to affect patient outcomes. Nurse 
characteristics can influence nurse staffing. The model includes patient factors and hospital 
organizational factors that may influence the effect of nurse staffing on patient outcomes. Patient 
outcomes will, in turn, affect LOS; greater complication rates will increase LOS. Table 1 
provides definitions for the variables included in Figure 1.  
 The conceptual model for question 3 (Figure 2) focuses on nurse staffing policies and 
illustrates factors that might affect such policies, including patient care unit factors. The 
composition of the nursing staff, such as the extent of experience or extent of contract nursing 
staff, may also play a role in determining nurse staffing policies and vice versa. Hospital factors 
will influence nurse staffing policies; however, it is proposed that nursing organizational factors 
are an intervening factor. The definitions for the variables are provided in Table 1.  
 The conceptual model for question 4 (Figure 3) emphasizes the relationship between nurse 
staffing strategies and patient outcomes. Although these strategies may be influenced by nurse 
staffing models, this variable is not overtly considered in this analysis, and hence is shown in a 
dotted box. Hospital factors and patient factors can directly affect patient outcomes, as can 
medical care and nurse staffing levels (not shown in the model). 
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Figure 1.  Conceptual framework of nurse staffing and patient outcomes 
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Table 1.  Operational definitions   
 
Questions 1 and 2: How is a specific nurse to patient ratio or a measure of nurse work hours associated with patient 
outcomes and how does this association vary by patient, nurse, and organizational characteristics?  
 

Variable Definition 
Nurse Workforce116 
Registered Nurse (RN) An individual who holds a current license to practice within the scope of 

professional nursing in at least one jurisdiction of the United States. 
Licensed Practical/Vocational 
Nurse (LPN/LVN) 

An individual who holds a current license to practice as a practical or vocational 
nurse in at least one jurisdiction of the United States. 

UAP Assistive Nursing 
Personnel 

Unlicensed individuals who assist nursing staff in the provision of basic care to 
clients and who work under the supervision of licensed nursing personnel. 
Included in, but not limited to, this category are nurses aides, nursing 
assistants, orderlies, attendants, personal care aides, medication technicians, 
and home health aides. 

Nursing personnel This term refers to the full range of nursing personnel including RNs, 
LPNs/LVNs and UAPs. 

Nurse Staffing Measures 
Patient to nurse ratios  Number of patients cared for by one nurse, specified by job category  
RN to patient ratio Number of patients cared for by one RN 
LPN to patient ratio Number of patients cared for by one LPN 
UAP to patient ratio Number of patients cared for by one UAP 
Nurse hours per patient day Total number of productive hours worked by all nursing staff with direct care 

responsibilities per patient day (a patient day is the number of days any one 
patient stays in the hospital) 

RN hours per patient day Number of productive hours worked by RN with direct care responsibilities per 
patient day (a patient day is the number of days any one patient stays in the 
hospital) 

LPN/LVN hours per patient day Number of productive hours worked by LPN/LVN with direct care 
responsibilities per patient day (a patient day is the number of days any one 
patient stays in the hospital) 

UAP hours per patient day Number of productive hours worked by UAP with direct care responsibilities per 
patient day (a patient day is the number of days any one patient stays in the 
hospital) 

RN/LPN/UAP FTEs per patient 
day  

Number of RN/LPN/UAP FTEs per patient day (FTEs can be composed of 
multiple part-time or one full-time individual) This ratio has been calculated in 
several different ways: number of patients cared for by one nurse per shift; 
FTE/1,000 patient-days; nurse/patient day or FTE/occupied bed. For analytic 
purposes we operationalized the nurse to patient ratio as the number of patients 
cared by one nurse per shift and FTE/patient day (see Appendix F for 
calculations) 

FTE A full-time employee, or a combination of part-time employees whose combined 
hours are the equivalent of a full-time position, as defined by the employer 

Skill mix  Proportion of productive (i.e., direct patient care related) hours worked by each 
skill mix category (RN, LP/VN, UAP) 

Licensed nurse RN and LP/VN 
Patient Outcomes 
Mortality 
Mortality Death from all causes (intra hospital, 30 days after discharge) 
Death in low mortality Diagnosis 
Related Groups (DRGs) 

In-hospital deaths in DRGs with less than 0.5% mortality 

Adverse Drug Event 
Adverse Drug Events  An injury related to drugs caused by medical management rather than by the 

underlying disease or condition of the patient 
Length of Stay  
Length of stay  Average length of stay: the number of patient days divided by the number of 

discharges for a time period 
Patient Satisfaction 
Patient satisfaction with nursing 
care 

Measure of patient perception of the hospital experience related to satisfaction 
with nursing care 
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Variable Definition 
Patient satisfaction with pain 
management 

Patient opinion of how well nursing staff managed their pain as determined by 
scaled responses to a uniform series of questions designed to elicit patient 
views regarding specific aspects of pain management 

Patient satisfaction with 
educational information 

Patient opinion of nursing staff efforts to educate them regarding their 
conditions and care requirements as determined by scaled responses to a 
uniform series of questions designed to elicit patient views regarding specific 
aspects of patient education activities 

Patient satisfaction with overall 
care 

Patient opinion of care received during the hospital stay as determined by 
scaled responses to a uniform series of questions designed to elicit patient 
views regarding global aspects of care 

Nurse Quality Outcomes 
Patient falls, injuries  Unplanned descent to the floor during the course of a hospital stay 
Maintenance of skin 
integrity/pressure ulcers 

Stage I-IV ulcers  

Nosocomial infection rate An infection occurring in a patient in a hospital or other healthcare facility in 
whom it was not present or incubating at the time of admission 

Failure to rescue The number of deaths in patients who developed an adverse occurrence; the 
number of patients who developed an adverse occurrence 117  

Urinary tract infection rate Disorder involving repeated or prolonged bacterial infection of the bladder or 
lower urinary tract (urethra) 

Surgical bleeding  Post-surgical hematoma or hemorrhage 
Upper gastrointestinal bleeding  Gastrointestinal hemorrhage   
Post surgical thrombosis Deep vein thrombosis or pulmonary embolism among surgical patients 
Atelectasis and pulmonary 
failure 

Iatrogenic atelectasis and acute respiratory failure in hospitalized patients 

Accidental extubation Iatrogenic accidental extubation 
Hospital-acquired pneumonia An infection of the lungs contracted during a hospital stay 
Postoperative infection Any infection of post-surgical wounds 
Cardiac arrest/shock Cessation of cardiac mechanical activity as confirmed by the absence of signs 

of circulation 
*Restraint prevalence (vest and 
limb only) 

Restricting free movement  of another person 

Urinary catheter associated 
infections 

Iatrogenic infection of urinary tract associated with a catheterization 

Nurse Outcomes 
Staff vacancy rate  Open positions divided by total positions 
Nurse satisfaction  Opinion of nurses about their job in terms of pay, reward, administration style, 

professional status, and interaction with colleagues 
Staff turnover rate  Departures from the staff (or hires) divided by total positions 
Retention rate  Proportion of nurses employed at the beginning of the year who are still 

employed there at the end in each participating unit 
Burnout rate Proportion of nurses who reported an excessive stress reaction to professional 

environment manifested by feelings of emotional and physical exhaustion 
coupled with a sense of frustration and failure 

Patient Characteristics 
Age Mean age in years 
Primary diagnosis Diagnosis which was a cause for hospitalization (ICD-9 codes) 
Comorbidity Coexistence of two or more disease-processes measured with weighted scales. 

This data can be collected on the individual patient level or an average figure 
can be calculated for an entire hospital. 

Severity Severity of illness classified as none or minor, moderate, or major, based on 
expected impact on length of stay. For surgical patients, a fourth class is added 
for patients having catastrophic comorbidities or complications; including 
chronically, critically, or terminally ill. 

Stage of treatment This applies largely to surgical patients and would be pre-op/post-op; could 
apply to persons undergoing some other defined intervention; could also be 
used to distinguish rehabilitative phase from acute treatment. 

Functional capacity Individual’s maximum capacity to perform daily activities in the physical, 
psychological, social, and spiritual domains of life 
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Variable Definition 
Nurse Characteristics 
Demographics Age and gender 
Level of education Proportion of nurses with nursing degree: Associate degree; Diploma; BSN; 

Master of Science (MS); Doctor of Philosophy (PhD) 
Nursing experience Experience in nursing practice in years 
UAP Unlicensed assistive personnel (not RNs or LPNs) 
International Educated Nurse 
(IEN) 

Nurses who graduated from schools of nursing in foreign countries 

Contract/temporary/agency 
nurses 

Any licensed nurse who is providing service at the facility as an employee of 
another entity 

Organizational Characteristics 
Type of clinical units Types of patients and services provided on a nursing unit (e.g., telemetry, 

medical, surgical, critical care) 
Duration of shift Length of working shift (8, 10, or 12 hour shift) 
Nursing unions Organizations that represent nurses for the purposes of collective bargaining 
Hospital Factors 
Teaching status Affiliation with a medical school  
Size  Number of beds 
Volume Annual number of procedures performed in a hospital 
Technology index Weighted sum of the number of technologies for direct patient care and 

services available in a hospital. Availability and saturation in use of 
computerized physician orders entry systems, computerized nursing, and 
patient medical records 

 
* Nurse process measures 
 
 
Question 3: What factors influence nurse staffing policies? 
 

Variable Definition 
Nurse Staffing Policies 
Staffing ratios Policies regarding the number of patients cared for by one nurse specified by 

job category (RN, LPN/LVN, UAP) 
Staffing hours per patient day Policies regarding the total number of productive hours worked by nursing staff 

with direct care responsibilities on acute care units per patient day (total nursing 
hours, RN hours, LPN/LVN hours, UAP hours) 

Staff mix Policies regarding the proportion of productive hours worked by each skill mix 
category (RN, LPN/LVN, UAP) 

Shift rotations Policies regarding scheduling nursing staff to work different work shifts (days, 
evenings, nights) during a defined period of time (e.g., pay period; schedule 
period) 

Shift durations Policies regarding the length of shifts (e.g., 8 hours; 10 hours; 12 hours) 
Overtime (mandatory and 
voluntary) 

Policies requiring or permitting additional worked hours over 40 hours/week or 
more than 8 hours in a day or more than 80 hours in a pay period 

Weekend staffing Policies regarding the frequency of weekends worked 
Temporary nurses Policies regarding the use of temporary/agency nurses 
Full-time/part-time mix Policies regarding the number and type of nursing staff that are full time and 

part time 
Floating to nursing units Policies regarding when nurses can be assigned to work on nursing units other 

than their regularly assigned nursing unit 
International Educated Nurses 
(IEN) 

Policies regarding the hiring and use of nurses that have graduated from 
schools of nursing in foreign countries 

Patient Care Unit Factors 
Patient classification system Systems that classify patients according to the intensity of nursing care required 
Patient flow/census fluctuations Frequency of admissions, discharges, transfers of patients in a nursing unit or a 

hospital 
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Type of nursing unit Types of patients and services provided in a nursing unit (e.g., telemetry, 
medical, surgical, pediatric, critical care) 

Nursing Organization Factors 
Governance Organizational models through which nurses control their practice as well as 

influence administrative areas 
Management/leadership style Degree to which nurses in management and leadership positions make 

themselves visible and accessible to nursing staff, seek, value, and incorporate 
feedback from nursing staff, and communicate with nursing staff 

Hospital Factors 
Type Teaching, non teaching, rural, urban 
Ownership Proprietary, government/public, and not-for-profit  
Technology use Electronic medical record 
Risk management Degree to which the organization addresses the prevention of adverse events 
Unionization Percent or proportion of nurses who are members of a collective bargaining unit 
Nurse Factors 
Experience in nursing Years working as a licensed nurse or UAP 
Age Age in years 
Education Proportion of nurses by highest level of education in nursing: practical nursing, 

associate degree, diploma, baccalaureate, masters, doctorate 
 
 
Question 4: What nurse staffing strategies are effective for improving outcomes? 
 

Variable Definition 
Nurse Staffing Models 
Patient focused care  RNs serve as care managers managing unlicensed assistive personnel in 

expanded roles (drawing blood, performing EKGs, and performing certain 
assessment activities) 

Primary nursing RN accountable for care of patient from admission to discharge; coordinates all 
care; provides direct care for patient 

Total patient care RN assumes total responsibility for care of the patient during the time the nurse 
is on duty 

Team nursing RN is a team leader and LPNs and UAPs provide patient care as directed by 
the RN team leader 

Functional nursing Nursing staff are assigned specific tasks (e.g., treatments, medications, patient 
hygiene care) according to their skill and education 

Staffing Strategies 
Use of temporary nursing 
agencies 

Use of nursing personnel that are employed by an organization that supplies 
nursing staff 

Use of part-time nurses Proportion of nurses (RN and LPN) working part time (less than 8 hours per 
shift or less than 40 hours per week) 

Proportion of RNs Proportion of RNs among total hospital and total nursing personnel 
Experience mix of nursing staff Proportion of nursing staff (by type) according to their years of experience 
Continuing nurse education Professional development process after the completion of the pre-registration 

nurse education program. It consists of planned learning experiences which are 
designed to augment the knowledge, skills, and attitudes of registered nurses to 
improve quality of care and patient outcomes. 

Use of ancillary personnel Aides, clerical staff, phlebotomists 
 
Patient outcome measures used for questions 1 and 2 will be used for question 4 as well. 
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Figure 2.  Factors affecting nurse staffing policies 
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Figure 3.  Nurse staffing strategies and patient outcomes 
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Chapter 2.  Methods 
 

Literature Search Strategy and Eligibility Criteria 
 

Search Strategy 
 
 Studies were sought from a wide variety of sources, including MEDLINE®, PubMed®, 
CINAHL, Cochrane databases, EBSCO research database, BioMed Central, federal reports, 
National Database of Nursing Quality Indicators, National Center for Health Workforce 
Analysis, American Nurses Association, American Academy of Nurse Practitioners, and Digital 
Dissertations. The search strategies for the four research questions are described in Appendix A∗. 
The same eligibility criteria, selection of studies, and analysis of studies were used to examine 
the association between nurse staffing and strategies and patient outcomes. The approach was 
different to identify studies that examined factors that influence nurse staffing policies. As noted 
earlier, the question about policies was not appropriate for meta-analysis. Excluded references 
are shown in Appendix B. All work was conducted under the guidance of a Technical Expert 
Panel (TEP). Members are identified in Appendix C. The data abstraction forms are shown in 
Appendix D. 
 
Eligibility 
 
 Two investigators independently decided on the eligibility of the studies.118 We reviewed 
abstracts to exclude studies with ineligible target populations conducted in countries other than 
the United States and Canada and in long-term nursing facilities. Then we confirmed the 
eligibility status of the study designs, excluding secondary data analysis, reviews, letters, 
comments, legal cases, and editorials. The full texts of the original epidemiologic studies were 
examined to define eligible independent variables (nurse staffing and strategies) and eligible 
outcomes. Then we excluded studies that did not test the associative hypotheses and did not 
provide adequate information on tested hypotheses (e.g., least square means, relative risk). 
 Inclusion criteria were applied to select articles for full review. Studies needed to meet one of 
the following criteria for questions 1, 2, and 4: 

• Retrospective observational cohort studies and retrospective cross sectional comparisons 
• Administrative cross-sectional survey and analyses; 
• Randomized controlled trials with random allocation of subjects to intervention and control 

groups 
• Controlled not randomized clinical trials2 
• The studies must evaluate the associations between nurse staffing and patient 

outcomes/nurse quality measures among eligible target populations (patients hospitalized in 
acute care  hospitals in the United States and Canada) and published after 1990 except 
conducted in 1982-1989 but frequently cited in recent publications 

• Ecologic studies on correlations between nurse staffing and patients outcomes 
• Cost-effectiveness analysis of nurse staffing 

                                                 
1 The literature in this area contained no randomized controlled trials or even non-randomized trials. 
∗ Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrq.gov/clinic/tp/nursesttp.htm 
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 Studies were selected for question 3 if the study provided implications for nurse staffing 
policies. No studies had as a primary purpose to empirically examine a specific nurse staffing 
policy. 
 The exclusion criteria included the following: 

• Studies published before 1990  
• Studies conducted in countries other than United States and Canada and not published in 

the English language 
• Studies with target population as outpatients and patients in long-term care facilities 
• Studies with no information relevant to nurse staffing policies and strategies 
• Studies that examined the contributions of advance practice nurses (nurse practitioners, 

nurse clinicians, certified nurse midwives, nurse anesthetists)  
• Studies that evaluated the association between nurse staffing and ineligible outcomes 

(questions 1, 2, and 4) 
• Administrative reports and single hospital studies with no control comparisons that do not 

test an associative hypothesis (questions 1, 2, and 4) 
 The assessment of the studies’ quality was based on “Systems to Rate the Strength of 
Scientific Evidence.”119  For questions 1, 2, and 4 we grouped all criteria into ten dimensions 
with scores for each aspect assigned a value from 0 to 5 (highest) for a total possible score of 50 
for the statistical analysis of the studies’ quality (Appendix E). 
 Given the absence of RCTs, the level of evidence for all studies was estimated using a subset 
of the U.S. Preventive Services Task Force120 criteria noted below: 

II-2A: Well-designed cohort (prospective) study with concurrent controls 
II-2B: Well-designed cohort (prospective) study with historical controls 
II-2C: Well-designed cohort (retrospective) study with concurrent controls 
II-3: Well-designed case controlled (retrospective) study 
III: Large differences from comparisons between times and/or places with or without 
interventions (cross-sectional comparisons). 

 For question 3, an evidence table was developed for each of the nurse staffing variables 
identifying the purpose of the study, sample, design, independent and dependent variables, and 
findings.   
 For questions 1, 2, and 4, descriptive statistics, correlation and regression coefficients, and F 
and T tests for treatment differences were used to assess reported outliers, variances, and 
skewness in the data.121,122 Baseline data were compared in different studies to test the 
differences in the target population and unusual patterns in the data.123,124 Standard errors, 
regression coefficients, and 95 percent CI were calculated from reported means, standard 
deviations, and sample size.121,122 The protocol for the meta-analyses was created according to 
the recommendations for Meta-analysis Of Observational Studies in Epidemiology (MOOSE).125  
 We used the Trim and Fill method126 to detect publication bias defined as the tendency to 
publish positive results and to predict the association when all conducted (published and 
unpublished) studies are analyzed. Time trends in positive results were assessed with interaction 
models with time of the events as continuous variables. 
 The evaluations of the studies and the data extraction were performed manually and 
independently by two researchers. The principal investigators of some studies were contacted to 
assess the additional and missing information when necessary. Errors in the data extractions were 
assessed by a comparison with the established ranges for each variable and by a comparison of 
the data charts with the original articles. Any discrepancies were detected and discussed.  
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 Patient populations were classified as surgical, medical, and combined samples.26,27 
Adjustments for patient age, race, gender, comorbidities, socioeconomic status, provider 
characteristics, and clustering of patients and providers were extracted from the studies.127 
 
Data Synthesis 

 
 For questions 1, 2, and 4, the results of individual studies were summarized in an evidence 
table with relation to the sample size and 95 percent CI in outcomes. Weighted by the number of 
patients and hospitals, odds ratios and 95 percent CIs were calculated with fixed and random 
effects models.128  
 We report the nurse to patient ratios as they were used by individual authors; but we have 
also created two standardized rates for purposes of comparison: 
 1. The number of patients cared by one nurse per shift3 
 2. RN FTE per patient day  
 FTE per occupied bed ratios were calculated based on FTE per mean annual number of 
occupied bed days (patient days). Therefore, we conducted separated analyses and report the 
results: 

• With definitions the authors used 
• Corresponding to an increase by one RN FTE per patient day 
• In categories of patients per RN per shift in ICUs, and with surgical and medical patients.27 
Different methods have been used to estimate nurse hours per patient day from FTEs. Some 

investigators assume a 40 hour week and 52 working weeks per year (2,080 hours per year). 
Others use more conservative estimates (e.g., 37.5 hours per week for 48 weeks = 1,800 hours 
per year).129 In our conversions, we used the latter estimate (Appendix F). 

We estimated that:  
• Nurse hours per patient day = (FTE * 40)/patient days130 
• One nurse per patient day = 8 working hours per patient day129 
• Then the patient per nurse ratio = 24 hours/nurse hours per patient day130 

We made the following assumptions: 
• 37.5 hour work week on average 
• 48 working weeks per year (4 weeks vacation, holidays, sick time); 
• All FTEs are full-time nurses with the same shift distribution (assume three 8-hour shifts) 
• The length of shift does not modify the association between nurse staffing and patient 

outcomes 
• Patient density is the same over the year 

The same estimation was used for each nurse job category—RN, LPN/LVN, and UAP. 
 Meta-analysis was used to assess the consistency of the association between nurse staffing 
and patient outcomes and improvement in economic outcomes including LOS. The analyses 
were conducted separately for classes of patient and hospital characteristics. Assumptions 
underlying meta-analysis included valid measurements of nurse staffing and patient outcomes, 
similarity in target populations, and similarity in reported and not reported variance. 
 Sub-analyses were conducted to test whether the direction and strength of the association was 
independent of study design and financial support.127 Consistency in the results was tested 
comparing the direction and strength of the association in models with nurse staffing variables as 
continuous (overall trend) and categorical, in studies reporting outcome rates and adjusted 
                                                 
3 We assume an 8-hour shift. 
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relative risk, and with goodness of fit tests. Chi squared tests were used to assess heterogeneity in 
study results.131,132 Significant heterogeneity means the effects of nurse staffing on patient 
outcomes were not consistent in the studies (not replicable results). The hypotheses of the 
associations between outcomes and nurse staffing variables were tested with random effects 
models (random intercept for each study) to incorporate between variability in the studies and to 
provide valid pooled estimates weighted by sample size. Individual studies were analyzed with 
simple linear regression to find slopes for each study when possible. Meta-analysis was used to 
estimate pooled regression coefficients: changes in outcomes corresponding to incremental 
changes by one unit in nurse staffing. The analytic framework and algorithms for the meta-
analysis are shown in Appendix F. 
 Meta-regression models analyzed possible interactions with the year of publication, analytic 
units, hospital units, adjustment for confounding factors, and patient population.132,133 The 
calculations were performed using the following software: STATA,134,135 and SAS 9.2 Proc 
Mixed.136 To ascertain whether the relationships were linear, two different forms of staffing 
variables were tested: continuous and categorical, where the latter was arranged in quartiles. 
When authors reported outcome rates and relative risks grouped by different exposure cut points 
and reference, we assigned exposure levels as the mean or median of nurse staffing variables, 
assuming a normal distribution. We also transformed nurse staffing levels into a risk estimate per 
unit of exposure and assigned an exposure value to each categorical group, assuming a specific 
parametric distribution for the exposure in the population.137 This method can test a linear dose-
response relation and assess the nonlinearity of the dose-response relation. 
 The research question examining factors that influence nurse staffing policies (question 3) 
involved the identification of studies that included one or more of the nurse staffing variables. 
The studies were summarized in evidence tables followed by a synthesis of the studies for each 
staffing policy. 
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Chapter 3.  Results 
 
  
 Figure 4 traces the flow of our literature search for questions 1, 2, and 4. Of the 2,858 
potentially relevant references from eight databases identified, we excluded 97 percent of the 
studies; 2 percent were case reports; 20 percent – comments and success stories; 2 percent – legal 
cases; 2 percent – editorials and expert opinions; 5 percent – letters, guidelines, interview, and 
news that reprinted the results of the original reports; and 4 percent – reviews and secondary data 
analyses, and one web survey. We excluded 21 percent of the studies that lacked relevant 
components; 6 percent without eligible outcomes, 30 percent without eligible target populations, 
and 21 percent that did not test associative hypotheses between nurse staffing and patient 
outcomes. Among 101 potentially relevant randomized controlled clinical trials, none was 
eligible; 56 tested ineligible interventions; five reported ineligible outcomes; 38 were conducted 
in European countries or included nurses in long-term nursing facilities.  
 We identified 94 eligible studies presented in 96 reports; 7 percent were case control studies; 
3 percent were case series; 44 percent were cross sectional studies; 46 percent assessed 
temporality in the association between nurse staffing and patient outcomes.  
 The overall quality of the studies averaged 38 (where the maximum possible score was 50) 
(Table 2). Three studies received <50 percent of the maximum quality score; 24 studies had <66 
percent, and 21 studies had >88 percent of the maximum quality score. Within this score, the 
mean external validity was 3.5 ± 1 (70 percent of the maximum score) with 67 percent for the 
sampling of the study populations; random sampling was reported in 16 studies (17 percent), and 
sampling bias was assessed in 15 studies (16 percent). More than 9 percent of the sampled 
analytic units were excluded from 27 studies. Single hospital studies constituted 25 percent of all 
eligible studies (23 reports). Geographical locations of eligible hospitals were reported in 49 
studies (52 percent). The investigators generally obtained national and state administrative 
databases to identify eligible populations. 
 The mean score for adjustment for assessed confounding factors as a characteristic of 
internal validity was 2.9 ± 1.6 (only 58 percent of the possible maximum score); 17 studies did 
not provide information on adjustment for confounding factors. Few studies reported the 
validation to measure nurse staffing variables (11 studies, 12 percent) and patient outcomes (22 
studies, 23 percent). Medical records were obtained to measure patient outcomes in 27 studies 
(29 percent); 58 studies (62 percent) used administrative databases. Thirty-two studies used 
hospitals as analytic units (34 percent); 43 studies (46 percent) used patients; and 13 studies (17 
percent) used hospital units. Medicare populations were used in 11 studies (12 percent). 
 The majority of the studies were conducted in the United States (84 studies) with no 
significant differences in quality (80 percent in Canadian studies vs. 76 percent in American, p = 
0.44). The studies supported by national grants had higher quality (80 percent of maximum) 
compared with unknown sponsorship (73 percent, p = 0.02). The quality scores of the studies did 
not change over the decades (p = 0.15). The test for publication bias was not valid due to a small 
number of studies for each association and heterogeneity in the results. 
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Association Between Nursing Hours and Ratios and Patient 
Outcomes 

 
Distribution of Nurse Staffing Hours and Ratios 
 
 Many investigators obtained administrative databases on national, state, and hospital levels. 
Some relied on surveys of nurse managers to measure nurse staffing variables (Appendix G∗, 
Table G1). The means and distribution of nursing hours and ratios are presented in Table 3. Total 
nursing hours per patient day were measured in 36 studies (38 percent), RN hours in 27 studies 
(29 percent), LPN/LVN hours in 12 studies (13 percent), licensed nurse hours in three studies, 
and UAP hours in three studies. Ratios of patients per RN and RN FTE per patient day were 
examined in 36 studies (38 percent), LPN/LVN ratios in eight studies (9 percent), licensed nurse 
ratios in three studies, and UAP ratios in nine studies (10 percent). The distribution of nurse 
staffing variables in eligible published studies was comparable with that published in literature 
with higher LPN/LVN hours per patient days in medical patients.27,138 
 

Question 1.  Association Between Nurse to Patient Ratios 
and Hospital-Related Mortality 

 
 We identified 26 studies that examined the association between hospital related mortality and 
nursing hours or ratios (Appendix G, Table G2).8-21,23,26-28,30,32-34,139-141 The authors defined 
hospital related mortality as in-hospital mortality8,9,13,14,18-20,26,27,30,33,34 or death within 30 days 
after hospital admission.10,11,15-17,21,32,140 For analysis purposes we combined in-hospital mortality 
and 30-day mortality. Estimating hospital-related mortality based only on in-hospital deaths may 
be influenced by hospital discharge practices142 and could result in lower in-hospital mortality 
rates that are independent of the quality or effectiveness of hospital care.  
 One study143 compared the relationship of in-hospital and 30-day mortality rates in 13,834 
patients with congestive heart failure who were admitted to 30 hospitals and found a significant 
correlation in standardized mortality ratios sensitive to individual hospital characteristics. The 
association with nurse ratios or hours was presented as changes in crude death rates and adjusted 
relative risk of death corresponding to one unit increase in nurse staffing or in nurse staffing 
categories defined by authors.  
 
Nurses Ratios and Mortality 
 
 The pooled results, overall and within ICUs and surgical units, weighted by the sample size 
(number of hospitals and patients) showed a reduction in the crude death rate in association with 
increase RN staffing. An additional RN FTE per patient day was associated with a 1.24 percent 
reduction in death rate.12,17,34 The same tendency was shown corresponding to one additional RN 
per 1,000 patient days.33 In contrast, one additional patient per RN per shift was associated with 
an increase in hospital-related mortality by 0.1 percent13,16,23 (Table 4). 

                                                 
∗ Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrq.gov/clinic/tp/nursesttp.htm.   
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 A pooled analysis showed that an increase by one RN FTE per patient day was associated 
with a 1.2 percent reduction in mortality rates in all studies.12,13,16,17,20,23,34 The association was 
consistent in ICUs.13,16,23 
 A nonlinear quadratic association between patients per RN per shift and the death rate was 
noted. The rates increased from 1 to 5 patients per RN per shift (p for heterogeneity <0.001). The 
nadir for the relative risk of death was 1.5 RN FTE per patient day (p for heterogeneity 0.002). 
Table 5 shows both the effects of increasing staff with the authors’ definitions of nurse to patient 
ratios by one RN FTE per patient day and the relative effects in quartiles of patients per RN per 
shift distribution in different clinical settings. More RN staffing was consistently associated with 
a reduction in adjusted relative risk of hospital-related mortality. An increase by one RN FTE per 
patient day was associated with a smaller but consistent across the studies’ reduction in mortality 
by 6 percent (RR 0.94, 95 percent CI 0.93-0.95).8,10-12,17,20 
 The relative risk of hospital related death was associated with a decrease by 8 percent 
corresponding to an additional one RN FTE per patient day in pooled analysis.8-21 For studies 
analyzed at the hospital level, the associated decrease in relative risk was 4 percent (95 percent 
CI 0.94-0.98).11,12,18-20 For those analyzed at the patient level, it was 8 percent (95 percent CI 
0.89-0.95).9,10,13-17,21 Among medical patients it was 6 percent (95 percent CI 0.94-0.95)8,10,11,17-19 
and among surgical patients, 16 percent (95 percent CI 0.8-0.89)9,12-16,20,21 (Figure 5). In contrast, 
an additional patient per RN per shift was associated with an 8 percent increase in mortality risk 
(RR 1.08; 95 percent CI 1.07-1.09).9,13-16,21 
 We calculated the relative risk of death in quartiles of patients per RN per shift and found a 
consistently significant reduction in the relative risk of hospital-related mortality corresponding 
to a reduced number of patients assigned to an RN (Table 5 and Figure 6). The effect was larger 
in surgical patients. The pooled relative risk was 0.76 times less when one RN was assigned to 
less than two patients compared with four to six patients, and 0.62 times less compared with 
more than six patients per RN. The reduction was 6 percent in ICUs when one RN was assigned 
to less than three patients vs. three to four patients. 
 If the relationship between staffing and outcomes was causal, we estimate that an increase by 
one RN FTE per patient day would save five lives per 1,000 hospitalized patients, five lives per 
1,000 medical patients, and six per 1,000 surgical patients (Table 6). Reducing the workload 
from more than six to two to four patients per RN per shift would save 23 lives per 1,000 
hospitalized patients. A reduction from three to four to less than three patients per RN per shift in 
ICUs would save three lives per 1,000 hospitalized patients. The decrease from more than six to 
2-3.5 surgical patients per RN per shift would save 13 lives, and a further reduction to less than 
two patients per RN would result in 15 avoided deaths per 1,000 hospitalized surgical patients. 
 Extrapolating these relationships even further to examine the public health impact of RNs per 
patient ratio, we found that an increase of one RN FTE per patient day would reduce hospital 
mortality by 8 percent. The effect varies from 4 percent at a hospital level analysis to 8 percent at 
a patient level analysis. The reduction in a workload from 3 to 4 to less than three patients per 
RN would eliminate 6 percent of deaths in ICUs. The proportion of deaths attributable to patients 
per RN per shift ratio is larger in surgical patients; 38 percent of deaths were linked to poorer 
nurse staffing in hospitals with more than six patients per RN compared to less than two patients 
in surgical units.  
 To compare the results from individual studies, we calculated changes in death rates and 
relative risk of death corresponding to an increase by one unit in nurse staffing (Appendix G 
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Table G2 and Table 7). The majority of the studies (57 percent) reported a significant reduction 
in risk of death corresponding to an increase in RN staffing, but the effect size differed in studies 
that used medical records in contrast to administrative databases to measure mortality among 
hospital units and patient populations (Appendix G Tables G3 and G4). We calculated from the 
individual studies10,15,16 that about 6-7 percent of deaths were attributable to an increase in 
patients per RN per shift (Table 8). The observed death rate could be reduced by 9-10 percent 
when increasing by one RN FTE per 1,000 patient days.18,19 A decrease in the nurse to patient 
ratio in the evening was associated with a 90 percent increase in mortality; 47 percent of deaths 
in patients after abdominal aortic surgery was attributable to nurse staffing in these hospitals.9 
Ten percent of avoided deaths in patients with acute myocardial infarction was attributable to an 
increase from 1.06 to 2.7 RN FTE per patient day.17 In patients hospitalized with bladder 
carcinoma, 51 percent of deaths was associated with a reduction from 3.1 to 1.4 RNs per 
occupied bed ratio.20 
 Three studies that examined the effect of the LPN/LVN per patient day ratio17,34,94 reported 
inconsistent changes in the death rate. A nonlinear association between patients per LPN/LVN 
per shift ratio and relative risk of hospital-related mortality was observed in medical patients 
with the lowest risk corresponding to 9-12 patients per LPN/LVN (p for quadratic association 
0.0003). The death rate was lowest when one UAP was assigned to 7-12 medical patients (p for 
quadratic association 0.0029).One study reported a significant increase in the death rate of 1.9 
percent (95 percent CI 1.5-2.5 percent) for every additional patient per UAP (p = <.0001).94 
 We found some evidence that nurse education and experience are associated with hospital-
related mortality. Using state level administrative reports on nurse distribution in the United 
States1,144 and the CDC data148 on fatal injuries related to health care, we found a significant 
negative correlation between the percentage of nurses with BSN degrees and the incidence of 
deaths related to health care (r = -0.46, p = 0.02) (Table 9).One study in surgical patients16 
reported a 5 percent reduction in mortality with each 10 percent increase in nurses with BSN 
degrees (Table 10). Hospitals with a higher proportion of nurses with BSN degrees (36 percent 
vs.11 percent) had 19-34 percent less mortality.101 Nursing experience did not impact hospital-
related mortality.16,140 Nurse job satisfaction was associated with a significant reduction in the 
risk of death;101 an increase by 17 percent in nurses reporting they were satisfied or very satisfied 
with their job was associated with a 15 percent decrease in mortality. Hospitals where nurses had 
the freedom to make important patient care and work decisions experienced 21 percent lower 
mortality.101 Nurse manager support was negatively correlated with mortality (r = 0.3) in one 
single hospital study in 21 hospital units.145 
 
Association Between Nurse to Patient Ratios and Nurse Sensitive 
Patient Outcomes 
 
 Authors used different definitions of nurse sensitive patient outcomes, including a 
combination of medical13,14,23 and surgical13,23 complications related to health care, failure to 
rescue,15,16,20,21,35 and secondary diagnoses of patient nosocomial infections, falls, pressure 
ulcers, pulmonary and cardiac failure, and thrombo-embolic complications related to health care 
(Appendix G, Table G5). The associations were presented as differences in the rates or relative 
risk of outcomes by various categories of nurse staffing. 



 

 
 
 

29 

 Patient outcomes corresponding to an increase in registered nurse per patient ratio. 
Pooled analysis of crude rates (Table 11) showed inconsistent results on patient outcomes. An 
increase by one patient per RN per shift was associated with a significant increase in failure to 
rescue by 0.35 percent,16 and pulmonary failure by 6.54 percent.13,14,23 An increase by one RN 
FTE per patient day was association with 0.03 percent decrease in atelectasis and pulmonary 
failure.13,14,23,33,35 The effect was larger in surgical patients in ICUs with a 12 percent reduction in 
pulmonary failure.13,14,23 However, a 0.71 percent reduction in urinary tract infection was 
associated with one additional patient per RN per shift22,146 and a 5 percent increase 
corresponded to one RN FTE per patient day.22,23,146 Studies that defined RN FTE per patient day 
ratio did not show significant changes in outcomes. One unpublished dissertation33 reported an 
increase in falls, nosocomial infections, and pressure ulcers corresponding to an increase of one 
RN FTE per 1,000 patient days (Appendix G, Table G6).  
 In contrast with the analyses of outcomes rates, pooled analysis of adjusted relative risks 
(Table 12) detected a significant, generally consistent reduction in patient outcomes 
corresponding to an increase in RN staffing. An additional patient per RN per shift was 
associated with a 1.07 times higher risk of hospital acquired pneumonia (95 percent CI 1.03-
1.11),13,14,22 a 1.08 times higher risk of failure to rescue (95 percent CI 1.07-1.09),15,16,21 and a 
1.16 times higher risk of cardiac arrest (95 percent CI 1.05-1.29).13,23,24 The risk of pulmonary 
failure was greater by 53 percent and the risk of unplanned extubation by 45 percent 
corresponding to an additional patient per RN per shift.13,14,23-25 We estimated that an increase by 
one RN FTE per patient day in ICUs was associated with a consistent reduction in the relative 
risk of hospital acquired pneumonia by 30 percent,13,14,22 pulmonary failure by 60 
percent,13,14,23,24 unplanned extubation by 51 percent,13,14,23-25 and cardiac arrest by 28 
percent.13,14,24 An increase by one RN FTE per patient day in surgical patients was associated 
with 0.84 times less risk of failure to rescue12,15,16,20,21 and 0.64 times less risk of nosocomial 
bloodstream infections.13,22-24,147 
 In individual studies, the largest decrease in the relative risk of central line associated 
bloodstream infection was seen in surgical patients in ICUs corresponding to increased nurse to 
patient ratio.147 Surgical patients also experienced greater increase in the risk of failure to rescue 
(p for interaction 0.04) in a multi-hospital study15 by 7 percent corresponding to every additional 
patient per RN (RR 1.07, 95 percent CI 1.02-1.11). 
 We found nonlinear quadratic associations between the RN FTE per patient day ratio and 
unplanned extubation in ICUs with the nadir at 1.9 RN FTE per patient day (p for quadratic 
association 0.04). In surgical patients, the ranges of RN FTE per patient day at 0.9-2.2 were 
associated with the lowest relative risk of hospital acquired pneumonia (p for quadratic 
association 0.02) and the ranges of 1.5-2 RN FTE per patient day were associated with the lowest 
risk of failure to rescue (p for quadratic association 0.005). 
 Patient outcomes corresponding to an increase by one patient per LPN/LVN per shift 
(Appendix G, Table G7). The data on LPNs/LVNs is varied and inconclusive. One large study in 
1,477 hospitals94 examined the association between LPN/LVN per patient ratios and patient 
outcomes (Figure 7) and reported that one additional patient per LPN/LVN per shift increased 
the rates of surgical wound infection by 0.02 percent (95 percent CI 0.01-0. 05), pulmonary 
failure by 0.04 percent (95 percent CI 0.02-0.05), pneumonia by 0.06 percent (95 percent CI 
0.04-0.07), patient falls by 0.03 percent (95 percent CI 0.02-0.04), and cardiac arrest by 0.03 
percent (95 percent CI 0.02-0.04). One study18  reported a nonsignificant risk of pneumonia and 
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urinary tract infections (UTI) corresponding to an increase by one LPN/LVN FTE per patient 
day. 
 Few studies examined the association between patient outcomes and licensed nurse ratio 
defining licensed nurses as RN or LPN/LVN. Nonsignificant changes in the rates of pressure 
ulcers were reported in one study64 and in patient falls in two studies64,65 corresponding to an 
additional patient per licensed nurse. 
 Patient outcomes corresponding to an increase by one patient per UAP per shift. An 
examination of the association between UAP per patient ratio and patient outcomes (Figure 8) 
showed that one additional patient per UAP was associated with an increase in the rate of 
surgical wound infection by 0.01 percent (95 percent CI 0.009-0.03), cardiac arrest by 0.04 
percent (95 percent CI 0.02-0.05), and pressure and decubitus ulcers by 0.5 percent (95 percent 
CI 0.2-0.8). Consistently across three studies33,61,75 an increase in the rate of patient falls by 0.03 
percent (95 percent CI 0.02-0.04) (heterogeneity not significant [NS]) was detected 
corresponding to an increase by one patient per UAP per shift (Appendix G, Table G8). 
 Length of stay corresponding to an increase in nurse staffing ratios. The associations 
between nurse staffing ratios and LOS in hospitals and in hospital units were reported in days 
and in relative changes in days adjusted for patients and provider characteristics (Appendix G, 
Table G9). Pooled analysis9,13,14,23,33,35,146,147,150 (Table 13) detected a reduction in length of stay 
by 0.25 days corresponding to an additional RN FTE per patient day (p value for heterogeneity 
<0.05). The reduction by 0.25 days per one RN FTE per patient day was significant but not 
consistent in medical patients. One study94 reported that every additional LPN/LVN FTE per 
1,000 patient days increased the length of stay by 1.8 days (95 percent CI 1.35-2.25). Random 
changes in LOS in relation to UAP workload were reported in one study.33 
 Pooled analysis of adjusted relative changes in LOS (Figure 9) detected a 20 percent increase 
in LOS corresponding to one additional patient per RN per shift (95 percent CI 1.08-1.35, 
heterogeneity NS). The significant reduction in LOS was 31 percent in surgical patients (95 
percent CI 0.55-0.86)9,13,14 and 24 percent in ICUs (95 percent CI 0.62-0.94)8,9,13,14 
corresponding to an increase by one RN FTE per patient day. In contrast, one study19 reported 
that every patient per LPN/LVN reduced LOS by 22 percent (95 percent CI 0.71-0.86). 
 Patient outcomes in quartiles of nurse to patient distribution. We analyzed the relative 
risk of patient outcomes among different quartiles of patients per RN per shift distribution 
(Figures 10-12). Relative risk of hospital acquired pneumonia was 0.75 times less in surgical 
patients when an RN was assigned to 4.9 patients compared to more than five patients per shift 
(Figure 10). In medical patients, the reduction in ratio from more than six to two or less patients 
per RN per shift was associated with a 41 percent reduction in hospital acquired pneumonia. 
Relative risk of nosocomial infection was 94 percent less in surgical patients corresponding to a 
reduction from 2.8 to two or less patients per RN per shift. A significant consistent across the 
studies reduction in relative risk of nosocomial infection in medical patients was observed by 33-
38 percent when one RN was assigned to less than two patients. In contrast, the relative risk of 
urinary tract infection was higher in medical patients corresponding to an increase in RN 
staffing.  
 The effect of reduction in patients per RN per shift on patient outcomes was greater in ICUs 
and in surgical patients (Figure 11). The relative risk of cardiopulmonary resuscitation was 0.54 
and 0.75 times less when one RN was assigned to 3.3 and more than four patients, respectively 
compared with two patients per RN per shift. Surgical patients experienced cardiac arrest 0.69-
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0.75 times less often with less than two patients per RN vs. 2.8 and 4.9 patients per RN 
respectively. The reduction in RN workload was consistently associated with a decrease in 
relative risk of failure to rescue in surgical patients by 25-39 percent when one RN was assigned 
to less than two patients vs.4.9 and more than five patients, respectively. The same direction of 
association in ICUs and in surgical patients was shown with the reduction in relative risk of 
pulmonary failure, and unplanned extubation across quartiles of patients per RN per shift 
distribution (Figure 12). A nonlinear association between patients per RN ratio and medical 
complications was observed in ICUs. The reduction from 3-3.6 patients per RN to less than 1.5 
patients was associated with a relative decrease by 17 percent (p = 0.03, heterogeneity NS) in 
LOS in ICUs. The LOS was 22 percent shorter with a ratio of 1.6-2.5 patients per RN compared 
with 3-3.6 patients per RN in ICUs (p = 0.03, heterogeneity NS). 
 In conclusion, despite the substantial heterogeneity in the studies, some consistent evidence 
from observational studies suggests that increased RN to patient ratio is associated with a 
reduction in hospital-related mortality, failure to rescue, unplanned extubation, pulmonary 
failure, and bloodstream infections after adjustment for patient and provider characteristics and 
reduced LOS of surgical patients. While the effect size is greater in surgical patients and ICUs, 
the optimal ratio seems to be within the first quartiles of distribution of patients per RN per shift 
in ICU and in surgical patients. The evidence in medical patients is less consistent and needs 
further investigation. 
 

Question 2.  Association Between Nurse Hours per Patient 
Day and Patient Outcomes 

 
Total Nurse Hours per Patient Day and Hospital Related Mortality 
 
 Four studies examined the association between total nurse hours per patient day and hospital 
related mortality, three at the hospital level26-28 and one at the unit level.139 A consistent and 
significant reduction in death rate by 1.98 percent for every additional nurse hour per patient (95 
percent CI 0.96-3 percent) was observed (p = 0.0005, heterogeneity NS). The rate was slightly 
higher (2.1 percent) in three studies analyzed at the hospital level (95 per cent CI 1-3.1 percent,  
p = 0.0004). Every additional nurse hour per patient day reduced the death rate by 1.4 percent 
(95 percent CI 0.5-2.3) in medical patients26-28 and by 2.3 percent (95 percent CI 1.2-3.3) in 
surgical patients26,27 (heterogeneity NS). One large study reported non-significant changes in the 
relative risk of death corresponding to an increase by one hour in total nursing hours per patient 
day.27 

 RN hours per patient day and hospital related mortality. The association with RN hours 
per patient day did not show significant changes in mortality rates in four studies.26-28,139 Pooled 
analysis that examined the relative risk of death in relation to RN hours per patient day did not 
detect significant association.18,19,26,27,30,141 Random changes in the risk of death were observed 
by pooling three studies at hospital level analysis18,19,26,27,30 in medical units,27 in surgical 
patients,26,27 and in medical patients.26-28 One multi-hospital study reported a 2 percent reduction 
in mortality (RR 0.98, 95 percent CI 0.97-0.99) in medical patients.150 Another study 
demonstrated a small but significant increase in the relative risk of death corresponding to one 
additional RN hour per patient day.141 
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 We conducted combined pooled analysis with RN hours per patient day reported by the 
authors and estimated from RN to patient ratios. An increase of one RN hour per patient day was 
associated with a small but consistent reduction in the relative risk of hospital-related mortality. 
A reduction of 1 percent was observed in ICUs (RR 0.96, 95 percent CI 0.99-1.0),8,9,13,14,16 in 
surgical patients (RR 0.90, 95 percent CI 0.98-1.0),12-16 and in medical patients (RR 0.99, 95 
percent CI 0.99-1.0).8,10,11,17-19  
 LPN/LVN and UAP hours per patient day and hospital related mortality. Two studies 
examined the association between death rates and LPN/LVN hours per patient day26,27 and 
three18,19,27 reported the relative risk of death corresponding to increased LPN/LVN hours. After 
pooling all three studies, every additional LPN/LVN hour per patient day was associated with an 
increase in the crude death rate of 3.4 percent (95 percent CI 2.1-4.8). One study reported an 
additional LPN/LVN hour was associated with a 2.5 percent increase in the crude death rate in 
medical units (95 percent CI 1.8-3.2),27 with a greater increase in surgical patients by 3.3 percent 
(95 percent CI 2.4-4.2)26,27 (heterogeneity NS). Combined analysis of reported and estimated 
LPN/LVN hours detected inconsistent increases in death rate. The relative risk of hospital-
related mortality was not significant in individual studies (Appendix G, Table G10) and pooled 
analysis. One study examined the association between mortality and UAP hours per patient day 
reporting random changes in crude death rates and adjusted risk of mortality.27 
 Patient outcomes corresponding to an increase of 1 total nurse hour per patient day. 
(Appendix G, Tables G11-G13). The results of pooled analysis of changes in patient outcomes 
corresponding to one additional nurse hour per patient day are presented in Table 14. The pooled 
analysis showed a significant consistent reduction in sepsis among surgical patients by 1.33 ± 
0.27 percent,26,27,46 failure to rescue by 3.53 ± 0.48 percent,26,27 urinary tract infection by 4.23 ± 
0.97 percent,26,27,76,78 hospital acquired pneumonia by 2.2 ± 0.52 percent,26,27,151 surgical wound 
infection by 0.31 ± 0.05 percent,26,27 pressure ulcers by 2.26 ± 0.34 percent,26,27,76,78,151 shock by 
0.77 ± 0.14 percent,26,27 pulmonary failure by 2.39 ± 0.49 percent,26,27 and deep venous 
thrombosis by 0.45 ± 0.11 percent.26,27 In medical patients an additional nurse hour per patient 
day was associated with a consistent reduction in failure to rescue by 1.39 ± 0.5 percent,26,27 
urinary tract infection by 1.88 ± 0.36 percent,26-28,76-78,81 hospital acquired pneumonia by 0.89 ± 
0.27 percent,26-28,45,79,81 shock by 0.34 ± 0.05 percent,26,27 and deep venous thrombosis by 0.15 ± 
0.05 percent.26,27 
 An observed increase in nosocomial infection was not consistent across the studies. 
Differences in patient falls was significant in ICUs only49,61,64,75,139 with a reduction by 0.08 ± 
0.01 percent corresponding to additional nurse hour per patient day.  
 Pooled analysis of the adjusted relative risk (Figure 13) detected a significant 12 percent 
reduction in nosocomial infection corresponding to an increase of one nurse hour per patient day 
(95 percent CI 0.84-0.92), but the heterogeneity was significant (p for heterogeneity = 
0.001).33,45,46,63,80 However, a consistent nonlinear quadratic association was detected (p = 0.02) 
whereby an increase of more than nine total nurse hours per patient day was associated with a 13 
percent reduction in the relative risk of nosocomial infection. One study reported a reduction in 
the risk of shock by 16 percent (95 percent CI 0.71-0.99) and in gastrointestinal bleeding by 1 
percent (95 percent CI 0.98-0.99) per one total nurse hour per patient day. Two studies that 
assessed the relative risk of thrombo-embolic complications reported random changes in 
risk.27,129 Three studies that examined the risk of sepsis found only random changes in relation to 
nurse hours.27,46,62 Four studies that assessed the risk of pressure ulcers and total nurse hours did 
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not detect significant changes.27,62,129,151 Two studies that assessed relative risk of pulmonary 
failure also showed random change in risk of the outcomes.27,62 The relative risk of hospital 
acquired pneumonia was not associated with total nurse hours.27,62,81,129,151 Nursing hours were 
not associated with failure to rescue in one study.27 
 Patient characteristics can influence the association between outcomes and nurse hours. (We 
rely here largely on broad definitions like surgical vs. medical patients.) The adjustment for 
comorbidities28,29,36,65,75,76,139,153,154 attenuated the effect of nursing hours on patient falls (p for 
interaction <.0001) and the risk of nosocomial infections and nurse hours per patient day (p for 
interaction = 0.001).45,46,81 
 Patient outcomes corresponding to an increase by 1 RN hour per patient day. The 
results of a pooled analysis of the rates of various patient outcomes (Appendix G, Tables G14-
G15) corresponding to one additional RN hour per patient day (reported by the authors and 
estimated from RN FTE per patient day ratios) are presented in Table 15. The associations varied 
in different clinical settings. In ICUs, an additional RN hour per patient day was associated with 
a consistent reduction in patient falls by 0.06 ± 0.01 percent61,64,75,139and pulmonary failure by 
1.43 ± 0.23 percent.13,14,23 In medical patients, a consistent reduction in bloodstream infection by 
0.22 ± 0.09 percent was seen22,26-28,45,47,79 with a significant but not consistent decrease in 
pressure ulcers by 1.06 ± 0.32 percent.26-28,33,36,61,63,64,76,77,154-156 
 Additional RN hours were associated with an increase in rates of urinary tract infection in 
surgical and medical patients and hospital acquired pneumonia in medical patients (heterogeneity 
significant for all these associations). 
 Pooled analysis of the adjusted relative risk is presented in Figure 14 with a significant but 
not consistent reduction in nosocomial infection by 24 percent (95 percent CI 0.69-0.83) 
corresponding to one additional RN hour per patient day (p for heterogeneity <0.01).45,147 One 
study reported a significant 21 percent reduction in the relative risk of central line associated 
bloodstream infections by (p <.0001) corresponding to an increase of one RN hour per patient 
day in surgical patients in ICUs.147 The large multi-center study showed a significant reduction 
by 1 percent in urinary tract infection in medical patients (RR 0.99, 95 percent CI 0.98-1) 
corresponding to one additional RN hour per patient day and absolute reduction by 3.6 percent in 
rates of urinary tract infection comparing 25th and 75th percentiles of RN hours. The same study 
also reported a relative reduction by 2 percent (RR 0.98, 95 percent CI 0.97-0.99) in upper 
gastrointestinal bleeding in medical patients per additional RN hour per patient day and a 5.2 
percent absolute reduction in the rate of this outcome between the 25th and 75th quartiles of RN 
hours. We conducted a combined pooled analysis using measures reported by the authors and 
estimated from ratios of RN hours per patient day (Figure 15). Additional RN hours per patient 
day in ICUs were associated with a reduction in relative risk of hospital acquired 
pneumonia,13,14,22 pulmonary failure,13,14,23,24 unplanned extubation,13,14,23-25 and nosocomial 
infection.22,45, 47,79,147 In surgical patients, the relative risk of failure to rescue was lower by 1 
percent,12,15,16,20,26,27, 30,31 unplanned extubation by nine percent,13,23,24 and cardiac arrest by four 
percent13,23,24 for every additional RN hour per patient day. Small reductions by 1 percent in 
relative risk of pulmonary failure35,62 and deep venous thrombosis27,35 was detected in medical 
patients. 
 Patient outcomes corresponding to an increase by one LPN/LVN hour per patient day. 
Patient outcome rates from pooled analysis corresponding to one additional LPN/LVN hour per 
patient day are presented in Table 16. The crude rates of most outcomes increased corresponding 
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to an additional one LPN/LVN hour per patient day; this raise was consistent across the studies 
(heterogeneity NS for all outcomes). However, additional LPN/LVN hours were associated with 
lower rates of several outcome in medical patients. Patient falls were lower by 0.21 ± 0.03 and 
sepsis was lower by 0.29 ± 0.12 percent per 1 LPN hour per patient day (heterogeneity NS). 
 Pooled analysis of the studies that analyzed relative risk of hospital acquired 
pneumonia26,27,33,157 and studies that assessed the risk of urinary tract infections26,27,33,77,157 did 
not find significant associations with LPN/LVN hours. 
 One study158 reported a reduction in the rate of thrombo-embolic complications by -0.3 ± 0.1 
percent (p = 0.01), of pulmonary failure by -1.2 ± 0.2 percent (p = 0.002), and pneumonia by -1.7 
± 0.3 percent (p = 0.002) corresponding to one additional LPN/LVN hour per patient day 
(Appendix G, Table G16). One study detected a significant reduction by 87 percent in the 
relative risk of hospital acquired pneumonia (p = 0.004) for one LPN/LVN hour per patient 
day.18 
 Patient outcomes corresponding to an increase of one licensed hour per patient day. The 
rate of pressure ulcers,64 failure to rescue,27,159 falls,64,65 and CPR159 was not associated with 
licensed hours per patient day. One large study reported a reduction by 11 percent in risk of 
urinary tract infections (RR 0.89, 95 percent CI 0.8-0.99), by 1 percent in gastrointestinal 
bleeding (RR 0.987, 95 percent CI 0.98-1.00) and hospital-acquired pneumonia (RR 0.99 95 
percent CI 0.98-1.00), and by 3-4 percent in pressure ulcers (RR 0.97, 95 percent CI 0.94-0.99) 
and bloodstream infections (RR 0.96 95 percent CI 0.95-0.97) corresponding to an additional 
licensed hour per patient day in surgical patient at hospital level analysis.27 The relative risk of 
shock,27,159 thrombosis,27 combined complications,27 and hospital-acquired pneumonia was not 
associated with licensed hours per patient day27,159 
 Patient outcomes corresponding to an increase by 1 UAP hour per patient day. The 
results of the pooled analysis of patient outcomes corresponding to 1 additional UAP hour per 
patient day are presented in Figure 16. An increase of 1 UAP hour per patient day was associated 
with a significant consistent reduction in pressure ulcers by 2.07 percent (0.88-3.26) 
(heterogeneity NS),27,36,76-78 patient falls by 0.2 percent (95 percent CI 0.14-0.26),33,36,61,75,76,78 
and urinary tract infection by 1.26 percent (95 percent CI 0.16-2.36).27,33,76-78 We could find no 
studies that examined the relative risk of patient outcomes corresponding to UAP hours 
(Appendix G, Table G17). 
 Length of stay corresponding to an increase by 1 nurse hour per patient day. The results 
from a pooled analysis of changes in the length of stay corresponding to 1 additional total nurse 
hour per patient day are presented in Figure 17. An additional total nurse hour per patient day 
was associated with a decreased LOS by 1.43 days (95 percent CI 0.31-2.25) in eight studies 
(heterogeneity NS),26-28,36,45,48, 82,83 by 0.45 days in medical patients (95 percent CI 0.19 -0.72, 
heterogeneity NS),26-28,36,45,48,82,83 and by 2.36 days in surgical patients (95 percent CI 1.34-3.39, 
heterogeneity NS).26,27,48,82,83 The association between RN hours per patient day and LOS was 
not consistent across the studies with random changes in the pooled estimate and significant 
heterogeneity in the results (p for heterogeneity = 0.05).26-28,36,45 The relationship between nurse 
staffing and LOS in medical patients showed conflicting results (p for heterogeneity = 0.0008).26-

28,36,45 The studies in surgical patients did not find a significant association with RN hours (p for 
heterogeneity = 0.013).26,27  
 The studies that examined the association between LPN/LVN hours and LOS reported a 
significant increase by 3.21 days (95 percent CI 1.88-4.3) corresponding to an additional 
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LPN/LVN hour.26,27 The effect was larger in surgical patients with an increase by 4.6 days for 
every LPN/LVN hour per patient day.26,27 An increase by 1.53 days (95 percent CI 0.93-2.13) in 
LOS corresponded to 1 additional UAP hour per patient day (heterogeneity NS).27,36,45 The 
increase in medical patients was 1.6 days (heterogeneity NS)27,36,45 
 Patient outcomes in quartiles of the distribution of nurse hours per patient day. We 
analyzed rates of patient outcomes among different quartiles of nurse hours per patient day 
distribution (Table 17). A decrease in nurse hours per patient day from 12.1 hours to 8.3 hours in 
ICUs was associated with an increase in the rate of patient falls by 0.76 ± 0.22 percent. A 
decrease in nurse hours per patient day from more than 11 vs. 9.5 hours in surgical patients was 
associated with an increase in the rate of failure to rescue by 3.22 ± 0.6 percent, surgical wound 
infection by 0.29 ± 0.05 percent, upper gastrointestinal bleeding by 0.81 ± 0.19 percent, shock by 
0.68 ± 0.16 percent, pulmonary failure by 2.17 ± 0.5 percent, deep venous thrombosis by 0.42 ± 
0.1 percent, urinary tract infection by 4.1 ± 0.85 percent, sepsis by 1.3 ± 0.24 percent, and 
pressure ulcers by 2.31 ± 0.31 percent. A reduction in the total nurse hours from more than 9.6 
hours per patient day in medical patients was associated with a 0.36 ± 0.04 percent increase in 
the rate of shock, 2.49 ± 0.19 percent in urinary tract infection, and 1.35 ± 0.15 percent in 
hospital acquired pneumonia. The relative risk of failure to rescue was 8 percent higher in 
medical (RR 1.08, 95 percent CI 1.07-1.1) and 49 percent higher in surgical patients (RR 1.49, 
95 percent CI 1.32- 1.69). When we compared the highest and the lowest quartiles of RN hours 
per patient day (Figure 18), the relative risk of cardiopulmonary resuscitation was 1.52 times 
higher corresponding to a decrease from more than 16 to 8.2 RN hours per patient day in ICUs. 
In surgical patients, a reduction from more than 10 to 8.4 RN hours per patient day was 
associated with a 66 percent increase in the relative risk of cardiac arrest (RR 1.66, 95 percent CI 
1.49-1.85). The relative risk of unplanned extubation was three times higher in ICUs (RR 3.12, 
95 percent CI 1.97-4.96) corresponding to a decrease in RN hours per patient day from more 
than 16 to less than six. 
 In conclusion, the evidence from observational studies suggests that an increase in total nurse 
hours per patient day was associated with reduced hospital mortality, failure to rescue, 
nosocomial bloodstream and urinary tract infections, and other adverse events. The effects of RN 
hours substantially differ among the studies and patient population. A few studies suggest that 
LPN/LVN hours may increase the rates of sepsis, shock, urinary tract infections, and hospital 
inquired pneumonia in surgical patients. Additional UAP hours reduced the rate of pressure 
ulcers, patient falls, and urinary tract infection but not other outcomes. Increasing to more than 
16 RN hours per patient day may reduce the risk of cardiopulmonary resuscitation, pulmonary 
failure, and unplanned extubation in ICUs. Increasing to more than 10 RN hours per patient day 
in surgical patients is associated with reduced risk of CPR, failure to rescue, and unplanned 
extubation. The LOS in hospitals is lower along with additional total nursing, but not LPN/LVN 
and UAP hours.  
 Evidence of the association between nurse characteristics and patient outcomes. Some 
evidence (Appendix G, Table G18) suggests that nurse experience and education can influence 
patient outcomes (Figure 19). The crude rates of complications were reduced by 1.13 percent (95 
percent CI 1.9-0.36) for each additional year of nurse experience in surgical patients in the 
ICU.16 In the same study, an increase by 1 percent in the proportion of nurses with BSN degrees 
reduced the rate of failure to rescue by 0.04 percent (95 percent CI 0.06-0.02). The same study 
reported that an increase in the crude rate of failure to rescue corresponding to 1 year of nurse 
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experience was not significant after adjustment for confounding factors (RR1.01, 95 percent CI 
0.96-1.03). The authors reported a 5 percent reduction in failure to rescue corresponding to a 10 
percent increase in the proportion of nurses with BSN degrees (RR 0.95, 95 percent CI 0.91-
0.99).16 The adjusted relative risk of unplanned extubation in neonatal ICUs was not associated 
with nurse experience (relative risk 1.02, 95 percent CI 0.96-1.08 for an additional year of 
experience).25 Other studies did not show significant changes in pressure ulcers, patient falls, or 
urinary tract infections in relation to nurse experience and education.  
 Several nurse surveys assessed perceived nurses’ satisfaction about patient 
outcomes21,36,66,78,88,101,160-164 (Appendix G, Table G19.) One large survey (8,760 nurses)163 
examined the relative risk of adverse events among Medicare patients in relation to perceived 
quality of care. Nurses responded to the survey question, “In general, how would you describe 
the quality of nursing care delivered to patients in your unit on your last shift?” A reduction by 
16 percent in the relative risk of patient falls and medication errors corresponded to a 30 percent 
increase in nurses satisfied with the care provided.163 An increase in the proportion of nurses’ 
perceived work related stress by 40 percent increased the rates of patient falls by 1.1 percent.66 A 
2 percent increase in nurse autonomy accompanied a 0.5 percent reduction in pressure ulcer 
rates.162 An increase in nurse turnover by approximately 2 percent increased the rate of patient 
falls by 0.2 percent.36 

 There is limited evidence suggesting better nurse staffing is associated with patient 
satisfaction with nursing care and pain management (Appendix G, Table G-20). In an early study 
of this phenomenon, larger proportions of patients treated in magnet-designated hospitals were 
satisfied with provided care compared with conventional (nonmagnet designated) general 
medical units (85percent vs. 74 percent).160 Surgical patients in units using a total patient care 
model (larger proportion of RNs) were more satisfied with pain management compared with a 
team nursing model (84.6 ± 13 vs. 83.4 ± 13 scores on the Parkside Patient Satisfaction 
Survey).165 Medical patients in units with higher proportions of RNs with BSN degrees 
(54percent) expressed satisfaction with care 1.5 times more often.88 An increase by 1 hour in 
total nurse hours per patient day was associated with an increase by 2.44 ± 0.62 patient 
satisfaction scores with pain management, an increase by 1 percent in the proportion of nurses 
with BSN degrees was associated with greater satisfaction by 13.6 ± 3.6 patient satisfaction 
scores.154 Some studies, however, did not detect a significant improvement in patient satisfaction 
in relation to nurse staffing.77,78,166 
 In conclusion, some evidence from a few observational studies suggests that an increase in 
nurses with BSN degrees may reduce the risk of hospital-related mortality and failure to rescue. 
Hospitals with higher proportions of nurses with BSN degrees (36 percent vs.11 percent) have 
lower mortality. States with larger proportions of BSN degrees report lower rates of fatal injuries 
related to health care. Nurses’ perceived satisfaction may reflect the quality of care.  
 
Question 3.  What Factors Influence Nurse Staffing Policies? 

 
 Policies related to nurse staffing in hospitals can vary. There may be policies related to the 
shift length, scheduling nurses to rotate to different shifts, mandatory overtime, weekend 
staffing, use of agency or temporary nurses, assigning nurses to nursing units other than those 
they are regularly assigned to work (floating), use of full-time, part-time, and internationally 
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educated nurses, the nurse-to-patient ratio or nursing hours per patient day for nursing units, and 
the skill mix (licensed vs. unlicensed staff) of nursing units (Figure 2). Staffing policies can be 
influenced by patient and patient care unit factors. For example, the fluctuation of patient flow 
on a nursing unit may determine policies for the length of the shift for nurses. Nurse staffing 
policies can also be influenced in hospitals in which nurses are unionized or in which nurses 
have a strong governance structure. The age and/or tenure of nurses in a hospital may have an 
impact on policies regarding rotating shifts or frequency of working weekends.  
 Review of the literature to determine factors that can influence nurse staffing policies did not 
reveal any studies that empirically examined influences on nurse staffing policy. Rather, all 
studies found for this review examined one or more of the staffing policy variables. Thirty-six 
studies were identified as eligible and relating to one or more of the staffing policy variables. 
One hundred forty-seven studies were identified as eligible and relating to one or more of the 
staffing policy variables (Appendix G, Tables G21-G26). One hundred seventeen studies were 
excluded for the following reasons: not related to the variable of interest (87); from conference 
proceedings (2); an integrative review not related to the variables of interest (1); relevant to 
nursing homes (3); not in peer reviewed journals (17); inadequate presentation of data (6); not 
research (1). A review of 30 studies for each of the staffing policy variables is provided. For the 
staffing policy variable staffing ratio/mix/hours, the findings from the studies analyzed for 
questions 1, 2, and 4 are applied. The factors identified in Figure 2 were included in a few of the 
studies reviewed and will be described in the review for each of the staffing policy variables. 
Some studies addressed more than one staffing policy variable and are included in more than one 
evidence table. 
 
Staffing Ratios/Mix/Hours 
 
 The research literature related to nurse staffing ratios or hours and staff mix was 
comprehensively reviewed in the first two questions examined for this review using meta-
analytic approaches. None of the studies empirically examined the effect or impact of a staffing 
policy related to staffing ratios/hours or staff mix. However, several studies examined the impact 
of the California mandated staffing ratios—an externally imposed staffing policy64,109,162 
(Appendix G, Table G21). These findings should be cautiously used to inform staffing policies 
because these studies have limitations in their design and data sources. 
 Licensed nurses working in California acute care hospitals and nurse staffing in those 
hospitals were characterized prior to the implementation of mandated nurse staffing ratios.109 A 
low percentage of RNs (39 percent) have baccalaureate degrees and the mix of RNs ranged from 
30 percent (sub-acute/transitional) to 84 percent (postpartum/labor/delivery) by different types of 
nursing care units. RN-to-patient ratios varied by type of hospital ownership in California (1:3.2 
to 1:7.4)162 as well as RN skill mix (56.9 percent to 66.6 percent). Following the implementation 
of the mandated staffing ratios, total RN hours of care per patient day increased by 20.8 percent 
and the number of patients per RN decreased by 17.5 percent. There was no change in the use of 
contract staff. However, despite the increased exposure of patients to RN time, there was no 
reduction in falls, the prevalence of pressure ulcers, or restraint use.64 
 Two recent systematic reviews of nurse staffing and patient, nurse, and hospital outcomes 
reached basically similar conclusions.92,93 Both concluded that the studies reviewed had a 
number of limitations which implies caution in interpretation of the findings and translating 
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findings to staffing policies (e.g., data from one unit or hospital, no control for case mix 
variations, variations in staffing and outcome measures, hospital level data, or data presented as 
regression coefficients which are difficult to interpret clinically). Other variables likely 
associated with quality of care should be considered for hospital staffing policies or legislated 
staffing ratios.92 These included acuity of the patients, skill mix, competence of nurses, 
technological support, and institutional support of nursing. This research supports probable 
relationships between richer nurse staffing and several patient and nurse outcomes; whereas 
another study showed strong support for the positive relationship between higher RN skill mix 
and improved outcomes.93  
 Studies with implications for staffing policies that were related to nurse-patient ratios or RN 
skill mix, but found to be ineligible for meta-analysis, are summarized in Appendix G, Table 
G21. A study conducted in 19 teaching hospitals in Ontario, Canada, supported the relationship 
between RN skill mix for patient, nurse, and hospital outcomes. The proportion of Regulated 
Nursing Staff (Canadian equivalent of RNs in the United States) was associated with better 
patient outcomes in regard to function, pain, satisfaction167 infections, nurses’ perceptions of the 
quality of care, and fewer medication errors.168,169  
 Several studies found marginal, and in some cases diminishing effects, of increased RN 
staffing and patient outcomes. Greater than 15 nursing hours per patient day on medical and 
medical-surgical units no longer improved the patient fall rate; however, on surgical units, fall 
rates improved when nursing hours exceeded 15 hours.170 Diminishing effects of increased RN 
staffing on reducing the mortality ratio were also found.18 
 The findings from the meta-analyses in this report related to nurse-patient ratios/hours and 
RN skill mix and specifically examined the relationship between nurse staffing and patient and 
nurse outcomes. These studies did not examine relationships between hospital factors, patient 
factors, or nursing characteristics on nurse staffing policy variables. However, the findings from 
the meta-analyses conducted with these studies may have implications for nurse staffing policies 
regarding RN skill mix or nurse-to-patient ratios. The largest proportion of studies for the meta-
analysis was associated with nurse to patient ratios and hospital related mortality. The findings 
indicate that a higher RN to patient ratio is associated with a decrease in hospital-related 
mortality. Nurses with baccalaureate degrees in nursing were associated with a reduction in 
mortality. Negative patient outcomes are also reduced by increasing the RN to patient ratio. 
There is less evidence for how LPNs/LVNs and UAPs reduce negative patient outcomes; in fact, 
there is a trend indicating that an increased LPN/LVN and UAP to patient ratio increases 
negative outcomes. The studies examining the relationship between RN hours per patient day 
differed substantially; however, there was stronger evidence that total nurse hours per patient day 
were associated with reduced mortality and negative patient outcomes. Again, there was a trend 
indicating that LPN/LVN and UAP hours per patient day were associated with increased 
negative patient outcomes. The findings from the meta-analysis examining nurse staffing ratios 
suggest hospital staffing policies that provide for a higher RN skill mix. If staffing ratios become 
part of a hospital staffing policy, they need to consider the type of patient as well as other factors 
that may impact desired patient and nurse outcomes (e.g., education of nurse, care delivery 
models, patient factors). Staffing policies that require regular evaluation of staffing effectiveness 
on patient care units serving different types of patients would seem essential.  
 Figure 2 suggests that nursing organizational factors have an intervening effect on the 
relationship between hospital factors and nurse staffing policies. None of the studies reviewed 
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for question 3 supported this relationship, although several studies examined the direct 
relationship between hospital factors and nurse staffing policy variables. The technological 
sophistication of hospitals (technology level) was associated with a higher proportion of RNs on 
the unit.171 More sophisticated use of technology predicted increased RN hours.162 For-profit 
hospitals and for-profit systems had fewer RN productive hours for medical-surgical nursing 
units; however, this finding seemed to be driven by two large for-profit health systems in the 
sample.162 Another study did not find that ownership was related to nurse staffing variables.172 
The two studies were conducted in two different states. They did find that the type of unit 
(patient care unit factors) affected hospital RN staffing. Intensive care, pediatric, and maternity 
units had significantly higher RN staffing than medical/surgical or gynecologic units. Controlling 
for size, rural hospitals also had higher RN staffing. Primary nursing, a nursing care delivery 
model, explained more than half of the variability in nurse staffing, using about one-third more 
RNs per occupied bed.172 While nursing care delivery models were not hypothesized in Figure 2 
to be a factor influencing nurse staffing policies, it makes sense that it would be a factor because 
the primary nursing care delivery model relies on a higher proportion of RNs to be successfully 
implemented.  
 Shift work of nurses. Seven studies specifically focused on the length of shift nurses work 
(8, 10, and 12 hours) and the types of shifts nurses were scheduled to work (days, evenings, 
nights, or a combination) (Appendix G, Table G22). Two recent survey design studies examined 
the work patterns of hospital staff nurses. A survey of nurses who were members of the ANA 
(n=393)173 and a randomly selected sample of nurses who participated in the National Institute 
for Occupational Safety and Health (NIOSH) Nurse Worklife Survey (n = 2,273)174 both found 
that nurses were working long hours. Nurses worked, on average, 55 minutes longer than 
scheduled each day.173 Of the 5,317 shifts worked by the respondents during a 28 day period, 
38.7 percent of the shifts were 12.5 hours or more. One quarter of the respondents worked 50 
hours per week for two or more weeks of the 28-day period. More than half of hospital nurses 
were working 12 or more hours per day but half as likely to work 6-7 days a week, suggesting 
that more hospital nurses are working 12 hour shifts. Older nurses (≥50 years) were less likely to 
work long shifts.174  
 The likelihood of making medication and procedural errors (actual and near miss errors) 
increased with longer work hours and was three times higher when nurses worked shifts lasting 
12.5 hours or longer.173 Age of the nurse (nurse factor), hospital size (hospital factor), or type of 
unit (unit factor) did not have any affect on errors or near errors. Among 687 RNs and LPNs 
surveyed in one hospital medication and procedural errors were associated with nurses that 
rotated shifts.175 In addition, nurses who rotated shifts had a higher risk of having an automobile 
accident or other injuries. Among nurses from across the country who worked in critical care 
units on the day (n = 67) and night shifts (n = 75) the ones who worked permanently on the night 
shift had significantly more depression and poorer global sleep quality than nurses on the day 
shift.176 There was no significant difference between night and day shift nurses in regards to 
chronic fatigue or anxiety. However, 46 percent of the variance in chronic fatigue was explained 
by depression and global sleep quality. There was no relationship between physical health and 
mental depression of nurses working the day, evening, night, and rotating shifts from five 
hospitals (n = 463).177 Nurses working 12-hour shifts experienced significantly higher levels of 
stress than nurses working 8-hour shifts, but the stress levels were similar when controlling for 
experience.178 Nurses working rotating shifts experienced higher stress and lower perception of 
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job performance. Nurses working the night shift reported receiving the least amount of sleep and 
had the most trouble sleeping.177 
 The findings from these seven descriptive studies that used survey methodologies indicate 
that nurses are working long hours. Because more nurses are working 12-hour shifts (by 
preference), the risk of working more than 12 hours is high, given that nurses are often not able 
to finish their work by the end of their scheduled shift. There is beginning evidence that working 
more than 12 hours and rotating shifts can lead to errors that compromise patient safety as well 
as accidents, injuries, and higher stress levels of nurses. Implications for staffing policies indicate 
that the length of nurses’ shifts should be no more than 12 hours and strategies should be 
implemented to limit work hours exceeding 12 hours. Requiring nurses to work rotating shifts 
should be curtailed.  
 Contract (agency) nurses. There is little research on the use of agency staff (Appendix G, 
Table G23). One descriptive study indicates that nurses choosing to work for a staffing agency 
are not necessarily motivated by nonsalary benefits and hospital nurses are not motivated by the 
higher salary paid to agency nurses.179 In that same survey, agency nurses were more likely to 
work evening and night shifts and weekends. The clinical activities differed by agency and 
hospital nurses reported having less opportunity to use their clinical skill.180 Nurse managers do 
not view agency nurses as cost effective but believe that using agency nurses reduces overtime 
and provides coverage for weekends, vacations, and absenteeism. Managers’ perceptions of 
quality care of supplemental staff did not differ for hospital pool supplemental staff versus 
agency staff.181 Float pool nurses had the highest rate of documentation on two clinical aspects of 
patient care;182 however, there were significant limitations to the study, including being 
conducted on only one unit of a hospital and using medical record documentation as a measure 
of evaluating nursing care quality of agency staff. From a hospital efficiency perspective, agency 
nurses were associated with higher hospital operating cost.50 
 These studies provide limited insight to guide implications for staffing policies regarding 
agency nurses. It should be noted that a number of studies were found on the use of agency 
nurses, but these studies were conducted in countries other than the United States and Canada. 
Research is needed to evaluate the effectiveness and effective use of agency staff in hospitals as 
a means to provide adequate staffing for quality patient care. 
 Full- and part-time nurses. Few studies addressed the full or part time status of nurses 
(Appendix G, Table G24). There were discrepancies in the demographics reported for full- and 
part-time nurses. Two large surveys of Canadian nurses demonstrated these differences. In one, 
part-time nurses were reported to be older,183 whereas full-time nurses were older.184 This 
difference may be related to a 10-year difference in the time these studies were done. A trend in 
the studies was that full-time nurses experienced higher role overload,185 heavier workloads, 
higher levels of stress, and poorer physical wellbeing.184 Full-time nurses were statistically more 
involved in their job183 and more likely to be confident, independent, functioning as a leader and 
professional.186 Nurses who worked part time reported liking their work schedules more and 
experienced less interference between their work and nonwork activities. From an organizational 
perspective,187 Part-time nurses were associated with lower personnel and hospital costs.50 
 Internationally educated nurses. A strategy to address the nursing shortage and the 
growing demands of staffing in hospitals has been the utilization of IENs (Appendix G, Table 
G25). There is a paucity of research on the use and effectiveness of IENs in U.S. hospitals.37 The 
limited research available includes qualitative exploratory studies38,39 and descriptive studies40-42 
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that examined IEN use in healthcare. No studies empirically evaluated the interaction of IEN 
staffing policies with organizational, nurse, or patient care unit factors. Lack of research becomes 
more notable when it is recognized that IENs represent approximately 3.7 percent of the RN 
population within the United States.37 Understanding this demographic group may facilitate more 
effective integration and use of nurses who are educated in and emigrate from other countries. 
 IENs experience moderate to high levels of stress for up to 10 years after coming to the 
United States to practice nursing.39 IENs from India experienced racism within the work setting 
with recommendations for interventions to assist with acculturation.38 Other idiosyncrasies noted 
about IENs include the tendency to gravitate to critical care,40,42 younger in age,37,42 the majority 
from the Philippines,37 more likely to work full-time, night, and evening shifts and more 
overtime,37 baccalaureate educated,37,42 and half as likely to leave the organization.37 No 
differences were found between IENs and U.S. nurses when comparing perceptions of their 
control over practice or relationship with the physician,41 job satisfaction as it relates to time to 
do the job or quality of care,42 or general job satisfaction.37,42 Despite the lack of empirical 
evidence that articulates the relationship of IENs within the organization, the accumulation of 
these exploratory and descriptive data may assist in understanding human resource demographics 
more clearly. Further studies are warranted to understand healthful integration of IENs into the 
acute care system of the United States for the purpose of formulating organization policy. 
 Nurse overtime. Another staff policy to secure adequate staffing for increasing patient 
demands and scarce resources is the use of overtime (Appendix G, Table G26). Again, few 
studies were found in regards to this staffing variable. The prevalence of overtime has been 
documented in a recent national survey. Seventeen percent of randomly selected nurses reported 
required mandatory overtime and those whose jobs included mandatory overtime worked 
significantly longer work hours.174 Almost two-thirds of nurses, in a survey of RNs who were 
members of the ANA, worked overtime ten or more times during a 28-day period and more than 
25 percent reported working mandatory overtime.173 
 Unionization does not seem to be effective in minimizing overtime. A review of overtime 
use in New York State hospitals for 5 years found that overtime was 22 percent higher for 
unionized nurses.43 Occupancy, average hourly wage, and hours in the average work week were 
not associated with RN overtime within hospitals. When controlling for year-to-year variations 
in overtime for each hospital, higher RN straight hours was significantly associated with higher 
RN overtime. Each 1 hour increase in straight time was associated with an 8.7 percent increase in 
overtime.43,44 
 RN overtime does not seem to be associated with the location of the hospital, teaching status 
of the hospital, average hours in a nurse’s work week, acute bed occupancy, acute average daily 
census, or financial margin of the hospital44 however, an analysis of nurse overtime over 7 years 
in New York State hospitals found that overtime increased more in nongovernment unionized 
hospitals and nonteaching hospitals.43 Working overtime increased the odds of making at least 
one medication-related error and the risk of making errors increases when nurses work overtime 
after longer shifts.173 Weekend overtime is associated with anticipated turnover.188 Lost time 
claim rates were associated with increasing overtime worked by nurses.189 A few studies suggest 
that mandatory overtime and overtime in general is prevalent for nurses in U.S. hospitals. There 
is evidence that overtime and excessively long working hours can compromise patient safety and 
impact turnover of nurses. These findings suggest that practices related to nurse overtime and 
associated policies are important. 
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Question 4.  Association Between Nurse Staffing Strategies 
and Patient Outcomes 

 
 We defined eligible nurse staffing strategies as skill mix (proportion of productive [i.e., 
direct patient care related] hours worked by registered and licensed nurses), the proportion of 
overtime hours, contract hours, and the proportion of full-time nurses employed in patient care. 
The distribution of nurse staffing strategies is presented in Table 18. We identified 48 studies 
that assessed the proportion of RNs; eight studies addressed licensed nurses; 12 studies examined 
the effects of contract nurse hours on patient outcomes; and only a few studies evaluated 
overtime hours and the proportion of full-time nurses. The details on the sources used to measure 
nurse staffing strategies and on study design are presented in Appendix G, Tables G27-G28.  
 
Patient Outcomes Corresponding to an Increase by 1 Percent in the 
Proportion of RNs 
 Studies examined the effects of changes in categories of nurse staffing patterns including not 
only the proportion of RNs, but nurse hours and ratios on a number of outcomes. Pooling these 
results with random effects models to examine the main effect of the nursing skill mix on patient 
outcomes detected substantial heterogeneity between studies. For instance, heterogeneity was 
significant when pooling eight studies that examined the rates of in-hospital mortality (p for 
heterogeneity = 0.04),26,28,33,52,139,140,146.190,191 eight studies that measured the rates of nosocomial 
infections (p <0.001),22,45,81,139,192-194 and 11 studies that evaluated the rates of pressure ulcers in 
relation to nursing skill mix (p for heterogeneity <0.001).26,28,33,36,61,64,76,77,81,151,162 

 To estimate whether the direction or strength of the associations can explain the massive 
differences in the results, we calculated and compared the rates of outcomes in individual studies 
(Appendix G, Table G28) when possible (Table 19). Three studies reported significant 
reductions in mortality140,190,191 by 0.1-0.4 percent; one unpublished dissertation showed a small 
but significant increase in mortality86 by 0.04 percent; the rest did not find significant 
associations. The same unpublished study reported a small increase in pulmonary failure and 
other patient outcomes corresponding to an increase in RNs.33 Random changes in the rates of 
nosocomial infections were shown in the majority of the studies. One study detected a reduction 
in hospital-acquired pneumonia by 0.02 percent (95 percent CI 0.01-0.02).28 A seemingly 
paradoxical finding was the increase in the rates of urinary tract infections in four studies, with a 
significant increase by 0.05-0.11 percent for each increase in the percent of RNs in two 
reports.28,33 One study139 reported nonlinear association in patient falls and pressure ulcers: the 
rates increased when more than 87.5 percent of RNs worked in units. Pooled analysis (Figure 20) 
detected a significant reduction in patient falls by 0.03 percent (95 percent CI 0.03-0.04) 
corresponding to one additional percent of RNs in ICUs. Rates of patient outcomes were 
increased in medical and surgical patients per additional percent of RNs.  
 The analysis of the adjusted relative risks of patient outcomes corresponding to an increase 
by 1 percent in RN composition is presented in Figure 21. Random changes in the relative risk of 
all patient outcomes were observed corresponding to each additional percent of RN time. One 
large study27 contributed the most to the analysis. One study reported a 16 percent reduction in 
hospital-related mortality in hospitals with 83 percent of RNs compared with 63 percent (RR 
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0.84 percent CI 0.78-0.92).195 Three studies reported a tendency to reduce mortality,8,26,101 and 
one large study27 found substantial differences in the association with mortality in different levels 
of analysis and patient populations, which resulted in significant statistical heterogeneity in the 
results (p for heterogeneity <0.001) (Figure 22). The same study,27 however, reported a 
consistent reduction in failure to rescue by 27 percent (RR 0.73, 95 percent CI 0.65-0.83) for an 
additional percent of RN staffing. Pulmonary failure (Figure 23) was not associated with the 
proportion of RNs in one study.27 Another study reported a nonsignificant reduction by 25 
percent (RR 0.11-4.98) in relative risk of pulmonary failure corresponding to doubling the 
proportion of RNs.62 The relative risk of shock was reduced by 41 percent for each additional 
percent of RN staffing in a large multi-hospital study.27 The studies did not show significant 
associations with nosocomial infections, surgical wounds infections, and bloodstream infections. 
One study reported a significant reduction in the risk of urinary tract infections in surgical 
patients.27 Overall complications and thrombo-embolic complications increased with the increase 
in the proportion of RNs.27 An increase by 1 percent in the proportion of RN staffing was 
associated with a reduction in the risk of upper gastrointestinal bleeding by 42 percent (RR 0.58, 
95 percent CI 0.4-0.84) and in pressure ulcers by 76 percent (RR 0.24, 95 percent CI 0.09-0.62) 
across different settings and patient populations in one study (Figure 24).27 The same study 
reported a reduction in the relative risk of urinary tract infection in medical (RR 0.48, 95 percent 
CI 0.38-0.91) and in surgical patients (RR 0.67, 95 percent CI 0.46-0.98), upper gastrointestinal 
bleeding (RR 0.66, 95 percent CI 0.45-0.96), hospital acquired pneumonia (RR 0.59, 95 percent 
CI 0.44-0.8), and shock (RR 0.46, 95 percent CI 0.27-0.81) corresponding to an increase by 1 
percent in the proportion of RN hours among licensed hours per patient day.27  
 A higher proportion of RNs was associated with shorter lengths of stay by 0.17 days (95 
percent CI 0.03-0.3) but the association was not consistent across studies (p for heterogeneity 
<0.001). The effect was significant in medical patients only with a decrease by 0.19 days for 
each 1 percent of RN staffing (95 percent CI 0.1-0.28) but still not consistent (p for heterogeneity 
<0.05).26,28,33,36,45,48,146,150,194  
 
Patient Outcomes Corresponding to an Increase by 1 Percent in the 
Proportion of Licensed Nurses 
 
 Eight studies attempted to assess the proportion of licensed nurses in relation to patient 
outcomes26,27,30,31,35,63-65,159 (Table 20 and Figures 25-26) but one study27 contributed most of the 
data for the overall estimates. An increase by 1 percent in the proportion of licensed nurses was 
associated with a 17 percent reduction in the risk of failure to rescue (RR 0.83, 95 percent CI 
0.78-0.87) (Figure 25). Hospital-related mortality was reduced by 3 percent (RR 0.97, 95 percent 
CI .95-0.98) for every additional percent of licensed nurses. Cardiac arrest occurred 0.59 times 
less often in association with a 1 percent increase in the proportion of licensed nurses in medical 
and surgical patients (RR 0.59, 95 percent CI 0.49-0.71) (Figure 26). Pulmonary failure 
demonstrated random changes in relation to nurse skill mix. Every additional percent of licensed 
nurses was associated with a 47 percent reduction in the relative risk of shock (RR 0.53, 95 
percent CI 0.46-0.61). The risk of hospital acquired pneumonia was reduced by 29 percent (RR 
0.71, 95 percent CI 0.63-0.8) in relation to every additional percent of licensed nurses, but the 
strength of the association differed across patient populations (p for heterogeneity = 0.02). 
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Among other nosocomial infections, the risk of urinary tract infections was reduced by 13 
percent (RR 0.87, 95 percent CI 0.83-0.9), while the risk of surgical wound infection and 
bloodstream infections was increased by 60 percent as reported in one study.27 The same 
negative tendency was observed in the risk of thrombo-embolic complications, where a 29 
percent increase corresponded to an additional percent of licensed staff (RR 1.29, 95 percent CI 
1.08-1.54). One study reported a significant increase in the length of stay by 0.05 days (95 
percent CI 0.04-0.05) for each additional 1 percent of licensed nurses.35 
 
Patient Outcomes Corresponding to an Increase by 1 Percent in 
Overtime Hours 
 
 Two studies30,193 examined the association between overtime hours and patient outcomes 
(Appendix G, Table G29). Every additional 10 percent of overtime hours was associated with a 
1.3 percent increase in hospital related mortality (RR 1.013, 95 percent CI 1.0001-1.65).30 The 
association was nonlinear (p = 0.006) with an increase in hospital-related mortality by 32 percent 
corresponding to an increase in overtime hours by 10 percent from nadir (7 percent) to 17 
percent.  
 The rate of nosocomial infections increased by 1.9 percent (95 percent CI 0.3-3.5 percent) 
with each additional percent of overtime hours.193 The relative risk of shock increased by 12 
percent in medical but not surgical patients (RR 1.12, 95 percent CI 1.001-1.24) corresponding to 
a 5 percent increase in overtime hours.31 The relative risk for bloodstream infections increased 
by 11.5 percent in surgical (RR 1.12, 95 percent CI 1.021-1.22) and by 14 percent in medical 
patients (RR 1.14, 95 percent CI 1.05-1.24).31 That study did not find an association between 
overtime hours and urinary tract infections, failure to rescue, or gastrointestinal bleeding.  
 
Patient Outcomes Corresponding to an Increase by 1 Percent in 
Contract Hours 
 
 The majority of the studies that reported the proportion of contract hours did not examine the 
main effect of temporary nurses; rather they reported patient outcomes in units and hospitals with 
different staffing patterns including nursing ratios and hours. Some authors distinguished 
contract hours from hours worked by float nurses;28.46,64,193 others included the hours worked by 
float nurses as temporary hours.45,47 One study showed no association between contract hours 
and the rates of urinary tract infections, pneumonia, pressure ulcers, surgical wound infections, 
or bloodstream infections.28 Two studies reported an increase in rates of patient falls 
corresponding to additional contract hours.28,64 A small increase in the rate of nosocomial 
infections corresponded to an increase in contract hours,193 but another study did not find a 
significant association after adjustment for other factors.46 In contrast with contract hours, the 
proportion of float nurses was positively associated with the risk of nosocomial infection. The 
risk was 2.61-2.71 times higher in patients cared for in units with more than 60 percent of float 
nurses.47 Another study reported an increase in the rate of bloodstream infection by 5 percent 
corresponding to a 23 percent increase in the proportion of float nurses.45 Summarizing the 
results from two studies46,47 that examined the risk of sepsis in relation to float nurses, the risk 
was 2.79 time higher for every percent increase in float hours (RR 2.8, 95 percent CI 2.8-2.79). 
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An increase in the proportion of temporary nurses by 1 percent of contract hours increased the 
length of stay by 0.1 day (RR 0.11, 95 percent CI 0.03-0.18, heterogeneity NS).28,45,48,50 
 In conclusion, some evidence from a few multi-hospital studies suggests that a higher 
proportion of RNs may reduce the risk of failure to rescue, shock, pressure ulcers, and 
gastrointestinal bleeding. A significant but not consistent reduction on LOS in medical patients 
was observed pooling the results from 12 studies. 
 Overtime hours may increase the risk of hospital-related mortality and bloodstream 
infections. An increase in contract hours may increase in-hospital LOS. A small amount of 
evidence suggests that an increase in hours worked by float nurses is associated with a large 
increase in the risk of bloodstream infections. 
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Figure 4.  Flow of study selection for questions 1, 2, and 4 
 
                                                

 
 

101 eligible for review  Excluded 2,757 for the reason: 
60 case reports  
574 comments, success stories 
54 editorials, expert opinions 
21 letters 
3 guidelines  
24 interviews  
44 legal cases  
89 news, reprinting of original reports  
1 web survey  
112 review, secondary data analysis  
158 no association tested  
598 no information on nurse staffing and 
strategies  
160 ineligible outcomes  
859 ineligible target population 

 
Databases: 

The National Library of Medicine via PubMed® 
CINAHL - Cumulative Index to Nursing & Allied Health Literature 

The Cochrane Library 
BioMed Central 

Catalog of U.S. Government Publications (U.S. GPO) 
LexisNexis™ Government Periodicals Index 

Digital Dissertations 
Agency of Health Care Research and Quality 

 
Total Citations 2,858 

 

96 Included in meta-analysis (94 
studies, 2 duplicates) 

Design:  
7 case-control  
3 case series  
41 cross sectional  
43 that assessed temporality  

5 excluded (inadequate data 
presentation)      



47 

Table 2.  Distribution of the studies’ quality* (94 studies) 
 

Quality Measures Mean 
Standard 
Deviation Median 

Study question clearly focused and appropriate 4.69 0.73 5 
Clear definition of exposure 3.96 0.65 4 
Clear definition of the primary and secondary outcomes 4.41 0.65 4.5 
Sampling of study population 3.34 0.81 3 
Statistical analysis: assessment of confounding attempted 3.61 1.11 4 
Adjustment for the effects of various factors 2.89 1.62 3.5 
Statistical methods 3.70 0.94 4 
Measure of effect for outcomes  3.66 1.11 4 
External validity 3.48 0.97 4 
Conclusions  4.01 0.68 4 
Total scores 37.76 6.40 38 

 
* Maximum possible score of 5; total of 50 for each study 
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Table 3.  Distribution of nurse hours and ratios (94 studies) 
 

Nurse Staffing Number of Studies Mean Standard Deviation 
ICUs    
RN FTE/patient day 15 1.3 0.7 
Patients/RN/shift 15 3.1 1.8 
Total nursing hours/patient day 15 13.0 5.2 
RN hours/patient day 10 12.6 5.3 
LPN/LVN hours/patient day 3 0.3 0.6 
UAP hours/patient day 4 2.3 1.2 
Licensed nurse hours/patient day 1 7.3 0.4 
Surgical patients    
RN FTE/patient day 13 1.1 0.8 
Patients/RN/shift 13 4.0 2.3 
Patients/LPN/shift 2 3.1 2.2 
Total nursing hours/patient day 12 8.7 4.3 
RN hours/patient day 11 8.1 5.1 
LPN/LVN hours/patient day 7 1.3 1.1 
UAP hours/patient day 5 2.1 0.6 
Medical patients    
RN FTE/patient day 20 1.1 1.0 
Patients/RN/shift 20 4.4 2.9 
Patients/LPN/shift 6 13.3 8.5 
Patients/UAP/shift 4 12.0 8.9 
Patients/licensed nurse/shift 2 4.1 1.1 
Total nursing hours/patient day 27 8.2 4.4 
RN hours/patient day 23 6.1 3.6 
LPN/LVN hours/patient day 13 2.3 2.0 
UAP hours/patient day 12 2.5 2.1 
Licensed nurse hours/patient day 4 3.3 2.9 
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Table 4.  Hospital-related mortality rates corresponding to changes in patients/RN ratio (pooled weighted estimates from published studies) 
 

Level of Analysis Number of 
Studies 

Change in Death 
Rate, % Standard Error p Value for the 

Association 
p Value for 

Heterogeneity 
Authors’ definition of nurse to patient ratio 
Increase by 1 patient/RN/shift 3 0.095 0.03 0.003 0.33 
Increase by 1 RN FTE/patient day 3 -1.24 1.13 0.311 0.041 
Increase by 1 RN FTE/1,000 patient days 1 -1.29 0.54 0.076  
Estimated Increase by 1 RN FTE/patient day 
All studies 8 -1.18 0.49 0.02 <0.001 
ICUs 3 -0.97 0.28 <0.001 0.23 
Surgical patients 5 -0.89 0.49 0.08 <0.001 
Medical patients 3 -1.18 0.78 0.15 <0.001 
Hospital level analysis 3 -3.48 2.68 0.25 0.67 
Patient level analysis 5 -1.18 0.55 0.04 <0.001 
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Table 5.  RN to patient ratios and relative risk* of hospital-related mortality (pooled adjusted estimates from published studies) 
 

Level of Analysis Number of 
Studies 

Relative 
Risk 95% CI p Value for the 

Association Consistency 

Authors’ definition of nurse to patient ratio      
Increase by patient/RN/shift 6 1.08 1.07; 1.09 <.0001 No 
Increase by 1 RN FTE/patient day 6 0.943 0.93; 0.953 <.0001 Yes 
Increase by 1 RN FTE/1,000 patient days 3 0.995 0.95; 1.04 0.8273 Yes 
Estimated Increase by 1 RN FTE/patient day      
All studies 14 0.92 0.90; 0.94 <.0001 No 
Patient level analysis 8 0.919 0.89; 0.95 0.0002 No 
Hospital level analysis 5 0.958 0.94; 0.98 0.0001 Yes 
ICUs 5 0.908 0.86; 0.96 0.0321 Yes 
Surgical patients 8 0.84 0.80; 0.89  <.0001 Yes 
Medical patients 6 0.944 0.94; 0.95  <.0001 Yes 
Quartiles of patients/RN/shift ratio            
<2 vs. 2-4 14 0.94 0.92; 0.95 <.0001 Yes 
<2 vs. 4-5.5   0.76 0.71; 0.81 <.0001 Yes 
<2 vs. >6   0.62 0.59; 0.66 <.0001 Yes 
2-4 vs. 4-5.5   0.81 0.76; 0.87 <.0001 Yes 
2-4 vs.>6   0.66 0.63; 0.70 <.0001 Yes 
4-5.5 vs. >6   0.82 0.76; 0.88 <.0001 Yes 
ICUs 5          
<3 vs. 3-4   0.94 0.92; 0.97 0.016 Yes 
Medical patients 6         
<2 vs. 2-4   0.94 0.92; 0.96  <.0001 Yes 
Surgical patients 8         
<2 vs. 4-6   0.76 0.70; 0.82 0.000 Yes 
<2 vs. >6   0.62 0.58; 0.66 <.0001 Yes 
2-3.5 vs. 4-6   0.80 0.74; 0.87 0.001 Yes 
2-3.5  vs. >6   0.65 0.61; 0.70 <.0001 Yes 
4-6 vs. >6   0.81 0.75; 0.88 0.001 Yes 

 
* Relative risk of outcomes - the ratio of the incidence rate of outcomes corresponding to different nurse staffing levels (relative risk =1 means no association, <1 – 
protective effect of increased nurse staffing, >1 – increased probability of patient outcomes). 95% CI – ranges of relative risk with 95% confidence that we will have 
the same results repeating the study many times in the same population.  
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Figure 5.  Relative risk of patient hospital-related mortality corresponding to change in registered nurse to 
patient ratio (pooled estimation from the studies) 
 

 
 
 

 Relative risk of death
.79  1 1.1

Nurse staffing measure (number of studies) 
Relative risk of death
(95% CI) 

All studies 
Increase by 1 patient/RN/shift (6) 1.08 (1.08, 1.09) 
Increase by 1 RN FTE/patient day (6) 0.94 (0.93, 0.95) 
Increase by 1 RN FTE/1,000 patient days (3) 0.99 (0.95, 1.04) 
Increase by 1 RN FTE/patient day (14) 0.92 (0.90, 0.94) 

Hospital level analysis 

Increase by 1 RN FTE/patient day (5) 0.96 (0.94, 0.98) 

ICUs 
Increase by 1 RN FTE/patient day (5) 0.91 (0.86, 0.96) 

Medical patients
Increase by 1 RN FTE/patient day (6) 0.94 (0.94, 0.95) 

Patient level analysis 
Increase by 1 RN FTE/patient day (8) 0.92 (0.89, 0.95) 

Surgical patients
Increase by 1 RN 
FTE/patient day (8) 

0.84 (0.80, 0.89) 
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Figure 6.  Relative risk of death among different categories of patients/RN/shift (pooled analysis) 
 
 
 
 

  Relative risk of death 
 .5  1 

Quartiles of patients/RN/shift distribution
Relative risk of death
(95% CI) 

All studies 
<2 vs. 2-4 0.94 (0.92, 0.95)
<2 vs. 4-5.5 0.76 (0.71, 0.81)
<2 vs. >6 0.62 (0.59, 0.66)
2-4 vs. 4-5.5 0.81 (0.76, 0.87)
2-4 vs. >6 0.66 (0.63, 0.70)
4-5.5 vs. >6 0.82 (0.76, 0.88)

ICUs 
<3 vs. 3-4 0.94 (0.92, 0.97)

Medical patients 
<2 vs. 2-4 0.94 (0.92, 0.95)

Surgical patients 
<2 vs. 4-6 0.76 (0.70, 0.82)
<2 vs. >6 0.62 (0.58, 0.66)
2-3.5 vs. 4-6 0.80 (0.74, 0.87)
2-3.5 vs. >6 0.65 (0.61, 0.70)
4-6 vs. >6 0.81 (0.75, 0.88)
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Table 6.  Number of avoided deaths/1,000 hospitalized patients attributable to RN FTE/patient day ratio (pooled adjusted estimates from published 
studies) 
 

Level of Analysis Studies RR 95% CI 
Attributable to Nurse 

Staffing, Percentage of 
Death, 95% CI 

NNT* 
Number of Avoided 

deaths/1,000 
Hospitalized, 95% CI 

Authors’ definitions of nurse staffing ratio        
Increase by patient/RN/shift 6 1.08 1.07; 1.09 7.6 (7.07; 8.04) 198 5 (4; 5) 
Increase by 1 RN FTE/patient day 6 0.94 0.93; 0.95 6 (7; 5) 162 6 (5; 7) 
Estimated increase by 1 RN FTE/patient day      
All studies 14 0.92 0.90; 0.94 8 (10; 6) 191 5 (4; 6) 
Patient level analysis 8 0.92 0.89; 0.95 8 (11; 5) 154 7 (4l 9) 
Hospital level analysis 5 0.96 0.94; 0.98 4 (6; 2) 342 3 (2; 4 
Intensive care units 5 0.91 0.86; 0.96 9 (14; 4) 187 5 ( 2; 8) 
Surgical patients 8 0.84 0.80; 0.89 16 ( 20; 12) 164 6 (4; 8) 
Medical patients 6 0.94 0.94; 0.95 6 (6; 5) 211 5 (4; 5) 
Quartiles of patients/RN/shift ratio       
<2 vs. 2-4 14 0.94 0.92; 0.95 6 (8; 5) 247 4 (3; 5) 
<2 vs. 4-5.5  0.76 0.71; 0.81 24 (29; 19) 63 16 (12; 19) 
<2 vs. >6  0.62 0.59; 0.66 38 (41; 35) 40 25 (23; 28) 
2-4 vs. 4-5.5  0.81 0.76; 0.87 19 (24; 13) 80 12 (9; 16) 
2-4 vs. >6  0.66 0.63; 0.70 34 (37; 30) 45 23 (20; 25) 
4-5.5 vs. >6  0.82 0.76; 0.88 18 (24; 12) 83 12 (8; 16) 
ICUs 5      
<3 vs. 3-4  0.94 0.92; 0.97 6 (8; 3) 308 3 (2; 5) 
Medical patients 6      
<2 vs. 2-4  0.94 0.92; 0.96 6 (8; 5) 187 5 (4; 7) 
Surgical patients 8      
≤2 vs. 4-6  0.76 0.70; 0.82 24 (30; 18) 107 9 (7; 12) 
≤2 vs. >6  0.62 0.58; 0.66 38 (42; 34) 68 15 (13; 16) 
2-3.5 vs. 4-6  0.80 0.74; 0.87 20 (26; 13) 132 8 (5; 10) 
2-3.5 vs. >6  0.65 0.61; 0.70 35 (39; 30) 75 13 (12; 15) 
4-6 vs. >6  0.81 0.75; 0.88 19 (25; 12) 141 7 (5; 10) 
 
* Number needed to treat to generate benefit (saved life)  
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Table 7.  Calculated relative risk of hospital-related mortality corresponding to increased RN staffing (results from individual studies) 
 

Study, Analytic 
Unit RR 95% CI Data, Definition of RN Ratio Units Patients Diagnosis 

Hospital 
Mark, 200418 1.02 0.9; 1.1 Administrative, RN FTE/1,000 patient days Combined Combined Combined 
Mark, 200519 1.005 0.98;1.03 Administrative, RN FTE/1,000 patient days Combined Combined Combined 
Robertson, 199911 0.97 0.957; 0.98 Administrative, RN FTE/patient day Combined Medical Chronic obstructive pulmonary disease 
Silber, 200012 0.93* p <0.05 Administrative, RN FTE/patient day Surgical Surgical Combined 
Elting, 200520 0.61* p <0.05 Administrative, RN FTE/patient day Surgical Surgical Bladder carcinoma (ICD-9 codes 188.0 - 

188.9 and 236.7) after total cystectomy 
Patient 
Aiken, 199910 0.28 0.2; 0.5 Medical records, RN FTE/patient day Combined Medical AIDS 
Aiken, 200215 0.58 0.4; 0.8 Administrative, RN FTE/patient day Combined Surgical General surgical, orthopedic, or vascular 

operation 
Aiken. 200316 0.89 0.848; 0.934 Administrative, RN FTE/patient day ICU Surgical General surgical, orthopedic, vascular 

operation 
Person, 200417 0.94 0.9; 1 Administrative, RN FTE/patient day Combined Medical Acute myocardial infarction 
Pronovost, 19999 0.02* p <0.05 Administrative, patients/RN/shift ICU Medical Abdominal aortic surgery 
Amaravadi, 200013 0.39* NS Administrative, patients/RN/shift ICU Surgical Esophageal resection 
Dimick, 200114 6.5* NS Administrative, patients/RN/shift ICU Surgical Hepatic resection 
Halm, 200521 1.02* NS Administrative, patients/RN/shift Surgical Surgical General, orthopedic, and vascular surgery 
Hospital unit       
Shortell, 19948 1.13* NS Administrative, RN FTE/patient day ICU Medical Combined 
 
* 95% CI were not reported, significance reported by authors 
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Table 8.  Association between RN staffing ratio and mortality and proportion of mortality attributable to nurse staffing (results from individual studies) 
 

Author Analytic 
Unit 

Hospital 
Unit 

Patients RN Ratio Relative Risk of 
Death 

(95% CI) 

Attributable 
Proportion,  

(95% CI) 

Pronovost9 P ICU S, Abdominal aortic 
surgery 

Nurse to patient ratio <1:2 vs. >1:2 in evening 1.9 (1.2; 3) 0.47 (0.17; 0.23) 

Aiken10 P C M, AIDS Increase by 1 patient/RN/shift 2.3 (1.3; 4.2) 0.57 (0.76; 0.22) 
Aiken15 P ICU S, general surgical, 

orthopedic, or vascular 
operation 

Increase in workload of 1 patient/RN/shift 1.06 (1.01; 1.1) 0.06 (0.01; 0.09) 

Aiken16 P ICU S, general surgical, 
orthopedic, or vascular 
operation 

Increase by 6 patients/RN/shift 1.5 (1.19; 1.97) 0.33 (0.16; 0.49) 

    Increase by 1 patient/RN/shift 1.07 (1.03; 1.12) 0.07 (0.03; 0.11) 
Person17 P C M, acute, myocardial, 

infarction 
4th quartile vs.1 quartile of RN staffing (~2.7 RN 
FTE/patient day vs. ~1.6 RN FTE/patient day) 

0.91 (0.86; 0.97 0.10 (0.16; 0.03) 

Elting20 H S S, bladder carcinoma 
after total cystectomy 

Hospitals with few RN FTE/occupied bed (median 
1.4) vs. many (median 3.1) 

2.04 (1.03; 5.3) 0.51 (0.81; 0.03) 

Mark19 H C C Increase by 1 RN FTE/1,000 patient days in 
hospitals with high HMO penetration 

0.91 (0.86; 0.95) 0.10 (0.16; 0.05 

Increase by 1 RN in RN FTE/patient day ratio in 
1989 

 
0.988 

 
0.01 

1990 0.987 0.01 

Robertson11 H C M 

1991 0.978 0.02 
Mark18 H C C 75th quartile of RN FTE/1,000patient-days 

7.24 RN hours/patient day 0.96 (0.95; 0.98) 0.04 (0.05; 0.02) 

    50th quartile of RN FTEs/1,000 patient days 
6.01 RN hours/patient day 0.97 (0.96; 0.98) 0.03 (0.04; 0.02) 

    25th quartile of RN FTEs/1,000 patient days 
4.79 RN hours/patient day 0.98 (0.96; 0.99) 0.02 (0.04; 0.01) 

    Increase by 1 RN FTE/1,000 patient days 0.92 (0.87; 0.96) 0.09 (0.15; 0.04) 
Silber12 H S S Hospitals with 1.6 vs. 2.7 patients/RN/shift 0.95 (0.93; 0.96) 0.05 (0.08; 0.04) 

 
P = patient; H = hospital; C = combined; S = surgical; M = medical; Attributable Proportion = proportion of deaths attributable to nurse staffing 
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Table 9.  Correlation between nurse staffing and age adjusted fatal adverse events related to medical care at 
the state level1,144,148 
 

 r p Value 
Excess or shortage 0.08 0.58 
Percent of shortage -0.10 0.50 
Total number of nurses -0.11 0.62 
Employed in nursing -0.11 0.59 
Percent employed in nursing -0.12 0.56 
RN/100,000 population -0.24 0.26 
Full-time employed -0.09 0.66 
Percent full-time employed 0.13 0.55 
Part-time employed -0.13 0.55 
Percent part-time employed -0.10 0.62 
RN FTE -0.04 0.84 
Number of nurses with diploma -0.04 0.86 
Percent of nurses with diploma -0.10 0.64 
Number of nurses with associate degree 0.33 0.11 
Percent of nurses with associate degree 0.33 0.11 
Number of nurses with BSN -0.15 0.48 
Percent of nurses with BSN -0.46* 0.02 
Number of nurses with MS and PhD -0.14 0.52 
Percent of nurses with MS and PhD 0.16 0.46 

 
* significant at 95% level 
r = correlation coefficient 
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Table 10.  Association between nurse education, experience, and mortality 
 

Author, Unit, 
Patients Nurse Education and Experience Death 

Rate, % 
Relative Risk, 

95% CI 
Aiken16 40% of hospital workforce with BSN or higher 2.17  
ICU 10% increase in nurses with BSN degree* -0.10 0.95 (0.9; 0.99) 
Surgical Increase by 1 year in nurse experience 0.23 0.09 
 Interactions:   
 60% of hospital workforce with BSN or higher, 8 patients/day 1.98  
 40% of hospital workforce with BSN or higher, 4 patient/nurse 1.80  
 20% of hospital workforce with BSN or higher, 4 patients/nurse 1.97  
 60% of hospital workforce with BSN or higher, 6 patients/nurse 1.80  
 40% of hospital workforce with BSN or higher, 6 patients/nurse 1.98  
 20% of hospital workforce with BSN or higher, 6 patients/nurse 2.16  
 60% of hospital workforce with BSN or higher, 4 patients/nurse 1.64  

 
20-29% of hospital workforce with BSN or higher, 14 years of 
nurse experience 2.20  

 
<20% of hospital workforce with BSN or higher, 15 years of 
nurse experience 2.30  

 20% of hospital workforce with BSN or higher, 8 patients/nurse 2.38  

 
>50% of hospital workforce with BSN or higher, 12.5 years of 
nurse experience 1.70  

 
40-49% of hospital workforce with BSN or higher, 14.3 years 
of nurse experience 1.90  

 
30-39% of hospital workforce with BSN or higher, 14 years of 
nurse experience 1.80  

Estabrooks101 Hospitals with higher proportion of nurses with BSN 36% vs. 
low (11%) 

 
0.81 (0.68; 96) 

Combined Hospitals with higher proportion of nurses with BSN, 36% vs. 
low (11%) (random effects model) 

 
0.65 (0.6; 0.71) 

Medical    
Tourangeau140 Increase by 1 year in nursing experience in teaching hospitals  0.99 
Combined Increase by 1 year in nurse experience  0.99 
Medical Increase by 1 year in nursing experience in nonurban hospitals  1 

 
30 days mortality in teaching hospitals, 7.85 years of nurse 
experience 14.02  

 
30 days mortality in nonurban community hospitals, 9.47 years 
of nurse experience 15.27  

 
30 days mortality in urban community hospitals, 8.9 years of 
nurse experience 15.05  

 
*We calculated death rate corresponding to 10% increase in nurses with BSN and to 1 year increase in nurse 
experience, significant at 95% level. 
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Table 11.  Patient outcomes rates (%) corresponding to an increase in RN staffing ratios (pooled estimation 
from the published studies) 
 

Outcomes Studies Difference 
in Rate, % 

Standard 
Error 

p Value for the 
Association Consistency 

Authors’ definition of nurse staffing ratio    
Increase by 1 patient/RN/shift     
Failure to rescue 1 0.35 0.12 0.01  
CPR 3 0.45 0.06 0.001 No 
Falls 2 3.88 1.26 0.05 Yes 
Urinary tract infection 2 -0.71 0.41 0.10 Yes 
Pneumonia 2 2.04 1.62 0.43 Yes 
Nosocomial Infection 5 -0.03 0.08 0.68 No 
Pressure ulcers 2 -1.26 0.41 0.06 No 
Pulmonary failure 3 6.54 1.04 0.001 Yes 
Unplanned extubation 3 4.20 0.31 0.001 No 
Estimated increase by 1 RN FTE/patient day     
Failure to rescue 3 -0.67 0.20 0.001 No 
Falls 3 -13.43 1.55 0.001 No 
Urinary tract infection 3 5.18 1.94 0.02 Yes 
Pneumonia 2 -3.57 2.84 0.43 Yes 
Nosocomial Infection 6 0.23 0.40 0.57 No 
Pressure ulcers 2 3.94 1.11 0.04 No 
Pulmonary failure 4 -0.03 0.02 0.11 Yes 
Unplanned extubation 3 -7.35 0.55 0.001 No 
Thrombosis 1 -0.05 0.04 0.29  
Estimated increase by 1 RN FTE/patient day in ICUs    
Failure to rescue 1 -3.69 1.26 0.01  
CPR 3 -0.78 0.10 0.002 No 
Pulmonary failure 3 -11.45 1.82 0.003 Yes 
Unplanned extubation 3 -7.35 0.55 0.001 No 
Estimated increase by 1 RN FTE/patient day in surgical patients   
Failure to rescue 2 -3.32 1.25 0.02 Yes 
CPR 3 -0.78 0.10 0.002 No 
Sepsis 5 -1.15 0.42 0.02 No 
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Table 12.  Relative risk of patient outcomes corresponding to an increase in RN staffing ratios (pooled 
estimation from the studies) 
 

Outcomes Studies Relative 
Risk 95% CI p Value for the 

Association Consistency 

Authors’ definition of nurse staffing ratio 
Increase by 1 patient/RN/shift  
Hospital acquired pneumonia 3 1.07 1.03; 1.11 0.001 Yes 
Failure to rescue 3 1.08 1.07; 1.09 <.0001 No 
Pulmonary failure 4 1.53 1.24; 1.89 0.001 Yes 
Unplanned extubation 5 1.45 1.27; 1.67 <.0001 Yes 
Nosocomial infection 3 1.03 0.98; 1.07 0.24 No 
CPR 3 1.16 1.05; 1.29 0.008 Yes 
Medical complications 3 1.17 1.04; 1.31 0.01 Yes 
Increase by 1 RN FTE/patient day  
Failure to rescue 2 0.92 0.92; 0.92 0.002 No 
Estimated increase by 1 RN FTE/patient day 
ICU  
Hospital acquired  pneumonia 3 0.7 0.56; 0.88 0.02 Yes 
Pulmonary failure 4 0.4 0.27; 0.59 0.001 Yes 
Unplanned extubation 5 0.49 0.36; 0.67 0.001 Yes 
CPR 3 0.72 0.62; 0.84 0.002 Yes 
Medical complications 3 0.72 0.6; 0.86 0.005 Yes 
Surgical patients 
Urinary tract infection 1 1.68 1.06; 2.67 0.05   
Failure to rescue 5 0.84 0.79; 0.9 0.001 Yes 
Nosocomial infection 2 0.08 0.04; 0.18  <.0001 No 
Surgical wound infection 1 0.15 0.03; 0.82 0.051   
Sepsis 5 0.64 0.46; 0.89 0.015 Yes 
Patient level analysis   
Failure to rescue 4 0.91 0.89; 0.94 0.002 Yes 
Pulmonary failure 5 0.94 0.94; 0.94 <.0001 Yes 
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Figure 7.  Patient outcomes rates (%) corresponding to an increase by patient per LPN/LVN per shift 
(calculated from one study) 
 

 
 
 

Difference in outcome rate
-.1  0  .2

Patient outcomes 

Difference in outcome rate
(95% CI)

CPR 0.03 (0.02, 0.04) 

Falls 0.03 (0.02, 0.04) 

Urinary tract infection 0.06 (-0.02, 0.13) 

Hospital acquired pneumonia 0.06 (0.04, 0.07) 

Surgical wound infection 0.02 (0.01, 0.02) 

Pulmonary Failure 0.04 (0.02, 0.05) 



61 

Figure 8.  Patient outcomes rates (%) corresponding to an increase by patient/UAP/shift (estimates from 
individual studies and pooled analysis) 
 

 
 

Difference in outcome rate
-.78 0 .78

Outcomes (number of studies) 

Difference in outcome rate
(95% CI)

CPR (1) 0.04 (0.02, 0.05) 

Falls (7) 0.03 (0.02, 0.04) 

Urinary tract infection (5) 0.24 (0.04, 0.44) 

Hospital acquired pneumonia (2) 0.04 (-0.08, 0.16) 

Surgical wound infection (2) 0.01 (0.00, 0.03) 

Pressure (decubitus) ulcers (7) 0.47 (0.17, 0.78) 

Pulmonary failure (2) 0.03 (-0.01, 0.07) 
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Table 13.  Length of stay corresponding to an increase in RN staffing ratios (pooled analysis) 
 

Nurse Staffing Studies 
Change in 

Length of Stay, 
Days 

Standard 
Errors 

p Value for 
the 

Association 
Consistency 

Authors’ definitions 
Increase by 1 patient/RN/shift 6 0.7 0.8 0.4 Yes 
Increase by 1 RN FTE/patient day 2 -0.25 0.03  <.0001 Yes 
Estimated increase by 1 RN FTE/patient day 
All studies 10 -0.25 0.02  <.0001 No 
ICUs 5 -0.70 1.64 0.68 Yes 
Surgical patients 5 -0.63 1.50 0.68 Yes 
Medical patients 5 -0.25 0.02  <.0001 No 
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Figure 9.  Relative changes in LOS corresponding to an increase in RN staffing ratios (pooled estimation 
from the studies) 
 

 
 
 

 Relative change in LOS
 .4  1  1.5

Nurse staffing (number of studies) 
Relative change in LOS 
(95% CI)

All studies 
Increase by 1 patient/RN per shift (3) 1.20 (1.08, 1.35) 
Increase by 1 RN FTE/1,000 patient days (1) 0.97 (0.93, 1.02) 
Increase by 1 RN FTE/patient day (5) 0.92 (0.80, 1.05) 

ICUs
Increase by 1 RN FTE/patient day (4) 0.76 (0.62, 0.94) 

Medical patients 
Increase by 1 RN FTE/patient day (2) 0.93 (0.78, 1.10) 

Surgical patients
Increase by 1 RN FTE/ 
patient day (3) 

0.69 (0.55, 0.86) 
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Figure 10.  Relative risk of hospital acquired infections in quartiles of patients/RN/shift distribution (pooled 
analysis) 
 

 
 
 
*The following table shows how the patients/RN/shift quartiles were established.  
 

Quartiles ICU Surgical Patients Medical Patients 
0 <1.6 <2 <2 
1 2.0 2.8 3.0 
2 3.3 4.9 4.8 
3 >4 >5 >6 

 
 
 

.3 1 1.3 

Quartiles of patients/RN per shift distribution* 
Relative risk of outcomes
(95% CI) 

Hospital acquired pneumonia 
2 vs. 3 (Surgical patients) 0.75 (0.60, 0.95) 
0 vs. 3 (Medical patients) 0.59 (0.40, 0.87) 
1 vs. 3 (Medical patients) 0.82 (0.70, 0.95) 

Nosocomial infection 
0 vs. 1 (Surgical patients) 0.06 (0.01, 0.34) 
0 vs. 1 (Medical patients) 0.66 (0.48, 0.91) 
0 vs. 2 (Medical patients) 0.67 (0.48, 0.93) 
0 vs. 3 (Medical patients) 0.62 (0.45, 0.85) 

Sepsis 
0 vs. 2 (ICUs) 0.57 (0.36, 0.91) 
1 vs. 2 (ICUs) 0.58 (0.36, 0.94) 
0 vs. 1 (Surgical patients) 0.56 (0.37, 0.84) 
0 vs. 3 (Surgical patients) 0.51 (0.28, 0.91) 
2 vs. 3 (Surgical patients) 0.71 (0.55, 0.93) 

Surgical wound infection 
2 vs. 3 (Surgical patients) 0.80 (0.68, 0.94) 

Urinary tract infection 
2 vs. 3 (Surgical patients) 1.07 (1.02, 1.11) 
0 vs. 1 (Medical patients) 1.11 (1.01, 1.22) 
0 vs. 2 (Medical patients) 1.11 (1.01, 1.22) 
0 vs. 3 (Medical patients) 1.13 (1.03, 1.23) 

Relative risk of outcomes 
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Figure 11.  Relative risk of patient outcomes in quartiles of patients/RN/shift distribution (pooled analysis) 
 

 
 
 
*The following table shows how the patients/RN/shift quartiles were established.  
 

Quartiles ICU Surgical Patients 
0 <1.6 <2 
1 2.0 2.8 
2 3.3 4.9 
3 >4 >5 

 
 

 Relative risk of outcomes
 .4  1

Quartiles of patients/RN per shift distribution*
Relative risk of outcomes
(95% CI) 

CPR 
0 vs. 2 (ICUs) 0.66 (0.59, 0.73) 
1 vs. 2 (ICUs) 0.54 (0.47, 0.61) 
1 vs. 3 (ICUs) 0.75 (0.67, 0.83) 
0 vs. 1 (Surgical patients) 0.69 (0.55, 0.87) 
0 vs. 2 (Surgical patients) 0.75 (0.59, 0.95) 

Failure to rescue 
0 vs. 2 (Surgical patients) 0.75 (0.67, 0.83) 
0 vs. 3 (Surgical patients) 0.61 (0.56, 0.66) 
1 vs. 2 (Surgical patients) 0.79 (0.72, 0.88) 
1 vs. 3 (Surgical patients) 0.65 (0.60, 0.70) 
2 vs. 3 (Surgical patients) 0.82 (0.73, 0.91) 
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Figure 12.  Relative risk of patient outcomes in quartiles of patients/RN/shift distribution (pooled analysis) 

 
 
*The following table shows how the patients/RN/shift quartiles were established.  
 

Quartiles ICU Surgical Patients 
0 <1.6 <2 
1 2.0 2.8 
2 3.3 4.9 
3 >4 >5 

 

 Relative risk of outcomes 
.2  1 1.7

Quartiles of patients/RN per shift distribution*
Relative risk of outcomes
(95% CI) 

Medical complications 
0 vs. 2 (ICUs) 0.59 (0.49, 0.71) 
1 vs. 2 (ICUs) 0.54 (0.44, 0.66) 
1 vs. 3 (ICUs) 0.75 (0.62, 0.90) 
2 vs. 3 (ICUs) 1.38 (1.17, 1.64) 

Pulmonary failure 
0 vs. 2 (ICUs) 0.40 (0.23, 0.69) 
0 vs. 3 (ICUs) 0.36 (0.19, 0.69) 
1 vs. 3 (ICUs) 0.43 (0.21, 0.86) 
0 vs. 1 (Surgical patients) 0.38 (0.20, 0.72) 
0 vs. 2 (Surgical patients) 0.25 (0.11, 0.55) 

Unplanned extubation 
0 vs. 2 (ICUs) 0.55 (0.39, 0.78) 
0 vs. 3 (ICUs) 0.32 (0.20, 0.51) 
1 vs. 3 (ICUs) 0.43 (0.30, 0.62) 
2 vs. 3 (ICUs) 0.58 (0.42, 0.80) 
0 vs. 1 (Surgical patients) 0.56 (0.38, 0.82) 
0 vs. 2 (Surgical patients) 0.29 (0.18, 0.46) 
1 vs. 2 (Surgical patients) 0.51 (0.38, 0.69) 
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Table 14.  Patient outcomes rates (%) corresponding to an increase by 1 hour in total nursing hours/patient 
day (pooled analysis) 
 

Outcomes Studies 
Difference 

in Outcome 
Rate, % 

Standard 
Error 

p Value for the 
Association Consistency 

ICUs      
Falls 5 -0.08 0.01 <0.001 Yes 
Nosocomial  infection 4 -0.83 0.31 0.03 No 
Sepsis 3 -0.24 0.47 0.63 Yes 
Pressure ulcers 5 -0.90 0.65 0.30 Yes 
Surgical patients      
Failure to rescue 2 -3.53 0.48 <.0001 Yes 
Falls 3 0.12 0.07 0.16 Yes 
Urinary tract infection 4 -4.23 0.97 0.001 Yes 
Hospital acquired pneumonia 3 -2.20 0.52 0.002 Yes 
Nosocomial infection 2 0.44 0.27 0.19 Yes 
Sepsis 3 -1.33 0.27 0.001 Yes 
Surgical wound infection 2 -0.31 0.05 0.000 Yes 
Pressure ulcers 5 -2.26 0.34  <.0001 Yes 
Gastrointestinal bleeding 2 -0.89 0.18 0.001 Yes 
Shock 2 -0.77 0.14 0.000 Yes 
Pulmonary failure 2 -2.39 0.49 0.001 Yes 
Thrombosis 2 -0.45 0.11 0.002 Yes 
Medical patients      
Failure to rescue 2 -1.39 0.50 0.02 Yes 
Falls 11 -0.17 0.13 0.18 Yes 
Urinary tract infection 7 -1.88 0.36  <.0001 Yes 
Hospital acquired pneumonia 5 -0.89 0.27 0.004 Yes 
Nosocomial infection 5 0.11 0.04 0.01 No 
Sepsis 5 -0.06 0.05 0.25 Yes 
Pressure ulcers 13 0.33 0.20 0.10 Yes 
Gastrointestinal bleeding 2 -0.44 0.10 0.002 Yes 
Shock 2 -0.34 0.05  <.0001 Yes 
Thrombosis 2 -0.15 0.05 0.008 Yes 
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Figure 13.  Relative risk of patient outcomes corresponding to an increase by 1 hour in total nursing 
hours/patient day 
 
 
 

 0

Relative risk of outcomes

 .7  1.1

Outcomes (number of studies) 

Relative risk of outcomes 
(95% CI)

Shock (1) 0.84 (0.71, 0.99) 

Gastrointestinal bleeding (1) 0.99 (0.98, 1.00) 

Nosocomial infection (5) 0.88 (0.84, 0.92) 
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Table 15.  Patient outcomes rates (%) corresponding to an increase by 1 hour in RN hours/patient day 
(pooled analysis reported by the authors and estimated RN hours/patient day) 
 

Outcomes Studies Difference in 
Outcome Rate, %

Standard 
Error 

p Value for the 
Association Consistency 

ICUs      
Failure to rescue 1 -0.46 0.16 0.013  
CPR 4 -0.10 0.01 0.001 No 
Falls 4 -0.06 0.01 0.001 Yes 
Urinary tract infection 1 1.55 1.12 0.397 Yes 
Hospital acquired pneumonia 3 -0.46 0.25 0.210 Yes 
Nosocomial infection 7 0.01 0.18 0.964 Yes 
Sepsis 7 -0.10 0.07 0.168 Yes 
Pressure ulcers 4 -0.19 0.48 0.760 Yes 
Pulmonary failure 3 -1.43 0.23 0.003 Yes 
Unplanned extubation 3 -0.92 0.07 0.000 No 
Surgical patients      
Failure to rescue 4 -0.73 0.77 0.353 No 
CPR 5 -0.10 0.01 0.001 No 
Urinary tract infection 7 3.22 1.47 0.039 No 
Hospital acquired pneumonia 6 1.15 0.70 0.114 No 
Nosocomial infection 3 0.60 0.08 <.0001 Yes 
Sepsis 7 0.73 0.45 0.120 No 
Surgical wound infection 2 0.10 0.16 0.528 No 
Pressure ulcers 4 -0.04 1.02 0.966 No 
Gastrointestinal bleeding 2 0.53 0.48 0.303 No 
Shock 2 0.43 0.40 0.312 No 
Pulmonary failure 7 1.14 0.63 0.081 No 
Unplanned extubation 3 -0.92 0.07 0.000 No 
Thrombosis 4 0.20 0.15 0.203 No 
Medical patients      
Failure to rescue 3 0.05 0.10 0.612 No 
CPR 3 0.44 0.03  <.0001 No 
Falls 11 0.33 0.05 <.0001 Yes 
Urinary tract infection 9 1.61 0.34  <.0001 No 
Hospital acquired pneumonia 6 0.66 0.17 0.000 No 
Nosocomial infection 7 0.04 0.05 0.461 No 
Sepsis 6 -0.22 0.09 0.023 Yes 
Pressure ulcers 12 -1.06 0.32 0.002 No 
Gastrointestinal bleeding 2 0.18 0.23 0.458 No 
Shock 2 0.05 0.16 0.746 No 
Pulmonary failure 2 0.01 0.01 0.280 Yes 
Thrombosis 3 0.01 0.01 0.105 No 
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Figure 14.  Relative risk of patient outcomes corresponding to an increase by 1 hour in RN hours/patient day 
(pooled analysis) 
 

 
 
 

Relative risk of outcomes
 .64  1  1.57

Outcomes (number of studies) 

Relative risk of outcomes 
(95% CI)

Sepsis (4) 1.00 (0.64, 1.57) 

Surgical wound infection (2) 1.00 (0.98, 1.02) 

Nosocomial Infection (2) 0.76 (0.69, 0.83) 

Pulmonary failure (1) 1.00 (0.90, 1.10) 

Pneumonia (4) 0.98 (0.87, 1.10) 
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Figure 15.  Relative risk of outcomes corresponding to an increase by 1 hour in RN hours/patient day (pooled 
analysis combined from reported and estimated hours) 
 
 

 Relative risk of outcomes 
.6 1 1.1

Outcomes (number of studies) 
Relative risk of outcomes
(95% CI) 

ICUs 
Hospital acquired pneumonia (3) 0.96 (0.93, 0.98)
Pulmonary failure (4) 0.89 (0.85, 0.94)
Unplanned extubation (5) 0.91 (0.88, 0.95)
Nosocomial infection (4) 0.96 (0.89, 1.03)
Complications (2) 0.98 (0.95, 1.00)
Medical complications (3) 0.96 (0.94, 0.98)
Sepsis (6) 0.98 (0.94, 1.02)

Medical patients 
Urinary tract infection (6) 1.00 (0.97, 1.03)
Hospital acquired pneumonia (5) 0.99 (0.95, 1.03)
Failure to rescue (4) 0.99 (0.99, 0.99)
Pulmonary failure (2) 0.99 (0.99, 0.99)
Nosocomial infection (3) 0.99 (0.97, 1.01)
Thrombosis (2) 0.98 (0.98, 0.98)
Sepsis (5) 0.99 (0.84, 1.17)

Surgical patients 
Failure to rescue (7) 0.99 (0.98, 0.99)
Unplanned extubation (5) 0.91 (0.88, 0.95)
Nosocomial infection (2) 0.73 (0.66, 0.81)
CPR (3) 0.96 (0.94, 0.98)
Medical complications (3) 0.96 (0.94, 0.98)
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Table 16.  Patient outcomes rates (%) corresponding to an increase by 1 hour in LPN/LVN hours/patient day 
(pooled analysis) 
 

Outcomes Studies Difference in 
Outcome Rate,% 

Standard 
Error 

p Value for 
the 

Association 
Consistency 

Surgical patients      
Failure to rescue 2 2.68 1.22 0.05 Yes 
Urinary tract infection 3 6.63 0.60  <.0001 Yes 
Hospital acquired pneumonia 3 3.48 0.26  <.0001 Yes 
Nosocomial infection 1 -2.70 4.61 0.62  
Sepsis 2 1.81 0.27 <.0001 Yes 
Surgical wound infection 2 0.35 0.08 0.001 Yes 
Pressure ulcers 2 2.60 0.60 0.002 Yes 
Gastrointestinal bleeding 2 1.28 0.15  <.0001 Yes 
Shock 2 1.04 0.15  <.0001 Yes 
Pulmonary failure 3 3.31 0.31  <.0001 Yes 
Thrombosis 3 0.67 0.06  <.0001 Yes 
Medical patients      
Failure to rescue 2 1.25 0.89 0.19 Yes 
CPR 2 -0.26 0.02  <.0001 Yes 
Falls 3 -0.21 0.03  <.0001 Yes 
Urinary tract infection 3 0.78 0.40 0.06 No 
Hospital acquired pneumonia 3 0.81 0.28 0.01 No 
Sepsis 2 -0.29 0.12 0.04 Yes 
Pressure ulcers 7 -2.53 0.28  <.0001 No 
Gastrointestinal bleeding 2 0.56 0.11 0.001 No 
Shock 2 0.35 0.10 0.01 Yes 
Pulmonary failure 1 -0.26 0.06 0.002  
Thrombosis 2 0.24 0.04 0.000 Yes 
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Figure 16.  Patient outcomes rates (%) corresponding to an increase by 1 hour in UAP hours/patient day 
(pooled analysis)  
 
 
 

 Difference in outcome rate
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Outcome (number of studies) 
Difference in outcome rate
(95% CI)

CPR (1) -0.23 (-0.30,-0.16) 

Falls (6) -0.20 (-0.26,-0.14) 

Urinary tract infection (5) -1.26 (-2.36,-0.16) 

Hospital acquired pneumonia (3) -0.23 (-0.87, 0.41) 

Nosocomial infection (3) -0.42 (-1.59, 0.75) 

Sepsis (3) -0.38 (-0.78, 0.03) 

Surgical wound infection (2) -0.07 (-0.15,-0.00) 

Pressure ulcers (7) -2.07 (-3.26,-0.88) 

Shock (1) -0.20 (-0.46, 0.05) 

Pulmonary failure (2) -0.20 (-0.44, 0.03) 

Thrombosis (1)  0.09 (-0.03, 0.20) 
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Figure 17.  Changes in LOS corresponding to an increase by 1 nursing hour/patient day (pooled analysis) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Difference in length of stay (days)
-3.5  0 5.5

Level of analysis (number of studies) Difference in length of stay (days)
(95% CI)

All studies 
1 nurse hour (8) -1.43 (-2.25, 0.61) 
1 RN hour (5) 0.57 (-1.48, 2.62) 
1 LPN hour (3) 3.21 (1.88, 4.53) 
1 UAP hour (3) 1.53 (0.93, 2.13) 

Medical patients
1 nurse hour (7) -0.45 (-0.72, 0.19) 
1 RN hour (5) -0.31 (-0.87, 0.25) 
1 UAP hour (3) 1.60 (0.97, 2.23) 

Surgical patients
1 nurse hour (5) -2.36 (-3.39, 1.34) 
1 RN hour (2) 1.65 (-1.73, 5.04) 
1 LPN hour (2) 4.56 (3.61, 5.50) 
1 UAP hour (1) 1.47 (0.47, 2.47) 
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Table 17.  Differences in outcomes rates (%) in quartiles of total nursing hours/patient day distribution 
(pooled analysis) 
 

Quartiles Outcomes Difference 
in Rate, % 

Standard 
Error 

p Value for the 
Association Consistency 

ICUs      
1 vs. 2 Falls 0.76 0.22 0.02 Yes 
1 vs. 3 Falls 0.59 0.10 0.002  
1 vs. 2 Nosocomial infection 7.24 1.97 0.01 No 
2 vs. 3 Pressure ulcers 1.13 7.33 0.89 No 
Surgical patients     
2 vs. 3 Failure to rescue  3.22 0.68 0.001 Yes 
2 vs. 3 Surgical wound infection 0.29 0.05 0.00 Yes 
2 vs. 3 Gastrointestinal bleeding 0.81 0.19 0.002 Yes 
2 vs. 3 Shock 0.68 0.16 0.001 Yes 
2 vs. 3 Pulmonary failure 2.17 0.50 0.001 Yes 
2 vs. 3 Thrombosis 0.42 0.10 0.002 Yes 
2 vs. 3 Falls 0.36 1.51 0.83 Yes 
2 vs. 3 Urinary tract infection 4.10 0.85 0.000 Yes 
0 vs. 2 Hospital acquired pneumonia 4.39 97.60 0.97 Yes 
2 vs. 3 Hospital acquired pneumonia 2.01 0.53 0.003  
2 vs. 3 Sepsis 1.30 0.24 0.000 Yes 
2 vs. 3 Pressure ulcers 2.31 0.31  <.0001 Yes 
Medical patients     
2 vs. 3 Gastrointestinal bleeding 0.51 0.06 <.0001 Yes 
2 vs. 3 Shock 0.36 0.04  <.0001 Yes 
2 vs. 3 Thrombosis 0.17 0.03 0.000 Yes 
1 vs. 3 Falls 7.62 1.55  <.0001 No 
2 vs. 3 Falls 5.90 1.63 0.001  
2 vs. 3 Urinary tract infection 2.49 0.19 <.0001 Yes 
2 vs. 3 Hospital acquired pneumonia 1.35 0.15  <.0001 Yes 

 
 
The following table shows how quartiles of nurse hours were established. 
 

Quartiles ICU Surgical  Patients Medical Patients 
0 <6.32 <5.1 <5.6 
1 8.3 6.2 7.0 
2 12.1 9.5 9.6 
3 >14.6 >11.37 >10.75 
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Figure 18.  Relative risk of patient outcomes in quartiles of RN hours/patient day (pooled analysis of RN 
hours reported by the authors and estimated from RN ratios) 
 

 
 
The following table shows how quartiles of nurse hours were established. 
 

Quartiles ICU Surgical  Patients Medical Patients 
0 <6 <4.2 <4 
1 8.2 5.4 4.9 
2 12.9 8.4 6.9 
3 >16 >10.1 >8.1 

 
 

Relative risk of outcome

.7 1 5 

Quartiles of RN hours/patient day 
Relative risk of outcome
(95% CI)

CPR 
0 vs. 2 (ICUs) 1.34 (1.20, 1.50)
1 vs. 3 (ICUs) 1.52 (1.36, 1.71)
1 vs. 3 (surgical patients) 1.27 (1.12, 1.43)
2 vs. 3 (surgical patients) 1.66 (1.49, 1.85)

Failure to rescue 
0 vs. 2 (surgical patients) 1.39 (1.14, 1.69)
0 vs. 3 (surgical patients) 1.49 (1.32, 1.69)
0 vs. 3 (medical patients) 1.08 (1.07, 1.10)
2 vs. 3 (medical patients) 1.09 (1.06, 1.11)

Pulmonary failure 
0 vs. 2 (ICUs) 2.33 (1.16, 4.68)
0 vs. 3 (ICUs) 2.75 (1.46, 5.21)

Thrombosis 
2 vs. 3 (medical patients) 1.19 (1.17, 1.21)

Unplanned extubation 
0 vs. 1 (ICUs) 1.72 (1.25, 2.37)
0 vs. 2 (ICUs) 2.32 (1.62, 3.32)
0 vs. 3 (ICUs) 3.12 (1.97, 4.96)
1 vs. 2 (surgical patients) 1.59 (1.15, 2.21)
1 vs. 3 (surgical patients) 2.57 (1.82, 3.62)
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Figure 19.  Patient outcome rates corresponding to an increase in nurses’ education and experience (results 
from individual studies) 
 

 
 
 

 Difference in outcome rate
-5 0 5

Outcomes (units) 
Difference in outcome rate
(95% CI) 

1 year increase in experience 

Pressure ulcers (medical-surgical) -1.74 (-4.87, 1.38)

Falls (combined) 0.17 (0.00, 0.33) 

Falls (medical-surgical) 0.53 (-3.61, 4.67) 
Complications (ICU) -1.13 (-1.90,-0.36)

Urinary tract infection (medical-surgical) 0.44 (-1.42, 2.31) 

1% increase in nurses with BSN 

Pressure ulcers (medical-surgical) 1.74 (-1.38, 4.87) 

Failure to rescue (ICU) -0.04 (-0.06,-0.02)

Falls (combined) 0.04 (0.02, 0.07) 

Falls (medical-surgical) -0.53 (-4.67, 3.61)

Complications (ICU) 0.04 (-0.02, 0.10) 

Urinary tract infection (medical-surgical) -0.44 (-2.31, 1.42)
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Table 18.  The distribution of nurse skill and experience mix, nurse education, and proportion of temporary 
and full-time nurse hours 
 

 Number 
of Studies Mean Standard 

Deviation Median 

% RN 48 69.4 17.1 71.0 
% licensed nurses 8 81.1 7.5 86.0 
% of nurses with BSN 9 39.7 17.9 41.1 
Experience in years 12 10.1 2.8 10.0 
% overtime hours 2 11.7 6.5 15.8 
% temporary nurses 12 16.2 12.6 13.0 
% full-time nurses 3 78.0 11.3 78.0 
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Table 19.  Calculated changes in rates of patient outcomes corresponding to an increase by 1% in the 
proportion of RNs 
 

Author, 
Analytic Unit Hospital Unit Patients Outcome Difference 

in Rate, % 95% CI 

Hospital      
Krakauer191 Combined Medical Mortality -0.095 -0.13; -0.06 
Hartz190 Combined Medical Mortality -0.387 -0.58; -0.19 
Hospital and Patient     
Cho28 Combined Medical Mortality 0.085 -0.03; 0.20 
Aiken52 Combined Medical Mortality -0.001 -0.001; -0.001 
Tourangeau140 Combined Medical Mortality -0.086 -0.16; -0.01 
Cho28 Combined Surgical Surgical wound 

infection 
0.057 -0.01; 0.13 

Cho28 Combined Medical Urinary tract infection 0.107 0.09; 0.12 
Cho28 Combined Medical Pneumonia -0.017 -0.02; -0.02 
Cho28 Combined Medical Pressure ulcers -0.024 -0.04; -0.004 
Cho28 Combined Medical Falls -0.001 -0.02; 0.02 
Hospital and unit     
Needleman26 Combined Medical and surgical Sepsis 0.065 -0.22; 0.35 
Patient      
Unruh33 Combined Combined Mortality 0.039 0.04; 0.04 
Unruh33 Combined Combined Pulmonary failure 0.009 0.007; 0.01 
Unruh33 Combined Combined Cardiopulmonary 

resuscitation 
0.008 0.01; 0.01 

Hope22 Medical and 
surgical 

Medical and surgical Nosocomial infection 0.000 -0.01; 0.01 

Hope22 Medical and 
surgical 

Medical and surgical Urinary tract infection 0.082 -0.06; 0.22 

Simmonds192 Specialized Medical Nosocomial infection -0.546 -1.28; 0.20 
Unruh33 Combined Surgical Surgical wound 

infection 
0.004 0.004; 0.004 

Unruh33 Combined Combined Pneumonia 0.019 0.02; 0.02 
Unruh33 Combined Combined Urinary tract infection 0.051 0.02; 0.08 
Zidek36 Combined Medical Pressure ulcers 0.015 -0.03; 0.06 
Zidek36 Combined Medical Falls 0.002 -0.08; 0.08 
Unruh33 Combined Combined Falls 0.007 0.001; 0.01 
Seago166 Combined Medical Pressure ulcers 0.027 -0.10; 0.16 
Seago166 Combined Medical Falls 0.020 -0.05; 0.09 
Seago154 Combined Medical Falls -0.047 -0.07; -0.02 
Unit      
Blegen29 Combined, 

ICU, 
specialized 

Medical and surgical Mortality -1.449 -3.4; 0.5 

Ritter-Teitel76 Medical and 
surgical 

Medical and surgical Urinary tract infection 0.124 -0.83; 1.07 

Stratton193 Combined, 
ICU, 
specialized 

Medical and surgical Nosocomial infection 0.033 0.02; 0.05 

Blegen29 Combined, 
ICU, 
specialized 

Medical and surgical Nosocomial infection -6.302 -8.16; -4.44 

Ritter-Teitel76 Medical and 
surgical 

Medical and surgical Pressure ulcers -0.111 -0.94; 0.72 

Ritter-Teitel76 Medical and 
surgical 

Medical and surgical Falls 0.006 -0.24; 0.25 

Blegen29 Combined, 
ICU, 
specialized 

Medical and surgical Pressure ulcers -5.308 -6.32; -4.29 



 
Table 19.  Calculated changes in rates of patient outcomes corresponding to an increase by 1% in the 
proportion of RNs (continued) 
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Author, 
Analytic Unit Hospital Unit Patients Outcome Difference 

in Rate, % 95% CI 

Blegen29 Combined, 
ICU, 
specialized 

Medical and surgical Falls -0.015 -0.51; 0.48 

Potter75 ICU Medical Falls -0.048 -0.12; 0.06 
Donaldson64 Step-down, 

Medical and 
surgical units 

Medical and surgical Pressure ulcers 0.121 -0.13; 0.37 

Donaldson64 Step-down, 
Medical and 
surgical units 

Medical and surgical Falls -0.059 -0.17; 0.01 
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Figure 20.  Calculated changes in rates of patient outcomes corresponding to an increase by 1% in the 
proportion of RNs (pooled analysis) 
 

  
 
 
*consistent across the studies (heterogeneity NS) 

 Difference in outcome rate
-.49  0 .49

Outcomes (number of studies) Difference in outcome rate
(95% CI) 

ICUs
Falls (3) -0.03 (-0.04,-0.03) 
Nosocomial infection (3) 0.01 (-0.19, 0.21) 
*Sepsis (2) 0.08 (-0.33, 0.49) 
*Pressure ulcers (3) -0.14 (-0.39, 0.12) 

Medical patients
CPR (2) 0.01 (0.01, 0.01) 
Falls (10) 0.01 (0.01, 0.01) 
Urinary tract infection (8) 0.02 (0.01, 0.03) 
Hospital acquired pneumonia (6) 0.02 (0.02, 0.02) 
Nosocomial infection (7) 0.03 (0.02, 0.04) 
Sepsis (4) 0.05 (0.03, 0.06) 
Pressure ulcers (11) -0.01 (-0.03, 0.01) 

Surgical patients
*Urinary tract infection (6) 0.06 (0.05, 0.07) 
*Hospital acquired  pneumonia (4) 0.02 (0.02, 0.03) 
Nosocomial infection (2) -0.01 (-0.07, 0.05) 
Sepsis (2) 0.10 (0.06, 0.13) 
Surgical wound infection (2) 0.02 (0.02, 0.02) 
*Pressure ulcers (3) 0.10 (0.05, 0.15) 
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Figure 21.  Relative risk of patient outcomes corresponding to an increase by 1% in the proportion of RNs 
(pooled analysis) 
 

 
 
 

 Relative risk of outcome
.8 1 1.2 

Outcomes (number of studies) 
Relative risk of outcome
(95% CI) 

All studies 
Hospital acquired pneumonia (7) 1.00 (0.98, 1.02)
Falls (2) 1.00 (1.00, 1.00)
Pulmonary Failure (2) 1.00 (0.97, 1.03)
Nosocomial infection (2) 1.00 (1.00, 1.00)
Sepsis (3) 1.00 (0.85, 1.18)

Medical patients 
Urinary tract infection (4) 1.00 (0.99, 1.02)
Hospital acquired pneumonia (5) 1.01 (1.00, 1.01)
Falls (2) 1.00 (1.00, 1.00)
Nosocomial infection (2) 1.00 (1.00, 1.00)

Surgical patients 
Surgical wound infection (3) 1.00 (0.63, 1.58)
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Figure 22.  Relative risk of hospital related mortality and failure to rescue corresponding to an increase by 
1% in the proportion of RNs (results from individual studies and pooled estimates) 
 

 
 
 

  Relative risk of outcome
 .13  1  3 

Author (patients) 
Relative risk of outcome
(95% CI)

Failure to rescue 
Needleman (surgical) 0.73 (0.49, 1.09)
Needleman (medical) 0.85 (0.70, 1.03)
Needleman (surgical) 0.64 (0.44, 0.92)
Needleman (medical) 0.85 (0.70, 1.04)
Needleman (surgical) 0.69 (0.45, 1.06)
Needleman (medical) 0.63 (0.47, 0.84)
Needleman (medical) 0.70 (0.54, 0.90)
Needleman (surgical) 0.36 (0.14, 0.89)
Needleman (surgical) 0.44 (0.20, 0.96)

Subtotal 0.73 (0.65, 0.83)

Mortality 
Shortell (combined) 0.73 (0.48, 1.10)
Hoover (combined) 0.99 (0.99, 1.00)
Needleman (combined) 0.99 (0.67, 1.47)
Person (medical) 1.00 (1.00, 1.00)
Estabrooks (medical) 0.99 (0.98, 1.00)
Needleman (medical) 0.87 (0.71, 1.05)
Needleman (surgical) 0.96 (0.68, 1.35)
Needleman (medical) 0.84 (0.71, 1.01)
Needleman (surgical) 1.02 (0.70, 1.48)
Needleman (medical, California hospitals) 0.59 (0.45, 0.78)
Needleman (medical, California hospitals) 0.60 (0.46, 0.78)
Needleman (surgical, California hospitals) 1.29 (0.74, 2.26)
Needleman (surgical, California hospitals) 1.69 (1.02, 2.81)

Subtotal 0.98 (0.96, 1.00)
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Figure 23.  Relative risk of patient outcomes corresponding to an increase by 1% in the proportion of RNs 
(results from individual studies and pooled estimates) 
 

 
 
 
 

  Relative risk of outcome
 .03  1  2 

Author (patients)
Relative risk of outcome
(95% CI)

Pulmonary failure 
Needleman (surgical) 1.00 (0.98, 1.02)
Needleman (surgical) 0.94 (0.56, 1.56)
Needleman (surgical) 0.76 (0.43, 1.34)
Needleman (surgical) 0.81 (0.41, 1.60)
Needleman (surgical) 0.86 (0.46, 1.59)

Subtotal 1.00 (0.98, 1.02)

Shock 
Needleman (medical) 0.84 (0.71, 0.99)
Needleman (surgical) 1.08 (0.60, 1.96)
Needleman (medical) 0.52 (0.31, 0.89)
Needleman (surgical) 0.36 (0.14, 0.93)
Needleman (medical) 0.30 (0.12, 0.72)
Needleman (medical) 0.34 (0.16, 0.75)
Needleman (surgical) 0.14 (0.05, 0.43)
Needleman (surgical) 0.17 (0.06, 0.47)
Needleman (combined) 0.38 (0.21, 0.68)

Subtotal 0.43 (0.28, 0.65)
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Figure 24.  Relative risk of treatment complications corresponding to an increase by 1% in the proportion of RNs (results from individual studies and 
pooled estimates) 
 
 
 
 

 Relative risk of outcomes
 .02  10.1

 Author (patients) Effect size
(95% CI)

 Complications
 Needleman (surgical)  3.06 (0.94, 10.03)
 Needleman (surgical) 1.68 (0.66, 4.27)
 Needleman (medical) 0.68 (0.29, 1.58)
 Needleman (medical) 0.74 (0.32, 1.68)
 Needleman (surgical) 0.57 (0.17, 1.91)
 Needleman (surgical) 0.71 (0.20, 2.48)

 Falls 
Cho (combined) 1.00 (0.98, 1.02)

 Upper gastrointestinal bleeding 
 Needleman (combined)) 0.28 (0.08, 0.96)
 Needleman (medical) 0.60 (0.36, 0.97)
 Needleman (surgical) 0.45 (0.18, 1.11)
 Needleman (medical) 0.81 (0.58, 1.12)
 Needleman (surgical) 0.27 (0.09, 0.78)
 Needleman (medical) 0.89 (0.52, 1.53)
 Needleman (medical) 0.93 (0.56, 1.55)
 Needleman (surgical) 0.02 (0.00, 0.51)
 Needleman (surgical) 0.04 (0.00, 0.64)

Pressure ulcers 
Needleman (combined) 0.06 (0.00, 1.71)
Needleman (surgical) 0.44 (0.23, 0.86)
Needleman (medical) 0.27 (0.09, 0.83)
Needleman (medical)  0.65 (0.36, 1.17)
Needleman (surgical) 0.01 (0.00, 0.29)
Needleman (surgical) 0.00 (0.00, 0.11)

 Thrombosis 
Needleman (medical) 1.05 (0.64, 1.71)
Needleman (surgical) 1.39 (0.66, 2.91)
Needleman (medical) 0.78 (0.39, 1.57)
Needleman (medical) 0.75 (0.40, 1.40)
Needleman (surgical) 1.55 (0.51, 4.76)
Needleman (surgical) 1.87 (0.69, 5.04)

 1 
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Table 20.  Relative risk of patient outcomes corresponding to an increase by 1% in licensed nurse hours 
 

Outcomes Relative Risk 95% CI 
Author (patients)   
Failure to rescue   
Needleman27 (medical) 0.81 0.66; 1.00 
Needleman27 (surgical) 0.73 0.49; 1.09 
Needleman27 (medical) 0.90 0.80; 1.01 
Needleman27 (surgical) 0.82 0.70; 0.96 
Needleman27 (medical) 0.58 0.40; 0.86 
Needleman27 (medical) 0.69 0.50; 0.95 
Needleman27 (surgical) 0.45 0.22; 0.92 
Needleman27 (surgical) 0.54 0.30; 0.99 
Needleman27 (medical) 0.80 0.64; 0.97 
Needleman27 (surgical) 0.81 0.68; 0.94 
Needleman27 (surgical) 0.70 0.37; 1.03 
Needleman27 (surgical) 0.72 0.42; 1.01 
Needleman7 (medical) 0.90 0.80; 1.00 
Needleman27 (medical) 0.81 0.64; 0.99 
Needleman27 (medical) 0.81 0.66; 1.00 
Cheung63 (medical) 1.00 1.00; 1.00 
Mortality   
Berney30 (surgical) 0.97 0.95; 0.98 
Needleman27 (medical) 0.90 0.74; 1.09 
Needleman27 (surgical) 0.99 0.67; 1.47 
Needleman27 (medical) 0.98 0.90; 1.08 
Needleman27 (surgical) 0.88 0.75; 1.03 
Needleman27 (medical) 0.91 0.65; 1.27 
Needleman27 (medical) 0.89 0.68; 1.16 
Needleman27 (surgical) 0.76 0.34; 1.69 
Needleman27 (surgical) 0.87 0.47; 1.61 
Needleman27 (medical) 0.90 0.74; 1.09 
CPR   
Needleman27 (surgical) 0.59 0.42; 0.76 
Needleman27 (surgical) 0.42 0.10; 0.74 
Needleman27 (surgical) 0.60 0.19; 1.00 
Needleman27 (medical) 0.66 0.48; 0.85 
Needleman27 (medical) 0.40 0.18; 0.63 
Pulmonary failure   
Needleman27 (surgical) 1.10 0.63; 1.92 
Needleman27 (surgical) 1.21 0.99; 1.47 
Needleman27 (surgical) 1.00 0.39; 2.60 
Needleman27 (surgical) 1.02 0.45; 2.32 
Shock   
Needleman27 (medical) 0.46 0.27; 0.81 
Needleman27 (surgical) 0.54 0.28; 1.04 
Needleman27 (medical) 0.66 0.50; 0.87 
Needleman27 (surgical) 0.59 0.44; 0.78 
Needleman27 (medical) 0.20 0.08; 0.53 
Needleman27 (medical) 0.40 0.19; 0.86 
Needleman27 (surgical) 0.22 0.09; 0.57 
Needleman27 (surgical) 0.27 0.12; 0.61 
Needleman27 (medical) 0.49 0.21; 0.77 
Needleman27 (surgical) 0.59 0.42; 0.76 
Needleman27 (surgical) 0.42 0.10; 0.74 
Needleman27 (surgical) 0.60 0.19; 1.00 
Needleman27 (medical) 0.66 0.48; 0.85 
Needleman27 (medical) 0.40 0.18; 0.63 
Needleman27 (medical) 0.46 0.27; 0.81 



 
Table 20.  Relative risk of patient outcomes corresponding to an increase by 1% in licensed nurse hours 
(continued) 
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Outcomes Relative Risk 95% CI 
Nosocomial Infection   
Cheung63 (medical) 1.00 1.00; 1.00 
Pneumonia   
Needleman27 (medical) 0.60 0.44; 0.80 
Needleman27 (surgical) 0.56 0.31; 1.01 
Needleman27 (medical) 0.83 0.71; 0.98 
Needleman27 (surgical) 0.94 0.76; 1.16 
Needleman27 (medical) 0.52 0.32; 0.87 
Needleman27 (medical) 0.69 0.47; 1.03 
Needleman27 (surgical) 0.66 0.26; 1.69 
Needleman27 (surgical) 0.79 0.37; 1.71 
Needleman27 (medical) 0.61 0.42; 0.79 
Needleman27 (surgical) 0.94 0.74; 1.13 
Needleman27 (surgical) 0.36 0.12; 0.59 
Needleman27 (surgical) 0.52 0.20; 0.84 
Needleman27 (medical) 0.83 0.70; 0.96 
Needleman27 (medical) 0.59 0.39; 0.78 
Needleman27 (medical) 0.59 0.44; 0.80 
Surgical wound infection   
Needleman27 (surgical) 1.91 1.34; 2.48 
Needleman27 (surgical) 0.93 0.24; 1.62 
Needleman27 (surgical) 1.33 0.53; 2.13 
Sepsis   
Needleman27 (medical) 1.39 0.85; 1.94 
Needleman27 (surgical) 1.10 0.85; 1.35 
Needleman27 (surgical) 0.86 0.30; 1.42 
Needleman27 (surgical) 1.11 0.47; 1.74 
Needleman27 (medical) 1.24 0.97; 1.51 
Needleman27 (medical) 1.11 0.65; 1.56 
Needleman27 (medical) 1.01 1.00; 1.01 
Berney30 (surgical) 1.01 1.00; 1.01 
Urinary tract infection   
Needleman27 (medical) 0.48 0.38; 0.61 
Needleman27 (surgical) 0.67 0.46; 0.98 
Needleman27 (medical) 0.77 0.68; 0.86 
Needleman27 (surgical) 0.89 0.75; 1.07 
Needleman27 (medical) 0.44 0.28; 0.70 
Needleman27 (medical) 0.60 0.41; 0.87 
Needleman27 (surgical) 0.64 0.30; 1.37 
Needleman27 (medical) 0.49 0.37 0.61 
Needleman27 (surgical) 0.88 0.71; 1.04 
Needleman27 (surgical) 0.68 0.40; 0.95 
Needleman27 (surgical) 0.59 0.36; 0.82 
Needleman27 (medical) 0.76 0.67; 0.85 
Needleman27 (medical) 0.54 0.41; 0.66 
Needleman27 (medical) 0.48 0.38; 0.61 
Berney30 (medical) 1.00 0.99; 1.00 
Berney30 (surgical) 1.00 0.99; 1.00 
Complications   
Needleman27 (surgical) 2.43 1.00; 5.93 
Needleman27 (medical) 1.86 1.32; 2.62 
Needleman27 (surgical) 1.62 1.02; 2.56 
Needleman27 (medical) 1.44 0.39; 5.32 
Needleman27 (medical) 1.04 0.32; 3.35 
Needleman27 (surgical) 4.13 0.53; 32.25 
Needleman27 (surgical) 1.83 0.32; 10.49 



 
Table 20.  Relative risk of patient outcomes corresponding to an increase by 1% in licensed nurse hours 
(continued) 
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Outcomes Relative Risk 95% CI 
Gastrointestinal bleeding   
Needleman27 (medical) 0.66 0.46; 0.96 
Needleman27 (surgical) 0.57 0.28; 1.15 
Needleman27 (medical) 0.96 0.79; 1.16 
Needleman27 (surgical) 0.78 0.59; 1.03 
Needleman27 (medical) 0.83 0.40; 1.72 
Needleman27 (medical) 0.87 0.48; 1.58 
Needleman27 (surgical) 0.72 0.22; 2.37 
Needleman27 (surgical) 0.63 0.23; 1.71 
Needleman27 (surgical) 0.77 0.56; 0.98 
Needleman27 (surgical) 0.40 0.07; 0.74 
Needleman27 (surgical) 0.53 0.15; 0.90 
Needleman27 (medical) 0.96 0.77; 1.15 
Needleman27 (medical) 0.68 0.42; 0.95 
Needleman27 (medical) 0.66 0.45; 0.96 
Berney30 (medical) 1.00 1.00; 1.01 
Berney30 (surgical) 1.01 1.00; 1.01 
Pressure ulcers   
Cheung63 (medical) 1.00 1.00; 1.00 
Needleman27 (medical) 0.73 0.49; 1.08 
Needleman27 (surgical) 1.38 0.69; 2.78 
Needleman27 (surgical) 0.94 0.74; 1.19 
Needleman27 (medical) 0.35 0.15; 0.79 
Needleman27 (medical) 0.55 0.28; 1.06 
Needleman27 (surgical) 0.68 0.18; 2.52 
Needleman27 (surgical) 0.71 0.26; 1.94 
Needleman27 (medical) 0.77 0.46; 1.07 
Needleman27 (surgical) 0.90 0.68; 1.12 
Needleman27 (surgical) 0.81 0.14; 1.49 
Needleman27 (surgical) 0.83 0.24; 1.41 
Needleman27 (medical) 0.89 0.70; 1.09 
Needleman27 (medical) 0.71 0.40; 1.02 
Thrombosis   
Needleman277 (medical) 1.39 0.92; 2.11 
Needleman27 (surgical) 1.29 0.66; 2.54 
Needleman27 (medical) 1.28 1.02; 1.60 
Needleman27 (surgical) 1.52 1.12; 2.07 
Needleman27 (medical) 1.97 0.84; 4.58 
Needleman27 (Medical) 1.55 0.78; 3.07 
Needleman27 (surgical) 0.03 0.00; 0.66 
Needleman27 (surgical) 1.11 1.04; 1.18 
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Figure 25.  Relative risk of hospital related mortality and failure to rescue corresponding to an increase 
by 1% in the proportion of licensed nurses 

 
 
Patient populations are in parentheses 

 Relative risk of outcome 

 .2  1  2

Author (patients) Relative risk of outcome
(95% CI)Failure to rescue 

Needleman (medical) 0.81 (0.66, 1.00)
Needleman (surgical) 0.73 (0.49, 1.09)
Needleman (medical) 0.90 (0.80, 1.01)
Needleman (surgical) 0.82 (0.70, 0.96)
Needleman (medical) 0.58 (0.40, 0.86)
Needleman (medical) 0.69 (0.50, 0.95)
Needleman (surgical) 0.45 (0.22, 0.92)
Needleman (surgical) 0.54 (0.30, 0.99)
Needleman (medical) 0.80 (0.64, 0.97)
Needleman (surgical) 0.81 (0.68, 0.94)
Needleman (surgical) 0.70 (0.37, 1.03)
Needleman (surgical) 0.71 (0.42, 1.01)
Needleman (medical) 0.90 (0.80, 1.00)
Needleman (medical) 0.81 (0.64, 0.99)
Needleman (medical) 0.81 (0.66, 1.00)
Cheung (medical) 1.00 (1.00, 1.00)

Subtotal 0.83 (0.78, 0.87)

Mortality 
Berney (surgical) 0.97 (0.95, 0.98)
Needleman (medical) 0.90 (0.74, 1.09)
Needleman (surgical) 0.99 (0.67, 1.47)
Needleman (medical) 0.98 (0.89, 1.08)
Needleman (surgical) 0.88 (0.75, 1.03)
Needleman (medical) 0.91 (0.65, 1.27)
Needleman (medical) 0.89 (0.68, 1.16)
Needleman (surgical) 0.76 (0.34, 1.69)
Needleman (surgical) 0.86 (0.46, 1.61)
Needleman (medical) 0.90 (0.74, 1.09)

Subtotal 0.96 (0.95, 0.98)
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Figure 26.  Relative risk of patient outcomes corresponding to an increase by 1% in the proportion of 
licensed nurses 
 
Patient populations are in parentheses  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Relative risk of outcome 

1 1 3

Author (patients) 
Relative risk of outcome 
(95% CI)CPR 

Needleman (surgical) 0.59 (0.42, 0.76)
Needleman (surgical) 0.42 (0.10, 0.74)
Needleman (surgical) 0.59 (0.19, 1.00)
Needleman (medical) 0.66 (0.48, 0.85)

0.40 (0.18, 0.63)
Subtotal 0.59 (0.49, 0.71)

Pulmonary failure 
Needleman (surgical) 1.10 (0.63, 1.92)
Needleman (surgical) 1.21 (0.99, 1.47)
Needleman (surgical) 1.00 (0.39, 2.60)
Needleman (surgical) 1.02 (0.45, 2.32)

Subtotal 1.18 (0.98, 1.41)

Shock 
Needleman (medical) 0.46 (0.27, 0.81)
Needleman (surgical) 0.54 (0.28, 1.04)
Needleman (medical) 0.66 (0.50, 0.87)
Needleman (surgical) 0.59 (0.44, 0.78)
Needleman (medical) 0.20 (0.08, 0.53)
Needleman (medical) 0.40 (0.19, 0.86)
Needleman (surgical) 0.22 (0.09, 0.57)
Needleman (surgical) 0.27 (0.12, 0.61)
Needleman (medical) 0.49 (0.21, 0.77)
Needleman (surgical) 0.59 (0.42, 0.76)
Needleman (surgical) 0.42 (0.10, 0.74)
Needleman (surgical) 0.59 (0.19, 1.00)
Needleman (medical) 0.66 (0.48, 0.85)
Needleman (medical) 0.40 (0.18, 0.63)
Needleman (medical) 0.46 (0.27, 0.81)

Subtotal 0.53 (0.46, 0.61)



 
 

91

Chapter 4.  Discussion 
 
 

Association or Cause 
 
 The present review and meta-analysis confirm previous contentions that increased nurse 
staffing in hospitals is associated with better care outcomes.27,51,93 A persistent question is 
whether this association reflects a causal relationship. One test of such a causal relationship 
should be that higher staffing levels should produce stronger effects for nurse sensitive outcomes 
than for more general outcomes. The evidence across 14 studies consistently suggests that the 
risk of hospital related mortality was 9 percent lower in ICUs, 6 percent lower for medical 
patients, and 16 percent lower for surgical patients for each additional RN FTE per patient day 
(Figure 27). The risk of nurse-sensitive patient outcomes was comparable with those for 
mortality independent of study design. The relative risk of failure to rescue was reduced by 16 
percent in surgical patients and hospital-acquired pneumonia by 30 percent in ICUs, rates 
substantially higher than those for mortality.  
 Another test would be the difference in effect size between longitudinal and cross-sectional 
designs. The former should more directly reflect the effects of changing staffing patterns by 
holding more constant other hospital variables. Studies that attempted to assess temporality in the 
association between nurse staffing and failure to rescue had a lower relative risk per RN FTE per 
patient day ratio (RR 0.84, 95 percent CI 0.75-0.93) than did those using cross-sectional designs 
(RR 0.92, 95 percent CI 0.91-0.93), supporting the presence of an association rather than a cause.  
 We also examined the role of the study characteristics on the association between nurse ratios 
and patient outcomes. We tested the following study characteristics that could modify the 
association between nurse ratios and patient outcomes: quality scores, assessment of temporality 
in the association, analytic units, hospital units, patient populations, the adjustment for patient 
comorbidities, provider characteristic, and clustering of patients and hospitals. The authors 
adjusted for patient comorbidities at patient and hospital levels and for provider characteristics 
including hospital teaching and profit status, size and volume, technology index, HMO 
penetration, and staffing. We examined the association of four aspects of nurse ratios (total, RN, 
LPN/LVN, UAP) licensed and the same four for nursing hours with 16 outcomes expressed as 
rates and 19 expressed as relative risks for a total of 280 (eight effect modifiers times 35 
outcomes). Only a small proportion of tested models showed a significant influence of study 
design on the association with nurse staffing and patient outcomes (Appendix G∗,Table G30). 
Among the possible interactions, only the LPN effects were significant more the 30 percent of 
the time. The proportion of significant interactions was considerably lower for relative risks.  
 Hospitals that invest in more nurses may also invest in other actions that improve quality. 
Empirical evidence suggests that magnet hospitals provide high quality care and report better 
patient outcomes in relation to nurse staffing.10,52,57,198,199 
 Several lines of evidence suggest that overall hospital commitment to a high quality of care 
in combination with effective nurse retention strategies leads to better patient outcomes, patient 
satisfaction with overall and nursing care, and nurse satisfaction with job and provided care.10,52-

54,57-59 Hospital volume,20 physician practice patterns, and collaboration with nurses8,9 may affect 

                                                 
∗ Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrq.gov/clinic/tp/nursesttp.htm 
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patient outcomes. Professional practice environments in hospitals, which enable nurses to control 
their practice through governance also contribute to nurses’ job satisfaction and positive 
perceptions of nurse autonomy. These factors are associated with nurse retention and better 
patient outcomes in several reports.15,21,78,152,161,164,165,200,201 Hospitals with better professional 
nurse practice environment had improved RN staffing ratios.55,56 Magnet hospitals had lower 
patients per RN ratios, better nurse manager ability and support, and collegial nurse-physician 
relations.53-57,152,202,203 The quality of the nurse professional practice work environment correlated 
with patient safety outcomes in several studies.15,21,66,164,201,204 
 The outcomes of hospital care are the result of many factors. The studies reviewed here did 
not, and perhaps could not, address many salient issues. Patient outcomes are affected by patient 
characteristics. Case mix, when addressed, was usually handled as a mean number averaged 
across all patients in a unit or hospital. Such averages can hide a lot of different mixtures. 
Detailed information on comorbidities and disease severity was not included. Likewise, the 
nature of core medical treatments was not addressed. The absence of these measures can have 
varied effects depending on whether one believes they represent noise or bias. Case mix 
differences may hide areas where nurse staffing makes a bigger difference if it is not associated 
directly with staffing levels, but if it is, it could lead to bias. Such bias should result from more 
staff going to patients who need more care and hence would decrease the effects seen. These 
studies best approximate that correction by examining different types of units, which serve 
patients in varying levels of severity.  
 The absence of information on medical care is another important shortcoming of these 
studies, although it would greatly complicate the study designs. Here too, bias needs to be 
separated from noise. There is no strong basis to assume that the quality of medical care is 
necessarily correlated with the level of staffing, but it seems unlikely that it would be inversely 
correlated. With that assumption, any bias would result from hospitals that invested in more 
staffing also pressing for better medical care, an assumption that seems feasible. 
 

Marginal Effects 
 
 Previous systematic reviews did not estimate the effect size of different nurse staffing 
measures.92,93 Associations were considered to be clinically important when a 10 percent 
difference in staffing levels was associated with significant changes in outcomes.92 When 
attempting to find optimal nurse staffing ratio and hours, the effect size could not be estimated 
reliably because of differences in the studies and possible curvilinear associations.93 One study26 
examined the overall linear trend in adverse events corresponding to a one unit increase in nurse 
staffing and differences in the rates of patient outcomes among the lowest and highest quartiles 
of the nurse staffing distribution to find an optimal staffing pattern.26  
 Hospital mortality shows a decline with increasing staffing, but the decline is not linear. The 
risk increases quickly as the patients per RN per shift ratio rises above four to five. The mean 
increase of 7 percent for each additional patient per RN per shift can be misleading; the goodness 
of fit of the linear slope varied across the distribution of nurse to patient ratio. The effect size of 
this nonlinear association was tested to detect the overall trend and relative and absolute changes 
in patient outcomes among nurse staffing categories using quartiles of the distribution. 
Comparing the lowest with the highest quartiles of patients per RN per shift ratio, the observed 
risk of mortality was 61 percent compared to expected 85 percent (1.61 observed vs. 1.85 
expected) if the slope was applied to the differences in the ratio. Moreover, we would expect the 
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risk of mortality to be 19 percent lower when the workload of patients per RN per shift decreased 
from four to two patients, but in fact it was only 6 percent lower.  
 We used several ways to analyze strengths and limitations of the individual studies. 
Applicability of the study was estimated according to a sampling of eligible hospitals and 
patients with the highest applicability in studies with random population based sampling and 
random hospital-based sampling and the lowest in the studies with convenient and self-selected 
sampling. We analyzed the internal validity of the studies by the validation of measured nurse 
staffing, patient outcomes, and all confounding factors the authors reported. We graded the 
adjustment for patient characteristics (age, race, comorbidities, socioeconomic status), provider 
characteristics, and clustering of patients and clinics. We included summarized quality scores 
and the fact of adjustment for the each of confiding factors in the meta-regression and sensitivity 
analysis. We compared the direction and the strength of the association from the studies that used 
different definitions of nurse staffing and patient outcomes (rates and relative risk). We 
compared the direction and the strength of the association from the studies at patient level 
analysis that could carefully adjust for patient and nurses characteristics (better internal validity 
but lower applicability) and large multi-centers studies obtained hospital averages from 
administrative databases (low internal validity but better applicability). To examine statistically 
the influence of study quality on tested associations we compared pooled estimates weighted by 
the sample size and weighted by the quality of the studies and did not detect substantial 
differences. 
 Geographical variations in nurse distributions144 and rates of fatal adverse events148 may 
impact the effect size of nurse staffing on patient outcomes. Few multi-hospital studies used 
random effects models to incorporate geographical differences in the estimation;33,49,94 37 
percent of the included studies reported random sampling and assessments of sampling bias. We 
compared means of nurse staffing in the studies we included in the meta-analysis with published 
means26 and did not detect substantial differences. However, the report of the Institute of 
Medicine74 suggested that a larger proportion of hospitals have poorer nurse staffing than 
published in scientific research. Therefore, the effect size of nurse staffing on patient outcomes 
from the present report can be generalized only to hospitals with similar nurse staffing patterns. 
 

Nurse Staffing and Patient Outcomes in Hospitals 
 
 The majority of the studies found that hospitals with more RNs working with patients had a 
lower level of patient adverse events related to health care. If these associations were causal, 
Table 21 estimates the effect size in terms of the number of patient adverse events that could be 
avoided by adding 8 RN hours a patient receives during 24 hours in a hospital. Table 22 shows 
the proportion of patient adverse events that could theoretically be avoided by reducing the 
number of patients assigned to an RN during an 8-hour shift.  
 

Staffing Measures 
 
 Two general measures of nurse staffing were studied. One looks superficially at hours of care 
provided by different types of nursing staff averaging FTEs of different nurse categories at the 
hospital level,11,18,19 including only productive hours worked in direct care.28,61,62 The other relies 
on a less precise ratio of total nurse staffing to patient volume derived from administrative 
databases63-65 averaging annual nurse-to patient ratios20 at the hospital or unit level. The patients 
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per RN per shift ratio was more frequently used and provided greater evidence of the effect, but 
both showed generally the same trends. Inconsistency in nurse staffing operational definitions 
and methods to measure with an unknown “gold standard” to assess staffing patterns at the 
patient levels may bias the results of the studies and consequently, pooled analysis.206 Because 
many of the studies of nurse staffing were based on administrative data, they expressed staffing 
levels in terms of RN FTEs per patient or similar measures. However, the individuals charged 
with actually managing staffing are more likely to think in terms of patients per nurse. A simple, 
back-of-the-envelope transformation would be that 1 RN FTE per patient day would translate to 
8 RN hours per patient day or three patients per RN per shift. If the average is 7.8 RN hours per 
patient day (~3 patients per RN per shift), then increasing staffing by 1 RN FTE per patient day 
would mean a decrease to 1.5 patients per nurse. 
 The effect size varied depending on the nurse staffing measure. The reduction in relative risk 
of hospital related mortality is 16 percent for 1 RN FTE per patient day and 1 percent for an 
additional RN hour per patient day in surgical patients. Assuming that every additional RN per 
FTE patient day would provide approximately 8 additional RN hours per patient day, the 
expected reduction should be more than observed in the studies that examined the risk of 
mortality in relation to nurse hours (Table 23). The comparison of the effect size on patient 
outcomes among quartiles of the RN FTE per patient day ratio and nurse hours per patient day 
detected the same pattern (Table 24); the maximal reduction in relative risk of hospital-related 
mortality and adverse events occurred when no more than two patients were assigned to an RN 
in ICUs and in surgical units, and more than 11 nurse hours were spent per one patient day in 
ICUs and more than 7-8 hours in surgical and medical patients. We did not find consistent 
evidence that a further increase in RN FTE per patient day ratio can provide better patient safety. 
Confirming the previous observations,29,93,139 we detected a curvilinear association between the 
RN FTE per patient day ratio and hospital related mortality, nosocomial and bloodstream 
infections, and hospital acquired pneumonia with the optimal association at 2-2.5 patients per 
RN per shift in ICUs and surgical patients. 
 The association between patient outcomes and different definitions of nurse staffing suggest 
several reasons why nurse hours do not always provide a valid estimation of nurse-to-patient 
ratios. Nurse hours per patient day reflect average staffing across a 24-hour period and do not 
reflect fluctuations in patient census, scheduling patterns during different shifts,9,13 and periods 
of the year.66,67 They do not account for the time nurses spend in meetings, educational activities, 
and administrative work. Therefore, “productive hours per patient day” may underestimate nurse 
staffing levels when a large proportion of worked hours was not spent on direct patient care.60,109 
These reasons may help to explain why the effect size varied across nurse staffing measures. 
 The majority of studies reviewed in this report focused on registered nurses working in acute 
care hospital settings. Evidence on the association between LPN/LVN and UAP personnel is 
limited and controversial. The authors designed the studies to evaluate the effect of nurse staffing 
on patient outcomes sensitive to RN rather LPN/LVN and UAP work. Skill mix may not directly 
reflect the hospital’s commitment to quality of care and financial strategies. Future research 
should address the role of skill mix and the contributions of LPNs/LVNs, and UAPs on quality 
of care. 
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Care Setting 
 
 Nurse staffing had a different effect in different care settings. The addition of one unit of 
nursing care may vary depending on the baseline rate. For example, ICUs have higher staffing 
levels than typical hospital units. The effect of an additional nurse hour might be quite dissimilar 
in that context. We evaluated differences in the association between nurse staffing variables and 
patient outcomes by the type of hospital units (ICU, surgical, medical, neonatal) and by the type 
of patients (medical vs. surgical).27 We found a greater reduction in the relative risk of hospital-
related mortality (16 percent) in surgical patients for an additional one RN FTE per patient day 
compared to a reduction of 6 percent in medical patients. Given a higher baseline mortality in 
surgical patients, the reduction in nurse workload would save six surgical compared to five 
medical patients per 1,000 hospitalized. Consistent with previous studies,26,27 the present meta-
analysis found consistent evidence that surgical patients would demonstrate a greater cost-benefit 
from improved nurse staffing. Increasing the care of surgical patients by one RN FTE per patient 
day would eliminate 16 percent of failure to rescue (26 saved lives per 1,000 hospitalized) 
compared with 9.2 percent in all patients (medical and surgical). Such consistent and large 
improvements in patient safety from increasing the RN FTE per patient day ratio in surgical 
patients and in ICUs suggest heath care administrators can improve quality of care in these 
categories of patients using optimal staffing ratios.207  
 

Other Factors 
 
 The primary independent variable examined here is the volume of nursing, tempered by some 
attention to the education level. But other factors may also be relevant. Numbers alone do not 
likely explain all that happens. A nurse is not necessarily a nurse.206 Skill, organization, and 
leadership undoubtedly play a role but are much more difficult to assess. Usually we work in just 
the opposite direction inferring skill from outcomes after other factors have been accounted for. 
Because these studies rarely include data on case mix and other factors that help to explain 
outcomes, they cannot be used to infer differences in skill levels. Included studies did not 
provide the information on the quality of medical and surgical treatment. The importance of 
nurses’ professional competence and performance have been discussed with regard to developing 
standards of nurse performance to encourage high quality of care.70-73 
 There are also questions about the association between nurse experience and patient 
outcomes. The independent effects of individual nurse competence in interaction with nurse 
staffing are not well understood and were not the subject of the present review. However, 
implementing the results of the present review to improve the quality of hospital care, we need to 
remember that complex interventions in combination with  nurse staffing strategies provided 
better patient benefits. 208-212 Implementing evidence-based clinical pathways that involve nurse 
and physician education and collaboration may increase the effectiveness of nursing work and 
improve patient outcomes.213,214 Several randomized clinical trials reported a significant 
improvement in nurse performance and patient outcomes as a result of quality improvement 
initiatives.215-224 
 The majority of studies focused on adverse patient events and mortality. However, the 
estimation of quality of care may include patient satisfaction with nursing and overall medical 
care and improved quality of life. Future research should address patient positive outcomes, 
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compliance with prescribed treatments, patient functional status, and education in association 
with provided care including nurse staffing.  
 

Policy Implications 
 
 The case for causation has yet to be made. Nevertheless, if one accepts the results presented 
as suggesting a causal relationship between nurse staffing and outcomes, the next question is one 
of practicality. Possible staffing decisions to improve quality of care would involve comparing 
existing staffing with changes in staffing needed to achieve desirable patient outcomes. The 
effect sizes depend on rich staffing ratios, which are not feasible in most hospitals. Moreover, 
defining the best level of nurse staffing requires addressing cost-effectiveness analysis225 that 
was beyond the present report. Because hospitals are paid a fixed rate under diagnosis related 
groups (DRGs) that does not reflect the quality of care they provide, they are not in a position to 
assume substantial cost burdens. The estimation of the threshold in terms of marginal costs and 
benefits depends on value placed on survival, patient satisfaction, and quality of life (QOL).6 
 Policymakers can consider several approaches to regulate nurse staffing. Our calculations 
suggest that it is difficult to set fixed nursing standards. Indeed, fixed minimum nurse-to patient 
ratios implemented in several states did not provide the expected patient safety benefits.226 To 
maintain a reasonable staffing level, the increasing nurse shortage may force hospitals to reduce 
capacity rather than increase staffing. Mandatory nurse to patient ratios without legislative 
agreement to increase reimbursement may result in administrative decisions to reduce support 
staff positions and investments to other quality initiatives.225 Patient acuity-based staffing 
requirements adjust staffing for patient diagnosis and comorbidities but do not regulate shift-to 
shift fluctuations in nurse staffing that have an important influence on quality of care. 175,205 
Moreover, no consensus exists about patient classification systems, which are different among 
hospitals and states.113,227-230 Public disclosure of nurse staffing was introduced in one state,227 
but its effect on quality of care is not known.226 Pay-for performance has been proposed to 
provide incentives for quality of care, but its effect on cost effectiveness is not well 
understood.226 Ideally we should monitor every hospital in the United States to see how 
differences in policies and financial performance affect the cost effectiveness of staffing and its 
effect on quality of health care.225,226 
 Finally, the number of patients a nurse cares for is not a true measure of the “work” of the 
nurse. The patient flow (admissions, discharges, return from surgeries, transfers to other units, 
transfers from other units) can result in nurses providing care for many more patients in a day 
than what is reflected in the RN hour per patient day or nurse to patient ratio. This significant 
factor was not addressed in any of the studies reviewed and should be considered as a nurse 
staffing measure for future studies. Another factor not considered in the studies is the number 
and type of support personnel available to nurses to assist them with care of patients. A recent 
trend in hospitals is having Rapid Response Teams (RRTs). This team is usually comprised of an 
experienced critical care nurse, respiratory therapist, and a physician. The team can be called by 
any nurse in the hospital if the nurse assesses that the patient’s condition is changing such that it 
could potentially result in a negative outcome. Nurses also have access to consultation from 
advanced practice nurses, unit-based nurse educators, charge nurses, assistant nurse managers, 
and nurse managers. These types of nursing hours are not included in the studies or considered as 
nurse staffing measures.   
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 In conclusion, the present review found consistent statistically and clinically significant 
associations between nurse staffing and adjusted relative risk of hospital related mortality, failure 
to rescue, and other patient outcomes sensitive to nursing care, but we cannot conclude these 
relationships are causal. Hence, they cannot be interpreted as a basis for recommending specific 
staffing levels. The effect size is greater in surgical patients and in ICUs. The associations may 
include other structure and process factors in causal pathway to patient effective and safe care. A 
commitment to a high quality care at hospital level may provide better patient outcomes in 
relation to nurse staffing. 
 

Strength of the Evidence 
 
 Taken as a whole, there is consistent evidence of an association between the level of nurse 
staffing and patient outcomes but no clear case for causation. The nature of the study designs 
precludes any efforts to establish a causal relationship. There are no interventions, let alone 
controlled trials. The effect on quality of other salient input, such as medical care, is not tested. 
Adjustments for case mix rely on averages across units or hospitals. The quality of the studies is 
modest by standard measures, and the coverage of salient variables that could affect quality is 
weak. The distinction is still far from clear. The association was somewhat stronger with nurse-
sensitive outcomes than with more generic ones like mortality, but it was also stronger with 
cross-sectional rather than longitudinal designs. 
 

Recommendations for Future Research 
 
 While it is not feasible to think about research designs that might be more interventional, 
it may be possible to take advantage of natural experiments where nurse staffing levels are 
changed holding other factors constant. Future observational studies will need to take cognizance 
of the many other factors that can affect the outcomes of interest, especially medical care, patient 
characteristics, and the organization of nursing units and staffs. Larger multi-center studies will 
be needed. Nonetheless, it is unlikely that all the salient variables can be addressed in any one 
study. Future work will need to target specific questions and collect and analyze enough 
information to isolate the effects of nurse staffing levels.  
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Figure 27.  Relative risk of outcomes corresponding to an increase by RN FTE/patient day consistent across 
the studies  

 
 

Relative risk of outcome 
.25  9

Settings (number of studies) 
Relative risk of outcome
(95% CI) 

ICUs 
Mortality (5) 0.91 (0.86, 0.96)
CPR (3) 0.72 (0.62, 0.84)
Pulmonary failure (4) 0.40 (0.27, 0.59)
Unplanned extubation (5) 0.49 (0.36, 0.67)
Hospital acquired pneumonia (3) 0.70 (0.56, 0.88)
Medical complications (3) 0.72 (0.60, 0.86)

Medical patients
Mortality (6) 0.94 (0.94, 0.95)

Surgical patients
Mortality (8) 0.84 (0.80, 0.88)
Failure to rescue (5) 0.84 (0.79, 0.90)
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Table 21.  The number of patient adverse events that could be avoided by additional 8 RN hours a patient 
receives during 24 hours in a hospital 
 

Patients’ Condition Related to Health Care, 
Not to a Primary Diagnosis 

Number of Avoided Events/1,000 Hospitalized 
Patients (95% CI) 

All patients  
Mortality, overall 9 (6-12) 
Mortality, hospital level analysis 3 (2-4) 
Mortality, medical patients 5 (4-5) 
Hospital acquired  pneumonia 5 (1-8) 
Failure to rescue 24 (14-34) 
CPR 2 (1-2) 
ICUs  
Mortality  5 (2-8) 
Hospital acquired  pneumonia 7 (3-10)  
Pulmonary failure 7 (5-9) 
Unplanned extubation 6 (4-8) 
CPR 2 (1-2) 
Nosocomial Infection 10 (6-13) 
Surgical patients  
Mortality 6 (4-8) 
Failure to rescue 26 (17-35) 
Surgical wound infection 7 (1-8) 
CPR 1 (1-2) 
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Table 22.  The proportion of patient adverse events (%) that could be avoided by reducing the number of 
patients assigned to an RN during an 8-hour shift 
 

Patients’ Conditions Related to 
Health Care, Not to a Primary 

Diagnosis 

Number of Patients 
Assigned to 1 RN 

During a Shift 

Percentage of Patient Adverse 
Events that Could be Avoided by 
Reducing the Number of Patients 

per RN (95% CI) 
ICUs   
Mortality <3 vs. 3-4 5.6 (3.4; 7.7) 
Sepsis <1.6 vs. 3.3 42.7 (8.8; 64.0) 
Sepsis 1 vs. 3.3 42.2 (6.0; 64.4) 
CPR <1.6 vs. 3.3 34.4 (26.7; 41.4) 
CPR 1 vs. 3.3 46.3 (39.2; 52.6) 
CPR 1 vs. >4 25.4 (16.7; 33.2) 
Medical complications <1.6 vs. 3.3 40.8 (28.6; 50.9) 
Medical complications 1 vs. 3.3 46.1 (33.6; 56.3) 
Medical complications 1 vs. >4 25.4 (10.1; 38.1) 
Pulmonary failure <1.6 vs. 3.3 60.0 (30.9; 76.9) 
Pulmonary failure <1.6 vs. 3 63.7 (31.3; 80.8) 
Pulmonary failure 1 vs. >4 57.1 (13.8; 78.6) 
Unplanned extubation <1.6 vs. 3.3 44.8 (22.2; 60.9) 
Unplanned extubation <1.6 vs. 3 68.0 (49.2; 79.8) 
Unplanned extubation 1 vs. 3 56.9 (38.2; 69.9) 
Unplanned extubation 3.3 vs. >4 42.0 (20.2; 57.9) 
Surgical patients   
Mortality ≤2 vs. 4-6 24.3 (17.9; 30.3) 
Mortality ≤2 vs. >6 38.4 (34.1; 42.4) 
Mortality 2-3.5 vs. 4-6 19.8 (13.3;25.9) 
Mortality 2-3.5 vs. >6 34.7 (30.4; 38.7) 
Mortality 4-6 vs. >6 18.6 (11.8; 24.8) 
Hospital acquired pneumonia 4 vs. >5 24.6 (5.2; 40.0) 
Nosocomial infection <2 vs. 3 93.6 (65.7; 98.8) 
Surgical wound infection 4 vs. >5 20.4 (6.5; 32.3) 
Sepsis <2 vs. 3 44.4 (16.4; 63.0) 
Sepsis <2 vs. >5 49.4 (8.8; 71.9) 
Sepsis 4 vs. >5 28.5 (6.6; 45.3) 
CPR <2 vs. 3 30.8 (13.1; 44.9) 
CPR <2 vs. 4 25.4 (5.0; 41.4) 
Failure to rescue <2 vs. 4 25.5 (17.1; 33.0) 
Failure to rescue <2 vs. >5 39.1 (33.6; 44.2) 
Failure to rescue 3 vs.  4 20.6 (12.2; 28.3) 
Failure to rescue 3 vs. >5 35.2 (29.7; 40.2) 
Failure to rescue 4 vs. >5 18.3 (9.1; 26.6) 
Pulmonary failure <2 vs. 3 61.9 (28.2; 79.7) 
Pulmonary failure <2 vs. 4 75.1 (45.4; 88.6) 
Unplanned extubation <2 vs. 3 44.3 (18.4; 62.0) 
Unplanned extubation <2 vs. 4 71.5 (53.8; 82.4) 
Unplanned extubation 3 vs. 4 48.7 (30.6; 62.1) 
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Table 23.  Relative risk of mortality and nurse sensitive patient outcomes corresponding to one unit increase in nurse staffing ratios and hours (pooled 
estimates)  
 

Outcome N Increment RR 95% CI N Increment RR 95% CI 
Mortality 14 1 RN FTE/patient day 0.92 0.90; 0.94 1 1 nurse hour/patient day   
  4 1 patient/LPN/shift 0.99 0.99; 1 7* 1 RN hour/patient day 1.00 0.90; 1.12 
  1 1 patient/UAP/shift 0.99 0.99; 1.07 3 1 LPN hour/patient day 0.88 0.12; 6.47 
   1 patient/licensed nurse   1 1 UAP hour/patient day   
       1 1 licensed hour/patient day   
Length of stay 5 1 RN FTE/patient day 0.92 0.80; 1.05 4* 1 nurse hour/patient day   
  1 1 patient/LPN/shift 0.98 0.97; 0.99 3 1 RN hour/patient day 1.00 0.41; 2.42 
   1 patient/UAP/shift   2 1 LPN hour/patient day   
   1 patient/licensed nurse   1 1 UAP hour/patient day   
       2 1 licensed hour/patient day   
Patient falls, injuries 1 1 RN FTE/patient day   2 1 nurse hour/patient day   
  1 1 patient/LPN/shift   1 1 RN hour/patient day   
   1 patient/UAP/shift    1 LPN hour/patient day   
  1 1 patient/licensed nurse    1 UAP hour/patient day   
        1 licensed hour/patient day   
Pressure ulcers  1 RN FTE/patient day   4 1 nurse hour/patient day   
   1 patient/LPN/shift   1 1 RN hour/patient day   
   1 patient/UAP/shift   1 1 LPN hour/patient day   
  1 1 patient/licensed nurse   1 1 UAP hour/patient day   
       1 1 licensed hour/patient day   
Nosocomial infection rate 3 1 RN FTE/patient day 0.88 0.73; 1.06 5* 1 nurse hour/patient day 0.88 0.84; 0.92 
   1 patient/LPN/shift   2* 1 RN hour/patient day 0.76 1.05; 0.68 
  1 1 patient/UAP/shift   1 1 LPN hour/patient day   
   1 patient/licensed nurse   1 1 UAP hour/patient day   
       2 1 licensed hour/patient day   
Failure to rescue 6 1 RN FTE/patient day 0.91 0.89; 0.94 1 1 nurse hour/patient day   
   1 patient/LPN/shift   3 1 RN hour/patient day   
   1 patient/UAP/shift   1 1 LPN hour/patient day   
   1 patient/licensed nurse   1 1 UAP hour/patient day   
       2 1 licensed hour/patient day   
Urinary tract infection rate 2 1 RN FTE/patient day 1.02 0.94; 1.11 5 1 nurse hour/patient day   
  1 1 patient/LPN/shift 0.96 0.94; 0.99 6 1 RN hour/patient day 1.00 0.64; 1.56 
   1 patient/UAP/shift   4 1 LPN hour/patient day 1.04 0.17; 6.26 
  1 1 patient/licensed nurse   1 1 UAP hour/patient day   
       2 1 licensed hour/patient day   
Surgical bleeding 1 1 RN FTE/patient day 1.02 0.78; 1.34 4 1 nurse hour/patient day   
   1 patient/LPN/shift 2 1 RN hour/patient day 1.00 0.95; 1.05 
   1 patient/UAP/shift   1 1 LPN hour/patient day 0.93 0.00; 233.29 
   1 patient/licensed nurse   1 1 UAP hour/patient day   
       2 1 licensed hour/patient day   



 
Table 23.  Relative risk of mortality and nurse sensitive patient outcomes corresponding to one unit increase in nurse staffing ratios and hours (pooled 
estimates) (continued) 
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Outcome N Increment RR 95% CI N Increment RR 95% CI 
Upper gastrointestinal bleeding  1 RN FTE/patient day   1 1 nurse hour/patient day   
   1 patient/LPN/shift   3 1 RN hour/patient day   
   1 patient/UAP/shift   1 1 LPN hour/patient day   
   1 patient/licensed nurse   1 1 UAP hour/patient day   
       2 1 licensed hour/patient day   
Post surgical thrombosis 1 1 RN FTE/patient day   2 1 nurse hour/patient day   
   1 patient/LPN/shift   1 1 RN hour/patient day   
   1 patient/UAP/shift   2 1 LPN hour/patient day   
   1 patient/licensed nurse   1 1 UAP hour/patient day   
       1 1 licensed hour/patient day   
Atelectasis and pulmonary failure 5 1 RN FTE/patient day 0.94 0.93; 0.94 2 1 nurse hour/patient day   
  1 1 patient/LPN/shift   2 1 RN hour/patient day 1.08 0.85; 1.37 
   1 patient/UAP/shift   2 1 LPN hour/patient day   
  1 1 patient/licensed nurse   1 1 UAP hour/patient day   
       1 1 licensed hour/patient day   
Accidental extubation 5 1 RN FTE/patient day 0.49 0.36; 0.67  1 nurse hour/patient day   
   1 patient/LPN/shift    1 RN hour/patient day   
   1 patient/UAP/shift    1 LPN hour/patient day   
   1 patient/licensed nurse    1 UAP hour/patient day   
        1 licensed hour/patient day   
Hospital acquired pneumonia 4 1 RN FTE/patient day 0.81 0.67; 0.98 5 1 nurse hour/patient day   
  2 1 patient/LPN/shift   4 1 RN hour/patient day   
   1 patient/UAP/shift   3 1 LPN hour/patient day   
  1 1 patient/licensed nurse    1 UAP hour/patient day   
       2 1 licensed hour/patient day   
Postoperative infection 1 1 RN FTE/patient day 1.01 0.70; 1.45 4 1 nurse hour/patient day 1.00 0.99; 1.01 
  1 1 patient/LPN/shift   2 1 RN hour/patient day 1.00 0.95; 1.05 
   1 patient/UAP/shift   1 1 LPN hour/patient day 0.93 0.00; 233.29 
   1 patient/licensed nurse   1 1 UAP hour/patient day   
       2 1 licensed hour/patient day   
Cardiac arrest/shock 3 1 RN FTE/patient day 0.72 0.62; 0.84  1 nurse hour/patient day   
   1 patient/LPN/shift    1 RN hour/patient day   
   1 patient/UAP/shift    1 LPN hour/patient day   
   1 patient/licensed nurse    1 UAP hour/patient day   
       1 1 licensed hour/patient day   
Complications (medical) 3 1 RN FTE/patient day 0.72 0.60; 0.86 2 1 nurse hour/patient day   
   1 patient/LPN/shift    1 RN hour/patient day   
   1 patient/UAP/shift    1 LPN hour/patient day   
   1 patient/licensed nurse    1 UAP hour/patient day   
       1 1 licensed hour/patient day   

 
* significant heterogeneity between studies 
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Table 24.  Consistent across the studies, significant association between nurse staffing and patient outcomes (results from pooled analysis), 
attributable to nurse staffing proportion of events, and number of avoided events per 1,000 hospitalized patients 
 

Outcome Nurse Staffing Studies RR 95% CI 
Attributable 

to Nurse 
Staffing 

Fraction, % 
95%CI 

Number of 
Avoided 

(excessive) 
Events/1,000 
Hospitalized 

95%CI 

All Patients         
Mortality Increase by 1 patient/RN/shift 6 1.08 1.08; 1.09 7.56 7.07; 8.04 5 4; 5 
Mortality, hospital level analysis Increase by 1 RN FTE/patient day 5 0.96 0.94; 0.98 4.2 6; 2.4 3 2; 4 
Mortality, ICUs Increase by 1 RN FTE/patient day 5 0.91 0.86; 0.96 9.2 14.4; 3.7 5 2; 8 
Mortality, surgical patients Increase by 1 RN FTE/patient day 8 0.84 0.8; 0.89 16 20.2; 11.5 6 4; 8 
Mortality, medical patients Increase by 1 RN FTE/patient day 6 0.94 0.94; 0.95 5.6 6.3; 4.8 5 4; 5 
Mortality, ICUs Increase by 1 RN hour/patient day 5 0.99 0.99; 0.99 0.5 0.7; 0.3 0 0.2; 0 
Mortality, surgical patients Increase by 1 RN hour/patient day 9 0.99 0.98; 1 1.4 2.5; 0.3 1 0; 1 
Mortality, medical patients Increase by 1 RN hour/patient day 10 0.99 0.99; 1 0.7 0.8; 0.5 1 0; 1 
Hospital acquired pneumonia Increase by 1 patient/RN/shift 3 1.07 1.03; 1.11 6.5 2.9; 9.9 2 1; 3 
Failure to rescue Increase by 1 patient/RN/shift 3 1.08 1.07; 1.09 7.4 6.5; 8.3 12 11; 13 
Pulmonary failure Increase by 1 patient/RN/shift 4 1.53 1.24; 1.89 34.6 19.4; 47.1 6 3; 10 
Unplanned extubation Increase by 1 patient/RN/shift 5 1.45 1.27; 1.67 31.0 21.3; 40.1 5 3; 8 
CPR Increase by 1 patient/RN/shift 3 1.16 1.05; 1.29 13.8 4.8; 22.5 1 1; 2 
Medical complications Increase by 1 patient/RN/shift 3 1.17 1.04; 1.31 14.5 3.8; 23.7 37 9; 64 
Hospital acquired pneumonia Increase by 1 RN FTE/patient day 4 0.81 0.67; 0.98 19.1 33.1; 2.1 1 0; 2 
Pulmonary failure Increase by 1 RN FTE/patient day 5 0.94 0.94; 0.94 6 6.4; 5.6 1 1; 1 
CPR Increase by 1 RN FTE/patient day 5 0.72 0.62; 0.84 27.6 37.9; 15.6 2 1; 2 
ICUs          
Hospital acquired pneumonia Increase by 1 RN FTE/patient day 3 0.7 0.56; 0.88 30.2 44.3; 12.4 7 3; 10 
Pulmonary failure Increase by 1 RN FTE/patient day 4 0.4 0.27; 0.59 60.3 73.4; 40.6 7 5; 9 
Unplanned extubation Increase by 1 RN FTE/patient day 5 0.49 0.36; 0.67 50.9 63.7; 33.5 6 4; 8 
CPR Increase by 1 RN FTE/patient day 3 0.72 0.62; 0.84 27.6 37.9; 15.6 2 1; 2 
Nosocomial Infection Increase by 1 hour in total nurse 

hours/patient day 
3 0.87 0.82; 0.92 12.9 17.6; 8 10 6; 13 

Relative change in LOS Increase by 1 RN FTE/patient day 4 0.76 0.62; 0.94 24 38; 6 7 2; 11 
Surgical patients         
Failure to rescue Increase by 1 RN FTE/patient day 5 0.84 0.79; 0.9 16 21.4; 10.3 26 17; 35 
Surgical wound infection Increase by 1 RN FTE/patient day 1 0.15 0.03; 0.82 84.5 97.1; 18.1 7 1; 8 
Sepsis Increase by 1 RN FTE/patient day 5 0.64 0.46; 0.89 36 54; 11 4 2; 6 
Relative change in LOS Increase by 1 RN FTE/patient day 3 0.69 0.55; 0.86 31 45; 14 14 6; 21 
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Appendix A:  Exact Search Strings 
 
 
Search Strategy for Questions 1, 2, and 4 
 The following data bases were searched: 

• Med Line (PubMed) 
• CINAHL 
• The Cochrane Database of Systematic Reviews 
• The Cochrane Central Register of Controlled Trials 
• EBSCO Research Database  
• BioMed Central  
• Government agencies and nurse’s associations’ websites are searched to identify 

unpublished reports of the conducted surveys and regulatory documents of nursing hospital 
staffing: 

• United States Department of Health and Human Services 
• Agency for Healthcare Research and Quality 
• National Database of Nursing Quality Indicators 
• National Center for Health Workforce Analysis 
• American Nurses Association 
• American Academy of Nurse Practitioners 
• Government publications. 
• Database http://www.marcive.com/webdocs 
• Catalog of U.S. Government Publications (U.S. GPO) 
• Digital Dissertations 
• Internet (www.google.com) with the key words identical MeSH terms 
• Manual search of the references in articles to identify eligible studies published before 

1990 
 
The following MeSH terms and key words (in databases other than Medline) and their 
combinations were used to search the data bases from 1990 through June 2006: 
 
“Nurses” [MeSH] (Q 1-4)* 
“Nursing staff, hospital” [MeSH] (Q 1-4) 
“Nursing administration research” [MeSH] (Q 1-4) 
“Nursing audit” [MeSH] (Q 1-2, 4) 
“Nursing education research” [MeSH] (Q 1-2, 4) 
“Clinical competence” [MeSH] (Q 1-2) 
“Health care quality, access, and evaluation” [MeSH] (Q1-2, 4) 
“Health services research” [MeSH] (Q1, 2, 4) 
“Outcome assessment (health care)” [MeSH] (Q1-2, 4) 
“Health care category” [MeSH] (Q1, 2, 4) 
“Patients” [MeSH] (Q1-2, 4) 
“Length of stay” [MeSH] (Q1-2, 4) 
“Patient satisfaction” [MeSH] (Q1-2, 4) 
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“Hospital units” [MeSH] (Q1, 2, 4) 
“Personnel staffing and scheduling” [MeSH] (Q1-3) 
“Patient centered care” [MeSH] (Q4) 
“Nurse patient relations” [MeSH] (Q1-2, 4) 
“Hospital patient relations” [MeSH] (Q1-2, 4) 
"Models, nursing” [MeSH] (Q 4) 
“Labor unions” [MeSH] (Q 4) 
“Malpractice” [MeSH]  
“Hospitals” [MeSH] (Q4) 
Nurse to patient ratio (keyword) (Q1-3) 
“Skill mix” [MeSH] (Q3) 
“Part time employment [MeSH] (Q3) 
“Foreign nurses [MeSH] (Q3) 
“Registry personnel” [MeSH] (Q3) 
Overtime (keyword) (Q3) 
Flexible scheduling (keyword) (Q3) 
Shift work (key word) (Q3) 
 
* The numbers in parentheses refer to the question for which this term was relevant 
 
 
Search Strategy for Question 3 
 
(Inclusion criteria for all studies: North American hospitals, research in peer reviewed journal, 
published between 1990-2006) 
 
Shift work staffing policy variable  
58 eligible for review 
51 excluded: 

• 41 Not relevant (not related to variable of interest) 
• 1 Integrative review not related to study variable 
• 2 Conference abstract 
• 2 Nursing home 
• 3 Not peer reviewed journal 
• 2 Inadequate data presentation 

7 included 
 
Overtime staffing policy variable 
20 eligible for review 
14 excluded: 

• 9 Not relevant (not related to variable of interest) 
• 1 Inadequate data presentation 
• 4 Not peer reviewed journal 

6 included 
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Full and part time staff use variable 
28 eligible for review 
22 excluded: 

• 15 Not relevant (not related to variable of interest) 
• 6 Not peer reviewed journal 
• 1 Inadequate data presentation 

6 included 
 
Foreign educated nurses variable 
20 eligible for review 
14 excluded 

• 12 Not relevant (not related to variable of interest) 
• 1 Not research 
• 1 Not peer reviewed journal 

6 included 
 
Agency/contract nurses variable 
21 eligible for review 
16 excluded: 

• 10 Not relevant (not related to variable of interest) 
• 1 Nursing home 
• 2 Inadequate data presentation 
• 3 Not peer reviewed journal 

5 included 
 
Total studies on staffing policy variables 
147 eligible for review 
117 excluded: 

• 87 Not relevant (not related to variable of interest) 
• 2  Conference proceedings 
• 1 Integrative review not related to variable of interest  
• 3 Nursing home 
• 17 Not peer reviewed journal 
• 6 Inadequate presentation of data 
• 1 Not research 

30 included 
 
 
Literature Search Strings 
 

MeSH terms Studies 
The National Library of Medicine via PubMed:  
“Nurses” [MeSH]  51,730 
"Nursing staff, hospital"[MeSH]  28,092 
"Nursing administration research”[MeSH]  1,218 
"Nursing audit"[MeSH]  2,349 
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MeSH terms Studies 
"Nursing education research"[MeSH]  3,285 
"Clinical competence"[MeSH]  33,806 
"Health care quality, access, and evaluation"[MeSH]  3,090,640 
"Health services research"[MeSH]  64,621 
"Outcome assessment (health care)"[MeSH]  286,369 
"Health care category"[MeSH]  4,438,573 
"Personnel administration, hospital"[MeSH]  4,968 
"Patients"[MeSH]  35,872 
"Length of stay"[MeSH]  33,382 
"Patient satisfaction"[MeSH]  28,736 
"Hospital units"[MeSH]  48,491 
"United States/epidemiology"[MeSH]  77,520 
"Personnel staffing and scheduling"[MeSH]  9,484 
"Models, nursing"[MeSH]  7,513 
"Foreign professional personnel"[MeSH]  3,523 
("Safety management"[MeSH] OR "risk management"[MeSH])  82,840 
("Safety management"[MeSH] OR "risk management"[MeSH]) Limits: 

English, humans 
 70,596 

("Safety management"[MeSH] OR "risk management"[MeSH]) NOT review 
NOT letters NOT editorials Limits: English, humans 

 48,105 

"Nurses"[MeSH] NOT review NOT letters NOT editorials  43,370 
"Nursing staff, hospital"[MeSH] NOT review NOT letters NOT editorials  25,773 
"Nursing administration research "[MeSH] NOT review NOT letters NOT 

editorials 
 994 

"Nursing audit"[MeSH] NOT review NOT letters NOT editorials Limits: 
English, humans 

 1,450 

"Nursing education research "[MeSH] NOT review NOT letters NOT 
editorials Limits: humans 

 2,723 

"Clinical competence"[MeSH] NOT review NOT letters NOT editorials 
Limits: humans 

 22,181 

"Health care quality, access, and evaluation"[MeSH] NOT review NOT letters 
NOT editorials Limits: English, humans 

 1,798,295 

"Health services research"[MeSH] NOT review NOT letters NOT editorials 
Limits: humans 

 43,486 

"Outcome assessment (health care)"[MeSH] AND "health services research" 
[MeSH] NOT review NOT letters NOT editorials Limits: humans 

 15 

"Health care category"[MeSH] NOT review NOT letters NOT editorials 
Limits: English, humans 

 2,320,378 

"Personnel administration, hospital"[MeSH] NOT review NOT letters NOT 
editorials Limits: English, humans 

 1,601 

"Patients"[MeSH] NOT review NOT letters NOT editorials Limits: English, 
humans 

 23,507 

"Length of stay"[MeSH] NOT review NOT letters NOT editorials Limits: 
English, humans 

 22,937 
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MeSH terms Studies 
"Patient satisfaction"[MeSH] NOT review NOT letters NOT editorials Limits: 

English, humans 
 20,849 

"Hospital units"[MeSH] NOT review NOT letters NOT editorials Limits: 
English, humans 

 27,731 

"United States/epidemiology"[MeSH] NOT review NOT letters NOT 
editorials Limits: English, humans 

 57,481 

"Personnel staffing and scheduling"[MeSH] NOT review NOT letters NOT 
editorials Limits: English, humans 

 5,335 

"Models, nursing"[MeSH] NOT review NOT letters NOT editorials Limits: 
English, humans 

 4,544 

"Foreign professional personnel"[MeSH] NOT review NOT letters NOT 
editorials Limits: English, humans 

 1,375 

"Nurses"[MeSH] NOT review NOT letters NOT editorials AND 
"patients"[MeSH] Limits: English, humans 

 396 

"Nurses"[MeSH] NOT review NOT letters NOT editorials AND "clinical 
competence" Limits: English, humans 

 6 

"Nurses"[MeSH] NOT review NOT letters NOT editorials AND "health care 
quality, access, and evaluation"[MeSH] Limits: English, humans 

 49 

"Nurses"[MeSH] NOT review NOT letters NOT editorials AND "health 
services research" Limits: English, humans 

 2 

"Nurses"[MeSH] NOT review NOT letters NOT editorials AND "outcome 
assessment (health care)" Limits: English, humans 

 1 

"Nurses"[MeSH] NOT review NOT letters NOT editorials AND "personnel 
administration, hospital" Limits: English, humans 

 0 

"Nurses"[MeSH] NOT review NOT letters NOT editorials AND "length of 
stay" Limits: English, humans 

 2 

"Nurses"[MeSH] NOT review NOT letters NOT editorials AND "patient 
satisfaction" Limits: English, humans 

 2 

"Nurses"[MeSH] NOT review NOT letters NOT editorials AND personnel 
staffing and scheduling Limits: English, humans 

 2 

"Epidemiologic studies"[MeSH] Limits: English, humans  728,060 
"Epidemiologic studies"[MeSH] AND "nurses"[MeSH] Limits: English, 

humans 
 1,210 

"Epidemiologic studies"[MeSH] AND "nursing staff, hospital"[MeSH] 
Limits: English, humans 

 731 

"Epidemiologic studies"[MeSH] AND "nursing administration research 
"[MeSH] Limits: English, humans 

 99 

"Epidemiologic studies"[MeSH] AND "nursing audit"[MeSH] Limits: 
English, humans 

 210 

"Epidemiologic studies"[MeSH] AND "nursing education research "[MeSH] 
Limits: English, humans 

 187 

"Epidemiologic studies"[MeSH] AND "clinical competence"[MeSH] Limits: 
English, humans 

 2,169 

"Epidemiologic studies"[MeSH] AND "health care quality, access, and 
evaluation"[MeSH] Limits: English, humans 

 728,210 
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MeSH terms Studies 
"Epidemiologic studies"[MeSH] AND "health services research "[MeSH] 

AND "nurses"[MeSH] Limits: English, humans 
 85 

"Epidemiologic studies"[MeSH] AND "nurses"[MeSH] AND "outcome 
assessment (health care)"[MeSH] Limits: English, humans 

 108 

"Epidemiologic studies"[MeSH] AND "nurses"[MeSH] AND "personnel 
administration, hospital" [MeSH] Limits: English, humans 

 0 

"Epidemiologic studies"[MeSH] AND "nurses"[MeSH] AND "patients" 
[MeSH] Limits: English, humans 

 23 

"Epidemiologic studies"[MeSH] AND "nurses"[MeSH] AND "length of 
stay"[MeSH] Limits: English, humans 

 38 

"Epidemiologic studies"[MeSH] AND "nurses"[MeSH] AND "patient 
satisfaction"[MeSH] Limits: English, humans 

 56 

"Epidemiologic studies"[MeSH] AND "models, nursing" Limits: English, 
humans 

 190 

"Epidemiologic studies"[MeSH] AND "nursing staff, hospital"[MeSH] AND 
"safety management" Limits: English, humans 

 1 

"Nursing staff, hospital"[MeSH] AND "patients"[MeSH] Limits: English, 
humans 

 506 

"Nursing staff, hospital"[MeSH] AND "length of stay"[MeSH] Limits: 
English, humans 

 192 

"Nursing staff, hospital"[MeSH] AND "patient satisfaction"[MeSH] Limits: 
English, humans 

 324 

"Nursing staff, hospital"[MeSH] AND "safety management"[MeSH] Limits: 
English, humans 

 188 

"Safety management"[MeSH] AND "nursing administration research 
"[MeSH] Limits: English, humans 

 17 

"Safety management"[MeSH] AND "nursing audit"[MeSH] Limits: English, 
humans 

 18 

"Safety management"[MeSH] AND "clinical competence"[MeSH] Limits: 
English, humans 

 125 

"Safety management"[MeSH] AND "health dare quality, access, and 
evaluation"[MeSH] Limits: English, humans 

 3,253 

"Safety management"[MeSH] AND "health services research"[MeSH] Limits: 
English, humans 

 465 

"Safety management"[MeSH] AND "outcome assessment (health 
care)"[MeSH] Limits: English, humans 

 111 

"Safety management"[MeSH] AND "models, nursing" Limits: English, 
humans 

 27 

"Outcome assessment (health care)"[MeSH] AND "nursing staff, 
hospital"[MeSH] Limits: English, humans 

 344 

CINAHL - Cumulative Index to Nursing & Allied Health Literature:  
“Personnel staffing and scheduling"  9,271 
“Nursing staff, hospital/manpower”   57 
"Length of stay"  5,269 
“Patient safety”  14,395 
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MeSH terms Studies 
“Nurses”  72,321 
“Personnel staffing and scheduling" or “nursing staff, hospital/manpower” 

AND "length of stay" or “patient safety” 
 1,025 

“Personnel staffing and scheduling" or “nursing staff, hospital/manpower” 
AND "length of stay" or “patient safety” limit on English, NOT review or 
letter 

 86 

The Cochrane Library:  
"Nursing staff, hospital” and “outcome assessment (health care)”  0 
“Nurse” AND “patient”  4 

BioMed Central :  
"Nursing staff, hospital” AND “patient safety”  0 
"Nursing staff, hospital” AND “patient outcomes”  0 
Nursing staff, hospital AND health services research  287 
Nursing staff, hospital AND adverse events  79 
Google scholar: “nursing staff, hospital” AND “patient outcomes” NOT long-

term care, published after 1990 
 1,700 

Catalog of U.S. Government Publications (U.S. GPO): 
Nursing Staff, Hospital 

 
 9 

LexisNexis™ Government Periodicals Index:  
 "Nurses and nursing" AND "Hospitals" 

 
 25 

Digital Dissertations:   
Nurse AND patient  1,863 
Nursing staff, hospital  0 
Nurse AND staffing AND hospital AND patient  20 

Agency of Health Care Research and Quality:   
Nurse staffing and Patient  893 

 
 
Positive Likelihood of MeSH Terms and Keywords (*) to Identify Studies Eligible for 
Questions 1, 2, and 4 
 
Algorithm: 
 Sensitivity = TP/(TP+FN) 
 Specificity = TN/(FP+TN) 
 Positive Likelihood = SENS/(1-SPEC) 
 Negative Likelihood = (1-SENS)/SPEC 

 
Study status Eligible Excluded Total 
Keyword Present TP FP  
Keyword absent FN TN  
 96 2,762 2,858 
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A. Highest Positive Predictive Likelihood 

MeSH terms and keywords Sensitivity, % Specificity, % 
Positive  
Likelihood

*Burnout professional  3.13 99.96 86.31 
Decubitus ulcer/epidemiology  6.25 99.93 86.31 
Nurses/*supply & distribution  3.13 99.96 86.31 
United States Centers for Medicare and 

Medicaid Services 5.21 99.93 71.93 
Accidental falls s & numerical data  9.38 99.86 64.73 
*Mortality  2.08 99.96 57.54 
Comorbidity  2.08 99.96 57.54 
Medicare/*statistics & numerical data 2.08 99.96 57.54 
Nursing service  2.08 99.96 57.54 
Urinary tract infection  2.08 99.96 57.54 
California/epidemiology  5.21 99.89 47.95 
Health services research/methods  3.13 99.93 43.16 
*Anesthesiology  1.04 99.96 28.77 
*Economic competition  1.04 99.96 28.77 
*Economics  1.04 99.96 28.77 
*Outcome and process assessment (health care) 5.21 99.82 28.77 
Acquired immunodeficiency syndrome  1.04 99.96 28.77 
Bacteremia/epidemiology  1.04 99.96 28.77 
Bacteremia/epidemiology/etiology  1.04 99.96 28.77 
Burn units/*manpower  1.04 99.96 28.77 
Contract services/organization & administration 1.04 99.96 28.77 
Cross infection/*prevention & control  2.08 99.93 28.77 
Cross infection/epidemiology  1.04 99.96 28.77 
Cross infection/epidemiology/*etiology/ 

prevention & control 1.04 99.96 28.77 
Delivery of health care/*organization & 

administration  1.04 99.96 28.77 
Disease outbreak  1.04 99.96 28.77 
Economics hospital  1.04 99.96 28.77 
Education nursing  1.04 99.96 28.77 
Health maintenance organizations  1.04 99.96 28.77 
Health maintenance organizations *organization 

& administration 1.04 99.96 28.77 
Hospital restructuring  1.04 99.96 28.77 
Hospitals pediatric  1.04 99.96 28.77 
Hospitals university  1.04 99.96 28.77 
Hospitals urban  1.04 99.96 28.77 
Hospitals/*standards  1.04 99.96 28.77 
Hospitals/classification  1.04 99.96 28.77 
Hospitals/*standards/statistics & numerical data 1.04 99.96 28.77 
Iatrogenic disease  1.04 99.96 28.77 
Insurance claim  1.04 99.96 28.77 
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MeSH terms and keywords Sensitivity, % Specificity, % 
Positive  
Likelihood

Intensive care units neonatal/economics 1.04 99.96 28.77 
Intensive care units pediatric/*organization & 

administration 1.04 99.96 28.77 
Medicare  2.08 99.93 28.77 
Nurses' aides/supply & distribution 2.08 99.93 28.77 
Nursing staff hospital/*economics/organization 

& administration 1.04 99.96 28.77 
Nursing staff hospital/*education/*standards  1.04 99.96 28.77 
Nursing staff hospital/organization & 

administration/statistics  1.04 99.96 28.77 
Outcome assessment  1.04 99.96 28.77 
Pediatrics  1.04 99.96 28.77 
Pennsylvania/epidemiology  1.04 99.96 28.77 
Personnel management  1.04 99.96 28.77 
Pneumonia/epidemiology  1.04 99.96 28.77 
Postoperative complications/epidemiology  1.04 99.96 28.77 
Quality of health care  1.04 99.96 28.77 
Quality of health care/*classification  1.04 99.96 28.77 
Restraint physical  1.04 99.96 28.77 
Safety management  1.04 99.96 28.77 
Surgical procedures operative/*statistics & 

numerical data   1.04 99.96 28.77 
United States Agency for Healthcare Research 

and Quality  1.04 99.96 28.77 
Urinary tract infections/epidemiology/etiology 1.04 99.96 28.77 
Workload/ psychology  2.08 99.93 28.77 
Workload/standards  2.08 99.93 28.77 
*Hospital mortality  13.54 99.49 26.72 
Cross Infection/epidemiology  3.13 99.86 21.58 
Medication error  6.25 99.71 21.58 
Iatrogenic disease  2.08 99.89 19.18 
Morbidity  2.08 99.89 19.18 
Nursing care/psychology  2.08 99.89 19.18 
Probability  2.08 99.89 19.18 
Odds ratio  5.21 99.67 15.98 
United States/epidemiology  14.58 99.02 14.92 
*Educational standards  1.04 99.93 14.39 
*Treatment outcome  1.04 99.93 14.39 
Catheterization  1.04 99.93 14.39 
Databases factual  1.04 99.93 14.39 
Diagnosis related groups/statistics & numerical 

data 1.04 99.93 14.39 
Education nursing baccalaureate  2.08 99.86 14.39 
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MeSH terms and keywords Sensitivity, % Specificity, % 
Positive  
Likelihood

Hospital units/*organization & administration/ 
standards 1.04 99.93 14.39 

Hospitals public  1.04 99.93 14.39 
Hospitals teaching  1.04 99.93 14.39 
Length of stay/epidemiology  1.04 99.93 14.39 
Maryland  2.08 99.86 14.39 
Matched-pair analysis  1.04 99.93 14.39 
Minnesota/epidemiology  1.04 99.93 14.39 
Nursing service  2.08 99.86 14.39 
Nursing staff hospital  1.04 99.93 14.39 
Patient isolation  1.04 99.93 14.39 
Personnel hospital  1.04 99.93 14.39 
Referral and con  1.04 99.93 14.39 
Sentinel surveillance  1.04 99.93 14.39 
Workload/psychology  1.04 99.93 14.39 
*Outcome assessment (health care )  15.63 98.84 13.49 
Nurses' aides/*  2.08 99.82 11.51 
*Education nursing  1.04 99.89 9.59 
Nursing staff hospital/*organization & 

administration/standards   1.04 99.89 9.59 
Accidental falls  1.04 99.89 9.59 
Chronic disease  2.08 99.78 9.59 
Health services research/*method  1.04 99.89 9.59 
Hospital costs/*statistics & numerical data  1.04 99.89 9.59 
Hospital restructuring  1.04 99.89 9.59 
Hospitals teaching/standards  1.04 99.89 9.59 
Hospitals teaching/statistics & numerical data  1.04 99.89 9.59 
Mortality  1.04 99.89 9.59 
Nursing assessment/organization & 

administration   1.04 99.89 9.59 
Nursing staff hospital/*organization & 

administration/*standard  1.04 99.89 9.59 
Nursing staff hospital/economic/psychology/* 

supply & distribution 1.04 99.89 9.59 
Ontario/epidemiology  1.04 99.89 9.59 
Patient discharge  1.04 99.89 9.59 
Personnel staffing and scheduling/*legislation 

& jurisprudence/*standards 1.04 99.89 9.59 
Personnel staffing and scheduling/*standards/ 

statistics & numerical data 1.04 99.89 9.59 
Poisson distribution  1.04 99.89 9.59 
Psychology industrial  1.04 99.89 9.59 
Quality of health care/standards  1.04 99.89 9.59 
Risk adjustment  1.04 99.89 9.59 
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MeSH terms and keywords Sensitivity, % Specificity, % 
Positive  
Likelihood

Statistics  1.04 99.89 9.59 
Personnel staffing and scheduling/*statistics & 

numerical data 5.21 99.46 9.59 
Multivariate analysis  9.38 98.95 8.93 
Diagnosis related  3.13 99.64 8.63 
*Quality indicators, health care 5.21 99.38 8.46 
Logistic models  9.38 98.84 8.09 
Pennsylvania  4.17 99.46 7.67 
Hospital mortality  7.29 99.02 7.46 
Continuity of patient care/standards 1.04 99.86 7.19 
Medication error  1.04 99.86 7.19 
Models theoretical  1.04 99.86 7.19 
Outcome and process assessment (health 

care)/*organization & 1.04 99.86 7.19 
Ownership  1.04 99.86 7.19 
Patient education  1.04 99.86 7.19 
Patient readmission  1.04 99.86 7.19 
Personnel staffing and scheduling/economics/* 

standards 1.04 99.86 7.19 
Personnel staffing and scheduling/statistics & 

numerical data/*trends 1.04 99.86 7.19 
Risk  1.04 99.86 7.19 
Administration/utilization  1.04 99.86 7.19 
Acute disease/nursing  3.13 99.57 7.19 
Linear models  3.13 99.53 6.64 
Research support  23.96 96.16 6.24 
Research support  4.17 99.31 6.06 
*Licensure nursing  1.04 99.82 5.75 
American Hospital Association  1.04 99.82 5.75 
Confidence intervals  1.04 99.82 5.75 
Feasibility studies  1.04 99.82 5.75 
Hospital bed capacity  1.04 99.82 5.75 
Least-squares analysis  1.04 99.82 5.75 
Likelihood function  1.04 99.82 5.75 
Medical staff hospital/statistics & numerical data 1.04 99.82 5.75 
Nurses  1.04 99.82 5.75 
Nursing staff hospital/*standards/supply & 

distribution 1.04 99.82 5.75 
Population surveillance  1.04 99.82 5.75 
Postoperative care  1.04 99.82 5.75 
Proportional hazard  1.04 99.82 5.75 
Salaries and fringes 1.04 99.82 5.75 
Tennessee  1.04 99.82 5.75 
Health care survey  6.25 98.91 5.75 
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MeSH terms and keywords Sensitivity, % Specificity, % 
Positive  
Likelihood

Benchmarking  4.17 99.28 5.75 
Case-control study  4.17 99.24 5.48 
Outcome and process assessment (health care) 3.13 99.42 5.39 
Sampling studies  2.08 99.60 5.23 
Workload/*statistics  2.08 99.60 5.23 
Midwestern United States  3.13 99.38 5.08 
Health services  10.42 97.94 5.05 

 
 
B. MeSH Terms and Keywords in Eligible Studies (Sensitivity >0) 

MeSH terms Sensitivity Specificity 

Positive 
Predictive  
Likelihood 

*Models statistics  1.04 99.78 4.80 
Alberta  1.04 99.78 4.80 
Critical pathway  1.04 99.78 4.80 
District of Columbia  1.04 99.78 4.80 
Nursing staff hospital/*legislation & 

jurisprudence/*supply &  1.04 99.78 4.80 
Patient care planning  1.04 99.78 4.80 
Patients  1.04 99.78 4.80 
Length of stay  10.42 97.79 4.72 
Regression analysis  9.38 97.97 4.62 
Intensive care units  4.17 99.09 4.60 
Length of stay/standards  5.21 98.84 4.50 
Quality indicators health care  4.17 99.06 4.43 
Hospital bed capacity  2.08 99.53 4.43 
Length of stay/economics  2.08 99.53 4.43 
Cohort studies  3.13 99.28 4.32 
*Patients  1.04 99.75 4.11 
Bed occupancy  1.04 99.75 4.11 
Consumer satisfaction  1.04 99.75 4.11 
Hospital costs/standards  1.04 99.75 4.11 
Hospital-patient relations 1.04 99.75 4.11 
Hospitalization  1.04 99.75 4.11 
Intensive care units/*organization & 

administration 1.04 99.75 4.11 
Medical errors  1.04 99.75 4.11 
Patient satisfaction  1.04 99.75 4.11 
Southeastern union  1.04 99.75 4.11 
Nursing supervisory  2.08 99.49 4.11 
American Nurses' Association  2.08 99.46 3.84 
Personnel turnover  2.08 99.46 3.84 
Outcome assessment (health care)  9.38 97.54 3.81 
*Length of stay  1.04 99.71 3.60 
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MeSH terms Sensitivity Specificity 

Positive 
Predictive  
Likelihood 

*Models organizational  1.04 99.71 3.60 
Choice behavior  1.04 99.71 3.60 
Forms and records  1.04 99.71 3.60 
Nurses' aides/*organization & administration 1.04 99.71 3.60 
Safety  2.08 99.42 3.60 
Risk assessment  2.08 99.38 3.38 
*Patient care team  1.04 99.67 3.20 
Education nursing  1.04 99.67 3.20 
Hospital bed cap  1.04 99.67 3.20 
Hospitals public  1.04 99.67 3.20 
Medical staff hospital/standard  1.04 99.67 3.20 
Missouri  1.04 99.67 3.20 
Nursing staff hospital/education*organization   1.04 99.67 3.20 
Physician-nurse relations  1.04 99.67 3.20 
Hospital restructuring/*organization & 

administration 2.08 99.35 3.20 
Patient satisfaction/*statistics & numerical data 2.08 99.35 3.20 
Predictive value  3.13 98.99 3.08 
Risk factors  15.63 94.71 2.96 
*Intensive care  1.04 99.64 2.88 
*Personnel staff  1.04 99.64 2.88 
Health policy  1.04 99.64 2.88 
Nursing care/*organization  1.04 99.64 2.88 
Nursing service  1.04 99.64 2.88 
Safety management  1.04 99.64 2.88 
Administration/standards  1.04 99.64 2.88 
*Quality of health care  10.42 96.16 2.71 
Quality of health care  8.33 96.92 2.71 
Nursing administration research  14.58 94.61 2.70 
Severity of illness  4.17 98.44 2.68 
*Efficiency organization  1.04 99.60 2.62 
Hospitals/*standards  1.04 99.60 2.62 
Length of stay/*statistics & numerical data 1.04 99.60 2.62 
Stress psychological  1.04 99.60 2.62 
Personnel staffing and scheduling/standards 3.13 98.77 2.54 
Personnel turnover  3.13 98.73 2.47 
Acute disease  2.08 99.13 2.40 
*Clinical competition  3.13 98.70 2.40 
Clinical nursing  1.04 99.57 2.40 
Connecticut  1.04 99.57 2.40 
Night care/*manpower  1.04 99.57 2.40 
Nursing staff hospital/psychology/supply & 

distribution  1.04 99.57 2.40 
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MeSH terms Sensitivity Specificity 

Positive 
Predictive  
Likelihood 

Numerical data  2.08 99.09 2.30 
Nursing care/*standards  3.13 98.62 2.27 
*Quality assurance health care 1.04 99.53 2.21 
Absenteeism  1.04 99.53 2.21 
Nursing staff hospital/organization & 

administration 1.04 99.53 2.21 
Pain measurement  1.04 99.53 2.21 
Case management  1.04 99.49 2.06 
Nursing care/statistics  1.04 99.49 2.06 
Outcome assessment  1.04 99.49 2.06 
Nursing staff hospital/economic  2.08 98.91 1.92 
Internal-external control  1.04 99.46 1.92 
Organizational case studies  1.04 99.46 1.92 
Prevalence  2.08 98.88 1.86 
*Nursing staff  1.04 99.42 1.80 
Total quality management  1.04 99.42 1.80 
Treatment outcome  2.08 98.81 1.74 
Costs and cost assessment  1.04 99.38 1.69 
Patient discharge  1.04 99.38 1.69 
Health services  2.08 98.73 1.64 
Models organizational  2.08 98.73 1.64 
Ontario  2.08 98.73 1.64 
*Personnel management  1.04 99.35 1.60 
Nursing research  1.04 99.35 1.60 
Nursing staff hospital/*supply distribution  16.67 89.54 1.59 
Aged  14.58 90.55 1.54 
Pilot projects  4.17 97.28 1.53 
Personnel staffing and scheduling/*standards  7.29 95.22 1.53 
*Occupational health  1.04 99.31 1.51 
Evidence-based  1.04 99.31 1.51 
Hospital costs  1.04 99.31 1.51 
Statistics nonparametric  1.04 99.31 1.51 
Incidence  2.08 98.59 1.48 
*Professional autonomy  1.04 99.28 1.44 
Hospital bed capacity  1.04 99.28 1.44 
Hospital units  1.04 99.28 1.44 
Research support  23.96 83.09 1.42 
*Leadership  1.04 99.24 1.37 
Educational status  1.04 99.24 1.37 
Distribution  3.13 97.68 1.35 
Retrospective studies  5.21 96.13 1.34 
Risk management  1.04 99.20 1.31 
Administration  1.04 99.20 1.31 
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MeSH terms Sensitivity Specificity 

Positive 
Predictive  
Likelihood 

Prospective studies  7.29 94.28 1.27 
California  3.13 97.54 1.27 
Workload  7.29 94.24 1.27 
*Decision making  1.04 99.17 1.25 
Analysis of variance  3.13 97.50 1.25 
Data  1.04 99.17 1.25 
Michigan  1.04 99.13 1.20 
Longitudinal studies  3.13 97.36 1.18 
Nurse-patient relations  4.17 96.45 1.17 
Organizational innovation  4.17 96.45 1.17 
Age 80 and over  4.17 96.38 1.15 
Male  25.00 78.17 1.15 
Job satisfaction  6.25 94.42 1.12 
Quality assurance  1.04 99.06 1.11 
administration/psychology  1.04 99.06 1.11 
Patient satisfaction  6.25 94.32 1.10 
United States  15.63 85.37 1.07 
Cross-sectional  7.29 93.16 1.07 
Cost control  1.04 98.99 1.03 
Patient care team  1.04 98.99 1.03 
Time factors  4.17 95.87 1.01 
Factor analysis  1.04 98.95 0.99 
Power (psychology)  1.04 98.95 0.99 
*Patient satisfaction  4.17 95.80 0.99 
Canada  1.04 98.91 0.96 
Nursing evaluation on research  6.25 93.41 0.95 
Middle age 14.58 84.43 0.94 
Nurse administrators  1.04 98.88 0.93 
Texas  1.04 98.88 0.93 
Female  25.00 72.88 0.92 
Evaluation studies  1.04 98.84 0.90 
Personnel staffing and scheduling  7.29 91.64 0.87 
Child  4.17 95.22 0.87 
Data collection  2.08 97.57 0.86 
*Job satisfaction  3.13 96.31 0.85 
*Inpatients  1.04 98.77 0.85 
*Personnel staff  7.29 91.24 0.83 
Cost-benefit  1.04 98.62 0.76 
Humans  71.88 2.75 0.74 
Efficiency organization  1.04 98.59 0.74 
Comparative study  6.25 90.84 0.68 
Adult  14.58 77.62 0.65 
Infant  1.04 98.37 0.64 



 

A-16 

MeSH terms Sensitivity Specificity 

Positive 
Predictive  
Likelihood 

Medical staff hospital  1.04 98.33 0.63 
Nursing audit  1.04 98.30 0.61 
Attitude of health 5.21 91.31 0.60 
Child preschool  1.04 98.23 0.59 
Inpatients/*psychology  1.04 98.19 0.58 
Job description  1.04 98.12 0.55 
Organizational care  2.08 96.20 0.55 
Professional autonomy  1.04 98.04 0.53 
Reproducibility  1.04 98.04 0.53 
Adolescent  2.08 96.05 0.53 
Hospitals teach  1.04 97.97 0.51 
*Nursing staff hospital  4.17 91.67 0.50 
Nurse's role  2.08 95.58 0.47 
*Nurse's role  1.04 97.72 0.46 
Personnel staffing and scheduling/*organization 

& administration  3.13 93.12 0.45 
Personnel staffing and scheduling/*legislation 

& jurisprudence 1.04 97.61 0.44 
Social support  1.04 97.61 0.44 
Clinical competence  1.04 97.57 0.43 
*Models nursing  2.08 95.11 0.43 
Clinical compete  1.04 97.47 0.41 
Questionnaires  6.25 82.48 0.36 
Infant newborn  1.04 97.07 0.36 
Interprofessional relations  1.04 96.85 0.33 
Needs assessment  1.04 96.02 0.26 
Models nursing  1.04 95.37 0.22 

 
 
C. MeSH Terms and Keywords in Excluded Studies (Sensitivity = 0) 
 
MeSH Terms 
*Absenteeism  
*Accidental fall  
*Accidental falls/economics  
*Accidents  
*Accidents occupational  
*Accidents occupational/prevention & control/statistics & numerical data  
*Accreditation  
*Aftercare/statistics & numerical data  
*Allied health personnel  
*American Nurses Association  
*Ancillary services hospital/statistics & numerical data  
*Automatic data processing  
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*Automation  
*Bed occupancy  
*Bed occupancy/economics  
*Benchmarking  
*Bereavement  
*Burnout professional/epidemiology/etiology/psychology  
*Burnout professional/etiology/prevention & control  
*Burnout professional/etiology/ prevention & control/psychology  
*Burnout professional/prevention & control/psychology  
*Caregivers  
*Case management  
*Cause of death  
*Clinical nursing research  
*Clinical protocols  
*Communication  
*Communication barriers  
*Consumer satisfaction  
*Continuity of patient care  
*Contract services  
*Contract services/economics  
*Cost of illness  
*Cost-benefit analysis  
*Counseling/education/standards  
*Credentialing  
*Cross infection   
*Cross infection/nursing/transmission/virology  
*Cross-cultural comparison  
*Data collection   
*Data interpretation statistical 
*Death  
*Decision making  
*Decision support  
*Decision support systems management  
*Decision support techniques  
*Decision trees  
*Delivery of health care   
*Diagnosis-related groups  
*Diagnostic errors  
*Disease transmission professional-to-patient  
*Documentation  
*Drug combinations  
*Drug compounding  
*Drug delivery systems  
*Drug labeling  
*Drug therapy computer-assisted  
*Economics hospital  
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*Economics nursing  
*Education medical continuing  
*Education nursing baccalaureate  
*Education nursing continuing  
*Educational measurement  
*Efficiency  
*Emergency medicine/organization & administration*emergency nursing  
*Emergency nursing/organization & administration  
*Emergency service hospital  
*Emergency service hospital/organization & administration  
*Employee discipline  
*Employee incentive plans  
*Employee performance appraisal  
*Employment  
*Episode of care  
*Ethics  
*Ethics business  
*Ethics clinical  
*Ethics institutional  
*Ethics nursing  
*Evidence-based medicine  
*Expert testimony/*legislation & jurisprudence  
*Foreign professional personnel  
*Foreign professional personnel/education/psychology  
*Foreign professional personnel/standards  
*Health care rationing  
*Health care reform  
*Health care surveys  
*Health education  
*Health education/methods  
*Health facility closure  
*Health facility environment  
*Health facility environment/ethics/organization & administration*health facility merger  
*Health knowledge attitudes practice  
*Health manpower  
*Health services accessibility  
*Health services needs and demand 
*Health services statistics & numerical data  
*Health services research  
*Hospital administration  
*Hospital communication systems/organization & administration  
*Hospital costs  
*Hospital design and construction*hospital information systems  
*Hospital information systems/organization & administration  
*Hospital restructuring  
*Hospital units  
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*Hospital-patient relations  
*Hospitalization  
*Hospitalization/economics  
*Hospitalization/statistics & numerical data  
*Hospitals  
*Infection control practitioners  
*Inpatients/education/psychology  
*Inpatients/psychology  
*Inpatients/psychology/statistics & numerical data  
*Intensive care units/manpower  
*Intensive care units/statistics  
*Interpersonal relations  
*Inter professional relations  
*Joint Commission on Accreditation of Healthcare Organizations  
*Labor unions  
*Labor unions/trends  
*Legislation hospital  
*Legislation nursing  
*Length of stay/legislation & jurisprudence/statistics & numerical data   
*Liability legal  
*Linear models  
*Malpractice  
*Medical errors/adverse effects  
*Medical staff hospital  
*Medical staff hospital/education/psychology  
*Medical staff hospital/psychology/statistics & numerical data  
*Medication errors/adverse effects  
*Medication errors/classification  
*Medication errors/methods/nursing/prevention & control/statistics & 
*Medication errors/statistics & numerical data  
*Models nursing  
*Models organizational  
*Monitoring intra operative/methods/nursing  
*Nurse administrators  
*Nurse administrators/education/psychology  
*Nurse administrators/organization & administration/psychology  
*Nurse practitioners  
*Nurse practitioners/economics  
*Nurse's role/psychology  
*Nurse-patient relations  
*Nurseries hospital  
*Nurses  
*Nurses' aides  
*Nurses' aides/education  
*Nurses' aides/education/organization & administration/psychology*nursing  
*Nursing administration research  



 

A-20 

*Nursing assessment  
*Nursing assessment/methods/standards  
*Nursing audit  
*Nursing care  
*Nursing care/manpower  
*Nursing care/organization & administration/psychology  
*Nursing care/psychology/standards  
*Nursing care/psychology/statistics & numerical data  
*Nursing diagnosis  
*Nursing methodology research  
*Nursing process  
*Nursing process/standards  
*Nursing records  
*Nursing research  
*Nursing service hospital  
*Nursing staff  
*Nursing staff hospital  
*Nursing staff hospital/economics/standards  
*Nursing staff hospital/economics statistics & numerical data  
*Nursing staff hospital/economics/supply & distribution  
*Nursing staff hospital/education  
*Nursing staff hospital/education/organization  
*Nursing staff hospital/education/organization & administration  
*Nursing staff hospital/education/psychology  
*Nursing staff hospital/education/psychology/supply & distribution  
*Nursing staff hospital/education/standards  
*Nursing staff hospital/education/supply & distribution   
*Nursing staff hospital/legislation & jurisprudence/supply & distribution  
*Nursing staff hospital/organization & administration/standards  
*Nursing staff hospital/organization & administration/statistics & 
*Nursing staff hospital/organization & administration/supply & 
*Nursing staff hospital/psychology  
*Nursing staff hospital/psychology/standards  
*Nursing staff hospital/psychology/statistics & numerical data  
*Nursing staff hospital/psychology/supply & distribution  
*Nursing staff hospital/statistics & numerical data  
*Nursing staff hospital/supply & distribution  
*Nursing staff hospital/utilization  
*Nursing staff/education/organization & administration/psychology  
*Nursing theory  
*Nursing practice  
*Nursing supervisory  
*Nursing team   
*Nutrition assessment  
*Nutrition/education  
*Outcome assessment (health care)/economics (health care)  
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*Outcome and process assessment (health care)/methods  
*Outcome and process assessment (health care)/statistics & numerical data  
*Personnel administration hospital  
*Personnel management/*methods  
*Personnel selection  
*Personnel selection/*organization & administration  
*Personnel selection/trends  
*Personnel staffing and scheduling/*legislation & jurisprudence  
*Personnel staffing and scheduling/ economics/legislation & 
*Personnel staffing and scheduling/legislation & jurisprudence  
*Personnel staffing and scheduling/organization  
*Personnel staffing and scheduling/organization & administration  
*Personnel staffing and scheduling/standards  
*Personnel staffing and scheduling/statistics & numerical data  
*Personnel turnover  
*Personnel turnover/statistics & numerical data  
*Personnel turnover/statistics & numerical data/ trends  
*Professional-patient relations  
*Program development  
*Program evaluation  
*Programmed instruction/standards  
*Progressive patient care  
*Qualitative research  
*Quality indicators health care/standards  
*Quality of health care/legislation & jurisprudence  
*Quality of health care/legislation & jurisprudence/statistics & numerical  
*Quality of life  
*Restraint physical  
*Restraint physical/adverse effects  
*Resuscitation  
*Risk assessment  
*Risk management  
*Risk management/methods/organization & administration  
*Safety  
*Safety management  
*Salaries and fringe benefits  
*Staff development  
*Staff development/methods  
*Total quality management  
*Work schedule tolerance  
*Work schedule tolerance/psychology  
*Workload  
*Workload/economics  
*Workload/psychology  
*Workload/statistics & numerical data  
*Workplace  
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*Workplace/organization & administration/psychology  
*Workplace/psychology  
Academic medical centers/*manpower  
Academic medical centers/*organization & administration  
Academic medical centers/*organization & administration/*statistics & 
Academic medical centers/economics/*manpower/organization & administration  
Academic medical centers/economics/standards/statistics & numerical data  
Academic medical centers/manpower  
Access to information/*legislation & jurisprudence  
Accidental falls/*prevention & control  
Accidental falls/* statistics & numerical data  
Accidental falls/economics/statistics & numerical data  
Accidental falls/prevention & control  
Accidental falls/prevention & control/*statistic/prevention & control/*statistics & numerical data  
Accidental falls/prevention & control/*statistic/*statistics & numerical data  
Accidents occupational/*prevention & control  
Accidents occupational/*statistics & numerical data  
Accidents occupational/economics/*prevention & control/statistics  
Accidents occupational/economics/prevention & control/*statistics  
Accidents occupational/prevention & control 
Accidents/*statistics & numerical data  
Accreditation  
Accreditation/*legislation & jurisprudence  
Accreditation/*methods  
Accreditation/*standards  
Administrative personnel  
Adverse drug reaction reporting systems  
Adverse drug reaction reporting systems/*statistics & numerical data  
Adverse drug reaction reporting  
Systems/*utilization  
Adverse drug reaction reporting systems/standard  
Adverse drug reaction reporting  
Systems/statistics & numerical data  
Adverse drug reaction reporting systems/utilization  
Allied health personnel  
Allied health personnel/*psychology  
Allied health personnel/*supply & distribution  
Allied health personnel/*utilization  
Allied health personnel/economics/statistics & numerical data  
Allied health personnel/organization & administration  
Allied health personnel/psychology  
Allied health personnel/standards/supply & distribution  
Allied health personnel/statistics & numerical data/supply & distribution  
Allied health personnel/supply & distribution  
American Nurses' Association/organization & administration  
Analgesia/*nursing  
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Analgesia/methods/*nursing  
Analgesia/nursing/*standards  
Analgesia/nursing/*utilization  
Ancillary services hospital/*trends  
Ancillary services  
Bed occupancy/classification  
Bed occupancy/economics 
Bed occupancy/statistics & numerical data 
Bed rest/*adverse effects/nursing 
Bed rest/adverse effects/nursing  
Benchmarking/*methods  
Benchmarking/*methods/standards  
Benchmarking/*organization & administration 
Benchmarking/methods  
Benchmarking/organization & administration  
Benchmarking/standards  
Burnout professional 
Burnout professional/*diagnosis/*psychology  
Burnout professional/*epidemiology/*psychology  
Burnout professional/*epidemiology  
Burnout professional/*etiology  
Burnout professional/*etiology/psychology  
Burnout professional/*etiology/psychology  
Burnout professional/*prevention & control 
Burnout professional/*prevention & control/*psychology 
Burnout professional/*prevention & control/psychology 
Burnout professional/*psychology 
Burnout professional/classification/diagnosis/etiology/*prevention  
Burnout professional/complications/*epidemiology 
Burnout professional/diagnosis/*epidemiology/prevention & 
Burnout professional/diagnosis/*epidemiology/psychology 
Burnout professional/diagnosis/epidemiology/*psychology  
Burnout professional/diagnosis/epidemiology/psychology  
Burnout professional/diagnosis/etiology/*prevention & control  
Burnout professional/diagnosis/etiology/prevention & control/*psychology  
Burnout professional/diagnosis/physiopathology/*prevention & 
Burnout professional/epidemiology  
Burnout professional/epidemiology/*etiology  
Burnout professional/epidemiology/etiology/*psychology  
Burnout professional/epidemiology/etiology/prevention & 
Burnout professional/epidemiology/etiology/psychology  
Burnout professional/epidemiology/psychology  
Burnout professional/etiology/prevention & control  
Burnout professional/etiology/prevention & control/psychology   
Burnout professional/etiology/psychology 
Burnout professional/prevention control 
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Burnout professional/prevention & control/*psychology  
Burnout professional/prevention & control/psychology 
Burnout professional/psychology 
Cardiac surgical procedures/*adverse effects/*nursing 
Cardiac surgical procedures/*nursing 
Cardiac surgical procedures/*nursing/standards  
Cardiac surgical procedures/adverse effects/mortality/*nursing  
Cardiac surgical procedures/economics/*nursing  
Cardiac surgical procedures/nursing 
Cardiology service hospital/*manpower  
Cardiology service hospital/economics/manpower/*organization & 
Cardiopulmonary resuscitation/*education/*methods/nursing 
Cardiopulmonary resuscitation/education/*nursing  
Cardiovascular diseases/*nursing  
Case management 
Case management/*trends  
Case management/organization & administration* 
Causality 
Cause of death 
Censuses  
Centralized hospital services 
Centralized hospital services/*organization & administration  
Cerebrovascular accident/*nursing/rehabilitation  
Cerebrovascular accident/classification/nursing 
Cerebrovascular accident/nursing  
Cerebrovascular disorders/*nursing  
Cerebrovascular disorders/*nursing/*rehabilitation 
Cerebrovascular disorders/*nursing/rehabilitation  
Certificate of need/legislation & jurisprudence 
Certification/*organization & administration 
Certification/*standards 
Cesarean section/*nursing/psychology 
Clinical competence/*legislation & jurisprudence/*standards 
Clinical competence/*legislation & jurisprudence/standards 
Clinical competence/*standards 
Clinical competence/*statistics & numerical data 
Clinical competence/legislation & jurisprudence 
Clinical competence/legislation & jurisprudence/*standards 
Clinical competence/legislation & jurisprudence/standards 
Clinical competence/standards/*statistics & numerical data 
Clinical competence/statistics & numerical data 
Clinical nursing research/*methods 
Clinical nursing research/*organization & administration 
Clinical nursing research/method 
Clinical nursing research/organization & administration/*standards  
Clinical protocols 
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Clinical protocols/standards 
Collective bargaining 
Collective bargaining/*legislation & jurisprudence 
Collective bargaining/*organization & administration 
Collective bargaining/organization & administration 
Confounding factors (epidemiology) 
Confusion/*nursing 
Confusion/*nursing/psychology 
Confusion/etiology/nursing/*psychology 
Conscious sedation/*nursing 
Conscious sedation/adverse effects/*nursing 
Conscious sedation/nursing/*psychology 
Consumer satisfaction/*statistics & numerical data 
Continuity of patient care 
Continuity of patient care/*organization & administration 
Continuity of patient care/*standards 
Continuity of patient care/organization & administration 
Continuity of patient care/organization & administration/statistics & 
Contract services 
Contract service/*organization & administration 
Contract services/*standards 
Contract services/legislation & jurisprudence 
Contract services/statistics & numerical data/*utilization 
Contracts 
Coronary disease/*nursing 
Coronary disease/*nursing/surgery 
Cost control/methods 
Cost control/trends 
Cost of illness  
Costs and cost analysis/*methods 
Costs and cost analysis/economics 
Costs and cost analysis/statistics & numerical data 
Critical care/*manpower/methods 
Critical care/*manpower/standard 
Critical care/*methods 
Critical care/*organization & administration 
Critical care/economics/*manpower 
Critical pathways 
Critical pathway/*standards 
Cross infection/*epidemiology/*etiology 
Cross infection/*epidemiology/microbiology 
Cross infection/*epidemiology/transmission 
Cross infection/*microbiology 
Cross infection/diagnosis/drug therapy/*prevention & control/*transmission 
Cross infection/economics/*epidemiology/*etiology/prevention & control 
Cross infection/epidemiology/*microbiology/*transmission  
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Cross infection/epidemiology/*microbiology/prevention & 
Cross infection/epidemiology/*microbiology/transmission 
Cross infection/epidemiology/*prevention & control 
Cross infection/epidemiology/*prevention & control/virology 
Cross infection/epidemiology/etiology/*prevention & control 
Cross infection/epidemiology/microbiology/*prevention & 
Cross infection/epidemiology/microbiology/*transmission 
Cross infection/etiology 
Cross infection/etiology/*prevention & control 
Cross infection/microbiology/*prevention & 
Cross infection/microbiology/*prevention & control/transmission 
Cross infection/mortality/*prevention & control 
Cross infection/nursing/*prevention & control/*psychology 
Cross infection/prevention & control 
Cross infection/prevention & control/*transmission 
Data collection   
Data collection/*methods/*standards 
Data collection/ methods/standards 
Data collection/*methods/standards/*statistics & numerical data 
Data collection/methods 
Data collection/ methods/*standards 
Data collection/methods/standards 
Data display 
Data interpretation statistical/statistics & numerical data 
Day care/manpower/*organization & administration/statistics & numerical 
Decision making 
Organizational decubitus ulcer *classification/nursing/pathology 
Decubitus ulcer/*economics/epidemiology/*therapy 
Decubitus ulcer/*epidemiology/*prevention & control 
Decubitus ulcer/*etiology/*prevention & control 
Decubitus ulcer/*etiology/nursing/*prevention & control 
Decubitus ulcer/*nursing 
Decubitus ulcer/*nursing/*psychology 
Decubitus ulcer/*prevention & control 
Decubitus ulcer/economics/ epidemiology/*prevention & control 
Decubitus ulcer/epidemiology/etiology 
Decubitus ulcer/epidemiology/etiology/*prevention & control 
Decubitus ulcer/etiology 
Decubitus ulcers/prevention & control 
Decubitus ulcer/etiology/*prevention & control 
Decubitus ulcer/nursing/*prevention & control 
Delivery of health care 
Delivery of health care integrated 
Delivery of health care integrated/*manpower 
Delivery of health care integrated/*organization & administration 
Delivery of health care integrated/*standards 
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Delivery of health care integrated/organization & administration 
Delivery of health care/*economics 
Delivery of health care/*history 
Delivery of health care/*manpower 
Delivery of health care/*standards 
Delivery of health care/economics/standards/*trends 
Delivery of health care/organization & administration 
Delivery obstetric/*methods 
Delivery obstetric/*nursing/statistics & numerical data 
Diabetes mellitus/*nursing 
Diagnosis-related groups/*classification 
Direct service costs/*statistics & numerical data 
Direct service costs/statistics & numerical data 
Disease management 
Disease outbreaks/*prevention & control/statistics & numerical data 
Disease transmission professional-to-patient 
Disease transmission professional-to-patient/*prevention & control 
Disease transmission professional-to-patient/*statistics & numerical data 
Disease transmission professional-to-patient/prevention & control 
Disease transmission professional-to-patient/statistics & numerical data  
Drug administration schedule 
Drug monitoring/*nursing 
Drug monitoring/nursing/standards 
Drug monitoring/methods/nursing 
Drug monitoring/nursing/standards 
Economics nursing education continuing 
Education continuing/*methods 
Education nursing associate/*trends 
Education nursing baccalaureate/*methods 
Education nursing baccalaureate/*organization & administration 
Education nursing baccalaureate/*standards 
Education nursing baccalaureate/*trends 
Education nursing baccalaureate/standards 
Education nursing baccalaureate/statistics & numerical data 
Education nursing continuing 
Education nursing continuing/*manpower 
Education nursing continuing/*methods 
Education nursing continuing/*organization & administration 
Education nursing continuing/*standards 
Education nursing continuing/methods 
Education nursing continuing/methods/*standard 
Education nursing continuing/organization & administration  
Education nursing continuing/standards 
Education nursing continuing/statistics & numerical data 
Education nursing diploma programs  
Education nursing diploma programs/*standards 
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Education nursing graduate/*manpower 
Education nursing graduate/*organization & administration 
Education nursing graduate/*trends 
Education nursing/*organization & administration 
Education nursing/*statistics & numerical data  
Education nursing/economics  
Education nursing/economics/legislation & jurisprudence 
Education nursing/history 
Education nursing/methods 
Education nursing/standards 
Education nursing/standards/trends 
Education nursing/trends 
Efficiency organizational/standards 
Emergencies/*nursing 
Emergency nursing 
Emergency nursing/*education  
Emergency nursing/*education/*methods  
Emergency nursing/*education/standards 
Emergency nursing/*manpower 
Emergency nursing/*methods  
Emergency nursing/*methods/standards 
Emergency nursing/*organization & administration  
Nursing/*standards 
Emergency nursing/*standards/trends 
Emergency nursing/*statistics & numerical data   
Emergency nursing/education/*methods 
Emergency nursing/education/*methods/standards 
Emergency nursing/education/*organization & administration 
Emergency nursing/education/*standards 
Emergency nursing education/organization & administration  
Emergency nursing/manpower 
Emergency nursing/manpower/*standards 
Emergency nursing/manpower/standards 
Emergency nursing/standards  
Emergency service hospital/economics/*manpower 
Emergency service hospital/economics/*manpower/organization & 
Employee discipline 
Employee performance appraisal/*methods/standards 
Employment/*legislation & jurisprudence 
Employment/*organization & administration 
Employment/*psychology 
Epidemiologic studies 
Ethics nursing evidence-based medicine/*organization & administration 
Evidence-based medicine/organization & administration 
Evidence-based medicine/standards 
Foreign medical graduates  
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Foreign medical graduates/*legislation & jurisprudence/supply & 
Foreign medical graduates/psychology/statistics & numerical data 
Foreign professional personnel 
Foreign professional personnel/*education 
Foreign professional personnel/*education/*psychology/supply & 
Foreign professional personnel/*education/psychology 
Foreign professional personnel/*education/psychology/supply & distribution 
Foreign professional personnel/*education/supply & distribution 
Foreign professional personnel/*history 
Foreign professional personnel/*legislation & jurisprudence 
Foreign professional personnel/*legislation & jurisprudence/supply & 
Foreign professional personnel/*psychology 
Foreign professional personnel/*psychology/supply & distribution 
Foreign professional personnel/*standards 
Foreign professional personnel/*supply & distribution 
Foreign professional personnel/*utilization 
Foreign professional personnel/education 
Foreign professional personnel/education/*psychology 
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Process assessment (health care) /organization & administration  
Process assessment (health care)/methods  
Professional competence 
Professional competence/*standards  
Progressive patient care 
Progressive patient care/*manpower  
Progressive patient care/*organization & administration  
Progressive patient care/classification/*standards  
Progressive patient care/organization & administration  
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Qualitative research  
Quality assurance health care/*legislation & jurisprudence  
Quality assurance health care/*methods 
Quality assurance health care/*organization & administration  
Quality assurance health care/*statistics & numerical data  
Quality assurance health care/economics/trends  
Quality assurance health care/legislation & jurisprudence  
Quality assurance health care/methods 
Quality assurance health care/organization & administration  
Quality assurance health care/standards  
Quality assurance health care/statistics & numerical data  
Quality control 
Quality indicators health care 
Quality indicators health care/organization & administration  
Quality indicators health care/*statistics & numerical data  
Quality indicators health care/legislation & jurisprudence  
Quality indicators health care/standards  
Quality of health care/*legislation &  
Quality of health care/*statistics & numerical data  
Quality of health care/*trends  
Quality of health care/legislation & jurisprudence  
Quality of health care/organization & administration  
Quality of health care/organization & administration/standards  
Quality of health care/standards  
Rehabilitation nursing/*legislation & jurisprudence  
Rehabilitation nursing/*manpower/*methods  
Restraint physical  
Resuscitation 
Resuscitation orders  
Resuscitation/*education/standards  
Resuscitation/*standards/statistics & numerical data  
Risk management/*organization & administration  
Risk management/*organization & administration/statistics & numerical data  
Risk management/*standards  
Risk management/*statistics & numerical data  
Safety management/*  
Safety management/*methods 
Safety management/*organization & administration  
Safety management/*standards  
Safety management/legislation & jurisprudence  
Safety management/methods  
Safety management/methods/standards  
Safety management/organization & administration  
Safety/*legislation & jurisprudence  
Safety/standards 
Total quality management/*organization & administration   
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Total quality management/organization & administration  
Unnecessary procedures/nursing/statistics & numerical data  
Urinary catheterization/*adverse effects/*nursing 
Urinary catheterization/adverse effects/*nursing  
Urinary catheterization/nursing/*standards  
Work schedule tolerance    
Workload/*classification/economics  
Workload/*legislation & jurisprudence  
Workload/*legislation & jurisprudence/*standards  
Workload/*legislation & jurisprudence/standards 
Workload/*psychology  
Workload/*psychology/statistics & numerical data  
Workload/*standards  
Workload/economics/statistics & numerical data  
Workload/legislation & jurisprudence  
Workload/legislation & jurisprudence/*standards/statistics & numerical data  
Workload/legislation & jurisprudence/standards  
Workload/legislation & jurisprudence/statistics & numerical data  
Workload/psychology/*statistics & numerical data  
Workload/statistics & numerical data  
Workplace 
Workplace/*organization & administration  
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Appendix B:  List of Excluded Studies 
 
1. Anonymous. Temporary or pseudo-permanent? Qld 

Nurse. Nov-Dec 1990;9(6):13. Comment. 
2. Anonymous. Four easy ways to lose a job in nursing. 

Am J Nurs. Jun 1990;90(6):27-28. Comment. 
3. Anonymous. Time oriented score system (TOSS): a 

method for direct and quantitative assessment of 
nursing workload for ICU patients. Italian Multicenter 
Group of ICU research (GIRTI). Intensive Care Med. 
1991;17(6):340-345. Not eligible target population. 

4. Anonymous. Flexible scheduling and part-time work. 
Focus Crit Care. Jun 1991;18(3):195-196, 198-199. 
Comment. 

5. Anonymous. Infamous acuity system. Am J Nurs. Jun 
1991;91(6):14. Comment. 

6. Anonymous. An HIV-infected nurse must be 
reinstated. Am J Nurs. Dec 1992;92(12):9. News. 

7. Anonymous. A case in point: "catch-all" clause 
protects nurses' rights. Mich Nurse. Mar 
1992;65(3):19. Legal cases. 

8. Anonymous. Draft guidelines on preventable 
medication errors. Am J Hosp Pharm. Mar 
1992;49(3):640-648. Guideline. 

9. Anonymous. Humanising the shiftwork systems. Qld 
Nurse. May-Jun 1992;11(3):23. Comment. 

10. Anonymous. Nursing "cannibalistic" toward its 
elders, too. Nurs Manage. Oct 1993;24(10):8. Letter. 

11. Anonymous. Mandatory AIDS testing could create 
hospital staffing problems. N J Med. May 
1993;90(5):411. News. 

12. Anonymous. Measuring neonatal nursing workload. 
Northern Neonatal Network. Arch Dis Child. May 
1993;68(5 Spec No):539-543. Not eligible target 
population. 

13. Anonymous. Self-scheduling guidelines. Pediatric 
unit. Mercy Hospital and Medical Center, San Diego, 
California. Aspens Advis Nurse Exec. Aug 
1993;8(11):suppl 1. Guideline. 

14. Anonymous. Low nursing staffing levels causing 
stress. OR Manager. Mar 1993;9(3):15, 26. Comment. 

15. Anonymous. The challenge of operating within 
staffing budgets on the maternity unit at New England 
Memorial Hospital despite a fluctuating census. Qual 
Lett Healthc Lead. Feb 1993;5(1):15-17. No 
association tested.  

16. Anonymous. NLN survey informs Dept. of Labor 
study. NLN Research & Policy PRISM Jun 
1994;2(2):4-8. Not relevant. 

17. Anonymous. Some guidelines for staffing in the 
absence of patient classification systems. Qld Nurse. 
Jul-Aug 1994;13(4):12. Not eligible target 
population. 

18. Anonymous. Sister Susie. Lights, camera, traction! 
Nurs Stand. Feb 2-8 1994;8(19):47. Not eligible 
target population. 

19. Anonymous. An issue of floating. Nursing. Nov 
1994;24(11):76-77. Legal cases. 

20. Anonymous. Enterprise bargaining in the private 
sector. Qld Nurse. Nov-Dec 1994;13(6):10-11. 
Comment. 

21. Anonymous. Staffing patterns for patient care and 
support personnel in a general pediatric unit. 
American Academy of Pediatrics Committee on 
Hospital Care. Pediatrics. May 1994;93(5):850-854. 
No association tested. 

22. Anonymous. And speaking of patient safety. AARN 
News Lett. Apr 1994;50(4):11. Comment. 

23. Anonymous. Medication incident reporting forms. 
Lamp. Apr 1995;52(3):22-25. Comment. 

24. Anonymous. Rebuilding a unit for seamless surgical 
care. OR Manager. Dec 1995;11(12):15-16. 
Comment. 

25. Anonymous. Employees speak out. Testimonials help 
hospital recruit in- and out-of-state, boost staff morale 
and patient satisfaction. McLeod Regional Medical 
Center, Florence, SC. Profiles Healthc Mark. Mar-
Apr 1995(64):2-7. Comment. 

26. Anonymous. Stroke path calls for care when 
evaluating variances. Hosp Case Manag. Nov 
1995;3(11):176-177. Comment. 

27. Anonymous. Integrating an understanding of sleep 
knowledge into your practice (continuing education 
credit). Am Nurse. Mar 1995;27(2):20-21. Comment. 

28. Anonymous. How do you know if your paycheck is 
correct? Ky Nurse. Jan-Mar 1995;43(1):11. Comment. 

29. Anonymous. 38 hour week--your questions answered. 
Qld Nurse. Jan-Feb 1995;14(1):15-17. Not eligible 
target population. 

30. Anonymous. A review of the use of DySSSy. Nurs 
Stand. Oct 9 1996;11(3):32. Not eligible target 
population. 

31. Anonymous. Patient nurse dependency. Qld Nurse. 
Sep-Oct 1996;15(5):18. Comment. 

32. Anonymous. IOM issues nursing staffing report: 
some positive recommendations yet report fails to 
address immediacy of hospital staffing problems. Am 
Nurse. Mar 1996;28(2):8; 23. Comment. 

33. Anonymous. Position statement on minimum staffing 
in NICUs. Neonatal Netw. Mar 1996;15(2):48. 
Review. 

34. Anonymous. Hospital nixes pathways, keeps case 
management. Hosp Case Manag. Jan 1996;4(1):6, 11-
12. Comment. 

35. Anonymous. Colorado case blurs line between board 
of nursing admin. law and criminal action. Am Nurse. 
Sep-Oct 1997;29(5):3. Legal cases. 

36. Anonymous. Wound care team nips costly bed sore 
problems, slashes hospital expenses. Health Care Cost 
Reengineering Rep. Dec 1997;2(12):181-185; suppl 
181-184. Not eligible exposure. 

37. Anonymous. Nurses' report card project under way. 
Hosp Peer Rev. Jun 1997;22(6):76-78. Comment. 

38. Anonymous. Renal transplantees have special 
education needs. Hosp Case Manag. Mar 
1997;5(3):43-44, 49-51. Not eligible exposure. 
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39. Anonymous. Rx for cutting labor costs: add more 
registered nurses. Health Care Cost Reengineering 
Rep. Jun 1997;2(6):81-85. No association tested. 

40. Anonymous. Patient commits suicide; hospital, 
nursing agencies settle for $700,000. Hosp Secur Saf 
Manage. Oct 1997;18(6):8-10. Comment. 

41. Anonymous. Who should own case management 
within the continuum of care? Hosp Case Manag. Mar 
1997;5(3):37-39. Comment. 

42. Anonymous. Does an RN have the right to refuse to 
be floated to an area that she/he believes they are 
unqualified for? Chart. Apr 1997;94(4):5. Comment. 

43. Anonymous. Cook County Hospital RNs take on 
restructuring. Chart. Nov 1997;94(11):1. Comment. 

44. Anonymous. Issue: we never seem to have enough 
staffing on my unit. What can we do? Ohio Nurses 
Rev. Nov-Dec 1997;72(10):16. Comment. 

45. Anonymous. Nurse staffing and quality of care in 
health care organizations research agenda of the 
Department of Health and Human Services, Agency 
for Health Care Policy and Research, National 
Institute for Nursing Research, Division of Nursing of 
HRSA. Nurs Outlook. Jul-Aug 1997;45(4):190-191. 
News. 

46. Anonymous. What can you do to assist float nurses 
who are assigned to your unit? J N Y State Nurses 
Assoc. Jun 1997;28(2):19. Comment. 

47. Anonymous. Patient abandonment. Nursing. Apr 
1997;27(4):69. Legal cases. 

48. Anonymous. Approaches to organising nursing shift 
patterns. Nurs Stand. Jan 22 1997;11(18):32-33. No 
association tested. 

49. Anonymous. Hospital fails to diagnose CVA; 
EMTALA suit follows. Regan Rep Nurs Law. Mar 
1998;38(10):1. Comment. 

50. Anonymous. Voices from Colorado. Nurs Manage. 
Jun 1998;29(6):52-53. Legal cases. 

51. Anonymous. To err is human to forgive is divine, as 
one nurse found out. Nurs Times. May 6-12 
1998;94(18):49. Comment. 

52. Anonymous. Cut pneumonia length of stay, costs, 
readmissions. Health Care Cost Reengineering Rep. 
Jan 1998;3(1):1-5; suppl 1-4. Not eligible exposure. 

53. Anonymous. Telemetry unit moves from worst to best 
using redesign process. Patient Focus Care Satisf. Dec 
1998;6(12):137-139. Comment. 

54. Anonymous. Improving pain management for 
orthopedic patients at Hermann Hospital, Houston, 
TX. Qual Connect. Winter 1998;7(1):9. Not eligible 
target population. 

55. Anonymous. The "take a nurse to lunch" program. A 
unique focus group improves and promotes food 
services. Health Care Food Nutr Focus. Oct 
1998;15(2):5-7. Not eligible exposure. 

56. Anonymous. Study reveals satisfaction with hospital 
experience major factor in decision to donate. Plus 
study finds health professionals not prepared to 
recommend donation. Nephrol News Issues. Jun 
1998;12(6):64-66, 68. Not eligible exposure. 

57. Anonymous. CVA (cerebrovascular accident) 
pathway cuts across seven hospital units. Hosp Case 
Manag. Feb 1998;6(2):33-34. Not eligible exposure. 

58. Anonymous. Counter misleading data: adjust for 
patient acuity, indirect nursing hours. ED Manag. Mar 
1998;10(3):29-30. Comment. 

59. Anonymous. Are ED nursing staff levels under 
attack? Patient Focus Care Satisf. May 1998;6(5):59-
62. No association tested. 

60. Anonymous. How do you know you're productive in 
PACU (postanesthesia care unit)? OR Manager. Apr 
1998;14(4):24-25. Comment. 

61. Anonymous. Nursing staff levels under attack? 
Respond with data, increased efficiency. ED Manag. 
Mar 1998;10(3):25-29. No association tested. 

62. Anonymous. Massachusetts board reprimands Dana-
Farber nurses. Am Nurse. Sep-Oct 1999;31(5):6. 
Comment. 

63. Anonymous. Court rules 'no duty to consult with Dr. 
Re Meds.' Case on point: Silves v. King, 970 P.2d 
791-WA (1999). Regan Rep Nurs Law. Mar 
1999;39(10):. Legal cases. 

64. Anonymous. Fund to pay $10M: seeks contribution 
from nurse. Regan Rep Nurs Law. Mar 
1999;39(10):1. Legal cases. 

65 Anonymous. Defining provider roles. More work + 
changing roles = less satisfaction for providers and 
patients. Patient Focus Care Satisf. Nov 
1999;7(11):121-123. Comment.  

66. Anonymous. Foreign-educated nurses participate in 
the computerized clinical simulation testing (CST) 
pilot study. Issues 1999;20(1):5. Not relevant. 

67. Anonymous. More RNs means fewer post-surgical 
complications. Mich Nurse. Mar 1999;72(3):9. News. 

68. Anonymous. Cross-training programs offer 
scheduling flexibility. Patient Focus Care Satisf. Dec 
1999;7(12):139-140. Comment. 

69. Anonymous. Patient acuity profiles can keep you on 
budget. Patient Focus Care Satisf. Dec 
1999;7(12):137-139. No association tested. 

70. Anonymous. Take California's word: nurse staffing 
levels do impact quality of care. Patient Focus Care 
Satisf. Dec 1999;7(12):133-136. Comment. 

71. Anonymous. Conscious sedation raises safe staffing 
concerns. Dimens Crit Care Nurs. Jan-Feb 
1999;18(1):35. Comment. 

72. Anonymous. Cutting RNs a false economy? Hosp 
Peer Rev. Feb 1999;24(2):29-30. Comment. 

73. Anonymous. More RNs lower risk of UTIs, 
pneumonia. OR Manager. Jan 1999;15(1):7. 
Comment. 

74. Anonymous. Appealing for compensation. Nursing. 
Mar 1999;29(3):25. Legal cases. 

75. Anonymous. Critical care services and personnel: 
recommendations based on a system of categorization 
into two levels of care. American College of Critical 
Care Medicine of the Society of Critical Care 
Medicine. Crit Care Med. Feb 1999;27(2):422-426. 
Review. 

76. Anonymous. Defining provider roles. Hartford uses 
report cards to teach nurses to teach. Patient Focus 
Care Satisf. Jan 2000;8(1):1-4. Comment. 

77. Anonymous. Shortage spurs hunt for hospital staffing 
ratios. Patient Focus Care Satisf. Feb 2000;8(2):18-
21. No association tested. 
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78. Anonymous. 'It's about safe care'. Nurses strike 
Tenet-owned St. Vincent over mandatory overtime. 
Revolution. Mar-Apr 2000;1(2):10. News. 

79. Anonymous. Texas' nursing education system. Can it 
respond to this nursing shortage? Tex Nurs. Apr 
2000;74(4):4-5, 11-12. Comment. 

80. Anonymous. Staffing shortages mean increased 
opportunities. Crit Care Nurse. Feb 2000;Suppl:16. 
Comment. 

81. Anonymous. NHS Direct will not cure ward-level 
staffing and skill-mix problems. Nurs Times. Mar 23-
29 2000;96(12):3. Not eligible target population. 

82. Anonymous. State of the nursing shortage. Am J 
Nurs. Dec 2000;100(12):20-21. News. 

83. Anonymous. Frustrated by the nursing shortage? Try 
these tactics instead of bonuses. ED Manag. Oct 
2000;12(10):109-113. Comment. 

84. Anonymous. California nurses win landmark victory. 
Am J Nurs. Jan 2000;100(1):20. News. 

85. Anonymous. Patient safety alert. Has the nursing 
shortage decreased health care quality? Hosp Peer 
Rev. Jan 2001;26(1):1-2. Comment. 

86. Anonymous. ED makes nurses happy by outsourcing 
calls. ED Manag. Oct 2001;13(10):113-115. Not 
eligible exposure. 

87. Anonymous. Striving to become the employer of 
choice: the relationship of employee and patient 
satisfaction. Healthc Leadersh Manag Rep. Jul 
2001;9(7):9-15. No association tested. 

88. Anonymous. Has the nursing shortage decreased 
health care quality? Healthc Benchmarks. Jan 
2001;8(1):suppl 1-2. Comment. 

89. Anonymous. For safety's sake, bill aims to eliminate 
overtime. Hosp Case Manag. May 2001;9(5):78, 66. 
Interview. 

90. Anonymous. Rules proposal intended to clarify nurse 
staffing. Tex Nurs. Mar 2001;75(3):4-5. Comment. 

91. Anonymous. Terminated nurse alleges hospital 
violated ADA. Case on point: Phelps v. Optima 
Health Inc., 2001 WL 563921 N.E.2d-NH. Nurs Law 
Regan Rep. Jul 2001;42(2):4. Legal cases. 

92. Anonymous. Occupational health. Court told 
overwork led to breakdown. Nurs Times. Jun 28-Jul 4 
2001;97(26):7. Legal cases. 

93. Anonymous. Staff safety. Violent patients get the red 
card. Nurs Times. Jun 21-27 2001;97(25):4. 
Comment. 

94. Anonymous. Brief encounters costing the NHS dear. J 
Nurs Manag. Nov 2001;9(6):353-356. News. 

95. Anonymous. Guidelines for nurse staffing in intensive 
care: a consultation document (3rd draft, July 2001). 
Intensive Crit Care Nurs. Oct 2001;17(5):254-258. 
News. 

96. Anonymous. Mandatory overtime bill caps off 
successful legislative year. Am Nurse. Nov-Dec 
2001;33(6):3, 17. Comment. 

97. Anonymous. 2001 salary survey results. Are you 
losing staff to other facilities? Here's what ED 
managers need to do. ED Manag. Nov 
2001;13(11):suppl 1-4. Comment. 

98. Anonymous. The staffing shortage: dealing with the 
here and now. Healthc Leadersh Manag Rep. Jul 
2001;9(7):1-7. No association tested. 

99. Anonymous. Linking staffing and quality issues. Jt 
Comm Perspect. Aug 2001;21(8):8-9. Comment. 

100. Anonymous. Perspectives. Work environment a top 
issue in nurse retention. Med Health. Aug 13 
2001;55(31):7-8. News. 

101. Anonymous. Nurses rally to ban forced overtime. OR 
Manager. Jul 2001;17(7):6-7. Comment. 

102. Anonymous. Senate confronts the nursing shortage. 
ED Manag. Apr 2001;13(4):45-46. Review. 

103. Anonymous. Temp staff become a fixture in ORs. OR 
Manager. Jun 2001;17(6):15. Comment. 

104. Anonymous. Interviews find some ORs have 
vacancies, others waiting lists. OR Manager. Jun 
2001;17(6):1, 13-14. Comment. 

105. Anonymous. New study gauges scope of nursing 
shortage. Hosp Peer Rev. Jun 2001;26(6):83-85, 74. 
Comment. 

106. Anonymous. Staffing watch. Hosp Health Netw. Apr 
2001;75(4):26. News. 

107. Anonymous. Off-shift choices help to keep nurses. 
OR Manager. Feb 2001;17(2):20. Comment. 

108. Anonymous. Anger over double HIV test. Nurs 
Times. Mar 8-14 2001;97(10):7. News. 

109. Anonymous. Solutions to health care's labor 
shortages. Russ Coiles Health Trends. Nov 
2001;14(1):8-12. Comment. 

110. Anonymous. Nurse's unintentional error is not 'willful 
misconduct'. Nurs Law Regan Rep. Jan 2002;42(8):1. 
Legal cases. 

111. Anonymous. Staff collaboration boosts adoption of 
best practices. Rn. Nov 2002;65(11):34hf32-35. 
Comment. 

112. Anonymous. Patient safety alert. Closer link made 
between nursing shortage, safety. Healthcare 
Benchmarks Qual Improv. Oct 2002;9(10):suppl 1-3. 
Comment. 

113. Anonymous. JCAHO: nurse shortage threat to patient 
safety. OR Manager. Sep 2002;18(9):8. Review. 

114. Anonymous. JCAHO: nursing shortage puts patients 
at risk, demands immediate attention. Hosp Peer Rev. 
Sep 2002;27(9):117-119. Comment. 

115. Anonymous. Nurses may be your best tool for 
improving quality of care. Hosp Peer Rev. Aug 
2002;27(8):105-108. No association tested. 

116. Anonymous. Sentinel event leads to safety checklist. 
Hosp Peer Rev. Jul 2002;27(7):91-94, 99. Comment. 

117. Anonymous. Medication error. Salty language. 
Nursing. Apr 2002;32(4):12. Comment. 

118. Anonymous. Greater nursing staff levels result in 
better care for hospital patients. Health Care Strateg 
Manage. Jun 2002;20(6):12. Comment. 

119. Anonymous. California releases proposed nurse-to-
patient ratios for acute care hospitals. Prairie Rose. 
Mar-May 2002;71(1):1, 3. Comment. 

120. Anonymous. In our hands and in our hearts: finding 
solutions to the staffing crisis. Healthc Leadersh 
Manag Rep. Dec 2002;10(12):1-8. Comment. 
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121. Anonymous. The business planning framework--
nursing resources. Qld Nurse. Sep-Oct 2002;21(5):13. 
Comment. 

122. Anonymous. Developing a plan to improve the odds 
of retaining your staff. OR Manager. Dec 
2002;18(12):1, 10-11. Review. 

123. Anonymous. Spotlight on nursing. A focus on lasting 
workplace solutions. Tex Nurs. Aug 2002;76(7):8-10, 
14. Comment. 

124. Anonymous. Inadequate staffing linked to poor 
patient outcomes. Nurs Manage. Sep 2002;33(9):20. 
Review. 

125. Anonymous. Senate and Assembly hold joint health 
committee hearing on nursing shortage and nurse 
staffing crisis. N J Nurse. Jul-Aug 2002;32(6):1, 6. 
Review. 

126. Anonymous. OR staffing holds up, but coping with 
shortage is more challenging. OR Manager. Sep 
2002;18(9):1, 11, 14-16 passi. Comment.  

127. Anonymous. PSNA mandatory overtime survey 
summary. Pennsylvania Nurse Aug-Sep 
2002;57(7):8-9. Not peer reviewed. 

128. Anonymous. Proposed staffing rules pass. 
Implementation begins. Tex Nurs. Mar 2002;76(3):8-
9. Comment. 

129. Anonymous. Web survey. March results: 'nurse 
staffing--beyond the ratios'. Mod Healthc. Apr 8 
2002;32(14):35. Web survey. 

130. Anonymous. Tough times in healthcare. J Nurs Adm. 
Mar 2002;32(3):122. Letter. 

131. Anonymous. Hashing out California's staffing ratios. 
Am Nurse. Mar-Apr 2002;34(2):1, 16-17. Comment. 

132. Anonymous. Position statement on intensive care 
nursing staffing. Aust Crit Care. Feb 2002;15(1):6-7. 
Not eligible target population. 

133. Anonymous. Faced with staffing minimums, hospitals 
lure nurses with sign-on bonuses. Nephrol News 
Issues. Apr 2002;16(5):63. Comment. 

134. Anonymous. Guidance paper: refocusing the role of 
the midwife. RCM Midwives J. Apr 2002;5(4):128-
133. Not eligible target population. 

135. Anonymous. Survey shows increasing vacancy rates. 
Synergy News Aug 2002:20-1. Not peer reviewed. 

136. Anonymous. By the numbers. Staffing. Mod Healthc. 
Dec 23 2002;Suppl:44, 46, 48. Comment. 

137. Anonymous. Data trends. The true cost of overtime. 
Healthc Financ Manage. Dec 2002;56(12):90. No 
association tested.  

138. Anonymous. NY: nurse learns of pt's doubt re surgery 
site: hospital liabile for operation on wrong hand. 
Nurs Law Regan Rep. Dec 2003;44(7):3. Legal cases. 

139. Anonymous. Deplorable ICU nursing results in $2.4 
million judgment. Case on point: Mobile Infirmary 
Medical Center v. Hodgen, 2003 WL 22463340 
so.2d--AL. Nurs Law Regan Rep. Nov 2003;44(6):2. 
Legal cases. 

140. Anonymous. AL: wrong epinephrine dose--cardiac 
arrest: Ct. emphasizes the '5 Rs' of drug 
administration. Nurs Law Regan Rep. Sep 
2003;44(4):3. Legal cases. 

141. Anonymous. Making your mark. Nursing. Aug 
2003;33(8):18. News. 

142. Anonymous. Nurses and pharmacists partner for 
patient safety. Healthcare Benchmarks Qual Improv. 
Aug 2003;10(8):92-93. Comment. 

143. Anonymous. IL: Discovery of disciplining of RN post 
pt.'s death: RN's voluntary termination too remote in 
time. Nurs Law Regan Rep. Jan 2003;43(8):3. Legal 
cases. 

144. Anonymous. RN's comp. claim based on PTSD 
resulting from short staffing, etc. Case on point: 
Smith-Price v. Charter Pines Behavioral Ctr., 584 
S.E.2d 881-NC. Nurs Law Regan Rep. Sep 
2003;44(4):2. Legal cases. 

145. Anonymous. Do you address staffing effectiveness 
standards? Hosp Peer Rev. Sep 2003;28(9):122, 127-
128. Comment. 

146. Anonymous. ANA applauds federal legislation to 
mandate safe nurse-to-patient ratios. Ky Nurse. Jul-
Sep 2003;51(3):6. News. 

147. Anonymous. Federal safe staffing bill introduced. Am 
Nurse. May-Jun 2003;35(3):1, 5. News. 

148. Anonymous. Tales from the trenches. Patient Care 
Manag. Feb 2003;19(2):10-12. Comment. 

149. Anonymous. 5 resolutions for a happy 2003. Patient 
Care Manag. Jan 2003;19(1):1, 4-6. Comment. 

150. Anonymous. CA: Nurse errs in giving pitocin to stop 
labor: father's suit for emotional distress fails. Nurs 
Law Regan Rep. Oct 2004;45(5):3. Legal cases. 

151. Anonymous. Nurse sued when child dies from error 
in interpreting drug dosage. Nurs Law Regan Rep. 
Oct 2004;45(5):1. Legal cases. 

152. Anonymous. Study shows 12-hour shifts increase 
errors. Healthcare Benchmarks Qual Improv. Sep 
2004;11(9):105-106. Comment. 

153. Anonymous. Adverse events. Focus on patient safety. 
Can Nurse. Feb 2004;100(2):30. Comment. 

154. Anonymous. Nurses identify barriers to educating 
patients about meds. Hosp Health Netw. Jan 
2004;78(1):64. Comment. 

155. Anonymous. California patient care labor costs rise 
under staffing requirements. Healthc Financ Manage. 
Nov 2004;58(11):118. Comment. 

156. Anonymous. Veteran nurses give patients a quick 
look to avoid waits. Perform Improv Advis. Aug 
2004;8(8):85-87. Comment.  

157. Anonymous. Preliminary report, mandatory overtime 
by RNs in Louisiana 2004 Louisiana Registered 
Nurse Population Survey. Pelican news Mar 
2004;60(1):20. Not peer reviewed. 

158. Anonymous. Shifts go up for bid: hospitals see boost 
in patient care, staff morale. Healthcare Benchmarks 
Qual Improv. Oct 2004;11(10):109-112. Comment. 

159. Anonymous. Reducing junior doctors' hours will 
extend opportunities for nurses. Nurs Times. Jul 27-
Aug 2 2004;100(30):15. Comment. 

160. Anonymous. Levels of care: the impact of nurse-
patient ratios. Prof Nurse. Jul 2004;19(11):6-7. News. 

161. Anonymous. Research shows Michigan safe patient 
care initiatives save lives and money. Mich Nurse. 
Jun-Jul 2004:8. News. 

162. Anonymous. Staffing the ED despite the nursing 
shortage. Rn. Feb 2004;67(2):26hf21-26hf22. 
Comment. 
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163. Anonymous. Flexible job options help maintain 
quality. Healthcare Benchmarks Qual Improv. Jan 
2004;11(1):8-9. Comment. 

164. Anonymous. JCAHO's 2006 National Patient Safety 
Goals: handoffs are biggest challenge. Hosp Peer 
Rev. Jul 2005;30(7):89-93. Comment. 

165. Anonymous. Nurse terminated for meds. error: 
hospital attempts to deny access to records. Case on 
point: Chapman v. Health & Hospital Corporations, 
2005 WL 697435--NY. Nurs Law Regan Rep. May 
2005;45(12):2. Legal cases. 

166. Anonymous. More than 40% of nurse errors not from 
medication. Healthcare Benchmarks Qual Improv. 
Apr 2005;12(4):41-43. Comment. 

167. Anonymous. Women need flexible schedules and 
challenging assignments. Health Care Strateg 
Manage. Jun 2005;23(6):12. Comment. 

168. Anonymous. AR:12-hour-shift RN falls on trip to 
cafeteria: workers' compensation benefits awarded to 
nurse. Nurs Law Regan Rep. Apr 2005;45(11):3. 
Legal cases. 

169. Anonymous. AACN standards for establishing and 
sustaining healthy work environments: a journey to 
excellence. Am J Crit Care. May 2005;14(3):187-197. 
Review. 

170. Anonymous. Position paper on safe staffing. Tar Heel 
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Appendix D:  Sample Abstraction Forms 
 

Nurse Staffing in North American Hospitals 
Staffing Ratios/Patient Outcomes Abstraction Form 

(Complete for each study) 

 
Number of the study      
First author             
Year of the publication       
Journal of the publication            
Database to identify the study           
Person to score the study       
 
Publication  type (check one) 

 Published article 
 Administrative report 
 Dissertation 
 Abstract/Presentation 
 Book/book chapter 

 
Purpose/aim of study             
 
Design of the study (check one) 

 prospective cohort 
 retrospective cohort 
 cross-sectional 
 descriptive study 
 case-control  
 case-series 
 randomized controlled clinical trial 
 not randomized clinical interventions 
 ecologic 

 
 
Nurse staffing variables  (independent variables) 
 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
 
Data source for nurse staffing variables (define)          
 
 
Nurse to patient ratios:  
 
Registered nurse/patient ratio 

 Yes  No 

If Yes, define              

 
Licensed nurse practitioner/patient ratio 

 Yes  No 

If Yes, define              

 
Aid/patient ratio, number of patients/aid 

 Yes  No 

If Yes, define              
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Proportion of RN among nursing personnel  
 Yes  No 

If Yes, define              

 
Licensed nurses/patient ratio 

 Yes  No 

If Yes, define              

 
Proportion of licensed nurses among nursing personnel 

 Yes  No 

If Yes, define              

 
Measures of nurse work hours 
 
Total hours of care/patient day 

 Yes  No 

If Yes, define              

 
Registered nurse hours/patient day 

 Yes  No 

If Yes, define              

 
Licensed nurse hours/patient day 

 Yes  No 

If Yes, define              

 
Aid hours /patient day  

 Yes  No 

If Yes, define              

 

Patient outcomes variables 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of the variable used in the article. 

 

Mortality  

 Yes  No 

If Yes, define              

 
Data source to measure mortality :            
 
Time of follow up from the day of  surgery to death, in days____________  
 
Time of follow up from hospitalization to death , in days_______________  
 



D-3 

Mortality rate in  groups with different staffing levels  

 Yes  No 

If yes, how reported (mark all applicable):   

 Number of events 

 Proportion in % 

 Relative risk 

 
Adverse drug events 
 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide the data source to measure the outcome. 
4. Mark how the outcome was reported  
 
 

Variable 
Assessment 
in the study Definition 

Source 
to 

measure 

Reporting 
number of 

events 
Proportion 

in % 
Relative 

risk 

 Yes No      

Adverse events         

Other        
        
        

 

Length of stay. 

Length of stay in the unit, days 
 Yes  No 

Length of stay in the hospital, days 

 Yes  No 

Data source to measure LOS            

Data extraction table: Complete cells with values of LOS reported in the article 

 

Categories of 
independent staffing 

variable 
LOS 

Exposure variable  Mean STD Median RR 
Lower 
95%CL 

Upper 
95%CL 

        
LOS in hospital in days        
        
        
LOS in units in days        
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Nurse quality outcomes 

1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide the data source to measure the outcome. 
4. Mark how the outcome was reported  
 

Variable 
Assessment 
in the study Definition 

Source 
to 

measure 

Reporting 
number 

of events 
Proportion 

in % 
Relative 

risk 

 Yes No      

Falls        

        

Injury        

        

Pressure ulcers        

        

Failure to rescue        

        

        
        

 

 

Patient satisfaction. 
1. Mark Yes/No by assessment in the study. 
2. Mark how the outcome was reported  
 

Variable 
Assessment in 

the study 
Reporting 

scores 
% of favorable 

responses 
Relative 

risk 

 Yes No    

      

Satisfaction with nurse care       

      

Satisfaction with education       

      

Satisfaction with pain management      

      
 
Time from the hospitalization to the measurement of the patient satisfaction, in days __________ days 

Patient satisfaction scale (define)______________________________  
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Quality Measures: 
 
Patient related: 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide the data source to measure the outcome. 
4. Mark how the outcome was reported  
 

Variable 
Assessment 
in the study Definition 

Source 
to 

measure 

Reporting 
number of 

events 
Proportion 

in % 
Relative 

risk 

 Yes No      
        

Urinary tract infection        
        

Postoperative complications        
        

Gastrointestinal bleeding        
        

Hospital-acquired pneumonia        
        

Shock        
        

Atelectasis or pulmonal failure        
        

Accidental extubation        
        

Nosocomial infection        
        

Surgical wound infection        
        

Post surgical thrombosis        
        

Cardio-pulmonary arrest        
        

Any complication         
        

Any Medical complication        
        

Any surgical complication        
        

Sepsis           
        

Post surgical bleeding        
        
Other        
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Nurses related: 
 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide the data source to measure the outcome. 
4. Mark how the outcome was reported  
 

Variable 
Assessment 
in the study Definition 

Source 
to 

measure 

Reporting 
number of 

events 
Proportion 

in % 
Relative 

risk 

 Yes No      
        

Turnover rate        
        

Burnout        
        

Vacancy          
        

 
 
Nurse self-reported.  
 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide scale to measure the outcome. 
4. Mark how the outcome was reported  
 
 

Variable 
Assessment 
in the study Definition 

Scale to 
measure 

Reporting 
scores 

% favorable 
responses 

Relative 
risk 

 Yes No      
        

Satisfaction with job        
        
Perception of adequacy of 
staffing        
        

Perception of quality care        
        

Autonomy of nurses        
        

Nurses Governance        
        

Stress        
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Patient characteristics. 

Patient Eligibility criteria 
Complete the table with definitions used in the article: 
 
 Inclusion criteria Exclusion criteria 
Age   
Sex   
Race   
Insurance   
Residency   
Hospitalization    
Availability of records   
Diagnosis (ICD code)   
Comorbidities   
Severity   
Acuity   
Other 
 
 
 
   

 
 
Patients  

 Medical  % of the sample    
 Surgical % of the sample     
 Adults % of the sample    
 Pediatric  % of the sample    
 combined    

Sample characteristics:  
Complete with values reported in the article and with page number in the article where the data was extracted:  
 

 
Page in 

the article 
Exposure 
categories 

Exposure :    
    
# Subjects    
Mean age    
Sex    
% of males     
Not reported    
Race (%)    
White    
Black    
Asian    
Other    
Not reported    
Ethnicity(%)    
Hispanic    
Not Hispanic    
Other     
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Not reported    
Socioeconomic status (Scores)    
Not reported     
Primary diagnosis    
% ICD codes    
Co morbidities  (case-mix index)    
    
Severity    
    
Acuity    
    
DRG    
    
 
 
Nurse characteristics. 
Nurse eligibility criteria  
Complete the table with definitions used in the article: 
 

 Inclusion criteria Exclusion criteria 

   

Age   

License   

Experience   

Gender   

Working status   

Self-selection   
Other 
 
 
   

 
 
Nurses sample characteristics: 
Complete with values reported in the article and with page number in the article where the data was extracted:  
 

 

Page  in 
the 

article 

Exposure categories 

Exposure :    
    
Mean age    
Gender    
% of males     
Not reported    
Race (%)    
White    
Black    
Asian    
Other    
Not reported    



D-9 

Ethnicity (%)    
Hispanic    
Not Hispanic    
Other     
Not reported    
Foreign graduates %    
Not reported    
    

 
 
Other nurse characteristics which may impact patients outcomes: 
 
1. Mark Yes/No by assessment in the study. 
2. Provide the data source to measure the outcome. 

Nurse education  
 Yes  No 

Data Source              

Nurse degree      
 Yes  No 

Data Source              

 

 Nursing degree Non nursing degree 

Associated degree   

Diploma   

BSN   

MS   

Doctorate   
 

Nurse experience in years (in nursing) 

 Yes  No 

Data Source              

 

Proportion of nurses with temporary positions (pool nurses)  

 Yes  No 

Data Source              

 

Nursing unions 

 Yes  No 

Data Source              
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Organization characteristics which may impact patient outcomes. 
 
Hospital eligibility criteria 
Complete the table with definitions used in the article: 
 

 Inclusion criteria Exclusion criteria 

Data source   

Location   

Size   

Care   

Teaching status   
Ownership   
Availability of information   
Self-selection   
Other   

 
 
Status of selected hospital(s) 

 Number of eligible hospitals 
 Number of enrolled hospitals 
 Number of analyzed hospitals 

 
if more than 1:  

 Teaching, % of the sample     
 Not teaching, % of the sample    
 Combined sample 

Location              
Size (number of beds)     
Ownership  

 profit, % of the sample     
 non profit, % of the sample    
 public, % of the sample    
 private, % of the sample    

Technology index     
 not reported 

Computerization of communication and records     
 not reported 

Central hospital support adequacy       
 not reported 

HMO penetrating         
 not reported 

Clinical units 
 Intensive care unit 
 Labor and delivery 
 Pre-natal 
 Post-natal 
 Nursery 
 Emergency 
 Trauma 
 Critical care 
 Visits 
 Hospital general 
 Medical 
 Surgical 
 Operating room 
 Pediatric 
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 Post-anesthesia 
 Psychiatry 
 Specialty 
 Step down units 
 Telemetry 
 Combined 
 Unknown 

 

 

Data extraction tables.  

 
/*Complete with values reported in the article with the page number in the articles the data was extracted for a quality 
control*/ 
/*Add as many lines for categories as necessary*/ 
/*Median is calculated when ranges only reported assuming normal distribution*/ 
/*Increment is analyzed when regression coefficients only reported*/ 
 
 
Staffing variables: 

Variable 

Categories 
defined by 

authors Mean STD 95%CL Median 
Page 

number 

Ratios       
Registered nurse/patient ratio       
       
Licensed nurse/patient ratio       
       
Aid/patient ratio, number of patients/aid       
       
Number of Patients/Licensed nurses        
       
Proportion of RN among total nursing personnel in %      
       
Proportion of licensed nurses /total nursing staff in %      

Hours       
Total hours of care/patient day       
       
Registered nurse hours/patient day       
       
Licensed nurse hours/patient day       
       
Aid hours /patient day       
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Patient outcomes. 

/*Add lines for interactions Exposure*Interaction factor*/ 

Outcomes 

Exposure 
categories 
(treatment 

groups) 
Rate 
in %   

Rate in 
% Events Subjects Page 

  Mean STD 95%CL Median    
Mortality         
         
         
Nurse quality outcomes         
Urinary tract infection          
Falls         
Injury         
Pressure ulcers          
         
Any complication          
Any Medical complication          
Any surgical complication          
Nosocomial infections         
Sepsis         
Surgical wound infection          
Postoperative complications          
Gastrointestinal bleeding         
Post surgical bleeding          
Hospital-acquired pneumonia          
Atelectasis or pulmonal failure          
Accidental extubation          
Post surgical Thrombosis          
Cardio-pulmonary arrest          
Failure to rescue          
Shock         

 

Continuation of the previous table: 

Outcomes 
Exposure 
categories 

Relative 
Risk 
(RR) 

Lower 
95%CL 
of RR Upper 95%CL of RR Page 

       
Mortality       
       
Nurse  quality outcomes       
       
Falls       
Injury       
Pressure ulcers        
Urinary tract infection       
Any complication        
Any Medical complication        
Any surgical complication        
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Nosocomial infections       
Sepsis       
Surgical wound infection        
Postoperative complications        
Gastrointestinal bleeding       
Post surgical bleeding        
Hospital-acquired pneumonia        
Atelectasis or pulmonal failure        
Accidental extubation        
Post surgical Thrombosis        
Cardio-pulmonary arrest        
Failure to rescue        
Shock       

 

 

Patient Satisfaction 

Outcomes Exposure 

Exposure 
categories 
(treatment 

groups) Mean STD 95%CL Median Page 
       
Satisfaction with nurse care         

 

Continuation of the previous table: 

Outcomes 
Exposure 
categories 

Relative 
Risk 
(RR) 

Lower 
95%CL 
of RR 

Upper 
95%CL 
of RR Page 

      
Satisfaction with nurse care       
Satisfaction with pain management      

 

Nurse characteristics: 

Variable 

Categories 
defined by 

authors Mean STD 95%CL Median Page 
Nurses characteristics       
Nurse experience in years       
Nurses education (%)       
Associate degree       
BSN       
MS       
PhD       
Proportion of nurses with temporary positions (pool 
nurses) in %       
       
Organization characteristics       
Duration of shift in hours       
Proportion of nurses working full time       
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Variable 

Categories 
defined by 

authors Mean STD 95%CL Median Page 
Turnover rate       
       
Burnout, %       
       
Vacancy, %       
Nurses self-reported variables       
Satisfaction with job, % satisfied       
       
Perception of adequacy of staffing, % perceived as 
adequate       
       
Perception of quality care, % of satisfied       
       
Autonomy of nurses, % perceived as adequate       
       
Nurses Governance, % perceived as adequate       
       
Stress, % of perceived as significant       
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ASSESSMENT OF STUDY QUALITY 
 
OBSERVATIONAL STUDIES (based on “Systems to Rate the Strength Of Scientific Evidence, AHRQ Publication No. 
02-E016, April 2002) 
 
Score each domain on a scale of 0 (poor, not defined) to 5 (excellent, clearly defined) 
 

Observational Studies Quality Domains/Elements Score 
 

Study question clearly focused and appropriate 
Notes: 

 

Sampling of  Study Population 
Random 
Convenient 
Self-selected 
Notes: 
 

 

Clear definition of exposure 
Notes: 
 

 

Primary/secondary outcomes defined 
Notes: 
 

 

Statistical Analysis: Assessment of confounding attempted Did the analysis adjust for or examine 
the effects of various factors  
Patient characteristics 
Hospital characteristics 
Cluster of patients and hospitals 
Notes: 
 

 

Statistical methods used to take into account the effect of more than one variable on the outcome 
such as multiple regression, multivariate analysis, regression modeling -see methods in paper 
Notes: 
 

 

Measure of effect for outcomes and appropriate measure of precision (SE, 95%CL) 
 
Notes: 
 

 

Conclusions supported by results with possible bias and limitations taken into consideration 
Notes: 
 

 

Single versus Multi-site study (note one of the other) 
Notes: 

 

Co morbidities mentioned 
Notes: 
 

 

Co morbidities incorporated in the analyses 
Notes: 

 

Total score 
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INTERVENTIONAL STUDIES. 
Intervention Studies Quality Domains/Elements Score 

 
Study question clearly focused and appropriate 
Notes: 
 

 

Sampling of Study Population 
Random 
Convenient 
Self-selected 
Notes: 
 

 

Clear definition of exposure 
Notes: 
 

 

Randomization used to allocate patients (units) into treatment groups 
Notes: 
 

 

Randomization allocation concealment method 
Clearly adequate: Centralized randomization by telephone, randomization scheme controlled by 
pharmacy, numbered or coded identical containers administered sequentially, on site computer 
system which can only be accessed after entering the characteristics of an enrolled participant, 
sequentially numbered sealed opaque envelopes. 
 
Clearly Inadequate: Alternation (consequent, odd-even, etc.), date of birth, date of week 
 

 

Sample size Justification of the sample size for each tested hypothesis 
 

 

Statistical Analysis:  
Assessment of adequacy of randomization - distribution of confounding factors at baseline in 
treatment groups: 
Patient characteristics 
Hospital characteristics 
Cluster of patients and hospitals 
Notes: 
 

 

Intention to treat analysis. All eligible patients (units) included into analysis.  
Notes: 
 

 

For each primary and secondary outcome, a summary of results for each group, and the estimated 
effect size and its precision (SE, 95% confidence interval). 
Notes: 
 

 

Conclusions supported by results with clinical significance of effect size 
Notes: 
 

 

Single versus Multi-site study (note one of the other) 
Notes: 
 

 

Total score 
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Study design characteristics  

Adequacy of the sampling (random selection or not) (check one)       
 random sampling 
 convenience sampling  
 non-random sampling 
 single hospital study 
 self-selected  
 not specified 
 all sampled subjects were analyzed 
 sampled subjects were excluded from the analysis___________% 

 

95% CL as reported estimates of the association between exposure and outcomes   

 Yes  No 

 
P value as reported estimates of the association between exposure and outcomes  

 Yes  No 

 
Correlation coefficient reported between exposure and outcomes  

 Yes  No 

 
Propensity scores used for nonrandom unequal distribution of confounding factors among treatment groups 

 Yes  No 

 
Adjustment for confounding factors: 
 
Adjustment for age of the patients 

 Yes  No 

 
Adjustment for race of the patients 

 Yes  No 

 
Adjustment for patient sex  

 Yes  No 

 
Adjustment for patient Diagnoses/comorbidities 

 Yes  No 

 
Adjustment for socioeconomic status of the patients 

 Yes  No 

 
Adjustment for hospital (provider) characteristics 

 Yes  No 

 
Country  

 Canada 
 State or province abbreviation 
 Combined 
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Sampling units (can be more than one)       
  patients  ⁪ 
 hospitals  
 hospital units  
 nurses 
 other (define)_______________ 

 
Analytic unit (can be more than one)         

 patients 
 hospitals  ⁪ - 
 hospital units  ⁪ -  
 nurses 

 
Level of evidence of the individual study (check  one)  
 
Interventions: 

 I – Well-designed randomized controlled trial 
 II-1A - Well-designed controlled trial with pseudo-randomization 
 I-1B - Well-designed controlled trial without randomization 

 
Observational studies 
 

 I-2A -  Well-designed cohort (prospective) study with concurrent controls 
 I-2B - Well-designed cohort (prospective) study with historical controls 
 II-2C - Well-designed cohort (retrospective) study with concurrent controls 
 II-3 – Well-designed case-controlled (retrospective) study 
 III – Large differences from comparisons between times and/or places  
 IY – Opinion of respected authorities based in clinical experience 
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Nurse Staffing in North American Hospitals 
Nursing Staffing Strategies /Patient Outcomes Abstraction Form 

(Complete for each study) 

 
Number of the study      
First author             
Year of the publication       
Journal of the publication            
Database to identify the study           
Person to score the study       
 
Publication  type (check one) 

 Published article 
 Administrative report 
 Dissertation 
 Abstract/Presentation 
 Book/book chapter 

 
Purpose/aim of study             
 

Design of the study (check one) 
 prospective cohort 
 retrospective cohort 
 cross-sectional 
 descriptive study 
 case-control  
 case-series 
 randomized controlled clinical trial 
 not randomized clinical interventions 
 ecologic 

 

 
Nurse staffing strategies (independent variables). 
 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
 
Data source for variables (define)            
 
 
Use of temporary nursing agencies 

 Yes  No 

If Yes, define              

 
Use of part time nurses 
⁪  Yes  No 

If Yes, define              

 
Proportion of registered nurses 

 Yes  No 

If Yes, define              

 
 Experience mix of the nursing staffs 

 Yes  No 

If Yes, define              
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⁪Continuing nurse education 

 Yes  No 

If Yes, define              

 
 
Nurse staffing models 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of staffing strategies (changes in staffing)  used in the article 
 
Patient Focused Care  

 Yes  No 

If Yes, define              

 
Primary or Total Nursing Care 

 Yes  No 

If Yes, define              

 
Team or Functional Nursing Care  

 Yes  No 

If Yes, define              

 
Magnet Hospital Environment/Shared governance  

 Yes  No 

If Yes, define              

 
Evidence Based Clinical Pathway 

 Yes  No 

If Yes, define              

 
 
Staff scheduling strategies: 

 

Shift  
 Yes  No 

If Yes, define              

 
Duration of shift in hours 

 Yes  No 

If Yes, define              

 
Over time work             

 Yes  No 

If Yes, define              

 
Decentralized scheduling – nurse manager 

 Yes  No 

If Yes, define              
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Patient outcomes variables 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of the variable used in the article. 

 

Mortality  

 Yes  No 

If Yes, define              

 
Data source to measure mortality :___________     
 
Time of follow up from the day of  surgery to death, in days____________  
 
Time of follow up from hospitalization to death , in days_______________  
 
Mortality rate in  groups with different staffing levels  

 Yes  No 

If yes, how reported (mark all applicable):   

 Number of events 

 Proportion in % 

 Relative risk 

 
Adverse Drug Events.  
 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide the data source to measure the outcome. 
4. Mark how the outcome was reported  
 

Variable 
Assessment 
in the study Definition 

Source 
to 

measure 

Reporting 
number of 

events 
Proportion 

in % 
Relative 

risk 

 Yes No      

Adverse events         

Other        
        
        

 

Length of stay. 

Length of stay in the unit, days 
 Yes  No 

Length of stay in the hospital, days 

 Yes  No 

Data source to measure LOS            
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Data extraction table: Complete cells with values of LOS reported in the article 

 

Categories of 
independent staffing 

variable 
LOS 

Exposure variable  Mean STD Median RR 
Lower 
95%CL 

Upper 
95%CL 

        
LOS in hospital in days        
        
        
LOS in units in days        
 
 
        
 

 

Nurse quality outcomes 

1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide the data source to measure the outcome. 
4. Mark how the outcome was reported  
 

Variable 
Assessment 
in the study Definition 

Source 
to 

measure 

Reporting 
number 

of events 
Proportion 

in % 
Relative 

risk 

 Yes No      

Falls        

        

Injury        

        

Pressure ulcers        

        

Failure to rescue        
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Patient satisfaction. 
1. Mark Yes/No by assessment in the study. 
2. Mark how the outcome was reported  
 

Variable 
Assessment in 

the study 
Reporting 

scores 
% of favorable 

responses 
Relative 

risk 

 Yes No    

      

Satisfaction with nurse care       

      

Satisfaction with education       

      

Satisfaction with pain management      

      
 
Time from the hospitalization to the measurement of the patient satisfaction, in days __________ days 

Patient satisfaction scale (define)______________________________  

 
 
Other Quality Measures: 
 
Patient related: 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide the data source to measure the outcome. 
4. Mark how the outcome was reported  
 

Variable 
Assessment 
in the study Definition 

Source 
to 

measure 

Reporting 
number of 

events 
Proportion 

in % 
Relative 

risk 

 Yes No      
        

Urinary tract infection        
        

Postoperative complications        
        

Gastrointestinal bleeding        
        

Hospital-acquired pneumonia        
        

Shock        
        

Atelectasis or pulmonal failure        
        

Accidental extubation        
        

Nosocomial infection        
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Surgical wound infection        
        

Post surgical thrombosis        
        

Cardio-pulmonary arrest        
        

Any complication         
        

Any Medical complication        
        

Any surgical complication        
        

Sepsis           
        

Post surgical bleeding        
        
Other        
        

 
 
 
Nurses related: 
 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide the data source to measure the outcome. 
4. Mark how the outcome was reported  
 

Variable 
Assessment 
in the study Definition 

Source 
to 

measure 

Reporting 
number of 

events 
Proportion 

in % 
Relative 

risk 

 Yes No      
        

Turnover rate        
        

Burnout        
        

Vacancy          
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Nurse self-reported.  
 
1. Mark Yes/No by assessment in the study. 
2. Provide the definition of each variable used in the article. 
3. Provide scale to measure the outcome. 
4. Mark how the outcome was reported  
 

Variable 
Assessment 
in the study Definition 

Scale to 
measure 

Reporting 
scores 

% favorable 
responses 

Relative 
risk 

 Yes No      
        

Satisfaction with job        
        
Perception of adequacy of 
staffing        
        

Perception of quality care        
 
 
Patient characteristics. 

Patient Eligibility criteria 
Complete the table with definitions used in the article: 
 
 Inclusion criteria Exclusion criteria 
Age   
Sex   
Race   
Insurance   
Residency   
Hospitalization    
Availability of records   
Diagnosis (ICD code)   
Comorbidities   
Severity   
Acuity   
Other 
 
 
 
   

 
 
Patients  

 Medical  % of the sample    
 Surgical % of the sample     
 Adults % of the sample    
 Pediatric  % of the sample    
 combined    
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Sample characteristics:  
Complete with values reported in the article and with page number in the article where the data was extracted:  
 

 
Page in 

the article 
Exposure 
categories 

Exposure :    
    
# Subjects    
Mean age    
Sex    
% of males     
Not reported    
Race (%)    
White    
Black    
Asian    
Other    
Not reported    
Ethnicity(%)    
Hispanic    
Not Hispanic    
Other     
Not reported    
Socioeconomic status (Scores)    
Not reported     
Primary diagnosis    
% ICD codes    
Co morbidities  (case-mix index)    
    
Severity    
    
Acuity    
    
DRG    
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Nurse characteristics. 
Nurse eligibility criteria  
Complete the table with definitions used in the article: 
 

 Inclusion criteria Exclusion criteria 

   

Age   

License   

Experience   

Gender   

Working status   

Self-selection   
Other 
 
 
   

 
 
Nurses sample characteristics: 
Complete with values reported in the article and with page number in the article where the data was extracted:  
 

 

Page  in 
the 

article 

Exposure categories 

Exposure :    
    
Mean age    
Gender    
% of males     
Not reported    
Race (%)    
White    
Black    
Asian    
Other    
Not reported    
Ethnicity (%)    
Hispanic    
Not Hispanic    
Other     
Not reported    
Foreign graduates %    
Not reported    
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Organization characteristics which may impact patient outcomes. 
 
Hospital eligibility criteria 
Complete the table with definitions used in the article: 
 

 Inclusion criteria Exclusion criteria 

Data source   

Location   

Size   

Care   

Teaching status   
Ownership   
Availability of information   
Self-selection   
Other   

 
 
Status of selected hospital(s) 

 Number of eligible hospitals 
 Number of enrolled hospitals 
 Number of analyzed hospitals 

 
if more than 1:  

 Teaching, % of the sample     
 Not teaching, % of the sample    
 Combined sample 

Location              
Size (number of beds)     
Ownership  

 profit, % of the sample     
 non profit, % of the sample    
 public, % of the sample    
 private, % of the sample    

Technology index     
 not reported 

Computerization of communication and records     
 not reported 

Central hospital support adequacy       
 not reported 

HMO penetrating         
 not reported 

Clinical units 
 Intensive care unit 
 Labor and delivery 
 Pre-natal 
 Post-natal 
 Nursery 
 Emergency 
 Trauma 
 Critical care 
 Visits 
 Hospital general 
 Medical 
 Surgical 
 Operating room 
 Pediatric 
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 Post-anesthesia 
 Psychiatry 
 Specialty 
 Step down units 
 Telemetry 
 Combined 
 Unknown 

 
 
 
Data extraction tables.  

 
/*Complete with values reported in the article with the page number in the articles the data was extracted for a quality 
control*/ 
/*Add as many lines for categories as necessary*/ 
/*Median is calculated when ranges only reported assuming normal distribution*/ 
/* Increment is analyzed when regression coefficients only reported*/ 
 
Staffing variables: 

Variable 

Categories 
defined by 

authors Mean STD 95%CL Median 
Page 

number 
Proportion  of part time nurses, in% 
       
Proportion of registered nurses, in %       
       
Proportion of nurses with BS, in %       
       
Proportion of nurses with MS, in % 
       
Duration of shift in hours 
       

 
 
Patient outcomes. 

/*Add lines for interactions Exposure*Interaction factor*/ 

Outcomes 

Exposure 
categories 
(treatment 

groups) 
Rate 
in %   

Rate in 
% Events Subjects Page 

  Mean STD 95%CL Median    
Mortality         
         
Adverse events         
Adverse events         
         
Nurse quality outcomes         
Urinary tract infection          
Falls         
Injury         
Pressure ulcers          
         
Any complication          
Any Medical complication          
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Any surgical complication          
Nosocomial infections         
Sepsis         
Surgical wound infection          
Postoperative complications          
Gastrointestinal bleeding         
Post surgical bleeding          
Hospital-acquired pneumonia          
Atelectasis or pulmonal failure          
Accidental extubation          
Post surgical Thrombosis          
Cardio-pulmonary arrest          
Failure to rescue          
Shock         
 

Outcomes 
Exposure 
categories 

Relative 
Risk 
(RR) 

Lower 
95%CL 
of RR Upper 95%CL of RR Page 

       
Mortality       
       
Adverse events       
       
Nurse quality outcomes       
       
Falls       
Injury       
Pressure ulcers        
Urinary tract infection       
Any complication        
Any Medical complication        
Any surgical complication        
Nosocomial infections       
Sepsis       
Surgical wound infection        
Postoperative complications        
Gastrointestinal bleeding       
Post surgical bleeding        
Hospital-acquired pneumonia        
Atelectasis or pulmonal failure        
Accidental extubation        
Post surgical Thrombosis        
Cardio-pulmonary arrest        
Failure to rescue        
Shock       
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Patient Satisfaction 
 

Outcomes Exposure 

Exposure 
categories 
(treatment 

groups) Mean STD 95%CL Median Page 
       
Satisfaction with nurse care         
Satisfaction with pain management        
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ASSESSMENT OF STUDY QUALITY 
OBSERVATIONAL STUDIES (based on “Systems to Rate the Strength of Scientific Evidence, AHRQ Publication No. 
02-E016, April 2002) 
 
Score each domain on a scale of 0 (poor, not defined) to 5 (excellent, clearly defined) 
 

Observational Studies Quality Domains/Elements Score 
 

Study question clearly focused and appropriate 
Notes: 

 

Sampling of  Study Population 
Random 
Convenient 
Self-selected 
Notes: 
 

 

Clear definition of exposure 
Notes: 
 

 

Primary/secondary outcomes defined 
Notes: 
 

 

Statistical Analysis: Assessment of confounding attempted  Did the analysis adjust for or examine 
the effects of various factors  
Patient characteristics 
Hospital characteristics 
Cluster of patients and hospitals 
Notes: 
 

 

Statistical methods used to take into account the effect of more than one variable on the outcome 
such as multiple regression, multivariate analysis, regression modeling -see methods in paper 
Notes: 
 

 

Measure of effect for outcomes and appropriate measure of precision (SE, 95%CL) 
 
Notes: 
 

 

Conclusions supported by results with possible bias and limitations taken into consideration 
Notes: 
 

 

Single versus Multi-site study (note one of the other) 
Notes: 

 

Co morbidities mentioned 
Notes: 
 

 

Co morbidities incorporated in the analyses 
Notes: 

 

Total score 

 
 

 
 



D-33 

INTERVENTIONAL STUDIES. 
Intervention Studies Quality Domains/Elements Score 

 
Study question clearly focused and appropriate 
Notes: 
 

 

Sampling of Study Population 
Random 
Convenient 
Self-selected 
Notes: 
 

 

Clear definition of exposure 
Notes: 
 

 

Randomization used to allocate patients (units) into treatment groups 
Notes: 
 

 

Randomization allocation concealment method 
Clearly adequate: Centralized randomization by telephone, randomization scheme controlled by 
pharmacy, numbered or coded identical containers administered sequentially, on site computer 
system which can only be accessed after entering the characteristics of an enrolled participant, 
sequentially numbered sealed opaque envelopes. 
 
Clearly Inadequate: Alternation (consequent, odd-even, etc.), date of birth, date of week 
 

 

Sample size Justification of the sample size for each tested hypothesis 
 

 

Statistical Analysis:  
Assessment of adequacy of randomization - distribution of confounding factors at baseline in 
treatment groups: 
Patient characteristics 
Hospital characteristics 
Cluster of patients and hospitals 
Notes: 
 

 

Intention to treat analysis. All eligible patients (units) included into analysis.  
Notes: 
 

 

For each primary and secondary outcome, a summary of results for each group, and the estimated 
effect size and its precision (SE, 95% confidence interval). 
Notes: 
 

 

Conclusions supported by results with clinical significance of effect size 
Notes: 
 

 

Single versus Multi-site study (note one of the other) 
Notes: 
 

 

Total score 
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Study design characteristics  

Adequacy of the sampling (random selection or not) (check one)       
 random sampling 
 convenience sampling  
 non-random sampling 
 single hospital study 
 self-selected  
 not specified 
 all sampled subjects were analyzed 
 sampled subjects were excluded from the analysis___________% 

 

95% CL as reported estimates of the association between exposure and outcomes   

 Yes  No 

 
P value as reported estimates of the association between exposure and outcomes  

 Yes  No 

 
Correlation coefficient reported between exposure and outcomes  

 Yes  No 

 
Propensity scores used for nonrandom unequal distribution of confounding factors among treatment groups 

 Yes  No 

 
Adjustment for confounding factors: 
 
Adjustment for age of the patients 

 Yes  No 

 
Adjustment for race of the patients 

 Yes  No 

 
Adjustment for patient sex  

 Yes  No 

 
Adjustment for patient Diagnoses/comorbidities 

 Yes  No 

 
Adjustment for socioeconomic status of the patients 

 Yes  No 

 
Adjustment for hospital (provider) characteristics 

 Yes  No 

 
Country  

 Canada 
 State or province abbreviation 
 Combined 
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Sampling units (can be more than one)       
  patients  ⁪ 
 hospitals  
 hospital units  
 nurses 
 other (define)_______________ 

 
Analytic unit (can be more than one)         

 patients 
 hospitals  ⁪ - 
 hospital units  ⁪ -  
 nurses 

 
Level of evidence of the individual study (check  one)  
 
Interventions: 

 I – Well-designed randomized controlled trial 
 II-1A - Well-designed controlled trial with pseudo-randomization 
 I-1B - Well-designed controlled trial without randomization 

 
Observational studies 
 

 I-2A -  Well-designed cohort (prospective) study with concurrent controls 
 I-2B - Well-designed cohort (prospective) study with historical controls 
 II-2C - Well-designed cohort (retrospective) study with concurrent controls 
 II-3 – Well-designed case-controlled (retrospective) study 
 III – Large differences from comparisons between times and/or places  
 IY – Opinion of respected authorities based in clinical experience 
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Appendix E:  Quality of the Studies 
 
 
Table E1 shows the quality of the studies, using a 5 score scale from 0 (poorest) to 5 (highest):  
A.  Study question clearly focused and appropriate 
B.  Clear definition of exposure 
C.  Clear definition of the primary and secondary outcomes 
D.  Validation of exposure (yes or no, the responses do not count for the total scores) 
E.  Validation of outcomes (yes or no, the responses do not count for the total scores) 
F. Sampling of study population:  
 5 = Random population based sampling 
 4 = Random clinic based sampling 
 3 = Convenient 
 2 = Self-selected 
 1 = Single hospital study 
 0 = Not specified 
G.  Statistical Analysis: Assessment of confounding attempted 
H.  Adjustment to examine the effects of various factors 
 1) Patient characteristics: age; race; sex; comorbidities; SES - 1-3 scores 
 2) Hospital characteristics – 1+2 - 4 scores 
 3) Cluster of patients and hospitals - 1+2+3 - 5 scores 
I.  Statistical methods used to take into account the effect of more than one variable on the 

outcome such as multiple regression, multivariate analysis, regression modeling 
J.  Measure of effect for outcomes and appropriate measure of precision (SE, 95% CI) 
K.  External validity: single hospital study; multi-site study; nationally representative sample 
L.  Conclusions supported by results with possible bias and limitations taken into consideration; 

clinical significance of effect size provided 
M. Total score as a percentage of the maximum possible (50) 
 

Each item was graded with 0 to 5 scores. We summarized scores (maximum possible 50) to have 
the overall quality score and to compare with the maximum.  
 
 
Definitions 
 
External validity – applicability of the results from the studies on different clinical settings. 
 
Internal validity – the extent to which the findings of a study accurately represent the causal 
relationship between nurse staffing and patient outcomes. The truth why patients had different 
outcomes may be related to patient characteristics or quality of the treatments (surgical quality) 
more than nurse care. To examine how nurse ratios and hours may affect patient outcomes 
independent of all known factors they measured, the authors adjusted the results for confounding 
factors. 
 



 

 

E-2

Table E1.  Quality of the studies 
 
Year Author Class A B C D E F G H I J K L Total Score M % 
1982 Arnow1 II-2C 5 4 5 Yes Yes 5 3 0 3 2 2 4 33 66 
1987 Wan2 II-2C 5 4 4   3 4 2 4 4 4 4 38 76 
1988 Flood3 III 4 4 4   1 3 1 3 3 2 3 28 56 
1989 Hartz4 III 5 3 4   3 3 3 3 3 4 3 34 68 
1992 McDaniel5 III 4 4 5   4 3 0 2 2 2 3 29 58 
1992 Krakauer6 III 5 3 4   5 5 5 4 5 5 4 45 90 
1993 Halpine7 III 5 4 5   3 3 2 3 3 3 4 35 70 
1994 Aiken8 II-2B 5 4 5   4 5 5 4 5 4 4 45 90 
1994 Shamian9 III 4 3 3   3 3 2 3 3 4 4 32 64 
1994 Taunton10 III 5 4 4   2 3 0 2 3 3 4 30 60 
1988 Shortell11 II-2C 5 3 4   5 4 4 4 4 5 4 42 84 
1994 Shortell12 II-2C 5 4 4   4 3 3 3 4 4 4 38 76 
1995 Grillo-Peck13 III 5 5 4   3 2 1 3 2 3 3 31 62 
1995 Thorson14 II-2C 5 5 4   4 4 4 4 4 4 5 43 86 
1996 Fridkin15 II-2C 5 4 5  Yes 4 5 4 5 4 3 4 43 86 
1996 Dugan16 III 3 3 4   2 0 0 3 2 2 3 22 44 
1997 Bloom17 III 4 4 5   4 3 3 4 4 5 4 40 80 
1997 Archibald18 II-2C 5 4 5  Yes 3 3 2 3 3 2 4 34 68 
1997 Minnick19 III 3 3 3   4 3 2 4 4 4 4 34 68 
1997 Melberg20 III 0 4 5   3 0 0 2 2 3 3 22 44 
1997 ANA21 II-2C 5 4 4   3 3 4 3 4 4 4 38 76 
1998 Blegen22 II-2C 5 4 4   3 3 3 4 2 4 4 36 72 
1998 Blegen23 II-2C 5 4 5   3 4 3 4 4 3 4 39 78 
1998 Kovner24 III 5 4 4   4 4 4 4 4 4 4 41 82 
1998 Leiter25 III 4 4 4   2 3 0 3 3 3 4 30 60 
1998 Aiken26 II-2C 5 3 5  Yes 3 5 4 4 5 4 4 42 84 
1999 Pronovost27 II-2C 5 3 5   2 5 5 5 5 4 5 44 88 
1999 Aiken28 II-2C 5 3 5  Yes 3 5 4 4 5 4 4 42 84 
1999 Robertson29 II-2C 5 4 5   3 4 4 4 4 4 4 41 82 
1999 Lichtig30 II-2C 5 4 4   3 4 4 3 4 3 4 38 76 
1999 Seago31 III 4 4 3   3 0 0 3 3 3 4 27 54 
1999 Bond32 II-2C 5 4 4   5 4 4 5 5 5 4 45 90 
2000 Amaravadi33 II-2C 5 4 5  Yes 2 5 5 5 5 4 5 45 90 
2000 Gandjour34 III 3 3 5   3 4 3 3 4 3 4 35 70 
2000 Robert35 II-2C 5 5 5 Yes Yes 4 4 2 5 4 3 5 42 84 
2000 Silber36 II-2C 5 4 5   5 4 5 5 5 5 4 47 94 
2000 ANA37 II-2C 5 3 4   5 3 3 4 3 5 4 39 78 
2000 Hoover38 III 5 4 5   3 4 4 3 3 3 4 38 76 
2000 Unruh39 II-2C 5 4 4   3 4 4 3 4 4 4 39 78 
2001 Pronovost40 II-2C 5 4 5   3 5 4 5 5 4 5 45 90 
2001 Dimick41 II-2C 5 4 5   2 5 4 4 5 4 5 43 86 



 
Table E1.  Quality of the studies (continued) 
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Year Author Class A B C D E F G H I J K L Total Score M % 
2001 Blegen42 II-2C 4 3 3   3 4 3 4 4 4 4 36 72 
2001 Needleman43 III 5 5 5   4 5 4 4 5 5 5 47 94 
2001 Bolton44 III 5 4 4   3 3 2 2 2 4 4 33 66 
2001 Aiken45 III 4 3 3   3 3 0 2 2 3 4 27 54 
2001 Whitman46 II-2A 4 4 5   3 2 2 3 3 3 4 33 66 
2001 Sovie47 II-2C 5 4 4   3 3 2 3 3 3 4 34 68 
2001 Ridge48 III 5 5 4   4 3 3 3 3 2 4 36 72 
2001 Ritter-Teitel49 II-2C 5 4 4   5 4 4 4 4 5 5 44 88 
2002 Dang50 II-2C 5 4 5   3 4 4 5 5 4 5 44 88 
2002 Aiken51 II-2C 5 3 5  Yes 3 5 5 5 4 4 4 43 86 
2002 Seago52 III 5 4 5  Yes 3 4 4 4 4 3 4 40 80 
2002 Tourangeau53 II-2C 5 4 5 Yes Yes 3 5 4 4 4 5 5 44 88 
2002 Kovner54 III 5 4 4   5 4 4 4 5 4 5 44 88 
2002 Langemo55 III 5 3 4   3 3 0 2 0 3 3 26 52 
2002 Needleman56 III 5 4 4   3 5 4 5 5 5 5 45 90 
2002 Barkell57 III 5 4 5  Yes 3 2 0 2 2 1 3 27 54 
2002 Stegenga58 II-2C 5 5 5 Yes Yes 3 4 0 5 4 2 4 37 74 
2002 Whitman59 III 5 4 4   3 3 0 3 2 3 3 30 60 
2002 Cheung60 III 3 5 5 Yes Yes 3 3 2 2 3 2 3 31 62 
2002 Oster61 III 5 5 5   3 4 3 4 3 3 3 38 76 
2003 Aiken62 III 5 4 5  Yes 4 5 5 5 5 4 5 47 94 
2003 Beckman63 III 5 5 5 Yes Yes 4 4 4 3 3 2 3 38 76 
2003 Berney64 II-2C 5 5 5  Yes 3 5 5 4 5 4 5 46 92 
2003 Unruh65 II-2C 5 5 5   3 4 4 4 4 4 5 43 86 
2003 Cho66,67 II-2C 4 4 4  Yes 3 5 4 5 5 4 5 43 86 
2003 Langemo68 III 4 3 3   3 2 0 2 2 2 3 24 48 
2003 Needleman69 III 5 4 4   4 4 4 4 4 5 4 42 84 
2003 Mark70 II-1B 5 3 4   3 2 1 3 2 3 4 30 60 
2003 Alonso-Echanove71 II-2A 5 5 5 Yes Yes 4 4 4 5 4 4 5 45 90 
2003 Bolton72 III 5 4 4   3 2 1 2 3 4 3 31 62 
2003 Potter73 III 4 4 5   3 3 2 3 3 2 4 33 66 
2003 Hope74 II-2C 5 5 5 Yes Yes 3 5 4 5 5 3 5 45 90 
2003 Simmonds75 II-2C 5 4 5   3 4 3 4 4 2 3 37 74 
2003 Zidek76 II-2C 5 4 4   3 3 3 3 3 3 3 34 68 
2003 Tallier77 II-2C 4 4 4   3 2 0 3 1 2 3 26 52 
2004 Person78 II-2C 5 4 5   5 5 5 5 5 5 5 49 98 
2004 Sochalski79 III 5 3 3   5 3 2 4 3 4 3 35 70 
2004 Mark80 II-2C 5 4 4   4 4 4 5 5 4 5 44 88 
2004 Van Doren81 III 4 5 5   4 2 0 3 2 3 4 32 64 
2004 Vahey82 III 5 3 4   3 4 4 5 5 3 4 40 80 
2004 Boyle83 III 3 3 4   3 3 2 3 3 2 3 29 58 
2004 Cimiotti84 II-2C 5 4 4   3 4 4 4 4 3 4 39 78 
2005 Estabrooks85 III 5 3 5 Yes Yes 3 4 4 5 5 4 4 42 84 
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Year Author Class A B C D E F G H I J K L Total Score M % 
2005 Marcin86 II-2C 5 5 5 Yes Yes 3 4 4 5 5 3 4 43 86 
2005 Elting87 II-2C 5 3 5   3 5 5 5 5 4 4 44 88 
2005 Mark88 II-2C 5 4 4   4 4 4 4 4 4 5 42 84 
2004 Donaldson89 III 5 4 3   3 3 2 4 3 4 4 35 70 
2005 Tschannen90 III 5 5 5 Yes Yes 3 5 4 4 4 2 3 40 80 
2005 Houser91 III 5 4 5   5 4 4 4 4 5 5 45 90 
2005 Halm92 III 5 5 5   3 3 3 4 4 2 4 38 76 
2005 Donaldson93 III 5 5 4   3 4 5 4 5 4 4 43 86 
2005 Stratton94 II-2C 5 4 4   3 4 4 3 3 4 4 38 76 
2006 Seago95 II-2C 5 4 5   3 3 2 3 3 3 3 34 68 
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Figure E1 plots the quality scores (expressed as the percent of maximum possible scores) over 
time to look for changes in ratings. Although there is a modestly positive overall trend, it is not 
significant.  
 
 
Figure E1.  Association between quality of studies and time of publication 
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Table E2.  Studies published in peer reviewed journals indexed in Medline 
 

Source* 
Number of 

Publications Quality (% from maximum) 
Am J Crit Care 1 86 
Anesthesiology 1 94 
book 2 77 
Can J Nurs Res 1 88 
Cancer 1 88 
Clin Nurse Spec 1 76 
Dissertation 15 77 
Eff Clin Pract 1 90 
Health Econ 1 84 
Health Serv Manage Res 1 82 
Health Serv Res 4 88 
Heart Lung 1 88 
Image J Nurs Sch 1 82 
Infect Control Hosp Epidemiol 4 84 
Intensive Care Med 1 90 
J Health Hum Serv Adm 1 54 
J Nurs Adm 12 65 
J Nurs Care Qual 1 44 
J Nurs Scholarsh 1 66 
J Trauma 1 66 
JAMA 3 89 
Lippincotts Case Manag 1 64 
Manag Care Interface 1 70 
Med Care 8 82 
N Engl J Med 3 81 
Nurs Adm Q 1  
Nurs Econ 4 65 
Nurs Manage 3 49 
Nurs Res 4 79 
Outcomes Manag 1 54 
Pediatr Crit Care Med 1 86 
Pediatr Infect Dis J 1 68 
Pharmacotherapy 1 90 
Phys Rev B Condens Matter 1 76 
Phys Rev C Nucl Phys 1 78 
Policy Polit Nurs Pract 1 70 
QRB Qual Rev Bull 1 76 
Qual Health C 1 84 
Report 1 94 
Report 1 86 
Soc Sci Med 2 64 

 
*Title abbreviations from the National Library of Medicine 
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Table E3.  Assessment of patient comorbidities in included studies 
 

Author Source to Measure Patient Outcomes Assessment of Comorbid Conditions 
Analytic Unit 

Aiken Medical charts of consecutively admitted patients Severity classification for AIDS hospitalization, 
clinical AIDS Prognostic Staging 
Analytic unit: Patient 

Aiken Hospitals discharge database ICD codes for pre-existing comorbid conditions 
Analytic unit: Patient 

Aiken Health Care Cost Containment Council ICD codes for pre-existing co morbid conditions 
Analytic unit :Patient 

Aiken HCFA database Medicare Case Mix Index 
Analytic unit: Hospital 

Aiken Patients survey HIV risk categories, illness severity 
Analytic unit: Patient 

Alonso-
Echanove 

Medical charts Secondary diagnoses and individual medical 
history present at the time of the admission 
Analytic unit: Patient 

Amaravadi Uniform Hospital Health Discharge Data Set ICD codes for comorbid conditions (secondary 
diagnoses and procedures) 
Analytic unit: Patient 

ANA HCFA discharges database Patients’ case mix index and severity of Illness 
index 
Analytic unit: Hospital 

ANA Uniform Hospital Discharge Data Set Patient case mix index and severity of Illness 
index 
Analytic unit: Hospital 

Berney New York Statewide Planning and Research 
Cooperative System 

DRG codes for comorbid conditions 
Analytic unit: Hospital 

Blegen Comparative occurrence reporting service 
(CORS) 

Hospital Medicare Case Mix Scores 
Analytic unit: Hospital Unit 

Blegen Hospitals discharge database Hospital Medicare Case Mix Index 
Analytic unit: Hospital Unit 

Blegen Hospital discharge records Patient’s acuity data from the monthly acuity 
system reports 
Analytic unit: Hospital Unit 

Bloom Transaction Cost Analysis; Area Resource File Medicare Case Mix Index 
Analytic unit: Hospital 

Bond Hospital Medicare mortality rates from the Health 
Care Financing Administration 

 Medicare case mix, APACHE scores, Severity of 
Illness scores 
Analytic unit: Hospital 

Boyle Hospital discharge data Patients case mix index 
Analytic unit: Patient 

Cho State inpatient databases DRG codes to calculate the number of diagnoses 
at admission 
Analytic unit: Patient and hospitals 

Cimiotti Patient discharges and medical records reviewed 
by study's nurse epidemiologist 

DRG for comorbid conditions and procedures 
Analytic unit: Patient 

Dang Uniform Hospital Health Discharge Data Set ICD codes for comorbid conditions (secondary 
diagnoses and procedures) 
Analytic unit: Patient 

Dimick Uniform Health Discharge Data Set ICD codes for comorbid conditions (secondary 
diagnoses and procedures) 
Analytic unit: Patient 

Elting Center for Medicare and Medicaid Services and 
the American Hospital Association 

Comorbid conditions were coded using the 
Dartmouth Manitoba Adaptation of Charlson 
comorbidity score 
Analytic unit: Hospital 

Estabrooks Hospital inpatient database Charlson index modified by Devo 
Analytic unit: Patient 
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Author Source to Measure Patient Outcomes Assessment of Comorbid Conditions 
Analytic Unit 

Fridkin Medical records Severity of illness with APACHE II scores 
Analytic unit: Patient 

Gandjour Health Care Financing Administration Medicare case-mix 
Analytic unit: Hospital 

Halm Hospital's data warehouse with patient 
discharges 

DRGs codes for comorbid conditions 
Analytic unit: Patient 

Halpine Hospital Medical Records Institute database Case Mix Groups 
Analytic unit: Patient 

Hartz Hospital discharges data from The Health Care 
Financing Administration (HCFA) 

ICD codes for 4 secondary diagnoses, Severity 
of Illness index 
Analytic unit: Hospital 

Hoover Health Care Financing Administration, 
HealthCareReportCards.com; MEDPAR 
database 

Medicare Case Mix Index 
Analytic unit: Hospital 

Hope Medical Microbiology Laboratory and Infection 
Control Services; Discharge Abstract Database 

Patient severity of Illness index 
Analytic unit: Patient 

Houser Nationwide inpatient sample of 2001 with 
hospital discharge records 

ICD codes for comorbid conditions 
Analytic unit: Patient 

Kovner National Inpatient Sample (NIS) Medicare Case Mix Index 
Analytic unit: Hospital 

Kovner Nationwide inpatient sample of hospital 
discharges 

Medicare Case Mix Index 
Analytic unit: Hospital 

Krakauer Medical records for all Medicare discharges  ICD codes for 4 comorbid conditions and 
additional clinical data with MediQual system 
Analytic unit: Hospital 

Marcin Medical charts, Pediatric Intensive Care Unit 
Evaluations Database 

Pediatric Risk of Mortality (PRISM) III index 
Analytic unit: Patient 

Mark Centers for Medicare Services  Minimum Cost 
and Capital File, CMS Provider of Services File, 
CMS Case Mix Index File, CMS Online Survey 
Certification and Reporting system (OSCAR) 
files, and HCUP files 

CMS Case Mix Index  
Analytic unit: Hospital 

Mark Hospital’s incident reporting system  CMS Case Mix Index File 
Analytic unit: Patient (survey) 

Mark Healthcare Cost and Utilization Project (HCUP) 
National Inpatient Sample (NIS) 

CMS case mix index file, Medstat's Disease 
Staging methodology 
Analytic unit: Hospital  

Needleman Hospital discharge data from 11 states (all 
patients and Medicare sample) and MedPAR 
national database (all Medicare patients) 

DRGs codes for comorbid conditions 
Analytic unit: Hospital and units 

Person Medicare database Patients severity of illness index 
Analytic unit :Patient 

Pronovost Uniform Hospital Health Discharge Data Set ICD codes for comorbid conditions 
Analytic unit: Patient 

Pronovost Uniform Hospital Health Discharge Data Set ICD codes for comorbid conditions (secondary 
diagnoses and procedures) 
Analytic unit: Patient 

Ridge Patient survey 2 weeks after discharge with 
computerized phone interview system 

Medicare case mix 
Analytic unit: Patient 

Ritter-Teitel Hospitals Incidence reports and patient surveys Patients case mix index 
Analytic unit: Unit 

Robert Medical charts Severity of illness with APACHE II scores 
Analytic unit: Patient 

Robertson HCFA database and Hospitals Information 
Reports 

Medicare Case Mix Index 
Analytic unit: Hospital 

Seago California Office of Statewide Health Planning 
and Development (OSHPD) Hospital Disclosure 
Report database 

Patients severity of illness index 
Analytic unit: Hospital 
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Author Source to Measure Patient Outcomes Assessment of Comorbid Conditions 
Analytic Unit 

Seago Incident reporting system, patient survey Case-mix index 
Analytic unit: Patient 

Shamian National Comparative Database for Nursing 
Resource Consumption 

ICD codes for secondary diagnoses present at 
admission 
Analytic unit: Unit 

Shortell MedPAR dataset of hospital discharges  Medicare case mix 
Analytic unit: Hospital 

Shortell Hospitals discharge data DRG codes for comorbid conditions, APACHE III 
scores 
Analytic unit: Unit 

Silber Pennsylvania Medicare claims records; Medicare 
Standard Analytic Files; random sample of 50% 
of Medicare patients who underwent general 
surgical or orthopedic procedures 

ICD codes for comorbid conditions present at 
admission and physician’s current procedural 
terminology for outpatient visits within 3 months 
before index hospital stay 
Analytic unit: Hospital 

Tourangeau Ontario Acute Care Hospitals Dataset DCID codes for pre-existing  comorbid conditions 
(Manitoba adaptation of the Charlson index) 
Analytic unit: Hospital 

Tschannen Patient medical records Patient Acuity Index, ICD codes for comorbid 
conditions 
Analytic unit: Patient 

Unruh Pennsylvania Health Care Cost Containment 
Council 

MediQual severity measure to calculate scores 
Analytic unit: Hospital 

Unruh State Health Care Cost Containment Council MediQual severity scores 
Analytic unit: Patient 

Wan Hospital records Patient Acuity Index 
Analytic unit: Hospital 

Zidek Hospital discharge data, patient records, and 
chart audits 

Patients severity of illness index 
Analytic unit: Patient 
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Appendix F.  Analytic Framework 
 
 
Appendix F contains details on analytical framework of the meta-analysis: definitions, 
hypotheses, and statistical models. 
 
Differences in definitions of nurse staffing. The variation in the ways nurse staffing rates are 
calculated and expressed makes it difficult to summarize data across studies. The nurse to patient 
or patients to nurse ratio reflects the number of patients cared for by one nurse typically specified 
by job category (RN, LPN, or LVN); this ratio may be calculated by shift or by nursing unit; 
some researchers use this term to mean nurse hours per inpatient day. 
 
Various authors used different operational definitions for the nurse to patient ratio, including: 

• number of patients cared for by one nurse per shift 
• FTE/1,000 patient-days 
• nurse/patient-day or FTE/occupied bed 

 
Total nursing staff or hours per patient day represent all staff or all hours of care including RN, 
LPN, LVN, and aides counted per patient day (a patient day is the number of days any one 
patient stays in the hospital, i.e. one patient staying 10 days would be 10 patient days). 
 
RN, LPN, or LVN full-time equivalents per patient day: (an FTE is 2,080 hours per year and can 
be composed of multiple part-time or one full-time individual.1 FTE/occupied bed ratios were 
calculated based on FTE/mean annual number of occupied bed-days (patient-days). 
 
We reported nursing rates as they were used by individual authors, but we have also created two 
standardized rates for purposes of comparison. 

1. The number of patients cared by one nurse per shift. This ratio can be expressed as 
FTE/patient or patients/FTE per shift. 

2.  RN FTE/patient day ratio 
 

We conducted separate analysis and report the results in these ways: 
• with definitions the authors used 
• corresponding to increase by 1 RN FTE/patient day 
• in categories of patients/RN per shift in ICUs, and with surgical and medical patients. 
 

Different methods have been used to estimate nurse hours per patient day from FTEs. Some 
investigators assume a 40 hour week and 52 working weeks per year (2,080 hours/year). Others 
use more conservative estimates (e.g. 37.5 hours per week for 48 weeks = 1,800 hours/year). In 
our conversions, we used the latter estimate:2 

Nurse hours per patient day = (FTE*40)/patient days3 
One nurse/patient day = 8 working hours per patient day 2 
Then the patient/nurse ratio = 24 hours/nurse hours per patient day.3 

We made the following assumptions: 
37.5 hour work week on average; 
48 working weeks/year (4 weeks vacation, holidays, sick time); 
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All FTE are full-time nurses with the same shift distribution (assume 3 8-hour shifts); 
Length of shift does not modify the association between nurse staffing and patient outcomes; 
Patient density is the same over the year. 

The same estimation was used for the each nurse job category- RN, LPN, and UAP. 
 
The following examples of calculations may help clarify the approach to conversions. 
1.  The authors reported RN FTE/1,000 patient-days. 
 We calculated: 

RN hours/patient days: [(RN FTE/1,000 *1,800hours)]/1,000 
 Nurse to patient per shift ratio: 
 Patient/nurse ratio = 24 hours/nurse hours per patient day3 
Numeric example: The authors reported 3 RN FTE/1,000 patient days  

RN hours/patient day = (3*1,800)/1,000=5.4 RN hours/patient day 
Patients/RN per shift ratio = 24 hours/5.4 = 4.4 patients 

 
2.  The authors reported RN/patient day 
 We calculated 
 RN hours/patient days: (FTE*40)/5 patient days per week3 
 RN hours/patient day = FTE*8 
 Patients/RN per shift ratio = 24 hours/RN hours per patient day3  
Numeric example: The authors reported 0.5 FTE/patient day 
 RN hours/patient day: 0.5 FTE*8 hours = 4 hours/patient day 
 Patients/RN per shift ratio = 24 hours/4 = 6 patients 
 
3.  The authors reported patients/RN per shift ratio. 
 We calculated  
 RN hours/patient day = 24 hours/reported ratio of patients/RN3 
 RN FTE/patient day = RN hours per patient day/8 hours 
Numeric example: The authors reported 2 patients/RN/shift 
 RN hours/patient day = 24 hours/2 = 12 hours/patient day 
 RN FTE/patient day = 12 hours per patient day/8 hours = 1.5 RN FTE 
 
When the authors reported outcome rates among different categories of nurse staffing; we 
extracted the reported means or calculated medians of nurse staffing ranges. When the authors 
reported changes in outcomes corresponding to 1 unit increase in nurse staffing ratio. We defined 
a reference nurse staffing level equal to the published means4,5 in different clinical settings 
assuming that the same linear association would be observed corresponding to an increase by 1 
unit from the mean. This assumption ignores nonlinearity but provides more realistic staffing 
estimation. When the authors reported regression coefficients form several statistical models, we 
used maximum likelihood criteria to extract one regression coefficient for the pooled analysis—
models with significant regression coefficient for the association: 

• the smallest number of nonsignificant regression coefficients for confounding factors in the 
model 

• main effects models without interaction and nonlinear associations. 
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Independent staffing variables for questions 1, 2, and 4 extracted from the studies: 
RN FTE/patient day as a continuous variable 
Patients/RN/shift ratio as a continuous variable  
Quartiles of patients/RN/shift ratio as a categorical variable 
Patients/LPN/shift ratio as a continuous variable  
Patients/UAP/shift ratio as a continuous variable 
Total nursing hours as a continuous variable equal nursing hours/patient or patient day 
RN hours/patient day as a continuous variable equal RN hours/patient day 
LPN hours/patient day as a continuous variable equal LPN hours/patient day 
UAP hours/patient day as a continuous variable equal UAP hours/patient day 
Licensed hours/patient day as a continuous variable equal RN and LPN hours/patient day 
 
We calculated means, standard deviations, and quartiles of nurse staffing variables in different 
clinical settings to compare with published articles.4,5 
 

Nurse Variables Needleman et al 
Number of hours of nursing care per patient-day Mean ± STD 
Registered nurse–hours 7.8 ± 1.9 
Licensed-practical nurse–hours 1.2 ± 1.0 
Aide hours 2.4 ± 1.2 
Total 11.4 ± 2.3 
Proportion of total hours of nursing care (%)  
Registered nurse hours 68 ± 10 

 
 
The present report: 
 

Nurse Staffing Number of Studies Mean Standard Deviation 
ICUs    
RN FTE/patient day 15 1.31 0.70 
Patients/RN per shift 15 3.11 1.82 
Total nursing hours/patient day 15 11.00 5.23 
RN hours/patient day 10 12.61 5.28 
LPN hours/patient day 3 0.34 0.57 
UAP hours/patient day 4 2.26 1.20 
Licensed nurse hours/patient day 1 7.29 0.43 
Surgical patients    
RN FTE/patient day 13 1.14 0.84 
Patients/RN per shift 13 4.04 2.32 
Patients/LPN per shift 2 3.07 2.21 
Total nursing hours/patient day 12 7.73 4.31 
RN hours/patient day 11 7.81 5.28 
LPN hours/patient day 7 1.49 1.58 
UAP hours/patient day 5 2.07 0.62 
Medical patients    
RN FTE/patient day 20 1.10 0.99 
Patients/RN per shift 20 4.42 2.94 
Patients/LPN per shift 6 13.25 8.52 
Patients/UAP per shift 4 11.95 8.87 
Patients/licensed nurse per shift 2 4.12 1.09 
Total nursing hours/patient day 27 8.23 4.36 
RN hours/patient day 23 6.06 3.60 
LPN hours/patient day 13 2.84 3.33 
UAP hours/patient day 12 2.97 3.22 
Licensed nurse hours/patient day 4 3.32 2.92 
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Independent staffing strategies variables: 
Skill mix % of RN nurses/total nursing personnel as a continuous variable 
  % of nurses with BSN degrees/total nursing personnel as a continuous variable 
  % of licensed nurses (RNs + LPNs)/total nursing personnel as a continuous variable 
 
Experience mix: nurse experience in years as a continuous variable 
 % of overtime nursing hours as a continuous variable 
 % of temporary nurses as a continuous variable 
 % of full-time nurses as a continuous variable 
 
The authors used different operational definitions of the outcomes rates: the percentage of the 
patients with outcomes among all hospitalized patients and the rates of the outcomes per 1,000 
patient days. We reported these rates as they were used by the individual authors, but we have 
also standardized rates as the percentage of patients with outcomes among all hospitalized 
patients for purposes of comparison. We estimated that  
Percentage of patients with outcomes = (rate per 1,000 patient days/10) * an average length of 
stay. We use published averages of length of stay in ICUs, in medical, and surgical patients.4 
 
Weighting variable: 
Sample size as patient or analytic unit number (when patient number was not reported); hospital 
number per every level of exposure. 
 
Tested sources of heterogeneity: 
1.  Analytic unit 
2.  Patient population 
3.  Hospital unit 
2.  Study design 
3.  Adjustment for comorbidities  
4.  Definition of nurse to patient ratio 
5.  Quality scores 
6.  Adjustment for provider characteristics and patient socio-economic status 
7.  Adjustment for clustering between providers and patients  
8.  Source of the data (administrative vs. medical record)  
9.  Definition of outcomes 
 
We tested the possible sources of heterogeneity as interaction variables which could modify the 
effect of nurse staffing on patient outcomes and conducted sensitivity analysis within each 
category of effect modifiers. 
 
Hypotheses tested in pooled analysis: 
1. The outcome is associated with nurse staffing as a continuous variable, weighted by the study 

sample size * number of hospitals, in a random effects model—random intercept for each 
study 

2. The outcome is associated with nurse staffing as a continuous variable, weighted by the study 
sample size * number of hospitals, in a fixed effects model 
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3. The outcome is associated with nurse staffing as a continuous variable with nonlinear 
association, weighted by the study sample size * number of hospitals in a random effects 
model 

4. The outcome is associated with nurse staffing as a continuous variable with nonlinear 
association, weighted by the study sample size * number of hospitals, in a fixed effects 
model 

5.  The association with nurse staffing as a continuous variable can be modified by analytic unit 
(hospital, unit, and patient levels), when the model is weighted by the study sample size * 
number of hospitals in a random effects model—random intercept for each study 

6. The association with nurse staffing as a continuous variable can be modified by analytic unit 
when the model is weighted by the study sample size * number of hospitals in a fixed effects 
model  

7. The association with nurse staffing as a continuous variable can be modified by hospital unit 
(ICU, medical, surgical) when the model is weighted by the study sample size * number of 
hospitals in a random effects model—random intercept for each study 

8. The association with nurse staffing as a continuous variable can be modified by hospital unit 
when the model is weighted by the study sample size * number of hospitals in a fixed effects 
model 

9. The association with nurse staffing as a continuous variable can be modified by patient type 
(medical vs. surgical) when the model is weighted by the study sample size * number of 
hospitals in a random effects model with a random intercept for each study. 

10. The association with nurse staffing as continuous variables can be modified by patient type 
(medical vs. surgical) when the model is weighted by the study sample size * number of 
hospitals in a fixed effects model 

11. The outcome was associated with nurse staffing as a categorical variables, weighted by the 
study sample size * number of hospitals, in a random effects model—random intercept for 
each study 

12. The outcome is associated with nurse staffing as continuous variable weighted by the study 
sample size * number of hospitals in a fixed effects model 

13. A sensitivity analysis by analytic units, hospital units, and patient population tested all 
previous hypotheses with random and fixed effects models weighted by the sample size in 
subgroups where the analytic units are hospitals, hospital units, and patients and the hospital 
units are ICU, medical, and surgical and the patients are medical and surgical 

14. Individual studies were analyzed with simple linear regression in STATA to find slopes for 
each study when possible. Meta-analysis was used to estimate pooled regression coefficients: 
changes in outcomes corresponding to incremental changes by one unit in nurse staffing  

15. Interaction models and sensitivity analysis examined the effects of the year of outcomes 
occurrence and adjustment for patient and provider characteristics and clustering of patients 
and providers. 

 
Algorithms of meta-analysis6 
Pooled estimate as a weighted average: 
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Weights are inverse of variance (standard error):2 
 
 
 
Standard error of pooled estimate: 
 
 
 
 
Heterogeneity (between-study variability) measured by: 
 
 
 
Assumptions for random effects model: true effect sizes qi have a normal distribution with mean 
q and variance t2; t2 is the between-study variance 
Between study variance: 
 
 
 
 
 
 
Where:  
wi are the weights from the fixed effect inverse-variance method 
Q is the heterogeneity test statistic from before (either from inverse-variance method or Mantel-
Haenszel method) 
k is the number of studies, and 
t2 is set to zero if Q<k-1 
Random effect pooled estimate is weighted average: 
 
 
 
 
Weights used for the pooled estimate are similar to the inverse-variance, but now incorporate a 
component for between-study variation: 
 
 
 
Standard error of pooled estimate 
 
 
 
 
The likelihood-based approach to general linear mixed models was used to analyze the 
association between independent variable and outcomes with the basic assumption that the data 
are linearly related to unobserved multivariate normal random variables. 
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General linear model Y = Xβ + ε  
(Y - the vector of observed yi's, X - known matrix of xij's, β-  the unknown fixed-effects parameter 
vector, and ε - the unobserved vector of independent and identically distributed Gaussian random 
errors) is written in the mixed model: 
Y = Xβ + Zλ + ε 
where Z - known design matrix, and λ the vector of unknown random-effects parameters. 
The model assumes that λ and ε are normally distributed.  
 
Attributable risk was calculated as the outcome events rate in patients exposed to different nurse 
staffing levels.7-9 
 
Attributable risk of the outcome = rate of events in patients with below of the recommended 
nurse/patient ratio x (relative risk = 1) 
 
Number needed to treat to prevent one adverse event was calculated as reciprocal to absolute risk 
differences in rates of outcomes events in the groups of the patients with different nurse staffing 
levels.10 
 
Administrative data was obtained to estimate nurse shortage and distribution in a state level in 
the USA.11,12 Correlation between nurse distribution and fatal adverse events related to health 
care were computed with 95%confidence level to determine a strength and directions of the 
correlations.13 
 
Definitions of fatal injuries related to health care: 
Misadventures to patients during surgical and medical care (E870-E876): 
E870 Accidental cut, puncture, perforation, or hemorrhage during medical care- 
E870.0 Surgical operation 
E870.1 Infusion or transfusion 
E870.2 Kidney dialysis or other perfusion 
E870.3 Injection or vaccination 
E870.4 Endoscopic examination 
E870.5 Aspiration of fluid or tissue, puncture, and catheterization 
Abdominal paracentesis 
Aspirating needle biopsy 
Blood sampling 
Lumbar puncture 
Thoracentesis 
E871 Foreign object left in body during procedure 
E872 Failure of sterile precautions during procedure 
E873 Failure in dosage 
E873.0 Excessive amount of blood or other fluid during transfusion or infusion 
 E873.1 Incorrect dilution of fluid during infusion 
 E873.2 Overdose of radiation in therapy 
 E873.3 Inadvertent exposure of patient to radiation during medical care 
 E873.4 Failure in dosage in electroshock or insulin-shock therapy 
 E873.5 Inappropriate [too hot or too cold] temperature in local application and packing 
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 E873.6 Nonadministration of necessary drug or medicinal substance 
 E873.8 Other specified failure in dosage 
 E873.9 Unspecified failure in dosage 
E874 Mechanical failure of instrument or apparatus during procedure 
E875 Contaminated or infected blood, other fluid, drug, or biological substance 
Includes: 
presence of: 
bacterial pyrogens 
endotoxin-producing bacteria 
serum hepatitis-producing agent 
E876 Other and unspecified misadventures during medical care 
E876.0 Mismatched blood in transfusion 
E876.1 Wrong fluid in infusion 
E876.2 Failure in suture and ligature during surgical operation 
E876.3 Endotracheal tube wrongly placed during anesthetic procedure 
E876.4 Failure to introduce or to remove other tube or instrument 
E876.5 Performance of inappropriate operation 
E876.8 Other specified misadventures during medical care 
Performance of inappropriate treatment NEC 
E876.9 Unspecified misadventure during medical care 
 
Surgical and medical procedures as the cause of abnormal reaction of patient or later 
complication, without mention of misadventure at the time of procedure (E878-E879) 
Includes: 
procedures as the cause of abnormal reaction, such as: 
displacement or malfunction of prosthetic device 
hepatorenal failure, postoperative 
malfunction of external stoma 
postoperative intestinal obstruction 
rejection of transplanted organ 
E878 Surgical operation and other surgical procedures as the cause of abnormal reaction of 
patient, or of later complication, without mention of misadventure at the time of operation 
E879 Other procedures, without mention of misadventure at the time of procedure, as the cause 
of abnormal reaction of patient, or of later complication 
 
Drugs, medicinal and biological substances causing adverse effects in therapeutic use (E930-E949) 
Includes: 
correct drug properly administered in therapeutic or prophylactic dosage, as the cause of any 
adverse effect including allergic or hypersensitivity reactions 
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Table G1.  Design, external, and internal validity of the studies that examined the associations between nurse staffing and strategies and patient 
outcomes 
 
Case control studies 
 

Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Fridkin, 19661 
Article  

Examine the 
associations 
between nurse 
staffing and central 
venous catheter-
associated 
bloodstream 
infections  

Single hospital study: 
university-affiliated 
Veterans Affairs 
medical center 

1992-1993, Patient, 
Random sample of 
1,760 patients 

Medical records, 
Adults, Catheter-
associated 
bloodstream 
infections, Veterans 
Affairs 

Patient age, 
gender, length of 
stay, primary 
diagnosis, severity 
of illness 

Bloodstream 
infections 

Arnow, 19822 
Article 

Examine association 
between staffing by 
overtime or 
temporary nurses 
and nosocomial 
infection in a burn 
unit 

Single unit study, 
Medical records  

1975, Patient, 147 
patients, 27.21% 

Medical records, 
Adults 

Not reported Nosocomial 
infection 

Marcin, 20053 
Article 

Examine the 
association between 
unplanned 
extubation and years 
of nurse experience 
and nurse-to-patient 
ratio in the pediatric 
intensive care unit 

Single hospital study 1999-2002, Patient, 
220 patients 

Medical records, 
Children 

Matching: a) 
weaning status and 
duration of 
intubation; b) 
patient age; and c) 
severity of illness 
as defined by 
PRISM III. 
Adjustment: patient 
age, physical 
restraints, sedation, 
patient agitation 

Unplanned 
extubation 



 
Table G1.  Design, external, and internal validity of the studies that examined the associations between nurse staffing and strategies and patient 
outcomes (continued) 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Aiken, 19984 
Article 

Examine association 
between hospital 
organization , nurse 
burnout, an patient 
satisfaction 

American Hospital 
Association Annual 
Hospital Survey 

1990-1991, Patient, 
1,393 patients, 
13.50% 

Medical records, 
Adults, AIDS 

Patient sex, age, 
race, type of 
insurance, HIV risk 
categories, illness 
severity; admitting 
physician as a part 
of an AIDS 
specialty service; 
the extent of nurse 
control over 
practice 
environment 

Patient 
satisfaction 

Aiken, 19995 
Article 

Compare differences 
in AIDS patients' 30-
day mortality and 
satisfaction with care 
in dedicated AIDS 
units, scattered-bed 
units in hospitals 
with and without 
dedicated AIDS 
units, and in magnet 
hospitals known to 
provide good nursing 
care 

American Hospital 
Association Annual 
Hospital Survey 

1990-1991, Patient, 
1,393 patients, 
13.50% 

Medical records, 
Adults, AIDS 

Patient sex, age, 
race, type of 
insurance, HIV risk 
categories, illness 
severity; admitting 
physician as a part 
of an AIDS 
specialty service; 
the extent of nurse 
control over 
practice 
environment 

Mortality. patient 
satisfaction 

Robert, 20006 
Article  

Examine the 
association between 
nosocomial primary 
bloodstream 
infections (BSIs) and 
nursing-staff levels in 
surgical intensive 
care unit (SICU) 
patients 

Single hospital study - 
20-bed SICU in a 
1,000-bed inner-city 
public hospital, 100, 
South  

1994-1995, Patient, 
Random sample of 
127 patients  

Medical records, 
Adults, Nosocomial 
primary 
bloodstream 
infections 

Patient age, 
diagnosis, 
comorbidity, length 
of stay 

Bloodstream 
infection 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Aiken, 19947 
Article 

Examine the 
association between 
Medicare mortality 
and hospitals with 
different nursing care 

39 magnet hospitals 
and 195 control 
hospitals, selected 
using a multivariate 
matched sampling 
procedure that 
controls for hospital 
characteristics, 
28.2%, 7.7% 

1988, Hospital, 
Random sample of 
234 hospitals 

Administrative, 
Adults, 65, 
Medicare 

Patient age, sex, 
comorbidities, type 
and source of 
admission, 
propensity scores 
for 12 hospital 
characteristics 
census, size 
occupancy rate, 
location, 
technology index) 

Mortality 

 
 
 
Case-series 
 

Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Seago, 19998 
Article 

Examine the 
association of patient-
focused care at one 
tertiary care university 
teaching hospital on 
patient outcomes 

Single tertiary care 
hospital study before 
and after 
implementation of 
patient-focused care 

1996-1997, Patient, 
89,256 patients 

Medical records, 
Adults 

Not reported Patient 
satisfaction, 
pressure ulcers, 
falls 

Donaldson, 20059 
Article 

Examine patients’ 
outcomes before and 
after legislations for 
mandatory 
nurse/patient ratios in 
California hospitals 

Convenience sample 
of 68 acute hospitals 
participating in the 
California Nursing 
Outcomes Coalition 
project 

2004-2005, Unit, 268, 
39.55% 

Administrative, 
Adults 

Not reported; 
before-after 
comparison were 
conducted in the 
same units  

Pressure ulcers. 
falls 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Grillo-Peck, 
199510 
Article 
 

Examine the impact 
of implementation of 
a new nursing 
partnership model 
with a reduction of 
RN from 80% to 60% 
on patient outcomes 
in neuroscience unit 

Single hospital study  1995-1993, Patient, 
156 patients

Medical records, 
Adults, Cerebro 
vascular diseases 

Not reported. The 
authors reported 
that patients had 
similar 
demographic 
characteristics 

Length of stay, 
nosocomial 
infection, falls 

 
 
 
Cross-sectional studies 
 

Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Hartz, 198911 
Article 

Examine the 
association between 
nurse staffing and 
mortality in Medicare 
population 

3,100 hospitals from 
the 1986 HCFA 
mortality study and 
the American Hospital 
Association's 1986 
annual survey of 
hospitals, 8.1%, 
11.9% 

1986, Hospital, 5,781 
patients 46.38% 

Administrative, 
Adults >65years, 
Medicare 

Severity of illness Mortality 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Krakauer, 199212 
Article 

Examine the 
association of nurse 
staffing on mortality in 
Medicare population 

84 statistically 
selected hospitals 
from 1986 American 
Hospital Association 
(AHA) survey, Single 
hospital study 

1986, Hospital, 
42,773 patients, 
Random sampling, 
bias assessed 

Medical records 
Adults, >65 years, 
Medicare 

Patient one 
principal discharge 
diagnosis, up to 
four secondary 
diagnoses, age, 
sex, race, 
comorbidities, 
transfer status; 
hospital size, 
location, finances, 
technical capability 
of the hospital, 
cluster patients and 
hospitals 

Mortality 

McDaniel, 199213 
Article 

Examine relationship 
between nurse 
turnover and patient 
and nurse satisfaction 

Single hospital study Patient, 300 patients Medical records, 
Adults 

Not reported Patient 
satisfaction 

Halpine, 199314 
Article 

Examine the 
association between 
nurse staffing and 
length of stay in 
Ontario hospitals 

The Hospital Medical 
Records Institute, 
75% 

1989-1990, Hospital, 
40,000 patients, 
22.36% 

Administrative Nursing intensity 
index 

Length of stay 

Shamian, 199415 
Article 

Examine relationship 
between length of 
stay and hours per 
patient day in 11 
clinical specialty 
areas 

58 hospitals in the 
U.S., 33% 

Unit, 1,733 patients Administrative Patient age, 
primary and 
secondary 
diagnosis; hospital 
unionization, unit 
computerization, 
hospital ownership 

Length of stay 

Taunton, 199416 
Article 

Examine associations 
between patient 
outcomes and staff 
registered nurse 
absenteeism 

Taunton, 25% 1989-1990, Unit, 65 
units 

Administrative, 
Adults 

Not reported Urinary tract 
infection, falls, 
bloodstream 
infection 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Dugan, 199617 
Article 

Examine the 
association between 
nurses’ perceived 
stress and patient 
incidents, including 
falls 

Single hospital study 1996, Nurse, 600 
nurses, 51.17% 

Survey Not reported Falls 

Bloom, 199718 
Article 

Examine association 
between registered 
nurses (RNs) from 
temporary agencies; 
part-time career RNs; 
RN rich skill mix; and 
organizationally 
experienced RNs on 
operational and total 
hospital cost 

1981 AHA annual 
survey of hospitals; A 
20% random sample 
(1,222 hospitals) 

Hospital, 732 
hospitals, 20.36%, 
Random sampling, 
sample bias 
assessed 

Administrative, 
Adults 

Hospital size, 
ownership/control, 
teaching status, 
operating capacity, 
geographic region, 
urban/rural status, 
local economic 
climate, hospital 
wage rates, supply 
of nursing labor 
within the 
community 

Length of stay 

Minnick, 199719 
Article 

Examine association 
between nurse 
staffing and patient 
satisfaction 

117 no intensive 
medical-surgical 
inpatient units in 17 
hospitals selected 
from a pool of 69 
institutions within a 
metropolitan area by 
a stratified random 
sample 

1991-1992, Unit, 
2,595 patients, 
20.96% 

Survey, Adults Patient age, 
gender, marital 
status, race, 
education, 
diagnosis 

Patient 
satisfaction  

Melberg, 199720 
Book 

Examine the 
association between 
nurse staffing and 
length of stay 

Single system in 
California, 100%, 
Pacific 

1994-1995, Hospital, 
5% 

Administrative, 
Adults 

Not reported Length of stay 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Leiter, 199821 
Article 

Examine the 
relationships of nurse 
burnout, intention to 
quit, and 
meaningfulness of 
work as assessed on 
a staff survey with 
patient satisfaction 
with nursing care 

Single hospital study 1998, Patient 
Random sample of 
605 patients 

Survey Not reported Patient 
satisfaction 

Kovner, 199822 
Article 

Examine the 
relationship between 
nurse staffing and 
adverse events 
controlling for related 
hospital 
characteristics 

Stratified probability 
sample of U.S. 
community hospitals - 
589 acute-care 
hospitals in 10 states, 
21%, 11.8% 

1993, Hospital, 900 
hospitals, 34.56% 

Administrative, 
Adults, >18years 

Case mix (patient 
age, sex, and 
comorbidity); 
hospital teaching 
status, ownership, 
bed size, region 

Urinary tract 
infection, 
gastrointestinal 
bleeding, 
pneumonia, 
pulmonary 
failure. 
thrombosis, 
acute myocardial 
infarction as a 
secondary 
diagnosis after 
surgery 

Hoover, 200023 
Dissertation 

Examine the 
association between 
managed care 
penetration, nurse 
staffing, and hospital 
outcomes in three 
southern states 

American Hospital 
Association Annual 
Survey, Health Care 
Financing 
Administration, 
Mississippi State 
Department of Public 
Health Office of Rural 
Health, U.S. Census 
Bureau 

1995-1997, Hospital, 
271 hospitals, 
35.06% 

Administrative, 
Adults, >65 years, 
Chronic obstructive 
pulmonary disease, 
viral pneumonia, 
heart attack, shock, 
stroke, and hip 
procedures, 
Medicare 

Patient age, sex, 
race, procedure, 
comorbidity; 
hospital size, 
location, and 
teaching status 

Mortality, length 
of stay  
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Gandjour, 200024 
Article 

Determine the effect 
of managed health 
care plans on hospital 
staffing 

Tennessee 
Department of Health, 
17%, 25.97%, 29-
60% 

1995, Hospital, 151 
hospitals, 49.01% 

Administrative, 
Adults 

Medicare case-mix, 
number of patient 
days, hospital 
beds, average 
salary, hospital 
status, occupancy 
rate 

Length of stay 

Ridge, 200125 
Dissertation 

Examine the 
association between 
nurse staffing and 
patient satisfaction 

Single hospital study- 
JCAHO-accredited 
tertiary care hospital, 
100% 

1997-1999, Patient, 
5,509 patients, 
80.47% 

Survey, Adults Patient age, 
gender, race, and 
acuity, Medicare 
case mix, primary 
and secondary 
diagnoses 

Length of stay, 
patient 
satisfaction 

Bolton, 200126 
Article 

Examine association 
between nurse 
staffing and patient 
safety outcomes 

Voluntary sample of 
California acute care 
hospitals; 257 
medical, surgical, 
medical-surgical 
combined, step-down, 
24-hour observation 
units, and critical care 
patient care units, 9% 
of all general acute 
care hospitals in 
California 

1998-1999, Unit, 257 
units, Sampling bias, 
Assessed 

Administrative, 
Adults, >16 years 

Not reported Pressure ulcers, 
falls 

Aiken, 200127 
Article  

Examine the 
association between 
nurse staffing and 
mortality 

Hospital Association 
Annual Survey 

1997-1998, Hospital, 
22 hospitals 

Administrative, 
Adults, Medicare 

Not reported Mortality 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Needleman, 
200128,29 
Report 

Examine the 
relationship between 
patient outcomes 
potentially sensitive to 
nursing and nurse 
staffing in inpatient 
units in acute care 
hospitals 

American Hospital 
Association Annual 
Survey of hospitals; 
hospital patient 
discharge data and 
state hospital 
financial reports or 
hospital staffing 
surveys; 11 states 
across the U.S. 

1997, Hospital, 
3,173,705 patients 

Administrative Patient diagnosis, 
age, sex, 
comorbidities, 
health care, 
emergency 
admission, hospital 
location, number of 
beds, occupancy 
rate, teaching 
status, patient 
acuity in each 
hospital’s mix of 
patients 

Gastrointestinal 
bleeding, 
pneumonia, 
shock, failure to 
rescue, pressure 
ulcers, 
pulmonary 
failure. surgical 
wound infection, 
thrombosis, 
cardiac arrest 
and CPR, CNS 
complications 
(coma and 
stupor, acute 
delirium, reactive 
confusion, 
reactive 
depression), 
physiologic/ 
metabolic 
complications 
bloodstream 
infection 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Cho, 200230 
Dissertation 

Examine the  
association between 
nurse staffing and 
adverse patient 
outcomes 

Hospital Financial 
Data and HCUP State 
Inpatient Database, 
5.6%, 29.7% 

1997, Hospital, 
124,204 patients 

Administrative, 
Adults, >18 years 

Patient age, sex, 
race, primary 
payer, DRG, 
number of 
diagnoses at 
admission, and 
type of admission 
(scheduled or 
unscheduled); 
hospital location, 
size, teaching 
status, ownership; 
clustering patients 
in hospitals (two 
levels model) 

Urinary tract 
infection, 
pressure ulcers, 
falls, surgical 
wound infection, 
bloodstream 
infection 

Oster, 200231 
Dissertation 

Examine the 
association between 
nurse staffing and 
patient outcomes in 
patient with acute 
myocardial infarction 
in urban emergency 
department 

Single hospital study 
in an academic 
medical center 

2000-2001, Patient, 
543 patients 

Medical records, 
Adults, Acute 
myocardial 
infarction 

Patient age, sex, 
ethnicity, payer 
type 

Length of stay  

Cheung, 200232 
Dissertation 

Examine the 
association between 
nurse staffing, time 
spent on direct and 
indirect care, and 
adverse events in five 
inpatient units in 
acute care hospital 

Single hospital study Nurse, 1,007 nurses Medical records, 
Adults, >17 years 

Unit acuity, skill 
mix, total number of 
nursing personnel, 
events, and nursing 
characteristics 

Pressure ulcers, 
falls, nosocomial 
infection, 
unexpected 
injury not due to 
underlying 
condition of the 
patients that 
occurs during the 
care: falls, 
decubitus ulcers, 
medication 
errors, and blood 
stream infections 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Langemo, 200233 
Article 

Examine nursing 
quality outcome 
indicators (falls and 
pressure ulcers) after 
implementation of 
ANA Nursing Care 
Report Card 

North Dakota Nurses 
Association (NDNA) 
Research Council 

2003, Patient, 942 
patients 

Administrative, 
Adults 

Not reported Patient 
satisfaction, 
pressure ulcers, 
falls 

Seago, 200234 
Article 

Examine the 
relationship between 
the presence of a 
bargaining unit for 
registered nurses and 
the acute myocardial 
infarction mortality 
rate for acute care 
hospitals in California 

California Office of 
Statewide Health 
Planning and 
Development 
(OSHPD) Hospital 
Disclosure Report 
database 

1991-1993, Hospital, 
385 hospitals, 
10.91%, Sampling 
bias assessed 

Medical records, 
Adults, Acute 
myocardial 
infarction 

Patient age, sex, 
severity of illness; 
hospital services, 
patient volume, 
teaching status, 
number of MDs per 
acute myocardial 
infarction-related 
discharges, the 
cardiac technology 
index, rural status 
and the Hospital 
Service Area (HSA) 
wage index 

Mortality 

Needleman, 
200229 
Article based on 
the report 

Examine the 
relationship between 
the amount of care 
provided by nurses at 
the hospital and 
patients' outcomes 

American Hospital 
Association's Annual 
Survey of Hospitals 

1997, Hospital, 
6,180,628 patients 

Administrative, 
Adults 

Rate of the 
outcome in the 
patient's diagnosis-
related group, state 
of residence, age, 
sex, primary health 
insurer, emergency 
admission, and 
comorbidities, 
hospital number of 
beds, teaching 
status, state, and 
metropolitan or non 
metropolitan 
location 

Mortality, urinary 
tract infection, 
gastrointestinal 
bleeding, 
pneumonia, 
shock, failure to 
rescue 



 
Table G1.  Design, external, and internal validity of the studies that examined the associations between nurse staffing and strategies and patient 
outcomes (continued) 
 

 

G
-14

Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Kovner, 200235 
Article 

Examine the 
association between 
nurse staffing and  
patient adverse 
events after 
controlling for hospital 
characteristics 

National Inpatient 
Sample, 80.5% 

1990-1996, Hospital, 
Random sample of 
570 hospitals 

Administrative, 
Adults, >18 years 

Medicare Case Mix 
Index, hospital bed 
size, location, 
region, ownership, 
teaching status, 
HMO penetration 

Urinary tract 
infection, 
pneumonia, 
pulmonary 
failure, 
thrombosis 

Whitman, 200236 
Article 

Determine the 
relationships between 
nursing staffing and 
specific nurse-
sensitive outcomes 
(central line blood-
associated infection, 
pressure ulcer, fall, 
medication error, and 
restraint application 
duration rates) across 
specialty units 

Secondary analysis of 
prospective, 
observational data 
from 10 adult acute 
care hospitals 

1999, Unit, 95 units Administrative, 
Adults 

Not reported Pressure ulcers, 
falls, 
bloodstream 
infection 

Beckman, 200337 
Dissertation 

Examine association 
between nurse 
management and 
patient outcomes 

Single hospital study, 
100%, 17% 

1999-2000, Patient, 
429 patients, 74.36% 

Survey, Adults Patient age, sex, 
race 

Random, length 
of stay 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Cho, 200338 
Article 

Examine the effects 
of nurse staffing on 
adverse events, 
morbidity, mortality, 
and medical costs 

Hospital financial 
data, state Inpatient 
databases, 5%, 20% 

1996-1999, Patient, 
124,204 patients 

Administrative, 
Adults, >18 years 

Patient age, sex, 
race, primary 
payer, DRG, 
number of 
diagnoses at 
admission, and 
type of admission 
(scheduled or 
unscheduled); 
hospital location, 
size, teaching 
status, ownership; 
clustering patients 
in hospitals (two 
levels model) 

Urinary tract 
infection, 
pressure ulcers, 
falls, surgical 
wound infection, 
bloodstream 
infection, ICD-9-
CM for adverse 
drug event 

Aiken, 200339 
Article 

Examine whether the 
proportion of hospital 
RNs educated at the 
baccalaureate level or 
higher is associated 
with risk-adjusted 
mortality and failure 
to rescue (deaths in 
surgical patients with 
serious complications 

Pennsylvania Health 
Care Cost 
Containment Council, 
36% 

1998-1999, Patient, 
232,342 patients 

Administrative, 
Adults, >20 years, 
general surgical, 
orthopedic, 
vascular operation 

Patient age, sex, 
referral from 
another hospital, 
comorbidities; 
hospital size, 
teaching status, 
and technology; 
having a board-
certified surgeon 

Mortality, failure 
to rescue 

Potter, 200340 
Article 

Examine the 
association between 
nurse staffing and 
patient outcomes at 
the unit level in the 
acute care adjusting 
for patient acuity and 
proportion of floating 
nurses 

Single hospital study, 
100% 

1999-2001, Unit, 32 
units 

Medical records, 
Adults 

Not reported Patient 
satisfaction, falls 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Langemo, 200341 
Article 

Examine the 
association between 
pressure ulcer 
incidence, staff mix, 
and nursing care 
hours 

Midwest Research 
Institute/National 
Database of Nursing 
Quality Indicators 

2003, Hospital, 942 
hospitals 

Administrative Not reported Pressure ulcers 

Bolton, 200342 
Article 

Examine the 
relationship between 
nurse staffing and 
patient perceptions of 
nursing care in a 
convenience sample 
of 40 California 
hospitals 

Hospitals participating 
in both the ongoing 
California Nursing 
Outcomes Coalition 
statewide database 
project and the 
statewide Patients' 
Evaluation of 
Performance in 
California project 

1998-2000, Hospital, 
113 hospitals 

Administrative, 
Adults 

Not reported Patient 
satisfaction 

Needleman, 
200343 
Article 

Assess whether 
adverse outcomes in 
Medicare patients can 
be used as a 
surrogate for 
measures from all 
patients in quality of 
care research using 
administrative 
datasets 

National MedPAR 
discharge data for 
Medicare patients 
from 3,357 hospitals, 
state hospital staffing 
surveys or financial 
reports, American 
Hospital Association 
Annual Survey, 
present sample is 
26% of all discharges 
in the U.S. in 1997 

1997-1998, Hospital, 
6,180,628 patients 

Administrative, 
Adults 

Patient age, sex, 
primary DRG, 
health insurance, 
emergency 
admission, and 
comorbidities, 
hospital teaching, 
metropolitan status, 
and bed size 

Length of stay, 
urinary tract 
infection, 
gastrointestinal 
bleeding, 
pneumonia, 
shock, failure to 
rescue, pressure 
ulcers, surgical 
wound infection, 
cardiac arrest 
and CPR, 
bloodstream 
infection 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Vahey, 200444 
Article 

Examine the effects 
of the nurse work 
environment and 
nurse burnout on 
patients' satisfaction 
with their nursing care 

40 units in 20 urban 
hospitals across the 
U.S. (sample from the 
study of quality of 
care in AIDS patients) 

1991, Patient, 722 
patients, 13.99%  

Survey, Adults, 
AIDS 

Patient age, sex, 
and race, severity 
of illness, nurse 
sex, race, age, 
experience in 
nursing and in the 
unit; clustering 
nurses and patients 
within hospitals 

Patient 
satisfaction 

Sochalski, 200445 
Article 

Examine the effects 
of nurse staffing and 
process of nursing 
care indicators on 
assessments of the 
quality of nursing care 

Hospitals where 
responding licensed 
RNs in Pennsylvania  
worked in 1999 

1999, Nurse, 8,500 
nurses, 7.70%, 
Random sample, Bias 
assessed 

Survey Nurses clustered 
within hospitals, 
nurses perceived 
quality of care and 
patient safety 

Falls 

Van Doren, 200446 
Article 

Examine the 
relationships between 
congestive heart 
failure patient 
outcomes and RN 
hours 

Single hospital study, 
75% 

1998, 0.57%, 
Random of 175 
patients  

Medical records, 
Adults, Heart failure 

Not reported Length of stay 

Boyle, 200447 
Article 

Examine the 
association between 
nurse autonomy and 
collaboration and 
patient outcomes 

Single hospital study, 
100% 

2001, Unit, 11,496 
patients 

Survey, Adults Case mix index Mortality, length 
of stay, urinary 
tract infection, 
pneumonia, 
failure to rescue, 
pressure ulcers, 
falls, cardiac 
arrest, and CPR 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Donaldson, 20059 
Report 

Test associations 
between daily nurse 
staffing in adult 
medical-surgical units 
and hospital acquired 
pressure ulcers, 
patient falls 

25 acute care, not-
for-profit California 
hospitals, the part of 
the California Nursing 
Outcomes Coalition 
(CalNOC) 

2002-2003, Unit, 77 
units 

Administrative, 
Adults 

Hospital rural/urban 
designation; 
ownership; no. 
licensed acute care 
beds; average daily 
census 

Pressure ulcers, 
falls, adverse 
events, 
unexpected 
clinical events 
not related to the 
patient’s illness 
or underlying 
condition 
resulting in 
unanticipated 
death or major 
permanent loss 
of function, or 
adversely affects 
the patient care 
quality or 
outcomes 

Tschannen, 
200548 
Dissertation 

Examine association 
between patient 
length of stay and 
nurse staffing and 
nurse-physician 
collaboration 

Single hospital study 2005, Patient, 406 
patients, 23.65% 

Medical records Patient DRG, age, 
gender, acuity 
scores, unit of 
admission, 
admission type and 
source, and 
comorbidities; 
nursing 
characteristics 

Length of stay  

Houser, 200549 
Dissertation 

Examine the 
association between 
nurse staffing and 
nurse-sensitive 
patient outcomes 

American Hospital 
Association Annual 
Survey (685 
hospitals); 20% 
random sample of 
U.S. hospitals 

2001, Patient, 
7,452,727 patients, 
24.37%, Random 
sample 

Administrative, 
Adults 

Patient age, race, 
sex, health 
insurance, 
comorbidity; 
hospital size, 
teaching status, 
location, ownership 

Length of stay, 
failure to rescue, 
pressure ulcers, 
pulmonary 
failure, 
thrombosis 
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Author, Year, 
Publication Type 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis, 
Sampling, 

Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Estabrooks, 
200550 
Article 

Examine the 
association between 
nurse education and 
skill mix, and 30-day 
mortality after 
adjusting for 
institutional factors 
and individual 
patients characteristic 

International Hospital 
Outcome Study, 8.2% 

1998-1999, Patient, 
18,142 patients 

Administrative, 
Adults, >18 years, 
acute myocardial 
infarction, stroke, 
congestive heart 
failure, chronic 
obstructive 
pulmonary disease, 
pneumonia 

Comorbidity 
scores, patient age, 
and gender 

Mortality 

Halm, 200551 
Article 

Examine the 
association between 
nurse-to-patient ratio 
and patient mortality, 
failure to rescue, 
emotional exhaustion 
and job satisfaction of 
nurse 

Single hospital study, 
100%, 0% 

2002, Patient, 6,216 
patients, 56.42% 

Administrative, 
Adults, General, 
orthopedic, and 
vascular surgery 

Patients 
demographics, 
emergency 
department  
admission, 
comorbidity and 
complications 

Mortality, failure 
to rescue 

 
 
 
Studies that assessed temporality in association between patient outcomes and nurse staffing patterns 
 

Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Wan, 198752 
Article, 
Retrospective 

Examine association 
between nurse 
staffing and patient 
adverse events in 45 
community acute care 
hospitals across the 
U.S. 

Health area 
resources file, 
hospital survey 

1985, Hospital, 60 
hospitals, 25.0% 

Administrative, 
Adults 

Severity of adverse 
event 

Falls 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Flood, 198853 
Article, 
Prospective 

Examine association 
between nurse 
shortage and length 
of stay 

Single hospital study 1986, Patient, 497 
patients 

Medical records, 
Adults 

Not reported, 
subgroup analysis 
by patient acuity 

Length of stay, 
adverse events, 
infections 
including urinary 
tract infection 
and gangrene; 
congestive heart 
failure, and 
arrhythmias, 
gastrointestinal 
bleeding 

Shortell, 199415 
Article, 
Retrospective 

Examine staffing 
factors associated 
with risk-adjusted 
mortality, risk-
adjusted average 
length of stay, and 
nurse turnover 

1,691 non federal 
U.S. hospitals with 
>200 beds, 53%, 
12% 

1988-1990, Unit, 
17,440 patients, 
Random sample, bias 
assessed 

Administrative, 
Adults, >16 years 

Patient 
demographic 
characteristics, 
primary DRG and 
comorbidity 
(APACHE III 
scores) 

Mortality 

Shortell, 198854 
Article, 
Retrospective 

Examine the 
association between 
the proportion of RNs 
on mortality rates in 
Medicare patients for 
16 selected clinical 
conditions 

981 hospitals in 45 
states, 46% 

1983-1984, Hospital, 
214,839 patients, 
Sample bias 
Assessed 

Administrative, 
Adults, >65 years, 
>16 years, 
Selected clinical 
conditions, 
Medicare 

Patient age, sex, 
comorbidity, length 
of stay, Medicare 
case mix; hospital’s 
size, location, 
ownership 

Mortality, length 
of stay 

Thorson, 199555 
Dissertation, 
Retrospective 

Relationship between 
the available hours of 
RN care and patient 
outcomes, defined as 
discharge disposition  
and death 

Acute care short term 
hospitals in North 
Carolina, 19% 

1988-1993, Patient, 
146,000 patients 

Medical records, 
Adults 

Patient age, 
gender, length of 
stay, major 
diagnostic 
category; hospital 
ownership, 
occupancy, size, 
location, teaching 
status, and 
technology 

Mortality, length 
of stay 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

ANA, 199756 
Report, 
Retrospective 

Examine association 
between nurse 
staffing and patient 
outcomes 

502 hospitals from 
California, 
Massachusetts, and 
New York 

1992-1994, Hospital, 
502 hospitals, 
Sample bias 
assessed 

Administrative Nursing Intensity 
weights, hospital 
teaching status, 
location 

Length of stay, 
urinary tract 
infection, 
pneumonia, 
pressure ulcers, 
nosocomial 
infection 

Archibald, 199757 
Article, 
Retrospective 

Examine the effect of 
fluctuations in cardiac 
intensive care unit 
nurse staffing levels 
and patient census on 
cardiac care unit 
nosocomial infection 
rate 

Single hospital study 1994-1995, Patient, 
782 patients 

Medical records, 
Children 

Not reported Nosocomial 
infection 

Blegen, 199858 
Article, 
Retrospective 

Describe, at the level 
of the nursing care 
unit, the relationships 
among total hours of 
nursing care, 
registered nurse skill 
mix, and adverse 
patient outcomes 

Consortium of 
hospitals members of 
Information and 
Quality Healthcare 

1993, Unit, 42 units Administrative, 
Adults 

Patient severity, 
nursing acuity 
system 

Mortality, patient 
satisfaction, 
pressure ulcers, 
falls, nosocomial 
infection 

Blegen, 199859 
Article, 
Retrospective 

Determine the 
relationship between 
different levels of 
nurse staffing (total 
hours/patient day and 
proportion of RNs) 
and patient falls and 
cardiovascular arrests 

Consortium of 
hospitals members of 
Information and 
Quality Healthcare 

1993-1995, Unit, 39 Administrative, 
Adults 

Medicare case mix 
scores 

Falls, cardiac 
arrest, and CPR 

Bond, 199960 
Article, 
Retrospective 

Examine  
associations between 
nurse staffing levels 
and mortality rates in 
3,763 U.S. hospitals 

American Hospital 
Association's 
Abridged Guide to the 
Health Care Field, 
8.3%, 14.2% 

1992, Hospital, 4,822 
hospitals, 21.96% 

Administrative, 
Adults, Medicare 

Severity of illness: 
% of ICU days, 
annual number of 
emergency room 
visits/average daily 
census, and % of 
Medicaid patients 

Mortality 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Pronovost, 199961 
Article, 
Retrospective 

Determine whether 
nurse to patient ratio 
in ICUs is associated 
with length of stay in 
abdominal aortic 
surgery patients who 
typically receive care 
in an ICU 

Maryland Health 
Services Cost Review 
Commission 

1994-1996, Patient, 
2,996 patients, 
0.30%, Sample bias 
assessed 

Medical records, 
Adults, >30 years, 
Abdominal aortic 
surgery 

Patients’ age, sex, 
race, nature of 
admission, type of 
aneurism, 
comorbidity, 
surgeon and 
hospital volumes 

Mortality, length 
of stay 

Robertson, 199962 
Article, 
Retrospective 

Examine the 
association between 
staffing intensity, skill 
mix, and mortality in 
patients with chronic 
obstructive lung 
disease 

American Hospital 
Association 

1989-1991, Hospital, 
5,708 patients, 
Sample bias 
assessed 

Administrative, 
Adults, chronic 
obstructive 
pulmonary disease, 
Medicare 

Severity of illness 
and comorbidity 
(Medicare case mix 
index); hospital’s 
financial status, 
ownership, 
technology index, 
size, staffing 
variables (nursing, 
physicians, 
technologists) 

Mortality 

Lichtig, 199963 
Article, 
Retrospective 

Examine the 
relationships between 
patient outcome 
indicators and nurse 
staffing 

Hospital cost reports 
from New York and 
California 

1992,1994, Hospital, 
691, 33.00% 

Administrative, 
Adults 

Nursing intensity 
weights based on 
patients’ 
characteristics, 
teaching status, 
and location 

Length of stay, 
urinary tract 
infection, 
pneumonia, 
pressure ulcers, 
surgical wound 
infection 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Amaravadi, 200064 
Article, 
Retrospective 

Determine if a night-
time nurse-to-patient 
ratio in the intensive 
care unit is 
associated with 
clinical and economic 
outcomes following 
esophageal resection 

Maryland Health 
Service Cost Review 
Commission 

1994-1996, Patient, 
366 patients in 32 
hospitals 

Adults, >18 years, 
Esophageal 
resection 

Patient age, sex, 
nature of 
admission, type of 
operation, 
comorbid disease 
and hospital and 
surgeon volume; 
clustering of 
outcomes within a 
hospital 

Mortality, length 
of stay, 
pneumonia, 
pulmonary 
failure, 
unplanned 
extubation, 
cardiac arrest 
and CPR, 
septicemia 
postoperative 
infection, 
myocardial 
infarction, 
surgical 
complications, 
acute renal 
failure 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

ANA, 200065 
Report, 
Retrospective 

Examine the 
association between 
nurse staffing and 
patient outcomes in 
the inpatient hospital 
settings 

HCFA 1992-1996, Hospital, 
14,251,921 patients, 
9.32% 

Administrative, 
Adults, >75 years, 
Medicare 

Large urban 
location (Y/N); rural 
location (Y/N); 
teaching status; 
nursing intensity 
weights 

Length of stay, 
urinary tract 
infection, 
pneumonia, 
pressure ulcers, 
surgical wound 
infection, 
thrombosis, 
anoxic brain 
damage; 
communicable 
conditions; 
complications in 
post-partum 
period; diabetic 
complications, 
joint effusion, 
metabolic 
imbalances, 
personal care 
complications, 
psychiatric 
secondary 
diagnosis, 
transfusion 
reactions, trauma 
in non-trauma 
patients, adverse 
drug reactions 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Unruh, 200066 
Dissertation, 
Retrospective 

Examine the 
association between 
nurse staffing and 
quality of patient care 

211 hospitals yearly, 
1,477 during 7 years 
acute care hospitals 
in Pennsylvania, 
State Department of 
health with unique 
information on nurse 
staffing and patients 
discharge, 0.4% 

1991-1997, Patient, 
83,924 patients 

Administrative Patient age, 
gender, race, acuity 
(Mediqual, hospital 
location, size, ratio 
of board certified 
physicians/ 
adjusted patients 
days of care; 
hospital 
restructuring 
including capacity 
utilization, merger 
status, ownership, 
number of 
administrators/ 
adjusted patients 
days of care 

Mortality, length 
of stay, urinary 
tract infection, 
pneumonia, 
pressure ulcers, 
falls, pulmonary 
failure, surgical 
wound infection, 
cardiac arrest 
and CPR, 
complications: 
secondary 
diagnosis of 
misadventures to 
patients during 
surgical and 
medical care 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Silber, 200067 
Article, 
Retrospective 

Examine the 
association between 
nurse staffing and 
patient outcomes in 
surgical Medicare 
patients 

Medicare patients in 
245 hospitals 

1991-1994, Hospital, 
217,440 patients 

Administrative, 
Adults, >65 years, 
Medicare 

27 patient 
characteristics 
including age, sex, 
race, diagnosis and 
comorbidities, 
hospital size, 
location, 
technology, % of 
certified physicians 
and 
anesthesiologists 

Mortality, failure 
to rescue, in-
hospital 
complication 
rate, cardiac 
event, congestive 
heart failure, 
shock, deep vein 
thrombosis and 
pulmonary 
embolus, stroke, 
transient 
ischemic attack, 
coma, 
nosocomial 
infections, 
pneumonia, 
pulmonary 
failure, pressure 
ulcers, wound 
infections, 
sepsis, bleeding 

Whitman, 200168 
Article, 
Prospective 

Examine the 
relationship between 
restraint use and 
staffing 

A secondary analysis 
of prospective, 
observational data 
from 10 adult acute 
care hospitals with 
bed capacity ranging 
from 59–861 beds, in 
an integrated 
healthcare system in 
the east, 50% 

1999, Unit, 370,574 
patients 

Medical records, 
Adults 

Not reported; 
however, the 
authors obtained 
hierarchical 
longitudinal linear 
models (random 
coefficient 
regression models) 

Restraint use 



 
Table G1.  Design, external, and internal validity of the studies that examined the associations between nurse staffing and strategies and patient 
outcomes (continued) 
 

 

G
-27

Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Ritter-Teitel, 
200169 
Dissertation, 
Retrospective 

Examine the 
association between 
nurse staffing and 
patient outcomes 

Sample from HRIO 
study (“Hospital 
Restructuring’s 
Impact on 
Outcomes”) of 42 
teaching hospitals, 
100% 

1997-1998, Unit, 56, 
Sample bias 
assessed  

Administrative Age, primary 
diagnosis and 
case-mix index, 
random effects of 
hospitals 

Patient 
satisfaction, 
transient 
ischemic attack, 
pressure ulcers, 
falls 

Dimick, 200170 
Article, 
Retrospective 

Determine if nurse-to-
patient ratio in the 
intensive care unit at 
night is associated 
with differences in 
clinical and economic 
outcomes after 
hepatectomy 

Maryland Health 
Services Cost Review 
Commission 

1994-1998, Patient, 
569 patients, 2.28% 

Administrative, 
Adults, >18 years, 
hepatic resection 

Patient age, sex, 
nature of 
admission, type of 
operation, 
comorbidity; 
hospital and 
surgeon volumes 

Mortality, length 
of stay, 
pneumonia, 
pulmonary 
failure, 
unplanned 
extubation, 
cardiac arrest 
and CPR, 
postoperative 
myocardial 
infarction, acute 
renal failure, 
bloodstream 
infection 

Sovie, 200171 
Article, 
Retrospective 

Examine the 
association between 
nurse staffing and 
patient outcomes 

29 university teaching 
hospitals based on 
the MECON-PEERx 
Operations 
Benchmarking 
Database Reports, 
100% 

Hospital, 29 hospitals Administrative, 
Adults 

Year of submission 
and type of unit 

Patient 
satisfaction, 
urinary tract 
infection, 
pressure ulcers, 
falls 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Pronovost, 200172 
Article, 
Retrospective 

Evaluate the 
association between 
nurse-to-patient ratio 
in the ICU and risk for 
medical and surgical 
complications after 
abdominal aortic 
surgery 

Health Services Cost 
Review Commission 

1994-1996, Patient, 
2,615 patients, 
0.34%, Sampling bias  
assessed   

Administrative, 
Adults, >30 years, 
Abdominal aortic 
surgery 

Number of hospital 
beds and the 
volume of aortic 
surgery performed 
during the study 
period by each 
hospital and each 
surgeon in the 
database; patient 
age (in years), sex, 
race, and 
comorbidities 

Mortality, length 
of stay, 
pulmonary failure, 
unplanned 
extubation, 
cardiac arrest and 
CPR, medical 
complications 
acute renal 
failure, 
septicemia, acute 
myocardial 
infarction, surgical 
complications, 
reoperation for 
bleeding, 
bloodstream 
infection 

Blegen, 200173 
Article, 
Retrospective 

Describe the 
relationships between 
the quality of patient 
care and the 
education and 
experience of the 
nurses providing that 
care 

 1993-1995, Unit, 81 
units 

Administrative, 
Adults 

Hospital Medicare 
case mix index 

Falls 

Aiken, 200274 
Article, 
Retrospective 

Determine the 
association between 
the patient-to-nurse 
ratio and patient 
mortality, failure to 
rescue (deaths 
following 
complications) among 
surgical patients, and 
factors related to 
nurse retention 

American Hospital 
Association (AHA) 
annual survey and 
1999 Pennsylvania 
Department of Health 
Hospital Survey, 
36.2% 

1998-1999, Patient, 
232,342 patients 

Administrative, 
Adults, >20 years, 
General surgical, 
orthopedic, or 
vascular operation 

Patient age, sex, 
surgery types, 
comorbidity; 
hospital size, 
teaching status, 
and technology; 
nurse’s sex, years 
of experience in 
nursing, education 

Mortality, failure 
to rescue 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Dang, 200275 
Article, 
Retrospective 

Examine the 
association between 
ICU nurse staffing 
and the likelihood of 
complications for 
patients undergoing 
abdominal aortic 
surgery 

Maryland Health 
Services Cost Review 
Commission 

1994-1996, Patient, 
2,987 patients, 
12.76% 

Administrative, 
Adults, 30, 
Abdominal aortic 
surgery 

Patient age, sex, 
race, comorbidity, 
severity of illness, 
nature of 
admission, hospital 
and ICU bed size; 
hospital and 
surgeon volume, 
type of unit, full-
time medical 
director and nurse 
manager, RN 
attendance at daily 
rounds, use of 
clinical pathways 

Pulmonary 
failure, 
unplanned 
extubation, 
cardiac arrest 
and CPR, 
complications: 
acute myocardial 
infarction, 
cardiac 
complications 
after a 
procedure, acute 
renal failure, 
platelet 
transfusion, 
bloodstream 
infection 

Tourangeau, 
200276 
Article, 
Retrospective 

Examine the 
association between 
nursing-related 
hospital variables and  
30-day mortality rates 
for hospitalized 
patients 

Ontario Hospital 
Reporting system, 
13.3% 

1998-1999, Hospital, 
46,941 hospitals 

Administrative, 
Adults, >21 years, 
Acute myocardial 
infarction, stroke, 
pneumonia, or 
septicemia 

Patient age, sex, 
comorbidities, 
socio-economic 
status; hospital 
teaching status, 
and location 

Mortality 

Barkell, 200277 
Article, 
Retrospective 

Examine the effects 
of a change in the 
staffing model on 
length of stay, 
variable cost, patient 
satisfaction, incidence 
of urinary tract 
infection and 
pneumonia, and pain 
management in bowel 
resection patients 

Single hospital study: 
508-bed full service 
community-based 
teaching hospital  

1999-2000, Patient, 
96 patients 

Medical records, 
Adults, >18 years, 
Postoperative 
bowel procedure 

Not reported Length of stay, 
patient 
satisfaction, 
urinary tract 
infection, 
pneumonia 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Stegenga, 200278 
Article, 
Retrospective 

Examine the 
relationship between 
nurse staffing levels 
and the rate of 
nosocomial viral 
gastrointestinal 
infections (NVGIs) in 
a general pediatrics 
population 

Single hospital study, 
general pediatrics 
ward at The Hospital 
for Sick Children in 
Toronto, Ontario, 
Canada, a 320-bed, 
tertiary-care pediatric 
institution 

1997-1999, Patient, 
2,929 patients 

Medical records, 
Children 

Not reported Nosocomial 
infection 

Alonso-Echanove, 
200379 
Article, 
Prospective 

Examine the 
association between 
nurse staffing and  
bloodstream 
infections in intensive 
care units 

Part of Detailed ICU 
Surveillance 
Component (DISC) 
Study (prospective, 
multi center cohort 
study). 6 hospitals, 8 
ICU units 

1997-1999, Patient, 
8,593 patients 

Medical records, 
Adults, Central 
venous catheter 

Patient age, 
gender, weight, 
height, diagnosis, 
comorbidity 

Bloodstream 
infection 

Mark, 200380 
Article, 
Prospective 

Examine the 
association between 
nurse practice and 
patient outcomes 
(patient satisfaction, 
rate of reported 
medication errors, 
and falls) 

68 randomly selected 
non-federal, no 
psychiatric, not-for-
profit, accredited 
acute care hospitals 
with more than 150 
beds in 10 
southeastern states, 
34% 

1995-2000, Patient, 
1,326 patients, 
Random sampling 

Survey, Adults Case mix index, 
hospital size, 
technology 

Length of stay, 
patient 
satisfaction, falls 

Unruh, 200381 
Article, 
Retrospective 

Examine the changes 
in licensed nursing 
staff in Pennsylvania 
hospitals from 1991 
to 1997, and to 
assess the 
relationship of 
licensed nursing staff 
with patient adverse 
events in hospitals 

Pennsylvania 
Department of Health 

1991-1997, Hospital, 
83,924 patients, 
Sampling bias 
assessed 

Administrative, 
Adults 

Patient age, 
gender, race, 
ethnic status, and 
level of severity, 
ownership status, 
hospital mergers, 
number of board-
certified physicians, 
and capacity 
utilization 

Urinary tract 
infection, 
pneumonia, 
pressure ulcers, 
falls, pulmonary 
failure, 
nosocomial 
infection 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Simmonds, 200382 
Dissertation, 
Retrospective 

Examine the 
association between 
nurse staffing and 
colonization 
vancomycin-resistant 
enterococci 
colonization in 
chronic dialysis 
patients 

Single hospital study 2000-2002, Patient, 
1,084 patients, 
26.11% 

Medical records, 
Chronic renal 
diseases that 
requires 
hemodialysis 

Nursing workload 
index, patient age, 
and acuity 

Nosocomial 
infection 

Tallier, 200383 
Dissertation, 
Retrospective 

Examine the 
relationship between 
nurse staffing and 
patient outcomes 

Single hospital study 
including 7 nursing 
units with patients at 
high risk of acquiring 
events 

2000-2001, Patient, 
2,897 patients 

Medical records, 
Adults, >18 years 

Not reported Patient 
satisfaction, 
urinary tract 
infection, 
pressure ulcers, 
nosocomial 
infection 

Berney, 200384 
Dissertation, 
Retrospective 

Examine association 
between nurse 
overtime and patient 
mortality and 6 nurse-
sensitive patient 
outcomes 

Hospitals in New York 
state completed 
Institutional Cost 
Reports, 41.2% 

1995-2000, Hospital,  
10,210,556 patients 
 

Administrative, 
Adults 

Patient age's, race, 
primary payer, 
emergency 
admission, primary 
diagnosis and 
comorbidities 
(DRGs), hospital 
variables (location, 
teaching status, 
unionization, size, 
margins), clustering 
patient within 
hospitals 

Mortality, urinary 
tract infection, 
gastrointestinal 
bleeding, 
pneumonia, 
shock, failure to 
rescue, cardiac 
arrest and CPR, 
bloodstream 
infection 

Zidek, 200385 
Dissertation, 
Retrospective 

Examine the 
association between 
changes in nurse 
staffing determined 
based on a new 
patient classification 
system and patient 
outcomes 

Single hospital study: 
rural acute tertiary 
care facility 

1999-2001, Patient, 
5,067 patients 

Medical records Patient age, sex, 
primary diagnosis, 
acuity; unit size, 
organizational 
leadership 

Length of stay, 
pressure ulcers, 
falls 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Hope, 200386 
Dissertation, 
Retrospective 

Examine the 
relationship between 
nursing workload and 
nosocomial infections 
in acute care hospital 

Single hospital study 1998-2000, Patient, 
39,481 patients, 
37.23% 

Administrative Patient age, 
gender, and 
primary diagnosis, 
severity of illness; 
ward type, national 
risk of infection; 
resource intensity 
weight 

Urinary tract 
infections, 
pneumonia, 
nosocomial 
infection, surgical 
wound infection, 
bloodstream 
infection 

Cimiotti, 200487 
Dissertation, 
Prospective 

Examined the 
association between 
nurse staffing, 
healthcare-associated 
infection, and length 
of stay among infants 
in the neonatal ICU 

Two Level  lII-IY 
neonatal ICU units in 
New York City 
participated in a 
clinical trial to test 
hygiene regimens 

2001-2003, Patient, 
2,675 patients 

Medical records, 
Children 

Patient acuity 
based on DRG and 
nursing Intensity 
weight; use of 
surgery and 
invasive medical 
devices, birth 
weight, differences 
in practices in 
study's sites 

Length of stay, 
nosocomial 
infection 

Person, 200488 
Article, 
Retrospective  

Assess the 
association of nurse 
staffing with in-
hospital mortality for 
patients with acute 
myocardial infarction 

Cooperative 
Cardiovascular 
Project (CCP) 
dataset, 39.2% 

1994-1995, Patient, 
234,754 patients, 
49.33%, Random 

Administrative, 
Adults, >65 years, 
Acute myocardial 
infarction, Medicare 

Patient age, 
gender, ethnicity, 
and severity of 
illness, hospital  
volume, rural/urban 
location, and 
teaching status 

Mortality 

Mark, 200489 
Article, 
Retrospective 

Examine the effects 
of change in 
registered nurse 
staffing on change in 
quality of care 

American Hospital 
Association 

1990-1995, Hospital, 
422 patients, Random 

Administrative Patient’s age, 
gender, admission 
type, admission 
source, and type of 
treatment (medical 
vs. surgical); 
hospital size, case 
mix, and  the 
availability of high 
technology services 

Mortality, urinary 
tract infection, 
pneumonia, 
pressure ulcers 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Mark, 200590 
Article, 
Retrospective 

Examine structural 
differences in the 
relationship between 
nurse staffing and 
quality of care in 
different levels of 
managed care 
penetration 

Longitudinal cohort of 
the Healthcare Cost 
and Utilization Project 
(HCUP) National 
Inpatient Sample 
(NIS); a 20% 
probability sample of 
U.S. community 
hospitals from 11 
states, 0.122%, 
3.26% 

1990-1995, Hospital, 
422 hospitals, 
Random sampling, 
Sampling bias 
assessed 

Administrative Patient’s age, 
gender, admission 
type, admission 
source, and type of 
treatment (medical 
vs. surgical), 
hospital size, case 
mix, and the 
availability of high 
technology services 

Mortality, length 
of stay 

Stratton, 200591 
Dissertation, 
Retrospective 

Relationships 
between pediatric 
nurse staffing and 5 
indicators of quality 
care (measured as 
adverse occurrence 
rates) in 17 
medical/surgical, 5 
oncology, and 12 
intensive care units 

Seven, academic, 
not-for-profit 
children's hospitals 
from the National 
Association of 
Children's Hospitals 
and Related 
Institutions 
(NACHRI), 100%, 
0%, Different % HMO 
penetration 

2002, Unit, 6,011 
patients 

Administrative, 
Children, >1year 

Patient age, sex, 
race, socio 
economic status, 
unit/hospital type, 
size, and 
occupancy, 
transfers, 
technological 
complexity, 
organizational 
factors including 
care model, length 
of shift, flexible 
staffing, self-
governance, paid  
continuing nursing 
education, 
relationships with 
physicians 

Length of stay, 
patient 
satisfaction, 
nosocomial 
infection 
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Author, Year, 
Publication Type, 
Data Collection 

Aim of the Study Hospital Eligibility 
Criteria, Database, 

% of Teaching 
Hospitals, % of 

Hospitals for Profit, 
% of HMO 

Time, Analytic 
Units, Sample Size, 
% Excluded from 

Analysis Sampling, 
Assessment of 
Sampling Bias 

Patient Eligibility 
Criteria: 

Database, 
Population, Age, 

Diagnosis, 
Medical Care 

Adjustment for 
Confounding 

Factors 

Outcomes 

Elting, 200592 
Article, 
Retrospective 

Examine the 
association between 
nurse staffing 
(RN/patient ratio) and 
patient mortality and 
complication after 
cystectomy 

Texas Hospital 
Discharge Public Use 
Data 

1999-2001, Hospital, 
1,302 hospitals 

Administrative, 
Adults, Bladder 
carcinoma (ICD-9 
codes 188.0-188.9 
and 236.7) after 
total cystectomy 

Age, gender, race, 
ethnicity, 
comorbidities, and 
distance from the 
closest high-
volume hospital 

Mortality, 
bacteremia, 
wound infections, 
pulmonary 
compromise, 
pneumonia, deep 
venous 
thrombosis, 
pulmonary 
embolus, 
reoperation, 
postoperative 
coma or shock, 
acute myocardial 
infarction, 
arrhythmia, and 
cardiac arrest or 
shock 

Seago, 200693 
Article, 
Retrospective 

Examine the 
association between 
nurse staffing and  
patient outcomes for 
3 adult medical-
surgical nursing units 
in one university 
teaching hospital 
across 4 years (16 
fiscal quarters) 

Single hospital study, 
100% 

1999-2002, Patient, 
1,012 patients 

Administrative, 
Adults 

Case-mix Patient 
satisfaction, 
failure to rescue, 
pressure ulcers, 
falls 

 
CNS = Central Nervous System; CPR = Cardio-pulmonary Resuscitation; DRG = Diagnosis Related Group; HMO = Health Maintenance Organization; ICU = 
Intensive Care Unit; MedPAR = Medicare Provider Analysis Review; RN = Registered Nurse 
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Table G2.  Calculated change in hospital-related mortality corresponding to an increase by one patient/RN, LPN/shift (results from individual studies) 
 
Definition of Nurse 

to Patient Ratio Source to Measure Ratio Author Increase by One Patient/RN/Shift Increase by One Patient/LPN/Shift 

   Death 
Rate 

p Value RR p Value Death 
Rate 

p Value RR p Value

RN/patient day Survey of RNs Aiken5   1.83 NS     
Patients/RN/shift Survey of RNs Aiken39 0.11 <0.05 1.06 <0.05     
Patients/RN/shift Survey of RNs Aiken74   1.08 <0.05     
Patients/RN/shift Survey of ICU directors Amaravadi64 4.7 NS 1.2 NS     
Nurse/patient day AHA and HCFA data bases Bond60      NS   
Patients/RN/shift Survey of ICU directors Dimick70    NS     
RN, LPN FTE/ 
number of occupied 
beds 

Hospital Cost Report Information 
System, Provider of Services files, 
and the American Hospital 
Association Survey 

Elting92 0.42 NS 1.18 <0.05 1.12 <0.05   

Patients/RN/shift Survey of staff nurses; daily 
staffing plans and unit census 
records 

Halm51   0.99 NS     

RN, LPN 
FTE/1,000 patient 
days 

Area Resource Files, American 
Hospital Association Annual 
Survey, CMS Wage Rate File, 
CMS Online Survey 

Mark90   1.001 NS    NS 

RN, LPN 
FTE/1,000 patient 
days 

Area Resource Files, American 
Hospital Association Annual 
Survey, CMS Wage Rate File, 
CMS Online Survey 

Mark89   1 NS    NS 

RN, LPN FTE/ 
patient day 

CCP and AHA datasets Person88 1.41 NS 1.1 <0.05  NS  NS 

Patients/RN/shift  Survey of ICU directors Pronovost72 0.5 NS       
Patients/RN/shift  Survey of ICU directors Pronovost61   1.9 <0.05     
RN FTE/patient day AHA database Robertson62   1.02 <0.05     
Patients/RN/shift Hospital administrative databases; 

survey of nursing directors in each 
unit 

Shortell94    NS     

Patients/RN/shift AHA Annual Surveys for 1991–
1993, and the Pennsylvania Health 
Care Cost Containment Council 
Data Base for years 1991–1994 

Silber67   1.05 <0.05     

RN, LPN FTE/ 
1,000 patient days 

State Department of Health, AHA 
database 

Unruh66 -1.4 <0.05   0.14 <0.05   

 
LPN = Licensed Practical Nurse; NS = Not Significant; RN = Registered Nurse; RR = Relative Risk 
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Table G3.  Evidence of the association between nurse staffing and mortality 
 

Author, 
Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Pronovost, 200172 
The Uniform Health 
Discharge Data Set 
In-hospital mortality from 
all causes 

Survey to the ICU 
directors, An average ICU 
nurse-to-patient ratio 
during the day and 
evening 

Mean age 68 years, 89% whites, 
66% males, 11-13% emergency 
admissions,  
Units: ICU 
Patients: surgical 

 
More nurses: RN/patient 1:1 or 1:2 (7 
hospitals) 
Fewer nurses: RN/patient 1:3 or 1:4 
(31 hospitals) 

Crude rate % ± SD 
7 ± 26 
 
8 ± 36 

Pronovost, 199961 
The Uniform Hospital 
Health Discharge Data 
Set 
In-hospital mortality 

Survey of intensive care 
unit directors, 
An average nurse to 
patient ratio in day and in 
evening; decreased nurse 
to patient ratio in evening 

Mean age 68 years, 89% whites, 
66% males, 11-13% emergency 
admissions,  
Units: ICU 
Patients: surgical 

 
Decreased nurse to patient ratio in 
evening (7 hospitals) 
Nurse to patient ratio >1:2 in evening 
(31 hospitals) 

Relative risk (95% CI) 
1.9 (1.2; 3) 
 
Reference 

Amaravadi, 200064 
The Uniform Health 
Discharge Data Set 
In-hospital mortality 

Survey of ICU directors, 
An average nurse-to-
patient ratio during the day 
and at night 

32 hospitals 
Units: ICU 
Patients: surgical 
Age  % Whites   Males 
 63 77 70 
 60 83 79 
 
 60 83 79 
 63 77 70 

 
 
 
 
Night time nurse to patient ratio >1:2 
Night time nurse to patient ratio <1:2 
 
Night time nurse to patient ratio >1:2 
Night time nurse to patient ratio <1:2 

 
 
 
Relative Risk (95% CI) 
0.7 (0.3;2) 
Reference 
Crude rate % 
5.6 
15 

Dimick, 200170 
The Uniform Health 
Discharge Data Se 
In-hospital mortality 

Survey of ICU directors, 
An average nurse-to-
patient ratio in the ICU 
during the day and 
evening and at night  

Units: ICU 
Patients: surgical 
Age   % Whites   Males 
 56 82 51 
 
 57 67 55 

 
 
 
More nurses: RN/patient 1:1-1:2 (8 
hospitals) 
Fewer nurses: RN/patient 1:3-1:4 (25 
hospitals) 

 
 
Relative risk (95% CI) 
Reference 
 
0.49 (0.18;1.29) 
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Author, 
Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Blegen, 199859 
Hospital records 
Death rates per 1,000 
patient days. All deaths, 
whether expected, 
unexpected, procedure-
related, or do not 
resuscitate, were 
included 

A record of hours worked 
for each individual 
employee was completed 
by the staffing clerk and 
approved by the employee 
and nurse manager before 
being entered into the 
computerized payroll 
database. The hours of 
care per patient day from 
all nursing personnel: 
Hours of direct patient 
care by RNs, LPNs, and 
nursing assistants each 
month divided by the 
patient days of care on the 
unit for the month. The 
hours of direct patient care 
from RNs divided by 
patient days excluding 
hours for non patient care 
(meetings, vacation, sick 
leave, and holidays) 

Single hospital study, 42 units  
 
Increase by 1% in proportion of RN 
nurses 
Proportion of RN >87.5% 
Increase by 1 hour in total nursing 
hours 
Mean nurse staffing 
Total nursing hours 10.7, RN hours 
7.7 

Changes in death rate/100 
patient days 
-0.36 ± 1.64 
 
0.14 ± 0.53 
0.02 ± 0.07 
 
Death Rate 
0.06 

Aiken, 19995 
Medical charts of 
consecutively admitted 
patients 
Mortality within 30 days 
from admission 

Survey of all registered 
and licensed practical 
nurses who worked at 
least 16 hours per week 
The average number of 
nurses per patient day 
(self-reported) 
Nurse autonomy: nurse 
control over the practice 
environment across 
hospital units (Clinical 
Environment Index) 

Hospitals Units 
 20 40 
 5 8 
 5 8 
 5 8 
 20 40 

Age % Whites Males 
 37 47 88 
 39 29 77 
 37 45 87 

 
Increase by 1 RN/patient 
Dedicated AIDS units 
AIDS hospital-scattered bed units 
Conventional scattered bed units 
Nurse control over practice setting 
 
Increase by 1 RN/patient 
Dedicated AIDS units 
AIDS hospital-scattered bed units 

Relative risk (95% CI) 
0.43 0.24 0.78 
1.06 0.59 1.9 
0.69 0.34 1.41 
1 1 1 
1.03 0.94 1.13 
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Author, 
Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Aiken, 200339 
Discharge abstracts 
Deaths within 30 days of 
hospital admission 

Surveys of hospital nurses 
(the Pennsylvania Board 
of Nursing ) 
The mean number of 
patients assigned to all 
staff nurses who reported 
caring for at least 1 but 
fewer than 20 patients on 
the last shift they worked; 
highest credential in 
nursing: a hospital school 
diploma, an associate 
degree, a bachelor's 
degree, a master's 
degree, or another degree; 
the mean number of years 
of experience working as 
an RN for nurses from 
each hospital 

Units: ICU 
Patients: surgical 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hospitals 
53 
 
34 
 
168 
 
19 
 
26 
 
36 

 
Increase by 1 year in nurse 
experience 
Increase in workload of 1 patient 
10% increase in nurses with BSN 
degree 
 
40% of hospital workforce with BSN 
or higher, 4 patients/nurse 
20% of hospital workforce with BSN 
or higher, 4 patients/nurse 
60% of hospital workforce with BSN 
or higher, 6 patients/nurse 
40% of hospital workforce with BSN 
or higher, 6 patients/nurse 
20% of hospital workforce with BSN 
or higher, 6 patients/nurse 
60% of hospital workforce with BSN 
or higher, 4 patients/nurse 
20-29% of hospital workforce with 
BSN or higher 
<20% of hospital workforce with BSN 
or higher 
20% of hospital workforce with BSN 
or higher, 8 patients/nurse 
>50% of hospital workforce with BSN 
or higher 
40-49% of hospital workforce with 
BSN or higher 
30-39% of hospital workforce with 
BSN or higher 
40% of hospital workforce with BSN 
or higher  
60% of hospital workforce with BSN 
or higher, 8 patients/day 

Relative risk (95% CI) 
1 0.98 1.02 
 
1.06 1.01 1.1 
0.95 0.91 0.99 
 
Mortality rate/100 patients 
1.8 
 
1.97 
 
1.8 
 
1.98 
 
2.16 
 
1.64 
 
2.2 
 
2.3 
 
2.38 
 
1.7 
 
1.9 
 
1.8 
 
2.17 
 
1.98 
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Author, 
Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Aiken, 200274 
Hospital data (Health 
Care Cost Containment 
Council 
Death within 30 days of 
hospital admission 

Survey of 50% random 
sample of registered 
nurses who were on the 
Pennsylvania Board of 
Nursing rolls; 
Burnout: the Emotional 
Exhaustion scale of the 
Maslach Burnout Inventory 
Scale 
Nurse’ job satisfaction: 4-
point scale from very 
dissatisfied to very 
satisfied 

Patients Surgical 
Hospitals 168 
% males 44 
Mean age 44 years 

 
Increase by 6 patients/nurse 
Increase by 1 patient/nurse 
Increase by 8 patients/nurse 
Increase by 4 patients/nurse 

Relative risk (95% CI) 
1.5 1.19 1.97 
1.07 1.03 1.12 
1.72 1.27 2.48 
1.31 1.13 1.57 

Person, 200488 
Medicare database 
In-hospital mortality and 
within 30 days of hospital 
admission 

AHA Survey 
The ratio of full-time 
equivalent RNs to average 
daily census (ADC) 
categorized by their 
respective quartiles of 
nurse to ADC ratio; the 
ratio of full-time equivalent 
licensed practical nurses 
(LPNs) to ADC 
categorized by their 
respective quartiles of 
nurse to ADC ratio; ratio of 
RNs to LPNs 

Hospitals 4,401 
Age % Whites Males 
77 90 50 

 
Skill Mix: % of RN 
1 quartile of LPN staffing 
1 quartile of LPN staffing 
1 quartile of RN staffing 
1 quartile of RN staffing 
2 quartiles of LPN staffing 
2 quartiles of LPN staffing 
2 quartiles of RN staffing 
2 quartiles of RN staffing 
3 quartiles of LPN staffing 
3 quartiles of LPN staffing 
3 quartiles of RN staffing 
3 quartiles of RN staffing 
4 quartiles of LPN staffing 
4 quartiles of LPN staffing 
4 quartiles of RN staffing 
4 quartiles of RN staffing 
 
1 quartile of LPN staffing 
1 quartile of RN staffing 
2 quartiles of LPN staffing 
2 quartiles of RN staffing 
3 quartiles of LPN staffing 
3 quartiles of RN staffing 
4 quartiles of LPN staffing 
4 quartiles of RN staffing 

Mortality Rate 
 
23.9 
20 
20.1 
23.3 
17.9 
20.9 
21.6 
18.6 
20.1 
22.1 
17.4 
20.5 
17.2 
18.7 
21.5 
17.8 
Relative Risk (95% CI) 
1 1 1 
1 1 1 
1 0.94 1.07 
0.96 0.9 1 
1.02 0.96 1.09 
0.94 0.88 1 
1.07 1 1.15 
0.91 0.86 0.97 
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Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Berney, 200384 
The New York Statewide 
Planning and Research 
Cooperative System 
In-hospital mortality 

The New York State 
Institutional Cost Reports 
RN total hours in inpatient 
cost units/patient-days in 
units adjusted for nursing 
acuity, RN acute hours/ 
(RN+LPN acute hours); % 
of total RN hours paid as 
overtime hours; Union: RN 
are represented by unions 
as reported in ICR 

Hospitals: 161 
Surgical 
Medical 
 
Surgical 
 
Medical 
Medical 
Medical 
Surgical 
Surgical 

 
1% increase in RN overtime work 
1 hour increase in RN hours/acute 
patient day 
1% increase in RN hours/total 
licensed hours 
1st (low overtime) quartile 
4th (high overtime) quartile  
1% increase in RN overtime work 
1st (low overtime) quartile 
4th (high overtime) quartile  

Relative risk (95% CI) 
0.99 0.98 1.01 
0.98 0.97 0.99 
 
0.97 0.95 0.98 
 
0.99 0.98 1.00 
1.00 1.00 1.00 
1.00 0.99 1.00 
0.99 0.98 1.00 
1.00 1.00 1.00 

Needleman, 200128 
799 hospitals (11 states, 
all-patients + Medicare 
patients) 
– hospital level analysis; 
256 California hospitals 
(part of the 11 state 
sample)  
– unit level analysis; 
National sample of 3,357 
hospitals (Medicare 
patients)  
–hospital level analysis; 
in-hospital mortality 

State hospital financial 
reports or hospital staffing 
surveys; the American 
Hospital Association 
Annual Survey of hospitals 
(2,080 hours * each FTE 
category) + (1,040 hours * 
number of part-time 
employees). Total nursing 
hours/patient-day NIW 
adjusted; RNs, clinical 
nurse specialists, general 
duty nurses, nurse 
practitioner excluding 
nursing directors, 
managers, administrators, 
supervisors, instructors, 
anesthetists, and 
midwifes. 
RN hours/patient day NIW 
adjusted. Licensed 
hours/patient-day NIW 
adjusted  
LPN/LVN, excluding the 
director of nursing.  
LPN/LVN hours/patient-
day NIW adjusted 
Nursing aides, orderlies 
and attendants, excluding 

4,156 hospitals  
Increase by 1 hour of RN hours in 
medical patients 
Increase by 1 hour in RN hours in 
surgical patients 
Increase by 1 hour in LPN hours in 
medical patients 
Increase by 1 hour in LPN hours in 
surgical patients 
Increase by 1 hour in aide hours in 
medical patients 
Increase by 1 hour in aide hours in 
surgical patients 
Increase by 1 hour in total nursing 
hours in medical patients 
Increase by 1 hour in total nursing 
hours in surgical patients 
Increase by 1% in RN/total nursing 
hours in medical patients 
Increase by 1% in RN/total nursing 
hours in surgical patients 
Increase by 1 hour in licensed 
hours/patient-day in medical patients 
Increase by 1% of RN hours/total 
licensed hours per patient day in 
medical patients 
Increase by 1 hour in licensed 
hours/patient-day in surgical patients 
Increase by 1% in RN hours/total 

Relative risk (95% CI) 
1.00 0.99 1.01 
 
1.00 0.99 1.01 
 
1.01 0.99 1.03 
 
1.00 0.96 1.04 
 
1.01 1.00 1.02 
 
1.07 1.04 1.09 
 
1.00 1.00 1.01 
 
1.00 0.99 1.01 
 
0.87 0.71 1.05 
 
0.96 0.68 1.35 
 
1.00 0.99 1.01 
 
0.90 0.74 1.09 
 
 
1.00 0.99 1.01 
 
0.99 0.67 1.47 
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Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

ward clerks. Total aide 
hours/patient day NIW 
adjusted 
RN hours per day/total 
hours per day;  
RN hours/licensed hours = 
RN hours per day/licensed 
hours per day (RN + LPN) 

licensed hours per patient-day in 
surgical patients 
Increase by 1 hour in RN hours in 
medical patients 
Increase by 1 hour in LPN hours in 
medical patients 
Increase by 1 hour in licensed hours 
in medical patients 
Increase by 1% in RN hours/total 
licensed hours in medical patients 
Increase in total nurse hours in 
medical patients 
Increase by 1% in RN hours/total 
nurse hours in medical patients 
Increase by 1 hour in aide hours in 
medical patients 
Increase by 1 hour in RN hours in 
surgical patients 
Increase by 1 hour in LPN in surgical 
patients 
Increase by 1 hour in licensed hours 
in surgical patients 
Increase by 1% in RN hours/licensed 
hours in surgical patients 
Increase by 1 hour in aide hours in 
surgical patients 
Increase by 1 hour in total nursing 
hours 
Increase by 1% in RN hours/total 
nursing hours 
Increase by 1 hour in RN hours in 
medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in 
medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in aide hours in 
medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing 

 
 
1.00 1.00 1.01 
 
1.00 0.99 1.01 
 
1.00 1.00 1.00 
 
0.98 0.89 1.08 
 
1.00 1.00 1.01 
 
0.84 0.71 1.01 
 
1.01 1.00 1.02 
 
0.98 0.95 1.00 
 
1.01 1.00 1.02 
 
1.00 0.99 1.00 
 
0.88 0.75 1.03 
 
1.00 0.98 1.03 
 
1.00 0.99 1.01 
 
1.02 0.70 1.48 
 
0.98 0.97 0.99 
 
 
0.98 0.94 1.02 
 
 
1.02 1.00 1.04 
 
 
0.87 0.81 0.94 
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Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

hours in medical patients, hospital 
level analysis, California hospitals 
Increase by 1% in RN  hours/total 
nursing hours  in medical patients, 
hospital level analysis, California 
hospitals 
Increase by 1 hour of licensed 
nursing hours in medical patients, 
hospital level analysis, California 
hospitals 
Increase by 1% of RN hours/total 
licensed hours in medical patients, 
hospital level analysis, California 
hospitals 
Increase by 1 hour of RN hours in 
medical patients, unit level analysis, 
California hospitals 
Increase by 1 hour in LPN hours in 
medical patients, unit level analysis, 
California hospitals 
Increase by 1 hour in aide 
hours/patient day in medical patients, 
unit level analysis, California 
hospitals 
Increase by 1 hour in total nursing 
hours in medical patients, unit level 
analysis, California hospitals. 
Increase by 1% in RN hours/total 
nursing hours in medical patients, unit 
level analysis, California hospitals 
Increase by 1 hour of total licensed 
hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1% of RN hours/licensed 
hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour of RN hours in 
surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in 

 
 
0.59 0.45 0.78 
 
 
 
0.98 0.97 1.00 
 
 
 
0.91 0.65 1.27 
 
 
 
0.98 0.96 1.00 
 
 
0.98 0.94 1.02 
 
 
1.28 1.06 1.54 
 
 
 
0.81 0.72 0.90 
 
 
0.60 0.46 0.78 
 
 
0.98 0.96 1.00 
 
 
0.89 0.68 1.16 
 
 
1.02 1.00 1.04 
 
 
1.07 0.97 1.17 
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Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in aide hours in 
surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing 
hours in surgical patients, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/total 
nursing hours in surgical patients, 
hospital level analysis, California 
hospitals 
Increase by 1 hour in licensed hours 
in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1% in RN hours/licensed 
hours in surgical patients, hospital 
level analysis, California hospitals 
Increase by 1 hour of RN hours in 
surgical  patients, unit level analysis, 
California hospitals 
Increase by 1 hour in LPN hours in 
surgical patients, unit level analysis, 
California hospitals 
Increase by 1 hour in aide hours in 
surgical patients, unit level analysis, 
California hospitals 
Increase by 1 hour in total nursing 
hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1% in RN hours/total 
nursing hours in surgical patients, unit 
level analysis, California hospitals 
Increase by 1 hour in licensed hours 
in surgical patients, unit level 
analysis, California hospitals 
Increase by 1% in RN hours/ 
licensed hours in surgical patients, 
unit level analysis, California 
hospitals 

 
 
1.01 0.96 1.06 
 
 
1.02 1.00 1.04 
 
 
1.29 0.74 2.26 
 
 
 
1.03 1.00 1.05 
 
 
0.76 0.34 1.69 
 
 
1.04 1.01 1.07 
 
 
1.06 0.96 1.16 
 
 
0.98 0.92 1.03 
 
 
1.02 1.00 1.05 
 
 
1.69 1.02 2.81 
 
 
1.04 1.01 1.07 
 
 
0.86 0.46 1.61 
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Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Seago, 200234 
The California Office of 
Statewide Health 
Planning and 
Development (OSHPD) 
Hospital Disclosure 
Report database; the 
California Vital Statistics 
data set from the 
California Department of 
Human Services (DHS), 
mortality within 30 days 
of hospital admission 

The California Office of 
Statewide Health Planning 
and Development 
(OSHPD) Hospital 
Disclosure Report 
database; the National 
Labor Relations Board, 
number of RN hours/acute 
myocardial infarction (AMI) 
related discharge; the 
presence of a bargaining 
unit for registered nurses 

Hospitals 
106 
238 
 
343 
343 
343 
343 

 
Union hospitals 
Not union hospitals 
 
Union vs. not union 
5 RN hour/AMI discharge 
1 RN hour/AMI discharge 
8 RN hour/AMI discharge 

Mortality Rate ± SD 
14.4 ± 3 
15.2 ± 3.5 
Relative  risk 
0.43 
0.89 
0.97 
0.834 

Estabrooks, 200550 
Hospital Inpatient 
Database; Alberta Health 
Care Insurance Plan 
Registry (AHCIPR) was 
linked to identify persons 
who died within 30 days 
of admission 
Mortality within 30 days 
of hospital admission 

Survey of RN (Alberta 
Association of Registered 
Nurses registry) working in 
acute care hospitals 
Self-reported % of RNs to 
total nursing staff,  
Self reported highest RN 
credential: Diploma; 
Baccalaureate; Masters; 
Otherwise; 
% of BSN in hospital level 
derived from the question 
regarding the highest 
degree; 
Nurse job satisfaction: 
responses for the 
question: "On the whole, 
how satisfied are you with 
your job?" 
1. Very dissatisfied 
2. A little dissatisfied 
3. Moderately satisfied 
4. Very satisfied) 
Nurse autonomy: freedom 
to make important patient 
care and work decisions 

49 hospitals  
Hospitals with lower proportion of 
temporary nurses 
Hospitals with higher  proportion of 
nurses with BSN 
Hospitals with lower proportion of 
nurses with BSN 
Hospitals with higher  proportion of 
temporary nurses 
Hospitals with lower proportion of RN 
Hospitals with lower proportion of RN 
Hospitals with higher proportion of 
RN 
Hospitals with lower proportion of 
temporary nurses 
Hospitals with higher proportion of 
temporary nurses 
Hospitals with higher proportion of 
RN 
Hospitals with lower proportion of 
nurses with BSN 
Hospitals with higher proportion of 
nurses with BSN  

Relative risk (95% CI) 
1 1 1 
 
0.81 0.68 0.96 
 
1 1 1 
 
1.47 1.21 1.79 
 
1 1 1 
1 1 1 
0.76 0.66 0.87 
 
1 1 1 
 
1.26 1.09 1.47 
 
0.83 0.73 0.96 
 
1 1 1 
 
0.65 0.6 0.71 
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Males, % of Emergency 
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Nurse Staffing Categories Mortality 

Cho, 200338 
Hospital Financial Data, 
in hospital mortality  

The State Inpatient 
Databases, the total 
productive hours worked 
by all nursing personnel 
per patient day, the total 
productive hours by 
registered nurses per 
patient day 

Mean age 68 years 
% Whites 79.3 
Males 48.9% 
Hospitals 
12 
 
79 
 
48 
 
48 

 
 
 
 
Large non-profit teaching hospitals, 
76.5% RN 
Medium, non-profit, non-teaching, 
non-rural, 68.1% RN 
Large, non-profit, non-teaching, non-
rural 72.4% RN 
Medium, investor-owned non-teaching 
non-rural hospitals, 72.7% RN 

Death Rate ± SD 
 
 
 
5.13 ± 2.73 
 
4.4 ± 2.18 
 
4.22 ± 1.5 
 
4.45 ± 2.31 

Elting, 200592 
The Texas Hospital 
Discharge Public Use 
Data File linked to the 
2000 U.S. Census,  
In-hospital mortality 

Hospital Cost Report 
Information System, 
Provider of Services files, 
and the American Hospital 
Association Survey, 
number of LPN/mean 
annual number of 
occupied bed days, 
number of RN/mean 
annual number of 
occupied bed days 

Patients Surgical 
58 
 
75 
 
75 
 
58 
 
75 
 
58 
 
58 
 
75 

 
Hospitals with few LPNs/occupied 
bed (median 0.7) 
Hospitals with many LPNs/occupied 
bed (median 3.1) 
Hospitals with many RNs/occupied 
bed (median 3.1) 
Hospitals with few RNs/occupied bed 
(median 1.4) 
Hospitals with many RNs/occupied 
bed (median 3.1) 
Hospitals with few RNs/occupied bed 
(median 1.4) 
Hospitals with few RNs/occupied bed 
(median 1.4) 
Hospitals with many RNs/occupied 
bed (median 3.1) 

Death rate 
2.3 
 
3.1 
 
0.7 
 
1.9 
 
1.9 
 
4.5 
         Relative risk (95% CI) 
4.41 1 1 1 
 
1.6 0.43 0.19 0.97 
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Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Tourangeau, 200276 
Discharge abstract 
database linked to the 
Ontario Registered 
Persons Database, 
mortality within 30 days 
of hospital admission 

The Ontario Registered 
Nurse Survey of Hospital 
Characteristics and 
Ontario Hospital Reporting 
System 
Total nursing staff worked 
hours per Ontario case 
weight 
RN inpatient hours/other 
nursing staff earned hours 
(RN + LPN + aide); 
number of years employed 
in the current clinical unit 

75 hospitals  
Increase by 1 year in nursing 
experience in teaching hospitals 
Increase by 10% proportion of 
RN/total nursing personnel  
Increase by 1 year in nursing 
experience in non-urban hospitals 
Increase by 1 year in experience 
30 days mortality in teaching 
hospitals (85% RN) 
30 days mortality in non-urban 
community hospitals (71% RN) 
30 days mortality in urban 
community hospitals (79% RN) 

Relative risk 
0.99 
 
0.95 
 
1.00 
 
0.99 
14.02 
 
15.27 
 
15.05 

Mark, 200590 
Centers for Medicare and 
Medicaid Services 
Minimum Cost and 
Capital File, CMS 
Provider of Services File, 
CMS Case Mix Index 
File, CMS Online Survey; 
Certification and 
Reporting system 
(OSCAR) files, and 
HCUP files 
In-hospital mortality 

The Area Resource Files, 
American Hospital 
Association Annual 
Survey, CMS 
Wage Rate File, CMS 
Online Survey 
Certification and Reporting 
system (OSCAR) files 
RN FTEs/1,000 in-patient 
days 
RN hours/patient * day = 
(FTE RN/1,000 patient * 
days * 37.5 * 48)/1,000; 
37.5 hour work week on 
average 
48 working weeks/year 
LPN FTEs/1,000 in-patient 
days 
LPN hours/patient * day = 
(FTE LPN /1,000 patient * 
days * 37.5 * 48)/1,000; 
37.5 hour work week on 
average 
48 working weeks/year 

Hospitals 
353 
362 
362 
360 
422 

 
Lowest quartile of HMO penetration 
Second quartile of HMO penetration 
Third quartile of HMO penetration 
Highest quartile of HMO penetration 
Increase by 1 RN FTE/1,000 patient 
days in hospitals with high HMO 
penetration 
Increase by 1 LPN FTE/1,000 patient 
days in hospitals with high HMO 
penetration 
Increase by 1 RN FTE/1,000 patient 
days in hospitals with low HMO 
penetration 
Increase by 1 LPN FTE/1,000 patient 
days in hospitals with low HMO 
penetration 
25th Quartile of RN FTE/1,000 patient 
days with high HMO penetration 
50th Quartile of RN FTE/1,000 patient 
days with high HMO penetration 
75th Quartile of RN FTE/1,000 patient 
days with high HMO penetration 
25th Quartile of RN FTE/1,000 patient 
days with low HMO penetration 
50th Quartile of RN FTE/1,000 patient 

Relative risk (95% CI) 
0.99 0.97 1.02 
1.03 1.00 1.05 
0.99 0.96 1.01 
1.01 0.99 1.04 
0.91 0.86 0.95 
 
 
1.02 0.90 1.16 
 
 
1.01 0.86 1.18 
 
 
0.82 0.55 1.23 
 
 
0.97 0.96 0.99 
 
0.99 0.97 1.00 
 
1.00 0.99 1.02 
 
0.97 0.93 1.01 
 
0.97 0.93 1.01 
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Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

days with high HMO penetration 
75th Quartile of RN FTE/1,000 patient 
days with low HMO penetration 
Reference 1 patient/FTE nurse 

 
0.97 0.91 1.03 
 
1.00 1.00 1.00 

Robertson, 199962 
HCFA database and 
Hospitals Information 
Reports,  
mortality within 30 days 
of hospital admission 

The American Hospital 
Association database, 
hospital average of RN 
FTE/100 adjusted 
submissions, hospital 
average of LPN FTE/100 
adjusted submissions, 
hospital average of aide 
FTE/100 adjusted 
submissions 

Hospitals 
1,791 
 
2,133 
 
1,791 
 
1,784 
 
2,133 
 
2,133 
 
2,133 
 
2,133 
 
2,133 

 
Increase  by 1 aide in aide/patient 
ratio in 1989 
Increase by 1 aide in aide/patient 
ratio in 1991 
Increase by 1 LPN in LPN/patient 
ratio in 1990 
Increase by 1 LPN in LPN/patient 
ratio in 1989 
Increase by 1 RN in RN/patient ratio 
in 1990 
Increase by 1 RN in RN/patient ratio 
in 1989 
Increase by 1 RN in RN/patient ratio 
in 1991 
Increase by 1 UAP aide/patient ratio 
in 1990 
Increase by 1 LPN in LPN/patient 
ratio in 1991 

Relative risk 
0.98 
 
1.02 
 
0.92 
 
0.92 
 
0.99 
 
0.99 
 
0.98 
 
1.04 
 
1.01 
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Needleman, 200343 
Hospital discharge data 
In-hospital mortality 

The American Hospital 
Association's Annual 
Survey of Hospitals,  
Total licensed hours (RN + 
LPN) / adjusted patient 
day; RN hours / adjusted 
patient day calculated 
from FTE in hospital 
(2,080 hours, 52 weeks at 
40 hours/ week) 
LPN hours / adjusted 
patient day calculated 
from FTE in hospital 
(2,080 hours, 52 weeks at 
40/week). 
UPA hours/adjusted 
patient day calculated 
from FTE in hospital 
(2,080 hours, 52 weeks at 
40/week). 
the proportion of hours of 
care by RN/licensed 
nurses (RN + LPN) 

799 hospitals 
Units  
Medical 
 
Surgical 
 
Medical 
 
Surgical 
 
 
Surgical 
 
Medical 

 
 
1% increase in RN hours/total 
licensed hours (RN + LPN) 
Increase in 1 hour of RN in surgical 
patients 
Increase in 1 hour of RN in medical 
patients 
1% increase in proportion of RN/total 
nursing personnel 
 
Surgical patients in 799 hospitals 
(68% RN) 
Medical patients in 799 hospitals 
68% RN) 

Relative risk (95% CI) 
 
0.9 0.74 1.09 
 
1 0.99 1.01 
 
1 0.99 1.01 
 
0.99 0.67 1.47 
 
Death rate 
1.6 
 
3.2 

Hartz, 198911 
Hospital discharges data 
from The Health Care 
Financing Administration 
(HCFA) 
Mortality within 30 days 
of hospital admission 

The American Hospital 
Association's 1986 annual 
survey of hospitals 
Proportion of RN/total 
nursing personnel in 
hospital 

3,100 hospitals  
Hospitals with high proportion of RNs 
(upper quartile, 61%) 
Hospitals with high proportion of RNs 
(upper quartile, 61%) 
Hospitals with lower proportion of 
RNs (lower quartile, 59%) 
Hospitals with lower proportion of 
RNs (lower quartile, 59%) 
Hospitals with 59% of RNs 
Hospitals with 61% of  RNs 

Death rate 
11.31 adjusted for severity 
 
11.1 crude 
 
11.94 adjusted for severity 
 
12.16 crude 
 
11.75 fully adjusted 
11.5 fully adjusted 
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Author, 
Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Krakauer, 199212 
Medical records for all 
Medicare discharges, a 
random sample of 700 
discharges were 
abstracted from the 
stratum that included 
hospitals with 700 or 
more discharges 
Mortality within 30 days 
of hospital admission 

1986 American Hospital 
Association (AHA) survey, 
the proportion of 
registered nurses/total 
nursing personnel 

84 hospitals 
Age 72.3 years, Whites 84%, 
Males 46% 

 
Lower quartile of % of RN, claims 
model 
Upper quartile of % RN, claims 
model 
Lower quartile of % RN, clinical 
model 
Upper quartile of % RN, clinical 
model 

Death rate 
15.7 
 
12.1 
 
14.9 
 
12.8 

Aiken, 19947 
HCFA database 
Mortality within 30 days 
of hospital admission 

1988 AHA annual survey 
of hospitals 
% of RN/total nursing 
personnel 

79 hospitals  
Control hospitals, 70.8 % RN 
Control hospitals, 67.1% RN 
Magnet hospitals, 76% RN 
Control hospitals, 69.2% RN 
Control hospitals, 69% RN 
Control hospitals, 68.2% RN 

Death rate 
0.111 
0.116 
0.105 
0.117 
0.109 
0.117 

Shortell, 198854 
MedPAR dataset of 
hospital discharges 
In-hospital mortality 

Database of the larger 
study of 8 multi-hospital 
systems 
Proportion of RN/total 
hospital employee 

981 hospitals  
Increase by 1% in RN/total hospital 
staff 

Relative risk (95% CI) 
0.73 (0.48;1.1) 

Mark, 200489 
The Healthcare Cost and 
Utilization Project 
(HCUP) National 
Inpatient Sample (NIS) 
In-hospital mortality 

American Hospital 
Association Annual 
Survey, Online Survey 
Certification and Reporting 
System [OSCAR] 
RN FTEs/1000 inpatient 
days 
RN hours/patient * day = 
(FTE RN/1,000 
patient*days * 37.5 * 
48)/1000 
LPN FTEs/1,000 inpatient 
days 
LPN hours/patient * day = 
(FTE LPN/1000 patient * 
days * 37.5 * 48)/1,000 

Hospitals 
357 
361 
361 
366 
373 
357 
 
357 
 
357 
 
357 
422 
422 
422 

                RN hours/patient day 
Year 1993 6.05 
Year 1994 6.30 
Year 1992 5.76 
Year 1992 5.65 
Year 1990 5.44 
75th quartile of RN FTE/1,000 patient 
days, 7.24 RN hours/patient day 
50th quartile of RN FTE/1,000 patient 
days, 6.01 RN hours/patient day 
25th quartile of RN FTE/1,000 patient 
days, 4.79 RN hours/patient day 
Year 1995 6.48 RN hours 
Increase by 1 RN FTE/patient day 
Increase by 1 LPN FTE/patient day 
Reference 1 RN and LPN 
FTE/patient day 

Relative Risk (95% CI) 
1.05 1.02 1.08 
0.97 0.94 1.00 
1.09 1.06 1.12 
1.15 1.12 1.18 
1.20 1.17 1.23 
0.96 0.95 0.98 
 
0.97 0.96 0.98 
 
0.98 0.96 0.99 
 
0.90 0.87 0.93 
0.92 0.87 0.96 
1.01 0.97 1.06 
1.00 1.00 1.00 
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Author, 
Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Silber, 200067 
Pennsylvania Medicare 
claims records; the 
Medicare Standard 
Analytic Files; random 
sample of 50% of 
Medicare patients who 
underwent general 
surgical or orthopedic 
procedures 
Mortality within 30 days 
of hospital admission 

The American Hospital 
Association Annual 
Surveys for 1991–1993, 
and the Pennsylvania 
Health Care Cost 
Containment Council Data 
Base for years 1991–1994 
RN/bed ratio at hospital 
level 

Hospitals Units 
245 Surgical 
258 Surgical 
 
258 Surgical 
258 Surgical 

 
Hospitals with lower RN/bed ratio 
Hospitals with higher RN/bed ratio 
 
Indirect patients, RN/patient ratio 1.38
Directed patients, RN/patient ratio 1.4

Relative risk (95% CI) 
1 1 1 
0.95 0.93 0.96 
Death rate 
4.53 
3.41 

Hoover, 200023 
The Health Care 
Financing Agency, 
HealthCareReportCards.
com; MEDPAR database 
Mortality index = [(P -A) / 
P] * 100 where P = 
predicted mortality for 
each hospital according 
to patients 
characteristics, and A = 
actual mortality;  
In hospital mortality, and 
6 months after 
submission mortality 

The AHA and HCFA 
databases 
RN/LPN ratio = total 
number RN FTE/LPN FTE 
reported by the hospital 
and RN/total nursing staff 

Hospitals  Units 
176 Medical 

 
Lowest quartile of RN proportion 
Highest quartile of RN proportion 

Relative risk 
1 1 1 
0.84 0.78 0.92 

Aiken, 200127 
MedPar Mortality Data 
file for 1997 
In hospital mortality 

American Hospital 
Association Annual survey 
RN FTE/daily average 
units census 

22 hospitals Nurse staffing – RN FTE/average 
daily census in units 

Correlation with mortality 
-0.49  
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Author, 
Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Bond, 199960 
Hospital Medicare 
mortality rates from the 
Health Care Financing 
Administration 
In hospital 
mortality/1,000 
admissions and number 
of deaths/hospital/year 

Data from the AHA and 
HCFA data bases were 
matched for 3,763 
hospitals 
FTE RN/the mean number 
of occupied beds for each  
hospital 
FTE LPN/the mean 
number of occupied beds 
for each hospital 

3,763 hospitals  
Increase by 1 RN/patient 
Increase by 1 LPN/patient 

Change in Death rate ± SD 
-0.0003 ± 0.0061 
0.0005 ± 0.0092 

Shortell, 199494 
Hospitals discharge data 
In hospital mortality, 
standardized morality 
ratio (actual mortality in 
each unit/predicted 
mortality) 

Hospital administrative 
databases; survey of 
nursing directors in each 
unit 
An average RN/patient 
ratio in unit during the 
study period, number of 
nurses who left ICU in the 
year of the study/number 
of nurses employed that 
year 

40 hospitals, 42 ICU units; 
Patients Medical 

 
Increase by 1 RN/patient ratio 

Relative risk 
1.14 

Boyle, 200447 
Patient discharges 
In-hospital mortality 

Nurses NWI-R survey 
(N=390) of nurses working 
>1 month in the unit 
NWI-R 57 items 
questionnaire to report 
nurse autonomy and 
collaboration; 
NWI-R 57 items 
questionnaire to report 
nurse manager support 

Single hospitals study, 21 units  
Nurse manager support 

Correlation with mortality 
-0.3 

Halm, 200551 
The hospital's data 
warehouse with patients 
discharges 
Mortality within 30 days 
of hospital admission 

Survey of 140 staff nurses 
(42% response rate); daily 
variable staffing plans and 
unit census records 
Average RN/patient ratio 
was calculated for each 
nursing unit across all 3 
shifts for every week; 
% of RN with BSN and 

Single hospital study, age 55.6 
years, 
37.4% Males  
22.7% emergency admission 
Patients Surgical 

 
Increase by 1 unit in RN/patient ratio 

Relative risk 
1.01 
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Author, 
Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

higher; years of total 
nursing experience; 
Burnout: Maslach Burnout 
Inventory Manual (max 6 
scores) with 3 subscales 
of burnout: emotional 
exhaustion; 
depersonalization; 
personal accomplishment 
(feelings of competence 
and successful 
achievement in one's 
work). Overall rating on a 
simple 4-point Likert scale, 
ranging from 1 (very 
dissatisfied) to 4 (very 
satisfied) and the 
likelihood to leave current 
position within the next 12 
months 

Thorson, 199555 
Administrative data on 
patient discharges from 
the North Carolina 
Medical Database 
Commission 
In-hospital mortality 

The archives of the NC 
Board of Nursing for 100 
hospitals, an average of 
total nursing hours/patient 
day in surgical and 
medical units, an average 
RN hours/patient day in 
surgical and medical units 

100 hospitals  
Increase by 1 RN hour, crude odds 
of death 
Increase by 1 RN hour, adjusted for 
patient characteristics odds ratio 
Increase by 1 RN hour, adjusted for 
patient and hospital characteristics 
odds ratio 

Relative risk (95% CI) 
1.004 1.003 1.004 
 
1.009 1.008 1.010 
 
1.008 1.007 1.010 

Unruh, 200066 
State Health Care Cost 
Containment Council 
In-hospital mortality 

State Department of 
Health, American Hospital 
Association 
Total nurses FTE/1,000 
APDC 
RN FTE/1,000 APDC 
LPN FTE/1,000 APDC 
UAP FTE/1,000 APDC 
% of RN FTE /total nurses 
FTE 

1,477 hospitals, 
Whites: 45.4% 
Males: 42.43% 

Year RN/patient ratio  % RN 
1991 2.9 69 
1992 2.7 69 
1993 2.7 70 
1994 2.7 71 
1995 2.6 72 
1996 2.8 71 
1997 2.7 72 
 
Increase by 1 unit in RN/patient ratio 
Increase by 1 unit in RN/patient ratio 
in small hospitals 

Death rate 
3.10 
2.85 
2.81 
2.67 
2.60 
2.47 
2.33 
Change in death rate 
0.02 
0.32 
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Author, 
Source to Measure 

Mortality, Definition of 
Mortality 

Source to Measure 
Nurse Staffing, 

Definition of Nurse 
Staffing 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Mortality 

Increase by 1 unit in RN/patient ratio 
in medium hospitals 
Increase by 1 unit in RN/patient ratio 
in large  hospitals 
Increase by 1 unit in LPN/patient 
ratio 
Increase by 1 unit in LPN/patient 
ratio in small hospitals 
Increase by 1 unit in LPN/patient 
ratio in medium hospitals 
Increase by 1 unit in LPN/patient 
ratio in large hospitals 
Increase by 1 unit in UAP/patient 
ratio 
Increase by 1 unit in UAP/patient 
ratio in small hospitals 
Increase by 1 unit in UAP/patient 
ratio in medium hospitals 
Increase by 1 unit in UAP/patient 
ratio in large  hospitals 
Increase by 1% in RN proportion 
Increase by 1% in RN proportion in 
small hospitals 
Increase by 1% in RN proportion in  
medium hospitals  
Increase by 1% in RN proportion in 
large hospitals 

-0.13 
 
-0.03 
 
-0.09 
 
-0.21 
 
-0.31 
 
-0.19 
 
0.04 
 
0.38 
 
-0.07 
 
0.005 
 
0.00 
-0.00 
 
0.00 
 
0.00 

 
AHA = American Hospital Association; AMI = Acute Myocardial Infarction; BSN = Bachelor or Science in Nursing; CI = Confidence Interval; CMS = Centers for 
Medicare and Medicaid Services; FTE = Full Time Equivalent; HMO = Health Maintenance Organization; ICU = Intensive Care Unit; LPN = Licensed Practical 
Nurse; LVN = Licensed Vocational Nurse; MedPAR = Medicare Provider Analysis Review; NIW = nursing intensity weights; RN = Registered Nurse; SD = 
Standard Deviation; UAP = Unlicensed Assistive Personnel
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Table G4. The relative risk of hospital related mortality among estimated categories of patients/nurse/shift ratio 
 

Author (Patients/RN/Shift) RR 95% CI 
Pronovost61 (2 vs. 3) 0.53 0.33; 0.83 
Amaravadi64 (1.5 vs. 3) 0.70 0.30; 2.00 
Dimick70 (1.5 vs. 3.5) 2.04 0.78; 5.56 
Aiken5 (1.5 vs. 5) 0.19 0.06; 0.61 
Aiken5 (1.9 vs. 5) 0.08 0.01; 0.47 
Aiken5 (2 vs. 3) 0.94 0.91; 0.99 
Aiken39 (1 vs. 6) 0.67 0.51; 0.84 
Aiken39 (1 vs. 4) 0.76 0.64; 0.89 
Person88 (1.1 vs. 2.8) 0.91 0.86; 0.97 
Person88 (1.6 vs. 2.8) 0.94 0.88; 1.00 
Person88 (1.9 vs. 2.8) 0.96 0.90; 1.00 
Elting92(4.3 vs. 9.5) 0.43 0.19; 0.97 
Mark90 (4.2 vs. 13.3) 0.99 0.97; 1.02 
Mark90 (4.1 vs. 13.3) 1.03 1.00; 1.05 
Mark90 (3.8 vs. 13.3) 0.99 0.97; 1.01 
Mark90 (3.6 vs. 13.3) 1.01 0.99; 1.04 
Mark90 (6.7 vs. 13.3) 0.82 0.74; 0.91 
Mark90 (6.7 vs. 13.3) 1.01 0.74; 1.39 
Mark90 (5 vs. 13.3) 0.97 0.96; 0.99 
Mark90 (4 vs. 13.3) 0.99 0.98; 1.00 
Mark90 (3.3 vs. 13.3) 1.00 0.99; 1.02 
Mark90 (5 vs. 13.3) 0.97 0.93; 1.01 
Mark90 (4 vs. 13.3) 0.97 0.93; 1.01 
Mark90 (3.3 vs. 13.3) 0.97 0.91; 1.03 
Mark89 (4 vs. 13.3) 1.05 1.02; 1.08 
Mark89 (3.8 vs. 13.3) 0.97 0.94; 1.00 
Mark89 (4.2 vs. 13.3) 1.09 1.06; 1.12 
Mark89 (4.2 vs. 13.3) 1.15 1.12; 1.18 
Mark89 (4.4 vs. 13.3) 1.20 1.17; 1.23 
Mark89 (3.3 vs. 13.3) 0.96 0.95; 0.98 
Mark89 (4 vs. 13.3) 0.97 0.96; 0.98 
Mark89 (5 vs. 13.3) 0.98 0.97; 0.99 
Mark89 (3.7 vs. 13.3) 0.90 0.87; 0.93 
Mark89 (6.7 vs. 13.3) 0.84 0.76; 0.93 
Silber67 (1.6 vs. 2.7) 0.95 0.93; 0.96 
Shortell54 (1.5 vs. 3) 1.13 0.86; 1.13 
Robertson62 (1.5 vs. 3) 0.97 NR 
Robertson62 (1.5 vs. 3) 0.98 NR 
Robertson62 (1.5 vs. 3) 0.96 NR 
Halm51 (0.8 vs. 4) 1.02 NR 
Author (Patients/LPN/Shift)   
Person88 (8 vs.11) 1.07 1.00; 1.15 
Person88 (10 vs. 11) 1.00 0.94; 1.07 
Mark90 (18 vs. 13) 0.99 0.97; 1.02 
Mark90 (21 vs. 13) 1.03 1.00; 1.05 
Mark90 (24 vs. 13) 0.99 0.96; 1.01 
Mark90 (25 vs. 13) 1.01 0.99; 1.04 
Mark90 (7 vs. 13) 1.05 0.82; 1.34 
Mark90 (7 vs. 13) 0.68 0.30; 1.52 
Robertson62 (3 vs. 20) 0.92 NR 
Mark89 (21 vs. 13) 1.05 1.02; 1.08 
Mark89 (23 vs. 13) 0.97 0.94; 1.00 
Mark89 (20 vs. 13) 1.09 1.06; 1.12 
Mark89 (19 vs. 13) 1.15 1.12; 1.18 
Mark89 (20 vs. 13) 1.20 1.17; 1.23 
Mark89 (23 vs. 13) 0.90 0.87; 0.93 
Mark89 (7 vs. 13) 1.01 0.97; 1.06 

 
NR– not reported 
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Table G5.  Evidence of the association between nurse/patient ratio and patient outcomes 
 
Author, Source to Measure 

Patient Outcomes, 
Definition of Patient 

Outcomes, Source to 
Measure Nurse Staffing, 

Definition of Nurse/Patient 
Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Aiken39 
Discharge abstracts,  
Failure to rescue: deaths 
within 30 days of admission 
among patients who 
experienced complications; 
Complications: the secondary 
diagnosis distinguished from 
preexisting comorbidities 
Surveys of hospital nurses 
(the Pennsylvania Board of 
Nursing) 
The mean number of patients 
assigned to all staff nurses 
who reported caring for at 
least 1 but fewer than 20 
patients on the last shift they 
worked 

168 
ICU 
Surgical 
Age 60.8 61.3 
Sex 42.9 41.8 
Severity 28.5 18.9 

 
60% of hospital workforce with BSN or higher, 8 patients/day 
40% of hospital workforce with BSN or higher, 4 patients/nurse 
20% of hospital workforce with BSN or higher, 4 patients/nurse 
60% of hospital workforce with BSN or higher, 6 patients/nurse 
40% of hospital workforce with BSN or higher, 6 patients/nurse 
20% of hospital workforce with BSN or higher, 6 patients/nurse 
60% of hospital workforce with BSN or higher, 4 patients/nurse 
20-29% of hospital workforce with BSN or higher 
<20% of hospital workforce with BSN or higher 
20% of hospital workforce with BSN or higher, 8 patients/nurse 
>50% of hospital workforce with BSN or higher 
40-49% of hospital workforce with BSN or higher 
30-39% of hospital workforce with BSN or higher 
40% of hospital workforce with BSN or higher 
 
Increase in workload of 1 patient 
Reference 1 RN/patient 
 
20-29% of hospital workforce with BSN or higher 
<20% of hospital workforce with BSN or higher 
>50% of hospital workforce with BSN or higher 
40-49% of hospital workforce with BSN or higher 
30-39% of hospital workforce with BSN or higher 

Failure to rescue % 
8.47 
7.84 
8.54 
7.80 
8.50 
9.26 
7.18 
9.40 
10.20 
10.02 
6.90 
8.60 
8.00 
9.22 
Relative Risk 
1.05 1.01 1.10 
1 
Complications, % 
22.90 
22.90 
25.20 
22.00 
22.80 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Aiken74 
Hospital data (Health Care 
Cost Containment Council; 
Failure to rescue: deaths 
within 30 days of admission 
among patients who 
experienced complications; 
Survey of 50% random 
sample of registered nurses 
who were on the 
Pennsylvania Board of 
Nursing rolls; 
The mean patient load across 
all staff registered nurses who 
reported having responsibility 
for at least 1 but fewer than 
20 patients on the last shift 
they worked, regardless of 
the specialty or shift (day, 
evening, night) worked 

168 
Combined 
Surgical 
Age 59.3 
Sex 43.7 
Severity 27.3 

 
Increase by 6 patients/nurse 
Increase by 1 patient/nurse 
Increase by 8 patients/nurse 
Increase by 4 patients/nurse 
Reference 1 RN/patient 

Failure to rescue, Relative risk 
1.50 1.13 1.87 
1.07 1.02 1.11 
1.72 1.17 2.30 
1.31 1.08 1.52 
1.00 1.00 1.00 

Alonso-Echanove79 
All adult patients admitted to 
the ICU for at least 48 hours; 
Bloodstream infections as 
secondary diagnosis after 
CVC. Duration of CVC- 
number of days from the 
placement date to the day 
when bloodstream infection 
occurred or to the day of CVC 
removal; 
Unit administrative records; 
Number of RN nurses for 
each patient each day; 
Number of patient care 
assistants/100 patients 

ICU 
Medical 
Race 61 
Sex 54 

 
All ICU from 1997-1999 
RN/patient ratio: 0.5 
Patient/UAP: 14.3 
 
Increase by 1 RN and UAP/patient 

Bloodstream infections, rate % 
2.80 
 
 
Relative risk 
Not significant  
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Amaravadi64 
The Uniform Health 
Discharge Data Set; 
Postoperative pneumonia; 
aspiration, pulmonary failure; 
reintubation after unplanned 
extubation; cardiac arrest; 
Complications: respiratory, 
Pneumonia, reintubation, 
aspiration, infectious, 
septicemia, postoperative 
infection, myocardial 
infarction, cardiac arrest, 
surgical complications, acute 
renal failure, septicemia; 
Survey of ICU directors; 
An average nurse-to-patient 
ratio of greater than or equal 
to 1:2 versus less than 1:2 
both during the day and at 
night 

ICU 
Surgical 
Age 63 
Race 77 
Sex 70 
Severity 12 

 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 

Pneumonia % 
16.00 
8.00 
Relative risk 
2.40 1.20 4.70 
1.00 1.00 1.00 
Pulmonary failure % 
25.00 
22.00 
Relative risk 
1.20 0.70 2.00 
1.00 1.00 1.00 
Reintubation % 
25.00 
12.00 
Relative risk 
2.50 1.40 4.50 
1.00 1.00 1.00 
CPR % 
0.80 
0.00 
Relative risk 
1.20 0.60 2.20 
1.00 1.00 1.00 
Medical complications % 
0.80 
0.90 
Relative risk 
0.90 0.08 9.70 
1.00 1.00 1.00 
Surgical complications % 
17.00 
8.00 
Relative risk 
1.90 0.90 3.80 
2.10 0.70 6.40 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio>1:2 

Sepsis, % 
6.20 
1.80 
Relative risk 
3.70 1.10 12.50 
1.00 1.00 1.00 

Bolton26 
California Nursing Outcomes 
Coalition database; the 
California Department of 
Health Services; 1,253,892 
inpatient days; 
Hospital acquired pressure 
ulcers: the monthly rate per 
1,000 patient days for each 
nursing unit and each 
hospital. Falls: unplanned 
descent to the floor in adult 
patients; the monthly fall rate 
per 1,000 patient days for 
each nursing unit and each 
hospital. Data were collected 
at the patient level and 
aggregated by CalNOC staff 
to the unit level. 
California Nursing Outcomes 
Coalition database; the 
California Department of 
Health Services 
RN/patient day 

Unit Patients 
Medical Medical 
ICU Medical 

 
Medical-surgical units: 5 patients/RN, 2.4 patient/UAP 
Critical Care units: 1.6 patients/RN 
 
 
Medical-surgical units: 5 patients/RN, 2.4 patient/UAP 
Critical Care units: 1.6 patients/RN 

Falls /100 patient days 
3.70 
0.10 
Pressure ulcers/100 patient 
days 
8.00 
13.00 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Cheung32 
Incidence reports, quality 
referrals, and medical record 
coding stores in the database 
Excalibur system 
Pressure ulcers coded as 
secondary diagnosis; patients 
falls coded as secondary 
diagnosis; primary 
bloodstream infections after 
admitting the unit; 
Automated Nurse staffing 
Office system and direct 
observation of nursing 
activities with Hill_Rom 
COMposer@nurse locator 
system; 
Number of patients assigned 
to RN during a shift; number 
of patients assigned to LPN 
during the shift; ratio of RN 
and LPN to unlicensed 
nursing personnel 

Unit Combined 
Patients Medical 

 
Increase by one increment in nurse staffing variables: 
RN/patient ratio 
LPN/patient ratio 
Increase by one increment in nurse staffing variables: 
RN/patient ratio 
LPN/patient ratio 
 
Increase by one increment in nurse staffing variables: 
RN/patient ratio 
LNPNpatient ratio 

Pressure ulcers 
Relative risk 
NS 
NS  
Falls, Relative risk 
NS  
NS  
Primary bloodstream infection 
Relative risk 
NS  
NS  
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Dang75 
The Uniform Health 
Discharge Data Set 
Aspiration, atelectasis or 
pulmonary failure; 
pneumonia; pulmonary 
insufficiency after a 
procedure; tracheal 
reintubation; cardiac arrest;  
Cardiac complications: acute 
myocardial infarction 
Cardiac complications after a 
procedure 
Other: acute renal failure, 
platelet transfusion  
Any other complication 
Any complication; septicemia; 
Survey of ICU directors; 
An average nurse-to-patient 
ratio in the ICU during the 
daytime; low-intensity staffing 
(1:3 or greater on the day and 
night shifts); medium intensity 
(1:3 or greater on either the 
day or night shift, but not 
both);high-intensity staffing 
<1:2 

Unit ICU 
Patients Surgical 
Race 89 
Sex 68 
Severity 13 

 
 
High Intensity 4 patients/RN 
Mixed Intensity 3 patients/RN 
Low Intensity 2 patients/RN 
  
High Intensity 4 patients/RN 
Mixed Intensity 3 patients/RN 
Low Intensity 2 patients/RN 
  
High Intensity 4 patients/RN 
Mixed Intensity 3 patients/RN 
Low Intensity 2 patients/RN 
  
High Intensity 4 patients/RN 
Mixed Intensity 3 patients/RN 
Low Intensity 2 patients/RN 
  
High Intensity 4 patients/RN 
Low Intensity 2 patients/RN 

Relative risk 
Pulmonary failure 
2.33 1.50 3.60 
5.11 2.89 9.04 
1.00    1.00 1.00 
Extubation 
2.33  1.50 3.60 
2.09 1.47 3.03 
1.00 1.00 1.00 
CPR 
1.34 0.82 2.17 
2.10 1.26 3.50 
1.00 1.00 1.00 
Complication 
1.34 0.82 2.17 
2.10 1.26 3.50 
1.00 1.00 1.00 
Sepsis 
1.13 0.73 1.75 
1.00 1.00 1.00 

Dimick70 
The Uniform Health 
Discharge Data Set 
Postoperative pneumonia, 
pulmonary failure, aspiration, 
reintubation, cardiac arrest, 
myocardial infarction, acute 
renal failure; septicemia; 
Survey of ICU directors; 
An average nurse-to-patient 

Unit: ICU 
Patients: Surgical 
Group 316 
Age 56 
Race 82 
Severity 15 

 
More nurses: RN/patient 1:1-1:2 
Fewer nurses: RN/patient 1:3-1:4 
 
More nurses: RN/patient 1:1-1:2 
Fewer nurses: RN/patient 1:3-1:4 
 
More nurses: RN/patient 1:1-1:2 
Fewer nurses: RN/patient 1:3-1:4 
 

Pneumonia, % 
2.80 
4.20 
Relative risk 
1.00 1.00 1.00 
1.40 0.60 3.50 
Pulmonary Failure % 
1.60 
5.80 
Relative risk  
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

ratio in the ICU during the day 
and evening and at night; 
"more ICU nurses: nurse/ 
patient ratio 1:1 or 1:2; "fewer 
ICU nurses": nurse/patient 
ratio 1:3 or 1:4 

More nurses: RN/patient 1:1-1:2 
Fewer nurses: RN/patient 1:3-1:4 
 
More nurses: RN/patient 1:1-1:2 
Fewer nurses: RN/patient 1:3-1:4 
 
More nurses: RN/patient 1:1-1:2 
Fewer nurses: RN/patient 1:3-1:4 
 
More nurses: RN/patient 1:1-1:2 
Fewer nurses: RN/patient 1:3-1:4 
 
More nurses: RN/patient 1:1-1:2 
Fewer nurses: RN/patient 1:3-1:4 
 
More nurses: RN/patient 1:1-1:2 
Fewer nurses: RN/patient 1:3-1:4 

1.00 1.00 1.00 
3.60 1.30  10.10 
Extubation % 
1.90 
10.80 
Relative risk  
5.70  2.40  13.70 
 
CPR % 
0.60 
0.80 
Complications % 
6.60 
1.20 
Sepsis % 
2.70 
5.40 

Donaldson9 
CalNOC database 
Total number of patients with 
Stage I-IV pressure ulcers 
regardless of whether ulcer 
was acquired during 
hospitalization or present on 
admission; %/total number of 
surveyed patients, unplanned 
descent to the floor; 
rate/1,000 patient days. 
CalNOC database in 2004 
and 2005 (after legislation); 
number of patients/RN 

Hospitals 68 
Unit Combined 
Patients Medical 

 
Medical surgical units, before mandatory ratios: 5.43 patients/RN 
Medical and surgical units after mandatory ratios: 4.48 patients/RN 
Step-down units before mandatory ratios: 4.02 patients/RN 
Step-down units after mandatory ratios: 3.56 patients/RN 
 
 
Medical surgical units, before mandatory ratios: 5.43 patients/RN 
Medical and surgical units after mandatory ratios: 4.48 patients/RN 
Step-down units before mandatory ratios: 4.02 patients/RN 
Step-down units after mandatory ratios: 3.56 patients/RN  

Falls /100 patient days ± SD 
0.31 ± 0.20 
0.32 ± 0.17 
0.30 ± 0.22 
0.26 ± 0.16 
Pressure ulcers/100 patient 
days ± SD 
14.07 ± 11.07 
14.48 ± 10.39 
13.52 ± 10.78 
16.29 ± 10.27 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Donaldson95 
California Nursing Outcomes 
Coalition (CalNOC) 
Hospital acquired pressure 
related skin injury controlling 
for date of admission, % of all 
patients on the day of 
prevalence study; patient’s 
unplanned descent to the 
hospital floor; were analyzed 
as 7 day aggregate per unit; 
also actually number per unit; 
the number of falls/1000 
patient days. 
The California Nursing 
Outcomes Coalition 
(CalNOC) 

Hospitals 25 
Unit Combined 
Patient Medical 

 
 
Increase by 1 patient/RN 
Increase by 1 patient/licensed staff 

Change in falls rate/100 patient 
days ± SD 
0.02 ± 0.05 
0.02 ± 0.09 

Elting92 
The Texas Hospital 
Discharge Public Use Data 
File linked to the 2000 U.S. 
Census 
Bacteremia, wound infection, 
pulmonary compromise, 
pneumonia, deep venous 
thrombosis, pulmonary 
embolus, reoperation, 
postoperative coma or shock, 
acute myocardial infarction, 
arrhythmia, and cardiac arrest 
or shock. 
Hospital Cost Report 
Information System, Provider 
of Services files, and the 
American Hospital 
Association Survey; number 
of LPN/mean annual number 

Hospitals 75 
Unit Surgical 
Patients Surgical 

 
 
Hospitals with many RNs/occupied bed 3.1 RNs/patient 
Hospitals with few RNs/occupied bed 1.4 RNs/patient 
 
Hospitals with many RNs/occupied bed 3.1 RNs/patient 
Hospitals with few RNs/occupied bed 1.4 RNs/patient 
Hospitals with many LPNs/occupied bed 0.32 patients/LPN 
Hospitals with few LPNs/occupied bed 1.40 patients/LPN 

Failure to rescue 
Relative risk 
1.00 1.00 1.00 
0.39 0.10 0.80 
Complication rate % 
12.60 
16.20 
14.20 
14.00 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

of occupied bed days, 
number of RN/mean annual 
number of occupied bed days 
Flood53 
Patient medical records; 
nosocomial infections 
including urinary tract 
infections and gangrene; 
congestive heart failure and 
arrhythmias, gastrointestinal 
bleeding. 
Staffing workload index; RN 
FTE/patient/shift/unit 

Hospitals 1 
Unit   Combined 
Patients  Medical 

 
Understaffed unit 3.8 patient/s RN 
Normally staffed unit 4.94 patients/RN 
 
Understaffed unit 3.8 patients/RN 
Normally staffed unit 4.94 patients/RN 
 
Understaffed unit 3.8 patients/RN 
Normally staffed unit 4.94 patients/RN 

Urinary tract infection % 
0.12 
0.14 
Nosocomial infection % 
0.16 
0.19 
Complication % 
64.00 
71.00 

Fridkin1 
Medical records of surgical 
patient in ICU. Cases were 
defined as any patient 
hospitalized >48 hours, in the 
SICU >24 hours who 
developed a laboratory 
confirmed CVC-BSI during 
outbreak periods. Controls 
were randomly selected from 
all SICU patients; 
laboratory confirmed catheter-
associated bloodstream 
infections or clinical sepsis; 
rates were compared in pre- 
and outbreak periods. 
Hospital administrative 
records; 
average monthly SICU 
patient-to-nurse ratio; ratio in 
pre- and outbreak periods 

Hospitals 1 
Unit ICU 
Patients Surgical 

 
 
Month's patient/nurse ratio = 1.2 
Month's patient/nurse ratio = 1.5 
Month's patient/nurse ratio = 2 
Month's patient/nurse ratio = 1 
 
Pre-outbreak period 
Outbreak period 
 
Pre-outbreak period 
Outbreak period 

Nosocomial infection  
Relative risk 
3.95    1.07 14.54 
15.60  1.15 211.40 
61.50  1.23   3,074 
1.00    1.00 1.00 
Rate/100 patient days 
1.95 
4.96 
Sepsis, rate/100 patient days 
0.53 
1.31 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Halm51 
The hospital's data 
warehouse with patient’s 
discharges; failure to rescue: 
death following complications 
within 30 days.  
Survey of 140 staff nurses 
(42% response rate); daily 
variable staffing plans and 
unit census records 
Average RN/patient ratio was 
calculated for each nursing 
unit across all 3 shifts for 
every week 

Hospitals 1 
Unit Surgical 
Patients Surgical 

 
Increase by 1 unit in RN/patient ratio 

Failure to rescue 
Relative risk NS  

Hope86 
Medical Microbiology 
Laboratory and Infection 
Control Services; Discharge 
Abstract Database 
incidence rate of urinary tract 
infection, incidence rate of 
ventilator associated 
pneumonia, incidence rate of 
infections that occurred after 
72 hours of hospitalization, 
incidence rate of surgical site 
infections, incidence rate of 
positive culture with known 
pathogen or two or more 
positive cultures with 
pathogens one can be 
considered as contaminant. 
The Grace Reynolds 
Application of the Study of 
Peto; Nursing Workload 
Office 
Calculated from RN utilization 

Unit Patients 
Surgical Surgical 
Surgical Surgical 
Surgical Surgical 
Surgical Surgical 
Medical Medical 
Medical Medical 
Medical Medical 
Medical Medical 
Medical Medical 
Medical Medical 
Medical Medical 
Medical Medical 
Specialty Medical 
ICU Medical 
ICU Medical 
Surgical Medical 
Neonatal Medical 

 Patients/RN 
 
Surgery ward 1 5.64 
Surgery ward 2 6.97 
Surgery ward 3 5.16 
Surgery ward 4 6.64 
Medicine ward 1 6.79 
Medicine ward 2 4.07 
Medicine ward 3 6.11 
Medicine ward 4 6.09 
medicine ward 4 6.19 
Medicine ward 5 6 
Medicine ward 6 5.39 
Medicine ward 7 5.54 
Coronary Care Unit 4.62 
ICU unit 2.45 
Neonatal ICU 2.14 
Neurosurgical critical care unit 6.79 
Pediatrics unit 4.39 
 
  
Surgery ward 1 5.64 
Surgery ward 2 6.97 

Rate/100 patient days 
Urinary tract infection,  
0.65 
0.88 
0.91 
0.66 
0.00 
0.65 
0.50 
0.64 
1.27 
0.68 
0.72 
0.74 
 0.42 
1.13 
4.03 
1.33 
0.27 
Relative risk NS 
Nosocomial infection  
0.01 
0.06 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

as (national US standard * 
Utilization) / 100 

Surgery ward 3 5.16 
Surgery ward 4 6.64 
Medicine ward 1 6.79 
Medicine ward 2 4.07 
Medicine ward 3 6.11 
Medicine ward 4 6.09 
Medicine ward 4 6.19 
Medicine ward 5 6 
Medicine ward 6 5.39 
Medicine ward 7 5.54 
Coronary Care Unit 4.62 
ICU unit 2.45 
Neonatal ICU 2.14 
Neurosurgical critical care unit 6.79 
Pediatrics unit 4.39 
 
 
Surgery ward 1 5.64 
Surgery ward 2 6.97 
Surgery ward 3 5.16 
Surgery ward 4 6.64 
Medicine ward 1 6.79 
Medicine ward 2 4.07 
Medicine ward 3 6.11 
Medicine ward 4 6.09 
medicine ward 4 6.19 
Medicine ward 5 6 
Medicine ward 6 5.39 
Medicine ward 7 5.54 
Coronary Care Unit 4.62 
ICU unit 2.45 
Neonatal ICU 2.14 
Neurosurgical critical care unit 6.79 
Pediatrics unit 4.39 
 
 Patients/RN 
Higher RN Utilization (111%) 5.34 

0.02 
0.03 
0.03 
0.02 
0.01 
0.01 
0.001 
0.001 
0.01 
0.04 
0.001 
0.20 
0.01 
0.01 
0.001 
 
Relative Risk NS 
Sepsis, % 
7.54 
11.80 
0.33 
4.59 
0.00 
7.21 
2.95 
1.31 
  
7.87 
8.20 
6.56 
1.97 
23.28 
9.51 
4.59 
2.30 
UTI relative risk 
1.14  1.02 1.26 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

 
1% increase in RN utilization 5.94 
Higher RN Utilization (111%), 5.34 
Higher RN utilization (>89%)  7.14 
 
 
1% increase in RN utilization 5.94 
Higher RN Utilization (111%) 5.34 
1% increase in RN utilization  5.94 
 
1% increase in RN utilization, surgery wards 5.94 
Higher RN Utilization (111%), surgery wards 5.34 
1% increase in RN utilization, surgery wards 5.94 
Higher RN utilization (>114%) in surgical units 5.16 

Pneumonia relative risk 
0.97  0.94 1.01 
0.66  0.43 1.01 
1.59  2.43 1.04 
Nosocomial infection relative 
risk 
0.97 0.96 0.99 
0.62 0.31 1.23 
1.01 0.99 1.03 
Sepsis relative risk 
0.98  0.97  0.98 
0.66  0.50  0.87 
0.99  0.98  1.00 
0.53  0.34  0.83 

Houser49 
Nationwide Inpatient Sample 
of 2001 with hospital 
discharge records; 
Failure to rescue: death/1,000 
patients who developed 
complications of care during 
hospitalization; cases of 
decubitus ulcer/1,000 
discharges identified as 
secondary diagnosis, cases 
of acute respiratory 
failure/1,000 surgical 
discharges, cases of deep 
vein thrombosis or PE/1,000 
surgical discharges. 
American Hospital 
Association Annual Survey for 
2001; Hospital reported RN 
FTE/average daily census 

Hospitals 170 
Unit Combined 
Patients Medical 
Age 55.08 
Race 51 
Sex 42 

 
RN/patient ratio 0.15-1.29 
RN/patient ratio 1.3-1.89 
RN/patient ratio 1.9-2.49 
RN/patient ratio 2.5-6.5 
RN/patient ratio 3.5-4.41 
RN/patient ratio 4.57-5.5 
RN/patient ratio 5.67-7.67 
 
Increase by 1 unit in nurse staffing levels 
Reference (RN/patient=1) 
 
RN/patient ratio 0.15-1.29 
RN/patient ratio 1.3-1.89 
RN/patient ratio 1.9-2.49 
RN/patient ratio 2.5-6.5 
RN/patient ratio 3.5-4.41 
RN/patient ratio 4.57-5.5 
RN/patient ratio 5.67-7.67 
 
RN/patient ratio 0.15-1.29 
RN/patient ratio 1.3-1.89 
RN/patient ratio 1.9-2.49 

Failure to rescue % ± SD 
11.61 ± 8.41 
13.82 ± 5.80 
12.40 ± 9.11 
10.51 ± 6.82 
9.01 ± 6.26 
9.42 ± 10.16 
5.43 ± 8.89 
Relative risk 
0.92  0.88  0.96 
1.00 
Decubitus ulcers % ± SD 
2.21 ± 1.78 
2.57 ± 1.62 
2.14 ± 1.45 
1.90 ± 1.70 
1.70 ± 1.39 
1.44 ± 1.48 
2.24 ± 4.21 
Pulmonary failure % ± SD 
0.26 ± 0.65 
0.33 ± 0.37 
0.32 ± 0.37 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

RN/patient ratio 2.5-6.5 
RN/patient ratio 3.5-4.41 
RN/patient ratio 4.57-5.5 
RN/patient ratio 5.67-7.67 
 
Increase by 1 unit in nurse staffing levels 
Reference (RN/patient = 1) 
 
RN/patient ratio 0.15-1.29 
RN/patient ratio 1.3-1.89 
RN/patient ratio 1.9-2.49 
RN/patient ratio 2.5-6.5 
RN/patient ratio 3.5-4.41 
RN/patient ratio 4.57-5.5 
RN/patient ratio 5.67-7.67 
Increase by 1 unit in nurse staffing levels 
Reference (RN/patient = 1) 

0.19 ± 0.42 
0.15 ± 0.36 
0.34 ± 0.79 
0.00 
Relative risk 
0.94 0.77 1.15 
1.00 1.00 1.00 
Thrombosis % ± SD 
0.52 ± 0.71 
0.75 ± 0.63 
0.68 ± 0.65 
0.44 ± 0.78 
0.38 ± 1.06 
0.52 ± 1.28 
0.06 ± 0.13 
0.84 0.75 0.93 
1.00 1.00 1.00 

Kovner35 
The National Inpatient 
Sample (NIS) 
Post operative discharges 
with UTI, pneumonia, 
pulmonary congestion, lung 
edema, or respiratory failure, 
and DVT in any secondary 
diagnosis. 
American Hospital 
Association Annual Survey of 
Hospitals, the part of the 
Health Care Utilization Project 

Hospitals 5,708 
Unit  Surgical 
Patient Surgical 

 
Increase by 1 patient/LPN 
 
Increase by 1 patient/LPN 
 
Increase by 1 patient/LPN 
 
Increase by 1 patient/LPN 

Urinary tract infection relative risk
1.01 
Pneumonia, relative risk 
0.99 
Pulmonary failure, relative risk 
1 
Thrombosis, relative risk 
0.96 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Marcin3 
ICU Evaluation Database 
(controls), incidence reports 
(cases) 
Extubation where the 
endotracheal tube was 
displaced or removed from 
the trachea by either the 
patient (self-extubation) or 
unplanned by medical 
personnel (e.g., when 
positioning a patient for a 
radiograph or procedure). 
Archived nursing 
assignments, self-reported 
years in ICU; nurse-to-patient 
ratio at the time of the 
unplanned extubation or 
matching time for the control 
patients. Standard ratio 1:1 or 
1:2 

Hospitals 1 
Size 220 
Unit ICU 
Patients Combined 
Age               3 years
  
  

 
1:2 nurse/patient ratio 
1:1 nurse/patient ratio 

Extubation relative risk 
4.24  1.00  19.10 
1.00  1.00  1.00 

Mark89 
The Healthcare Cost and 
Utilization Project (HCUP) 
National Inpatient Sample 
(NIS) 
Risk-adjusted observed/ 
expected urinary tract 
infections, risk-adjusted 
observed/expected 
pneumonias, risk-adjusted 
observed/expected decubitus 
ulcers 
American Hospital 
Association Annual Survey, 
Online Survey Certification 
and Reporting System 

Hospitals 357 
Unit  Combined 
Patients  Combined 

 RN/patient    Patients/LPN 
Year 1993 3.36 1.56 
Year 1994 3.5 1.69 
Year 1992 3.2 1.52 
Year 1992 3.14 1.45 
Year 1990 3.02 1.47 
75th quartile of RN FTE/1,000 patient-days 4.02 
50th quartile of RN FTE/1,000 patient-days 3.34 
25th quartile of RN FTE/1,000 patient-days 2.66 
Year 1995 3.6 1.69 
Increase by 1 RN FTE/patient day 2 
Reference 1 RN FTE/patient day 1 
 
Year 1993 3.36 1.56 
Year 1994 3.5 1.69 
Year 1992 3.2 1.52 

Urinary tract infection relative risk
1.14  1.08  1.20 
1.11  1.05  1.17 
1.17  1.11  1.23 
1.17   .12  1.22 
1.18   1.13  1.23 
0.93   0.90   0.95 
0.94   0.91   0.96 
0.95   0.92    0.97 
0.98   0.93    1.03 
1.05   .92    1.21 
1.00   
Pneumonia relative risk 
0.84  0.79  0.89 
0.90   0.85  0.95 
0.72  0.67  0.77 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

[OSCAR] 
RN FTEs/1,000 inpatient days 

Year 1992 3.14 1.45 
Year 1990 3.02 1.47 
75th quartile of RN FTE/1,000patient-days 4.02 
50th quartile of RN FTE/1,000patient-days 3.34 
25th quartile of RN FTE/1,000patient-days 2.66 
Year 1995 3.6 1.69 
Increase by 1 RN FTE/patient day 2 
Reference 1 RN FTE/patient day 1 
 
Year 1993 3.36 1.56 
Year 1994 3.5 1.69 
Year 1992 3.2 1.52 
Year 1992 3.14 1.45 
Year 1990 3.02 1.47 
75th quartile of RN FTE/1,000patient-days 4.02 
50th quartile of RN FTE/1,000patient-days 3.34 
25th quartile of RN FTE/1,000patient-days 2.66 
Year 1995 3.6 1.69 
Increase by 1 RN FTE/patient day 2 
Reference 1 RN FTE/patient day 1 

0.65  0.60  0.70 
0.61  0.56  0.66 
0.98  0.95  1.01 
0.96  0.93  0.99 
0.94   0.91  0.97 
0.97  0.91  1.03 
1.03  0.92  1.16 
Reference 1 
Decubitus ulcers relative risk 
0.62 0.57 0.67 
0.69 0.63 0.75 
0.58 0.53 0.63 
0.51 0.46 0.56 
0.48 0.44 0.52 
0.96 0.93 0.99 
0.96 0.93 0.98 
0.95 0.92 0.98 
0.74 0.69 0.79 
1.10 0.99 1.22 
1.00 1.00 1.00 

Potter40  
Medical records (number of 
falls on a unit/number of 
patient days * 1,000 
Administrative hospital data 
Proportion of UAP hours of 
direct patient care 

Hospitals 1 
Size 32 
Unit ICU 
Patients Medical 

 Patients/UAP 
Means in time period 2-4/2000 1.1501 
Means in time period 5-7/2000 1.1078 
Means in time period 8-10/2000 1.134 
Means in time period 11-1/2001 1.1532 

Falls/100 patient days 
0.30 
0.29 
0.30 
0.23 

Pronovost72 
The Uniform Health 
Discharge Data Set 
Acute lung edema, pulmonary 
insufficiency after surgery, 
respiratory failure not 
otherwise specified, 
reinsertion of endotracheal 
tube, cardio respiratory arrest 
Medical complications: acute 

Unit ICU 
Patients Surgical 
Age 68 
Race 89 
Sex 66 
Severity 11 
Hospitals 
7 
31 
7 

 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 

Pulmonary failure % 
24.00 
9.00 
24.00 
9.00 
Pulmonary failure relative risk 
2.60 2.10 3.20 
1.00 1.00 1.00 
4.50 2.90 6.90 
1.00 1.00 1.00 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

renal failure, septicemia, 
acute myocardial infarction, 
cardiac arrest 
Surgical complications: 
surgical complications after a 
procedure, surgical E codes, 
reoperation for bleeding, 
bloodstream infection, 
hemorrhage or hematoma 
complicating surgery. 
Survey to the ICU directors; 
An average ICU nurse-to-
patient ratio during the day 
and evening 

31  
Fewer nurses  RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RN/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 

Extubation % 
21 
13 
21 
13 
Extubation relative risk 
1.50 1.30 1.80 
1.00 1.00 1.00 
1.60 1.10 2.50 
1.00 1.00 1.00 
CPR % 
2 
1 
2 
1 
CPR relative risk 
1.40 0.60 3.00 
1.00 1.00 1.00 
1.70 0.70 4.70 
1.00 1.00 1.00 
Surgical complications % 
47 
34 
47 
34 
Relative risk 
1.40 1.20 1.50 
1.00 1.00 1.00 
1.70 1.30 2.40 
1.00 1.00 1.00 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

   
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 
Fewer nurses RNs/patient 1:3 or 1:4 
More nurses RNs/patient 1:1 or 1:2 

Medical complications % 
43 
28 
43 
28 
Relative risk 
1.50 1.40 1.70 
1.00 1.00 1.00 
2.10 1.50 2.90 
1.00 1.00 1.00 
Sepsis % 
4 
3 
4 
3 
Relative risk 
1.40 0.80 2.10 
1.00 1.00 1.00 
1.90 0.90 3.90 
1.00 1.00 1.00 
Bleeding % 
2 
3 
2 
3 
Relative risk 
0.80 0.40 1.60 
1.00 1.00 1.00 
1.20 0.40 3.50 
1.00 1.00 1.00 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Silber67 
Pennsylvania Medicare 
claims records; the Medicare 
Standard Analytic Files; 
random sample of 50% of 
Medicare patients who 
underwent general surgical or 
orthopedic procedures; 
Failure to rescue: 30-day 
death rate after 
complications, in-hospital 
complication rate: Cardiac 
event, CHF, Shock, DVT and 
PE, Stroke, TIA, Coma, 
Nosocomial infections, 
pneumonia, pulmonary 
failure, pressure ulcers, 
wound infections, sepsis, and 
bleeding. 
The American Hospital 
Association Annual Surveys 
for 1991–1993, and the 
Pennsylvania Health Care 
Cost Containment Council 
Data Base for years 1991–
1994; 
RN/bed ratio at hospital level 

Hospitals 245 
Size 217,440 
Unit Surgical 
Patients Surgical 

 
Hospitals with lower RN/bed ratio 1.1 
Hospitals with higher RN/bed ratio 1.87 
 
Indirect patients 1.38 RNs/patient 
Directed patients 1.4 RNs/patient 
 
Hospitals with lower  RN/bed ratio 1.1 
Hospitals with higher RN/bed ratio 1.87 
 
Indirect patients 1.38 RNs/patient 
Directed patients 1.4 RNs/patient 

Failure to rescue relative risk 
1.00 1.00 1.00 
0.94 0.92 0.96 
% 
9.32 
8.18 
Complications relative risk 
1.00  1.00  1.00 
1.04  1.03  1.04 
% 
47.87 
41.15 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Simmonds82 
Active microbiological 
surveillance of all chronic 
patients admitted for >30 
days of hemodialysis; 
volunteering patient 
participation in other units, % 
of patients with positive 
colonization of vancomycin-
resistant enterococci 48 hours 
after admission to the hospital 
and after surgery; 
Administrative reports of 
Patient Care Manager and 
Nursing Workload Specialist; 
Integrated Nursing System 
database, 
FTE RNs/number of beds 

Hospitals 1 
Unit Spec 
Patients Medical 
Age 68.75 
Sex 55.8 

 Patient/RN 
Means at the beginning of the study 1.64 
Means after 1 year 1.62 
Means after 2 year 1.60 
Means after 3 year 1.58 
RN/patient ratio at the beginning of the study 1.64 
RN/patient ratio after 1 year 1.62 
RN/patient ratio after 2 years 1.60 
RN/patient ratio after 3 years 1.58 

Nosocomial infection, % 
1.61 
3.29 
4.97 
6.65 
1.92 
1.75 
1.58 
1.41 

Stegenga78 
Patients and laboratory 
records 
Nosocomial viral 
gastrointestinal infections 
(NVGIs) (CDC definition). 
Rate = number of 
NVGIs/1,000 patient days. 
Administrative hospital 
records 
Number of nurses/patient in 
each shift according to actual 
work schedule. Ratio was 
calculated 72 hours before 
and after infection event 

Hospitals 1 
Unit ICU 
Patients Medical 

 RN/patient ratio 
 
Pre infection night shifts 3.16 
Post infection night shifts 3.26 

Nosocomial infection /100 
patient days 
1.3 
0 

Unruh66 
State Health Care Cost 
Containment Council 
Secondary diagnosis of 

Hospitals 1,477 
Unit  Combined 
Patients Combined 
Race 45.37 

 RN/patient Patients/LPN Patients/ UAP 
State data in 1991 2.9 1.5 1.6 
State data in 1992 2.7 1.7 1.7 
State data in 1993 2.7 1.8 1.8 

UTI %, Decubitus ulcer % 
5.18 0.55 
4.48 0.49 
4.44 0.53 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

nosocomial UTI, hospital 
acquired pneumonia, 
decubitus ulcer, 
adult atelectasis, and cardiac 
arrest  

Sex 42.43 State data in 1994 2.7 2.0 1.8 
State data in 1995 2.6 2.0 1.8 
State data in 1996 2.8 2.1 1.8 
State data in 1997 2.7 2.4 1.7 
Mean RN/patient levels in medium size hospitals: 2.67 
Reduction by 10% in LPN/patient ratio, medium size hospitals: 2.4 
Mean LPN/patient levels in medium size hospitals: 1.9 
Reduction by 10% in LPN/patient ratio, medium size hospitals: 2.1 
Mean RN/patient levels: 2.81 
Reduction by 10% in LPN/patient ratio: 2.53 
Mean LPN/patient levels: 1.9 
Reduction by 10% in LPN/patient ratio: 2.0 
 
State data in 1991 2.9 1.5 1.6 
State data in 1992 2.7 1.7 1.7 
State data in 1993 2.77 1.8 1.8 
State data in 1994 2.7 2.0 1.8 
State data in 1995 2.6 2.0 1.8 
State data in 1996 2.8 2.1 1.8 
State data in 1997 2.7 2.4 1.7 
Mean RN/patient levels in medium size hospitals: 2.67 
Reduction by 10% in LPN/patient, medium size hospitals: 2.4 
Mean LPN/patient levels in medium size hospitals: 1.9 
Reduction by 10% in LPN/patient, medium size hospitals: 2.1 
Mean RN/patient levels: 2.81 
Reduction by 10% in RPN/patient ratio: 2.53 
Mean LPN/patient levels: 1.9 
Reduction by 10% in LPN/patient ratio 2.0 
 
State data in 1991 2.9 1.5 1.6 
State data in 1992 2.7 1.7 1.7 
State data in 1993 2.7 1.8 1.8 
State data in 1994 2.7 2.0 1.8 
State data in 1995 2.6 2.0 1.8 
State data in 1996 2.8 2.1 1.8 
State data in 1997 2.7 2.4 1.7 
 

4.91 0.69 
4.80 0.67 
5.14 0.73 
4.70 0.73 
0.50 0.68 
0.51 0.72 
0.50 0.68 
0.50 0.69 
0.51 0.69 
0.52 0.71 
0.51 0.69 
0.51 0.69 
SWI %, Complications % 
0.29 2.58 
0.26 2.40 
0.24 2.47 
0.28 2.67 
0.28 2.49 
0.31 2.79 
0.30 2.71 
0.27 2.34 
0.27 2.37 
0.27 2.34 
0.27 2.35 
0.30 2.69 
0.31 2.70 
0.30 2.69 
0.32 2.70 
Pnm Falls PulmF  CPR 
0.98 0.04 0.52 0.54 
0.91 0.04 0.46 0.48 
0.96 0.16 0.47 0.50 
1.54 0.91 0.63 0.61 
1.55 0.86 0.68 0.64 
1.63 0.74 0.70 0.63 
1.64 0.72 0.69 0.60 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

 
 
Increase by 1 unit in RN/patient ratio 
Increase by 1 unit in RN/patient ratio in small hospitals 
Increase by 1 unit in RN/patient ratio in medium hospitals 
Increase by 1 unit in RN/patient ratio in large hospitals 
Increase by 1 unit in LPN/patient ratio 
Increase by 1 unit in LPN/patient ratio in small hospitals 
Increase by 1 unit in LPN/patient ratio in medium hospitals 
Increase by 1 unit in LPN/patient ratio in large hospitals 
Increase by 1 unit in UAP/patient ratio 
Increase by 1 unit in UAP/patient ratio in small hospitals 
Increase by 1 unit in UAP/patient ratio in medium hospitals 
Increase by 1 unit in UAP/patient ratio in large hospitals 
 
Increase by 1 unit in RN/patient ratio 
Increase by 1 unit in RN/patient ratio in small hospitals 
Increase by 1 unit in RN/patient ratio in medium hospitals 
Increase by 1 unit in RN/patient ratio in large hospitals 
Increase by 1 unit in LPN/patient ratio 
Increase by 1 unit in LPN/patient ratio in small hospitals 
Increase by 1 unit in LPN/patient ratio in medium hospitals 
Increase by 1 unit in LPN/patient ratio in large hospitals 
Increase by 1 unit in UAP/patient ratio 
Increase by 1 unit in UAP/patient ratio in small hospitals 
Increase by 1 unit in UAP/patient ratio in medium hospitals 
Increase by 1 unit in UAP/patient ratio in large hospitals 
 
Increase by 1 unit in RN/patient ratio 
Increase by 1 unit in RN/patient ratio in small hospitals 
Increase by 1 unit in RN/patient ratio in medium hospitals 
Increase by 1 unit in RN/patient ratio in large hospitals 
Increase by 1 unit in LPN/patient ratio 
Increase by 1 unit in LPN/patient ratio in small hospitals 
Increase by 1 unit in LPN/patient ratio in medium hospitals 
Increase by 1 unit in LPN/patient ratio in large hospitals 
Increase by 1 unit in UAP/patient ratio 
Increase by 1 unit in UAP/patient ratio in small hospitals 
Increase by 1 unit in UAP/patient ratio in medium hospitals 
Increase by 1 unit in UAP/patient ratio in large hospitals 

 
UTI Pnm Dec Ul % 
-0.15 0.04 -0.07 
 0.31 0.30 0.06 
-0.34 -0.30 -0.15 
-0.07 0.00 -0.04 
-0.10 0.21 0.04 
 0.24 0.58 0.13 
-0.37 -0.04 -0.12 
 0.77 0.35 -0.12 
-0.09 0.12 0.06 
 0.00 0.48 0.05 
-0.14 0.14 0.17 
 0.05 0.01 -0.04 
Falls PulmF Pressure ulcer 
 -0.01 -0.02 -0.01 
 0.05 0.12 0.09 
 -0.02 -0.05 -0.04 
 0.00 -0.12 -0.01 
 -0.09 0.09 0.03 
 -0.12 -0.03 0.10 
 0.01 0.02 -0.07 
 0.01 -0.46 0.16 
 -0.03 0.03 0.00 
 -0.08 0.19 0.12 
 0.05 0.05 -0.03 
 -0.02 -0.15 -0.01 
SWI CPR Complication 
 -0.02 0.00 -0.03 
 -0.09 -0.04 -0.05 
 0.00 0.00 -0.12 
 -0.02 -0.03 0.00 
 -0.04 0.02 -0.18 
 -0.03 -0.05 -0.10 
 0.00 0.06 -0.21 
 0.01 -0.24 -0.52 
 0.02 0.05 0.18 
 -0.06 -0.24 -0.23 
 0.05 0.06 0.15 
 0.01 0.05 0.09 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse/Patient 

Ratios 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Unruh81 
Health Care Cost 
Containment Council 
Yearly number of occurrences 
of adverse events per 
hospital: secondary diagnosis 
of diseases and disorders of 
the kidney and urinary tract, 
male reproductive system, or 
female reproductive system, 
decubitus ulcer, fall, 
atelectasis, infection or sepsis 
or septicemia following 
infusion, injection, 
transfusion, or vaccination, 
and complications of 
obstetrical surgical wounds. 
The Pennsylvania 
Department of Health (PDH) 
and the American Hospital 
Association (AHA) 
Number of FTE RNs + LPNs 
on hospital payroll as of June 
30th yearly. No. FTE RNs + 
LPNs + NA on hospital payroll 
as of June 30th yearly. 

Hospitals 1,477 
Unit    Combined 
Patients   Medical 

 
Reference, 3.3 licensed nurses/patient 
 
10% increase in number of licensed nurses 
 
10% increase in number of licensed nurses 
 
10% increase in number of licensed nurses 
 
10% increase in number of licensed nurses 
 
10% increase in number of licensed nurses 

Relative risk 
Reference  
Urinary tract infection 
0.99 
Pneumonia 
1.01 
Decubitus ulcer 
0.98 
Falls 
0.97 
Pulmonary failure 
0.985 

 
BSI = Bloodstream Infection; BSN = Bachelor of Science in Nursing; CPR = Cardiopulmonary Resuscitation; Dec Ul = Decubitus Ulcer; FTE = Full Time 
Equivalent; ICU = Intensive Care Unit; LPN = Licensed Practical Nurse; NA = Nursing Assistants; NS = Not Significant; Pnm = Pneumonia; PulmF = Pulmonary 
Failure; RN = Registered Nurse; SD = Standard Deviation; SICU = Surgical Intensive Care Unit; SWI = Surgical Wound Infection; UAP = Unlicensed Assistive 
Personnel; UTI = Urinary Tract Infection
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Table G6.  Patient outcomes corresponding to an increase by one patient/RN/shift (effects reported by 
authors and calculated from published results, more studies contributed to pooled analysis) 
 

Author Outcome Measure Effect Standard 
Error Significance 

Pronovost72 Pulmonary failure Relative risk 0.61 0.14 0.05 
Pronovost72 Unplanned extubation Relative risk 0.22 0.02 0.01 
Pronovost72 CPR Relative risk 0.22 0.05 0.05 
Pronovost72 Complications Relative risk 0.22 0.05 0.05 
Pronovost72 Medical complications Relative risk 0.29 0.08 0.08 
Pronovost72 Surgical complications Relative risk -0.12 0.06 0.21 
Pronovost72 Sepsis Relative risk 0.24 0.08 0.09 
Pronovost72 Bleeding Relative risk -0.01 0.10 0.93 
Dang75 Pulmonary failure Relative risk 0.43 0.24 0.13 
Dang75 Unplanned extubation Relative risk 0.41 0.11 0.01 
Dang75 CPR Relative risk 0.18 0.12 0.19 
Dang75 Complications Relative risk 0.06 0.14 0.69 
Dang75 Medical Complications Relative risk 0.18 0.12 0.19 
Dang75 Sepsis Relative risk 0.06 0.14 0.69 
Amaravadi64 CPR Rate 0.40   
Amaravadi64 Hospital acquired pneumonia Rate 4.00   
Amaravadi64 Sepsis Rate 2.20   
Amaravadi64 Pulmonary failure Rate 1.50   
Amaravadi64 Unplanned extubation Rate 6.50   
Amaravadi64 Hospital acquired pneumonia Relative risk 0.44   
Amaravadi64 Pulmonary failure Relative risk 0.09   
Amaravadi64 Unplanned extubation Relative risk 0.46   
Amaravadi64 CPR Relative risk 0.09   
Amaravadi64 Medical complications Relative risk -0.05   
Amaravadi64 Surgical complications Relative risk -0.05   
Amaravadi64 Sepsis Relative risk 0.65   
Dimick70 CPR Rate 0.10   
Dimick70 Hospital acquired pneumonia Rate 0.70   
Dimick70 Sepsis Rate 1.35   
Dimick70 Pulmonary failure Rate 2.10   
Dimick70 Unplanned extubation Rate 4.45   
Dimick70 Hospital acquired pneumonia Relative risk 0.17   
Dimick70 Pulmonary failure Relative risk 0.64   
Dimick70 Unplanned extubation Relative risk 0.87   
Aiken39 Failure to rescue Rate 0.41 0.16 0.03 
Aiken39 Failure to rescue Relative risk 0.05   
Aiken39 Failure to rescue Relative risk 0.08 0.00 0.00 
Marcin3 Unplanned extubation Relative risk 1.44   
Elting92 Failure to rescue Relative risk -0.18   
Flood53 Urinary tract infection Rate 0.02   
Flood53 Nosocomial infection Rate 0.03   
Fridkin1 Nosocomial infection Rate 41.06   
Fridkin1 Sepsis Rate 10.64   
Fridkin1 Sepsis Relative risk 3.99 0.58 0.02 
Mark89 Urinary tract infection Relative risk 0.00 0.01 0.69 
Mark89 Hospital acquired pneumonia Relative risk 0.02 0.02 0.36 
Donaldson9 Falls Rate 0.43 0.21 0.17 
Donaldson9 Pressure ulcers Rate -0.82 0.89 0.46 
Bolton26 Falls Rate 5.35   
Bolton26 Pressure ulcers Rate -1.47   
Silber67 Failure to rescue Rate 36.71   
Silber67 Failure to rescue Relative risk 0.06   
Silber67 Complications Relative risk -0.03   
Hope86 Urinary tract infection Rate -0.71 0.43 0.12 
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Author Outcome Measure Effect Standard 
Error Significance 

Hope86 Nosocomial infection Rate -0.03 0.03 0.31 
Hope86 Sepsis Rate -0.10 0.10 0.34 
Hope86 Urinary tract infection Relative risk -0.01 0.00 0.18 
Hope86 Hospital acquired pneumonia Relative risk 0.07 0.02 0.00 
Hope86 Nosocomial infection Relative risk 0.02 0.02 0.17 
Hope86 Surgical wound infection Relative risk 0.02 0.04 0.67 
Hope86 Sepsis Relative risk 0.02 0.03 0.42 
Houser49 Failure to rescue Rate 0.23 0.30 0.48 
Houser49 Pulmonary failure Rate 0.01 0.01 0.65 
Houser49 Deep venous thrombosis Rate 0.01 0.03 0.69 
Houser49 Failure to rescue Relative risk 0.03   
Houser49 Pulmonary failure Relative risk 0.02   
Houser49 Deep venous thrombosis Relative risk 0.06   
Halm51 Failure to rescue Relative risk 0.00 0.00 0.00 
Simmonds82 Nosocomial infection Rate -13.35 10.40 0.25 
Unruh66 CPR Rate -0.32 0.03 <.0001 
Unruh66 Falls Rate -0.24 0.12 0.08 
Unruh66 Urinary tract infection Rate -2.13 0.58 0.00 
Unruh66 Hospital acquired pneumonia Rate -0.71 0.13 0.00 
Unruh66 Surgical wound infection Rate -0.17 0.02 <.0001 
Unruh66 Pulmonary failure Rate -0.33 0.04 <.0001 
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Table G7.  Patient outcomes corresponding to an increase by one patient/LPN (effects reported by authors 
and calculated from published results, more studies contributed to pooled analysis) 
 

Author Outcome Measure Effect Standard Error Significance 
Needleman28 Failure to rescue Rate -0.07 0.07 0.36 
Needleman28 Urinary tract infection Rate -0.07 0.04 0.10 
Needleman28 Hospital acquired pneumonia Rate -0.06 0.03 0.03 
Needleman28 Sepsis Rate 0.00 0.01 0.86 
Needleman28 Surgical wound infection Rate 0.01 0.01 0.42 
Needleman28 Pressure ulcers Rate -0.04 0.04 0.34 
Needleman28 Upper gastrointestinal bleeding Rate -0.01 0.01 0.33 
Needleman28 Shock Rate -0.01 0.01 0.14 
Needleman28 Pulmonary failure Rate -0.05 0.04 0.21 
Needleman28 Deep venous thrombosis Rate 0.00 0.00 0.27 
Kovner35 Urinary tract infection Rate -0.02 0.02 0.31 
Kovner35 Hospital acquired pneumonia Rate 0.02 0.01 0.32 
Kovner35 Pulmonary failure Rate 0.00 0.01 0.93 
Kovner35 Deep venous thrombosis Rate -0.04 0.02 0.12 
Langemo41 Pressure ulcers Rate 0.49 0.33 0.37 
Mark89 Urinary tract infection Relative risk -0.04 0.01 0.05 
Mark89 Hospital acquired pneumonia Relative risk 0.12 0.02 0.00 
Bolton26 Falls Rate 1.60   
Bolton26 Pressure ulcers Rate -0.44   
Unruh66 CPR Rate 0.03 0.00 <.0001 
Unruh66 Falls Rate 0.03 0.01 0.00 
Unruh66 Urinary tract infection Rate 0.14 0.06 0.03 
Unruh66 Hospital acquired pneumonia Rate 0.06 0.01 <.0001 
Unruh66 Surgical wound infection Rate 0.01 0.00 <.0001 
Unruh66 Pulmonary failure Rate 0.04 0.01 <.0001 
Zidek85 Falls Rate 0.02 0.08 0.77 
Zidek85 Pressure ulcers Rate -0.01 0.04 0.82 
Tallier83 Urinary tract infection Rate 0.81 0.32 0.07 
Tallier83 Pressure ulcers Rate -0.38 0.33 0.31 
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Table G8.  Patient outcomes corresponding to an increase by one patient/UAP (effects reported by authors 
and calculated from published results, more studies contributed to pooled analysis) 
 

Author Outcome Measure Effect Standard 
error 

Significance 

Needleman28 Failure to rescue Rate 0.14 0.41 0.73 
Needleman28 Urinary tract infection Rate -0.19 0.22 0.39 
Needleman28 Hospital acquired pneumonia Rate -0.15 0.15 0.33 
Needleman28 Sepsis Rate 0.04 0.06 0.48 
Needleman28 Surgical wound infection Rate 0.02 0.03 0.57 
Needleman28 Pressure ulcers Rate 0.06 0.25 0.81 
Needleman28 Gastrointestinal bleeding Rate -0.04 0.05 0.36 
Needleman28 Shock Rate -0.02 0.04 0.60 
Needleman28 Pulmonary failure Rate 0.01 0.19 0.97 
Needleman28 Deep venous thrombosis Rate -0.03 0.02 0.11 
Potter 40 Falls Rate 0.28 0.50 0.64 
Sovie71 Falls Rate -0.08 0.34 0.82 
Sovie71 Urinary tract infection Rate -0.17 0.13 0.26 
Sovie71 Pressure ulcers Rate -0.25 0.26 0.41 
Ritter-Teitel69 Falls Rate -0.07 0.04 0.18 
Ritter-Teitel69 Urinary tract infection Rate -0.41 0.02  <.0001 
Ritter-Teitel69 Pressure ulcers Rate 0.25 0.13 0.12 
Unruh66 CPR Rate 0.03 0.00 <.0001 
Unruh66 Falls Rate 0.03 0.01 0.02 
Unruh66 Urinary tract infection Rate 0.28 0.02  <.0001 
Unruh66 Hospital acquired pneumonia Rate 0.07 0.01 0.00 
Unruh66 Surgical wound infection Rate 0.02 0.00  <.0001 
Unruh66 Pulmonary failure Rate 0.03 0.00  <.0001 
Zidek85 Falls Rate 0.00 0.01 0.97 
Zidek85 Pressure ulcers Rate 0.00 0.01 0.44 
Stratton91 Nosocomial infection Rate 0.04 0.11 0.70 
Tallier83 Urinary tract infection Rate 0.21 3.58 0.96 
Tallier83 Pressure ulcers Rate -1.23 2.57 0.66 
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Table G9.  The association between nurse staffing and length of stay 
 

Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Amaravadi64 
The Uniform Health Discharge Data 
Set; hospital length of stay, survey of 
ICU directors; average nurse-to-
patient ratio of ≥1:2 versus <1:2 both 
during the day and at night 

Hospitals 1 
Unit ICU 
Patients Surgical 

Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 
 
Night time nurse to patient ratio <1:2 
Night time nurse to patient ratio >1:2 

15 
9 
Relative increase in length of stay 
1.39 1.19 1.61 
1 1 1 

ANA65 
Uniform Hospital Discharge Data 
Set; an average length of stay in 
hospital, American Hospital 
Association survey, hospitals cost 
reports; total nursing hours per 
Nursing Intensity Weight, % RN 
Hours/total nursing hours 

 Increase by 1 hour in total nursing 
hours in  
Massachusetts, 1992 
Massachusetts, 1994 
New York, 1992 
New York, 1994 
California, 1992 
California, 1994 
Increase by 1% in RN in 
Massachusetts, 1992 
Massachusetts, 1994 
New York, 1992 
New York, 1994 
California, 1992 
California, 1994 

Relative increase in length of stay 
 
0.903 
1 
0.9354 
0.956 
0.9518 
0.946 
 
0.9973 
0.9981 
0.9981 
0.9989 
0.9993 
0.9984 

Barkell77 
Medical records; length of stay in the 
unit: the number of midnights a 
patient was on the unit as an 
inpatient, hospital administrative 
database, proportion of RN/total 
nursing staff 

Hospitals 1 
Unit Surgical 
Patients Surgical 

 
Team nursing model with patient care 
associate assisting RNs in delivery of 
patient care (66% of RN) 
Total patient care model, 79% RN 

Length of stay, days ± SD 
 
6.8 ± 3.1 
 
7.1 ± 2.9 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Beckman37 
Medical records, length of stay in 
unit, unit administrators and nurses 
survey, hospital administrative data; 
scheduled RNs/patients in unit, % of 
RN/total nursing personnel 

Hospital  1 
Unit ICU 
 
 
 
 
 
 
 
 
 
 
 
Unit 
Surgical 
Surgical 
Specialty 
Medical 
Medical 
Surgical 
Surgical 

 
RN + Case manager 
RN + MSW 
RN + Clinical nurse specialist 
RN + mixed support (rehabilitation 
nurse) 
Advanced practice nurse + clinical 
nurse specialist 
Advanced practice nurse + social 
worker 
Advanced practice nurse + mixed 
support 
RN staff with no support 
Patient/RN % RN 
0.86 60 
0.85 66 
0.63 69 
1.04 61.5 
1.16 58.5 
0.91 69 
1.39 57 

Length of stay, days ± SD 
29 ± 32.6 
35 ± 42 
11 ± 2.1 
 
17 ± 8.5 
 
11 ± 6 
 
7 ±  0 
 
14 ± 0 
9 ± 7.4 
 
13.25 ± 5.73 
7.92 ± 6.64 
28.53 ± 33.72 
10.50 ± 5.87 
9.77 ± 8.17 
12.29 ± 9.42 
4.23 ± 3.00 

Cho30 
The State Inpatient Databases in 
hospital length of stay, Hospital 
Financial Data; the total productive 
hours worked by RN per patient day; 
contracted hours = productive 
nursing hours (direct care to patient) 
worked by nursing personnel 
contracted on a temporary basis. 
Contract hours * % of RN; RN hours 
divided by all hours 

Unit  Combined 
Patients  Combined 

RN hours % RN % contract hours  
 7.2 76.5 3.60 
 6 68.1 3.30 
 6.6 72.4 3.20 
 6.2 72.7 5.00 

Length of stay, days ± SD 
8.6 ± 1.5 
7.2 ± 1.3 
7.6 ± 9 
7.8 ± 1.5 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Cimiotti87 
Patients discharges and medical 
records review by study's nurse 
epidemiologist; the length of stay as 
the 1 day of admission and all 
succeeding days except the day of 
discharge, nurse staffing office and 
sign-in/out sheet from each 
supplemental nursing agency; total 
nursing hours worked by direct care 
providers adjusted for Nursing 
Intensity Weights categorized as 
below and above median; RN 
hours/patient day adjusted for 
Nursing Intensity Weights 
categorized as below and above 
median; % of RN hours among total 
nursing hours adjusted for Nursing 
Intensity Weights; hours/patient day 
worked by float pool and agency RN 
not regularly assigned to the NICU 

Hospitals 1 
Unit Neonatal 
Patients Medical 

Nurse hours  RN hours % RN 
10.68 10.68 100 
10.97 10.56 96 
8.705     
12.95     
  8.5   
  12.74   
% of contract nurses 
0.19 
24.07 
14.19 
12.13 

Length of stay, days ± SD 
17.23 ± 24.39 
19.6 ±  28.28 
10.01 ± 13.45 
21.3 ± 29.03 
15.75 ± 24.47 
18.05 ± 24.69 
 
17.23 ± 24.39 
19.6 ± 28.28 
12.52 ± 16.09 
17.1 ± 30.75 

Dimick70 
The Uniform Health Discharge Data 
Set; In-hospital length of stay; survey 
of ICU directors; average nurse-to-
patient ratio in the ICU during the 
day and evening and at night.  

Hospitals 32 
Unit ICU 
Patients Surgical 

 
More nurses: RNs/patient  1:1-1:2 
Fewer nurses: RNs/patient  1:1-3-1:4 

Relative increase in length of stay 
1 1 1 
1.09 0.89 1.12 

Flood53 
Patient medical records; length of 
stay in unit, staffing workload index; 
RN FTE/patient per shift per unit 

Hospitals 1 
Unit Combined 
Patients Medical 

Nurse hours % RN 
6.9 60.45 
6.7 42.32 

Length of stay, days ± SD 
8.56 ± 7.81 
9.49 ± 8.74 

Gandjour24 
Health Care Financing 
Administration database; average 
hospital length of stay; Joint Annual 
Report of Hospital Data; number of 
administrative  full time employees 
RN (FTE)/1,000 patient days 

Hospitals 77 
Unit Combined 
Patients Combined 

Nurse hours   Patients/nurse 
19 2.86 
19 2.85 
8.9 3.22 
8.4 3.44 
4 3.2 

Length of stay, days 
5.49 
5.54 
5.43 
5.13 
5.29 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Grillo-Peck10 
Review of risk management records 
and medication records 6 months 
before and after implementation of 
nursing model; length of stay in unit; 
hospital administrative records; 
decrease in % of RN in the unit 
within new partnership model with 
increase patient care technicians 
and service associates; RN spent 
more time on direct patient care 

Hospitals 1 
Unit Specialized 
Patients Medical 

% RN 
80 
60 

Length of stay, days 
9.46 
8.76 

Halpine14 
The Hospital Medical Records 
Institute database; in average length 
of stay in units; The Hospital Medical 
Records Institute; GRASP workload 
system; total nursing hours/patient 
day 

Hospitals  5 
Unit Patients 
Spec Medical 
Surgical Surgical 
Surgical Surgical 
Surgical Surgical 
Surgical Surgical 
Surgical Surgical 
Neonatal Medical 
Surgical Surgical 
Specialty Surgical 
Surgical Surgical 
Surgical Surgical 
Surgical Surgical 
Surgical Surgical 
Neonatal Medical 
ICU Medical 
Surgical Surgical 
ICU  Medical 
Specialty Medical 
Specialty Medical 
Medical Medical 
Surgical Surgical 
Surgical Surgical 
Medical Medical 
Medical Medical 
Neonatal Medical 
Surgical Surgical 
Medical Medical 
Surgical Surgical 

 
Hour 
8.64 
8.51 
7.57 
6.92 
6.64 
6.56 
6.32 
6.14 
6.07 
5.87 
5.78 
5.78 
5.47 
4.67 
4.66 
4.58 
4.52 
4.51 
4.41 
4.38 
9.28 
9.19 
7.51 
7.32 
6.49 
6.33 
6.32 
6.15 

Length of stay, days 
 
39.25 
1.86 
13.33 
15 
9.24 
12.2 
7.58 
21.79 
19.79 
16.71 
14.31 
26.5 
2.19 
4.74 
12.34 
6.72 
10.1 
12.49 
17.86 
6.67 
9.75 
10.76 
2.56 
1.32 
3.06 
1.52 
3.34 
2.1 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Neonatal Medical 
Medical Medical 
Medical Surgical 
Medical Medical 
Surgical Surgical 
Neonatal Medical 
Neonatal Medical 
ICU Medical 
Medical Medical 
Surgical Surgical 
Specialty Medical 
Surgical Surgical 

6.01 
5.78 
5.59 
5.58 
5.53 
5.49 
5.45 
5.41 
5.34 
5.13 
5.1 
5.06 

2.52 
4.42 
2.17 
4.33 
9 
2.26 
2.86 
9.42 
2.75 
17.11 
2.6 
3.23 

Hoover23 
The Health Care Financing Agency, 
HealthCareReportCards.com; 
MEDPAR database, the Medicare 
Average Length of Stay (ALOS) = 
total number of Medicare discharge 
days/total number of Medicare 
discharges for each hospital. The 
AHA and HCFA databases; RN/LPN 
ratio = total number RN FTE/LPN 
FTE reported by the hospital and 
RN/total nursing staff 

Unit Combined 
Patients Medical 
Hospitals 54 
 52 
 70 
 176 
 176 

 
% RN 
79.6 
69.8 
72.83 
81.8 
62.9 

Length of stay, days ± SD  
 
5.67 ± 0.36 
5.69 ± 0.67 
6.31 ± 0.47 
5.82 ± 0.09 
6.18 ± 0.09 

Houser49 
Nationwide Inpatient Sample of 2001 
with hospital discharge records; 
average length of stay in the hospital 
in days; American Hospital 
Association Annual Survey for 2001; 
hospital reported RN FTE/RN + LPN 

Unit Combined 
Patients Medical 
Hospitals 170 
 172 
 174 
 171 
 39 
 14 
 8 

 
 
RN/patient ratio  0.15-1.29 
RN/patient ratio  1.3-1.89 
RN/patient ratio  1.9-2.49 
RN/patient ratio  2.5-6.5 
RN/patient ratio  3.5-4.41 
RN/patient ratio  4.57-5.5 
RN/patient ratio  5.67-7.67 

 
LOS, days ± SD  
4.64 ± 2.68 
4.54 ± 0.97 
4.38 ± 2.59 
3.84 ± 2.19 
4.08 ± 4 
3.47 ± 1.25 
2.76 ± 0.88 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Lichtig63 
The Uniform Hospital Discharge 
Data Set; The California Office of 
Statewide Health Planning and 
Development; the Statewide 
Planning and Research Cooperative 
System Administratively Releasable 
file; a relative length of stay (LOS) 
index was calculated as the ratio of 
the actual-to-expected geometric 
mean LOS; The Annual Hospital 
Disclosure Report, Institutional Cost 
Reports; total nursing hours per 
NIW-adjusted patient day; RN hours 
as a percentage of total nursing 
hours per NIW-adjusted patient day. 

Unit Surgical 
Patients Surgical 
Hospitals 126 
 131 
 352 
 295 
 126 
 131 
 352 
 295 

Increase by 1 hour in total nursing 
hours in  
New York, 1992 12.50 
New York, 1994 13.00 
California, 1992 12.00 
California, 1994 6.50 
New York,1992 13.50 
New York, 1994 12.80 
Increase by 1% in proportion of RNs, 
California, 1992 
Increase by 1% in proportion of RNs, 
California, 1994 

Relative change in length of stay 
 
0.94 
0.96 
0.95 
0.95 
1.00 
1.00 
Not significant 
 
Not significant 

Mark90 
Centers for Medicare Services, 
Minimum Cost and Capital File, CMS 
Provider of Services File, CMS Case 
Mix Index File, CMS Online Survey; 
Certification and Reporting system 
(OSCAR) files, and HCUP files. risk-
adjusted ratio of observed/expected 
length of stay; Area Resource Files, 
American Hospital Association 
Annual Survey, CMS Wage Rate 
File, CMS Online Survey; 
Certification and Reporting system 
(OSCAR) files; RN FTEs/1,000 in-
patient days, RN hours/patient * day 
= (FTE RN/1,000patient * days * 
37.5 * 48)/1,000; 37.5 hours work 
week in average 48 working 
weeks/year, LPN FTEs/1,000 in-
patient days, LPN hours/patient * 
day = (FTE LPN/1,000 patients * 
days * 37.5 * 48)/1,000; 37.5 hours 
work week in average 48 working 
weeks/year 

Unit Patients 
Combined Medical 

Pt/RN RN hours Pt/LPN LPN hours 
0.31 5.74 1.32 1.36 
0.31 5.88 1.57 1.15 
0.28 6.36 1.81 0.99 
0.27 6.59 1.87 0.96 
Increase by 1 RN FTE/1,000 patient 
days in hospitals with high HMO 
penetration 
Increase by 1 LPN FTE/1,000 patient 
days in hospitals with high HMO 
penetration 
Increase by 1 RN FTE/1,000 patient 
days in hospitals with low HMO 
penetration 
Increase by 1 LPN FTE/1,000 patient 
days in hospitals with low HMO 
penetration 
Nurse hours  Patient/RN  RN hours 
 14.60 0.38 4.79 
 9.60 0.30 6.01 
 17.60 0.25 7.24 
 7.80 0.38 4.79 
 10.90 0.30 6.01 
   0.25 7.24 

Relative change in length of stay 
0.78 0.76 0.78 
0.83 0.82 0.83 
0.81 0.79 0.81 
0.80 0.79 0.80 
0.97 0.95 0.99 
 
 
1.03 0.98 1.09 
 
 
0.99 0.97 1.01 
 
 
1.04 0.99 1.09 
 
 
 
0.99 0.99 1.00 
0.99 0.99 1.00 
1.00 0.99 1.00 
1.00 0.99 1.01 
1.00 0.99 1.00 
1.00 0.99 1.00 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Mark80 
The hospital’s incident reporting 
system and patient survey; total 
patient days divided by the number 
of discharges, administrative hospital 
data, nursing survey; proportion of 
RNs to the total complement of 
nursing staff, as a ratio of the 
number of nurses who left during the 
period divided by the number of 
nurses employed at the end of the 
year; availability of support services 
was evaluated with a 27-item, 3-
point checklist 24 in which staff 
nurses (n = 1,682) indicated whether 
a variety of support services was 
available, not available, or 
inconsistently available (alpha =.85) 

Hospitals 64 
Unit Combined 
Patients Medical 

Nurse hours % RN % BSN 
10.00 58.00 21.00 

Length of stay, days ± SD  
5.31 ± 1.47 

Melberg20 
Hospital discharge data; average 
length of stay in hospital; hospital 
administrative data; FTE RN/100 
occupied bed in acute units; % of 
RN/total nursing personnel 

Hospitals 1 
Unit ICU 
Patients Medical 

Patient/RN % RN 
0.41 96.00 
0.44 73.00 
0.36 64.00 
0.42 76.00 
0.42 82.00 

Length of stay, days 
5.97 
6.70 
6.15 
5.20 
6.30 

Needleman28 
799 hospitals (11 states, all-patients 
+ Medicare patients) – hospital level 
analysis; 256 California hospitals 
(part of the 11 state sample) – unit 
level analysis; national sample of 
3,357 hospitals (Medicare patients) - 
hospital level analysis; length of stay 
in hospital; nurse hours calculation: 
(2,080 hours * each FTE category) + 
(1,040 hours * number of part-time 
employees). Total nursing 
hours/patient-day NIW adjusted 
including  RNs, clinical nurse 
specialists, general duty nurses, 
nurse practitioner excluding nursing 
directors, managers, administrators, 

Hospitals  Patient 
32 Medical 
280 Medical 
83 Medical 
128 Medical 
68 Medical 
86 Medical 
145 Medical 
154 Medical 
25 Medical 
127 Medical 
488 Medical 
3,357 Medical 
3,296 Surgical 
127 Surgical 
280 Surgical 
83 Surgical 

 
Nevada 
New York 
Maryland 
Virginia 
West Virginia 
South Carolina 
Wisconsin 
Missouri 
Arizona 
Massachusetts 
California 
Medicare patients 
Medicare patients 
Massachusetts 
New York 
Maryland 

Length of stay, days ± SD  
4.5 ± 1.26 
6.31 ± 1.42 
4.34 ± 0.70 
4.62 ± 1.16 
5.72 ± 1.57 
4.71 ± 0.72 
4.03 ± 0.84 
5.38 ± 1.67 
3.63 ± 0.92 
4.79 ± 1.10 
4.81 ± 2.71 
5.79 ± 2.92 
7.68 ± 2.90 
4.15 ± 0.59 
5.35 ± 0.97 
4.25 ± 0.92 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

supervisors, instructors, 
anesthetists, and midwifes; RN 
hours/patient day NIW adjusted; 
licensed hours/patient-day NIW 
adjusted including LPN/LVN, 
excluding the director of nursing. 
LPN/LVN hours/patient day NIW 
adjusted; RN hours per day/total 
hours per day; RN hours/licensed 
hours = RN hours per day/licensed 
hours per day (RN + LPN) 

128 Surgical 
68 Surgical 
86 Surgical 
145 Surgical 
154 Surgical 
25 Surgical 
32 Surgical 
488 Surgical 
 
4,156 Medical 
4,156 Surgical 
4,156 Medical 
4,156 Surgical 
4,156 Medical 
4,156 Surgical 
4,156 Medical 
4,156 Surgical 
4,156 Medical 
4,156 Surgical 
4,156 Medical 
4,156 Medical 
4,156 Surgical 
4,156 Surgical 
3,357 Medical 
3,357 Medical 
3,357 Medical 
3,357 Medical 
3,357 Medical 
3,357 Medical 
3,357 Medical 
3,357 Surgical 
3,357 Surgical 
3,357 Surgical 
3,357 Surgical 
3,357 Surgical 
3,357 Surgical 
3,357 Surgical 
 
256 Medical 
256 Medical 
256 Medical 

Virginia 
West Virginia 
South Carolina 
Wisconsin 
Missouri 
Arizona 
Nevada 
California 
 
Increase by 1 hour of RN hours  
Increase by 1 hour in RN hours  
Increase by 1 hour in LPN hours  
Increase by 1 hour in LPN hours  
Increase by 1 hour in aide hours  
Increase by 1 hour in aide hours  
Increase by 1 hour in total nursing hrs 
Increase by 1 hour in total nursing hrs 
Increase by 1% in RNs 
Increase by 1% in RNs 
Increase by 1 hour in licensed hour 
increase by 1% of RN/licensed hour 
Increase by 1 hour in licensed hour 
Increase by 1% in RN/licensed hour 
Increase by 1 hour in RN hours 
Increase by 1 hour in LPN hours 
Increase by 1 hour in licensed hours 
Increase by 1% in RN/licensed hours 
Increase in total nurse hours  
Increase by 1% in RNs 
Increase by 1 hours in aide hours  
Increase by 1 hour in RN hours  
Increase by 1 hour in LPN hours 
Increase by 1 hour in licensed hours 
Increase by 1% in RN/licensed hours 
Increase by hour in aide hours  
Increase by 1 hour in total nursing hrs 
Increase by 1% in RNs 
California hospitals 
Increase by hour in RN hours  
Increase by 1 hour in LPN hours 
Increase by 1 hour in aide hours  

4.32 ± 0.92 
8.09 ± 3.15 
4.62 ± 1.10 
4.38 ± 0.74 
4.52 ± 0.76 
3.91 ± 0.50 
5.35 ± 0.79 
4.27 ± 1.19 
Relative change in length of stay 
0.90 0.86 0.93 
0.97 0.95 1.00 
0.98 0.91 1.05 
1.05 0.94 1.18 
1.07 1.02 1.13 
1.00 0.95 1.06 
0.95 0.92 0.98 
0.99 0.96 1.02 
0.12 0.05 0.29 
0.84 0.39 1.78 
0.91 0.88 0.94 
0.28 0.12 0.65 
0.99 0.96 1.02 
0.48 0.20 1.17 
0.94 0.92 0.96 
0.99 0.97 1.02 
0.95 0.93 0.97 
0.45 0.28 0.73 
0.94 0.90 0.98 
0.07 0.03 0.19 
1.09 1.02 1.17 
0.98 0.95 1.00 
0.97 0.93 1.02 
0.98 0.95 1.00 
0.93 0.51 1.72 
0.99 0.92 1.07 
0.64 0.41 0.99 
0.73 0.17 3.11 
 
0.80 0.64 1.00 
1.54 0.60 3.92 
0.99 0.78 1.25 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

256 Medical 
256 Medical 
256 Medical 
256 Medical 
256 Medical 
256 Medical 
256 Medical 
256 Medical 
256 Medical 
256 Medical 
256 Medical 
256 Surgical 
256 Surgical 
256 Surgical 
256 Surgical 
256 Surgical 
256 Surgical 
256 Surgical 
 
256 Surgical 
256 Surgical 
256 Surgical 
256 Surgical 
256 Surgical 
256 Surgical 
256 Surgical 

Increase by 1 hour in nursing  hours 
Increase by 1% in RNs 
Increase by 1 hour of licensed hours 
Increase by 1% of  RNs/licensed hour 
Increase by 1 hour of RN hours  
Increase by 1 hour in LPN hours  
Increase by 1 hour in aide hours  
Increase by 1 hour nursing hours  
Increase by 1% in RNs  
Increase by 1 hour/licensed hour 
Increase by 1% of RN hours/licensed hr 
Increase by 1 hour of RNs  
Increase by 1 hour in LPN hours  
Increase by 1 hour in aide hours  
Increase by 1 hour in total nursing 
hours Increase by 1% in RNs  
Increase by 1 hour in licensed hours  
Increase by 1% in RNs  
Unit level analysis: 
Increase by 1 hour of RN hours  
Increase by 1 hour in LPN hours 
Increase by 1 hour in aide hours  
Increase by 1 hour in total nursing hours
Increase by 1% in RNs  
Increase by 1 hour in licensed hours  
Increase by 1% in RNs  

0.92 0.76 1.11 
0.00 0.00 0.89 
0.47 0.24 0.96 
0.00 0.00 0.11 
0.71 0.56 0.90 
1.14 0.57 2.29 
0.93 0.65 1.33 
0.82 0.70 0.96 
0.00 0.00 0.70 
0.19 0.04 0.83 
0.01 0.00 0.16 
1.00 0.97 1.03 
1.20 1.00 1.44 
0.92 0.80 1.05 
1.00 0.97 1.02 
0.16 0.03 1.04 
1.03 0.99 1.07 
0.31 0.08 1.22 
 
1.00 0.95 1.04 
3.12 1.14 8.52 
0.89 0.78 1.02 
0.98 0.93 1.03 
2.47 0.86 7.12 
1.02 0.97 1.06 
0.48 0.18 1.26 

Needleman43 
Hospital discharge data from 11 
states (all patients and Medicare 
sample) and MedPAR national 
database (all Medicare patients); 
adjusted length of stay; state 
hospital staffing surveys or financial 
reports. American Hospital 
Association Annual Survey; 
Licensed hours (RN + LPN)/patient 
days adjusted for nursing case-mix 
index for each hospital, proportion of 
RN hours/licensed hours (RN + 
LPN) adjusted for nursing case-mix 
index for each hospital 

Hospitals 799 
Unit Combined 
Patients Medical 

 
1% increase in RN hours/licensed hour 
Increase in 1 licensed hour  
Increase in 1 licensed hour  
1% increase in RN hours/licensed hour 
Increase in 1 licensed hour  
1% increase in RN hours/licensed hour 
1% increase in RN hours/licensed hour 
Increase in 1 licensed hour  
1% increase in RN hours/licensed hour 
Increase in 1 licensed hour  
Increase in 1 licensed hour  
1% increase in RN hours/licensed hour 
1% increase in RN hours/licensed hour 
Increase in 1 licensed hour  

Relative change in length of stay 
0.24 0.10 0.57 
0.99 0.96 1.01 
0.97 0.94 1.00 
0.94 0.51 1.73 
0.99 0.93 1.05 
0.46 0.15 1.38 
0.58 0.25 1.35 
0.95 0.93 0.97 
0.44 0.33 0.59 
0.87 0.83 0.91 
0.91 0.88 0.94 
0.11 0.04 0.36 
0.33 0.14 0.79 
0.91 0.88 0.95 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Oster31 
Electronic medical records system; 
length of stay in the hospital for each 
patient; hospital administrative daily 
statistic reports; total productive 
nursing hours/patient day; total 
number of productive hours worked 
by nursing personnel with direct 
patient care/number of patients; % of 
RN hours/total nursing hours per 
patient day; % of contract agencies 
nurses; % of full time nurses 

Hospitals 1 
Unit Patients 
Emergency Medical 
Surgical Surgical 
Surgical Surgical 
Intensive Care Unit Medical 
Intensive Care Unit Medical 
Specialty Medical 
Specialty Medical 

% RN  % contract hrs  % full-time hrs 
67.00   18.30 70.00 

Length of stay, Days ± SD 
 
5.24 ± 3.95 
0.03 
-0.02 
-0.02 
0.01 
-0.19 
-0.11 

Pronovost72 
The Uniform Health Discharge Data 
Set; Hospital length of stay, survey 
to the ICU directors, average ICU 
nurse-to-patient ratio during the day 
and evening 

Unit  ICU 
Patients  Surgical 
Hospitals 7 
 31 
 7 
 31 

 
 
More nurses: RNs/patient 1:1 or 1:2, 
adjusted 
Fewer nurses: RNs/patient 1:3 or 1:4, 
adjusted 

Length of stay, days 
Unit   Hospital 
 
3.00 8.00 
 
3.00 8.00 

Pronovost61 
The Uniform Hospital Health 
discharge Data Set; in-hospital 
length of stay; in ICU length of stay; 
survey of ICU directors; average 
nurse to patient ratio in day, in 
evening. decreased nurse to patient 
ratio in evening 

Unit   ICU 
Patients   Surgical 
Hospitals 8 
 31 
 14 
 25 

 
Nurse to patient ratio <1:2 during the day
Nurse to patient ratio >1:2 during the day
Nurse to patient ratio <1:2 in evening 
Nurse to patient ratio >1:2 in evening 

Relative change in length of stay in 
unit 
1.49 1.17 1.91 
1.00 1.00 1.00 
Relative change in LOS in hospital 
9.60 1.20 1.07 
8.00 1.00 1.00 

Ridge25 
Patient survey 2 weeks after 
discharge with computerized phone 
interview system; length of stay in 
hospital; hospital administrative 
database, finance reports, Health 
Care Information Access database, 
unit nurse manager reports; 
educational level by degree learned: 
AD, BSN; number of individual staff 
hired annually/total number of staff, 
staffing adequacy - RN worked 
hours/RN target hours 

Hospitals 1 
Unit Surgical 
Patients Surgical 

% BSN    Experience    % full time 
44.00    8.70  86.00 

Length of stay, Days ± SD 
4.10 ± 3.90 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Shamian15 
The National Comparative Database 
for Nursing Resource Consumption; 
average length of stay in unit. 
GRASP work Load Measurement 
System, The National Comparative 
Database for Nursing Resource 
Consumption; the amount of nursing 
services for each patient during 24 
hours 

Hospitals  58  
Rehabilitation units 
Psychiatric units 
Neonatal units 
Pediatric units 
Obstetrics 
Oncology 
Neurological 
Intensive Care Unit 
Medical surgical 
Orthopedics 
Cardiac step-down 

Length of stay, days 
24.8 
12.5 
14.0 
3.7 
3.0 
7.9 
6.6 
3.8 
6.6 
6.1 
6.0 

Shortell94 
Hospitals discharge data; length of 
stay in unit for survivors (observed 
length of stay/expected length of 
stay) hospital administrative 
databases; survey of nursing 
directors in each unit 

Hospitals 40 
Unit ICU 
Patients Medical 

 
Increase by 1 RN/patient ratio 

Relative change in length of stay 
1.06 

Stratton91 
Medical records, hospital incidence 
and infection control records, 
surveys; average length of stay in 
units; payroll records from the 
National Association of Children's 
Hospitals and Related Institutions 
(NACHRI); average in each quarter 
2002 of total hours of productive 
nursing care/patient day adjusted for 
short-stay patients; average in each 
quarter 2002 of % of RN productive 
hours/total nursing hours/patient 
day; % of RN productive hours 
worked by supplemental nurse 
staffing (total nursing overtime hours 
and percentages of hours from 
float/agency/traveler RN hours) 

Hospitals Unit Patients 
7 Combined Combined 
7 Specialty Surgical 
7 ICU Medical 

                         Experience 
Medical/Surgical units  7.6 years 
Oncology units  6.6 years 
ICU units      8.3 years 

Length of stay, Days ± SD 
3.58 ± 0.94 
4.47 ± 0.77 
6.48 ± 4.80 
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Author, Definition of Length of 
Stay, Definition of Nurse Staffing 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Length of Stay 

Tschannen48 
Patients medical records; patient's 
episode of care on the study unit; 
actual patients days were calculated 
as the time from admission to the 
time of discharge from the unit; 
nursing surveys, daily staff 
assignment sheets, census logs, and 
payroll records; proportion of RNs 
working in the unit; self reported 
years working in the present job 
category 

Hospitals 2 
Unit ICU 
Patients Medical 

Experience in years 
15.91 
12.58 
7.42 
10.31 
 
Increase by 1 hour in total nursing hours
Increase by 1% in RNs 

Length of stay, Days ± SD 
2.67 ± 2.20 
2.83 ± 2.10 
2.86 ± 2.20 
3.11 ± 2.60 
Relative change in length of stay 
1.18 
0.97 

Unruh66 
State Health Care Cost Containment 
Council; average length of stay in 
hospital. State Department of Health, 
American Hospital Association; total 
nurses FTE/1,000 APDC, RN FTE/ 
1,000 APDC, LPN FTE/1,000 APDC 

Hospitals 211 
Unit Combined 
Patients Medical 

Patient/RN % RNs 
0.34 68.50 
0.37 69.20 
0.37 70.20 
0.37 71.20 
0.38 71.50 
0.36 71.40 
0.38 71.80 

Length of stay, days 
6.70 
6.90 
6.50 
6.10 
5.80 
5.40 
5.50 

Zidek85 
Patient records and chart audits, 
individuals length of stay in the 
hospital, administrative records; total 
nursing hours/patient day; RN hours 
calculated from % of RN FTE/total 
FTE 

Hospitals 1 
Unit Combined 
Patients Medical 

Nurse hours RN hours % RN 
 6.60 2.05 31.00 
 8.40 2.62 31.00 
 7.30 2.03 28.00 
 8.20 2.63 32.00 
 6.90 2.07 30.00 
 10.20 3.05 30.00 
 8.30 2.58 31.00 
 9.00 2.97 33.00 
 7.30 2.32 32.00 
 8.80 2.72 31.00 
 11.20 3.70 33.00 
 8.50 2.54 30.00 

 

 
APDC = Adjusted Patient Day Care; FTE = Full Time Equivalent; hrs = hours; ICU = Intensive Care Unit; LPN = Licensed Practical Nurse; LOS = Length of Stay; 
LVN = Licensed Vocational Nurse; MSW = Master of Social Work; NICU = Neonatal Intensive Care Unit; NIW = Nursing Intensity Weight; RN = Registered Nurse; 
SD = Standard Deviation 
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Table G10.  Calculated change in hospital related mortality corresponding to an increase by 1 nursing hour/patient day (results from individual studies) 
 

Author 
Increase 

by 1 Nurse Hour 
Increase 

by 1 RN Hour 
Increase 

by 1 LPN Hour 
Increase 

by 1 UAP Hour 

 
Death 
rate p value 

Death 
rate p value RR p value 

Death 
rate p value 

Death 
rate p value 

Berney84     0.98 <0.05     
Blegen59  NS  NS       
Cho38  NS  NS       
Mark90     1.01 NS     
Mark89     0.94 NS     
Needleman28  NS  NS 1.00 NS  NS  NS 
Needleman29  NS  NS 1.00 NS  NS   
Seago34     0.98 <0.05     
Thorson55     1.01 <0.05     

 
LPN = Licensed Practical Nurse; NS = Not Significant; RN = Registered Nurse; RR = Relative Risk; UAP = Unlicensed Assistive Personnel 
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Table G11.  Evidence of the association between nurse hours/patient day and patient outcomes 
 
Author, Source to Measure 

Patient Outcomes, 
Definition of Patient 

Outcomes, Source to 
Measure Nurse Staffing, 

Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

ANA65 
HCFA and MEDPAR national 
data sets; 
Urinary tract infections, 
bacterial unspecified 
pneumonia, pressure ulcers, 
postoperative infections, 
vascular complications, 
anoxic brain damage; 
communicable conditions; 
complications in post-partum 
period; diabetic complications; 
joint effusion; metabolic 
imbalances, personal care 
complications; psychiatric 
secondary diagnosis; 
transfusion reactions; trauma 
in non-trauma patients 
RN % of licensed hours 

Hospitals 1,384 
Unit Combined 
Patients Combined 

 
 
Increase by 1 hour in total nursing hours in New York, 1992 
Increase by 1 hour in total nursing hours in New York, 1994 
Increase by 1 hour in total nursing hours in California, 1992 
Increase by 1 hour in total nursing hours in California, 1994 
 
Increase by 1 hour in total nursing hours in New York, 1992 
Increase by 1 hour in total nursing hours in New York, 1994 
Increase by 1 hour in total nursing hours in California, 1992 
Increase by 1 hour in total nursing hours in California, 1994 

Relative Risk 
UTI         Nosocomial infection 
NS NS 
NS NS 
NS NS 
NS NS 
Pneumonia    Pressure ulcers 
1.00 0.82 
1.00 1.00 
1.00 1.00 
1.08 0.84 

Archibald57 
Retrospective review of 
patient and microbiology 
records from December 1994 
through December 1995. The 
total number of nosocomial 
infections caused by Serratia 
marcescens; number of 
infections per 1,000 patient 
days. 
Retrospective review of 
administrative records from 
December 1994 through 
December 1995 
RN hours worked by the 
registered nursing staff of this 
unit; monthly nursing 
hours/patient day ratio 

Hospitals 1 
Unit ICU 
Patients Combined 

 
 
Median RN hours/patient day,15.2 
Increase by 1 hour in RNs/patient day, 16.2 

Nosocomial Infection, rate/100 
patient days 
0.69 
0.67 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Berney84 
The New York Statewide 
Planning and Research 
Cooperative System 
Actual number of events 
identified as secondary DRG: 
Death among patients with 
shock, sepsis, pneumonia, 
deep vein thrombosis/ 
pulmonary embolism, or 
gastrointestinal bleeding 
The New York State 
Institutional Cost Reports 
RN total hours in inpatient 
cost units/patients days in 
units adjusted for nursing 
acuity 

Hospitals 161 
Unit Medical 
Patients Medical 
Patients Surgical 
 
Patients Medical 
Patients Surgical 
 
Patients Medical 
Patients Surgical 
 
Patients Medical 
Patients Medical 

 
 
1 hour increase in RN hours/patient day 
1 hour increase in RN hours/patient day 
 
1 hour increase in RN hours/patient day 
1 hour increase in RN hours/patient day 
 
1 hour increase in RN hours/patient day 
1 hour increase in RN hours/patient day 
 
1 hour increase in RN hours/patient day 
1 hour increase in RN hours/patient day 

Relative risk 
Urinary tract infection 
0.99 0.98 1.01 
0.98 0.96 1.00 
Gastro-intestinal bleeding 
- - - 
0.95 0.92 0.99 
Failure to rescue 
0.98 0.97 0.99 
0.98 0.97 0.99 
Sepsis 
0.96 0.94 0.98 
0.97 0.95 0.99 

Blegen58 
Comparative occurrence 
reporting service (CORS) 
The number of patient falls on 
the unit in quarter/1,000 
patient days, the number of 
arrests on the unit in 
quarter/1,000 patient days 
Hospital reports (Institute for 
Quality Healthcare database) 
Hours of patient care for each 
unit provided by all personnel 
were added for each quarter 
and divided by patient days 
for that unit in that quarter 

Hospitals 11 
Unit Patients 
Combined Combined 
 
 
Combined Combined 
Neonatal Surgical 
ICU Surgical 
Combined Medical 

 Hours  RN hours 
 
Mean of outcome in units   8.6      6.0 
Increase by 1% in proportion of RN  1.1 
Increase by 1 hour in total nursing care 1.0 
Mean of outcome in units  5.7      2.1 
Mean of outcome in units  11.3    9.9 
Mean of outcome in units  18.0    16.2 
Mean of outcome in units  10.8     7.8 

Rate per 100 patient days 
Falls CPR 
0.27 0.04 
-0.05 -0.01 
0.00 -0.01 
0.40 0.03 
0.04 0.00 
0.14 0.58 
0.22 0.16 



 
Table G11.  Evidence of the association between nurse hours/patient day and patient outcomes (continued) 
 

 

G
-96

Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Blegen73 
Discharge databases of 
participating hospitals The 
number of patient falls on the 
unit in quarter/1,000patient 
days. Hospitals were 
members of the Institute for 
Quality Healthcare 

Hospitals 11 
Unit Combined 
Patients Combined 

 
Total hours -11, RN hours -7.8 
Increase by 1% of RN hours/total nursing hours 
Increase by 1 nurse hour/patient day 
Increase by 1% of RN hours/total nursing hours 
Total hours -11, RN hours -7.7 

Falls rate per 100 patient days 
0.220 
-0.028 
-0.005 
-0.019 
0.270 

Blegen59 
Hospital records; 
The number of patient 
complaints standardized as a 
rate per 1,000 patient days, 
new incidences of skin 
breakdown secondary to 
pressure or exposure to urine 
or feces, suddenly and 
involuntarily leaving a position 
and coming to rest on the 
floor or some object. All 
reported falls were included 
whether or not injuries 
resulted, nosocomial 
infections that express 
themselves in hospitalized 
patients in whom the infection 
was not present or incubating 
at the time of admission. A 
record of hours worked for 
each individual employee was 
completed by the staffing 
clerk and approved by the 
employee and nurse manager 
before being entered into the 
computerized payroll 
database 
The hours of care per patient 
day from all nursing 

Hospitals 1 
Unit Combined 
Patients Combined 
Acuity  4.19 

 
 
Increase by 1 hour in total nursing hours 
Total hours: 10.74, RN hours: 7.7 
 
Increase by 1 hour in total nursing hours 
Total hours: 10.74, RN hours: 7.7 

Rate per 100 patient days 
UTI Pneumonia Dec ulcer 
    0.03 
0.34 0.26 
Falls Nosocomial infection 
0.01 0.05 
0.27 0.60 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

personnel: hours of direct 
patient care by RNs, LPNs, 
and nursing assistants each 
month divided by the patient 
days of care on the unit for 
the month 
The hours of direct patient 
care from RNs divided by 
patient days excluding hours 
for non patient care 
(meetings, vacation, sick 
leave, and holidays) 
Bolton26 
California Nursing Outcomes 
Coalition database; the 
California Department of 
Health Services. Hospital-
acquired pressure ulcers, 
unplanned descent to the 
floor in adult patients; the 
monthly fall rate per 1,000 
patient days for each nursing 
unit and each hospital. Data 
are collected at the patient 
level and aggregated by 
CalNOC staff to the unit level. 
California Nursing Outcomes 
Coalition database; the 
California Department of 
Health Services 
Productive hours worked by 
the nursing staff who provide 
direct patient care on the 
defined unit 
RN hours/patient day 
% of UAP hours/total nursing 
hours 

Medical-surgical units 
ICU 

 
Hours RN hours LPN hours 
 8 4.7 0.88 
 16.8 15.3 1.51 

Rate/100 patient days 
Falls Pressure ulcer 
 3.70 8 
 0.10 13 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Cheung32 
Incidence reports, quality 
referrals, and medical record 
coding stores in the database 
Excalibur system 
Pressure ulcers, falls, primary 
bloodstream infections after 
admitting the unit as 
secondary diagnosis.  
Automated Nurse staffing 
Office system and direct 
observation of nursing 
activities with Hill_Rom 
COMposer@nurse locator 
system 
Total nursing personnel on 
the unit for each shift 
including the number of RN, 
LPN, aides, and unit 
secretaries 
RN hours/patient day 
LPN hours/patient day 
Aide hours/patient day 

Hospitals 1 
Unit Combined 
Patients Medical 

 
Increase by 1 hour in total nursing hours 
Increase by 1 hour in total nursing hours 
Increase by 1 hour in total nursing hours 

Relative risk 
Decubitus ulcer NS 
Falls  NS 
Nosocomial Infections NS 

Cho30,38 
The State Inpatient 
Databases 
ICD-9-CM for UTI, pressure 
ulcers, falls and injury, 
surgical wound infection, 
sepsis, adverse drug event. 
Hospital Financial Data 
The total productive hours 
worked by all nursing 
personnel per patient day; the 
total productive hours by 
registered nurses per patient 
day 

Hospitals-232 
Unit Combined 
Patients Combined 
Age 67.9 
Race 79.3 
Sex 48.9 
Severity 49.7 

RN hours/patient day 
Large, nonprofit, non-teaching, non-rural, 4  
Large, nonprofit, non-teaching, non-rural ,5  
Large, nonprofit, non-teaching, non-rural, 6 
Large, nonprofit, non-teaching, non-rural, 8  
Large, nonprofit, non-teaching, non-rural, 7  
Medium, nonprofit, non-teaching, non-rural, 8  
Medium, investor-owned, non-teaching, non-rural, 4 
Medium, investor-owned, non-teaching, non-rural, 5 
Medium, investor-owned, non-teaching, non-rural, 6  
Medium, investor-owned, non-teaching, non-rural, 7  
Medium, investor-owned, non-teaching, non-rural, 8  
Medium, investor-owned, non-teaching, non-rural, 8 
Large, nonprofit, teaching, non-rural, 5 
Large, nonprofit, teaching, non-rural, 6 

Pneumonia 
2.06 
1.88 
1.72 
1.43 
1.57 
1.33 
2.09 
1.91 
1.74 
1.59 
1.45 
2.16 
1.98 
1.81 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Large, nonprofit, teaching, non-rural, 8 
Medium, nonprofit, non-teaching, non-rural, 4 
Medium, nonprofit, non-teaching, non-rural, 5 
Medium, nonprofit, non-teaching, non-rural, 6 
Medium, nonprofit, non-teaching, non-rural, 7 
Large, nonprofit, teaching, non-rural, 4 
Large, nonprofit, teaching, non-rural, 7 
 Total hours RN hours 
Increase in 1 hour of total nurse hours  
large nonprofit teaching hospitals  10 7.2 
Medium, nonprofit, non-teaching, non-rural 9  6 
Large, nonprofit, non-teaching, non-rural  9 6.6 
Medium, investor-owned non-teaching  
non-rural hospitals  9 6.2 
 
Large nonprofit teaching hospitals  10 7.2 
Medium, nonprofit, non-teaching, non-rural 9 6 
Large, nonprofit, non-teaching, non-rural  9 6.6 
Medium, investor-owned non-teaching  
non-rural hospitals  9 6.2 
 
Large nonprofit teaching hospitals  10 7.2 
Medium, nonprofit, non-teaching, non-rural 9  6 
Large, nonprofit, non-teaching, non-rural  9  6.6 
Medium, investor-owned non-teaching  
non-rural hospitals  9 6.2 
 
 
Increase in 1 hour of total nurse hours 
Increase in 1 hour of RN hours 
 
Increase in 1 hour of total nurse hours 
Increase in 1 hour of RN hours 
 
Increase in 1 hour of total nurse hours 
Increase in 1 hour of RN hours 
 
Increase in 1 hour of total nurse hours 

1.51 
1.91 
1.75 
1.59 
1.45 
2.17 
1.65 
UTI %   SWI % 
 
2.50 1.60 
1.60 1.10 
2.00 1.50 
 
2.10 1.10 
Falls % Sepsis % 
0.20 1.20 
0.20 0.80 
0.20 1.10 
 
0 1.00 
Pneumonia Pressure ulcer 
3.10 0.10 
2.70 0.30 
2.80 0.30 
 
2.80 0.20 
Relative risk 
Urinary tract infection 
1.02 0.95 1.08 
1.01 0.93 1.08 
Pneumonia 
0.96 0.91 1.01 
0.91 0.85 0.97 
Falls 
1.08 0.99 1.18 
1.07 0.96 1.19 
Pulmonary Failure 
1.13 1.01 1.27 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Increase in 1 hour of RN hours 
 
Increase in 1 hour of total nurse hours 
Increase in 1 hour of RN hours 
 
Increase in 1 hour of total nurse hours 
Increase in 1 hour of RN hours 

1.11 0.97 1.27 
SWI 
1.00 0.95 1.06 
0.97 0.91 1.04 
Sepsis 
1.01 0.95 1.08 
1.02 0.95    1.09 

Cimiotti87 
Patient discharges and 
medical records review by 
study's nurse epidemiologist 
Infections occurring in an 
infant 48 hours or longer after 
admission to the NICU 
including bloodstream 
infections, device associated 
pneumonia, CNS and skin  
infections, conjunctivitis; 
Nurse staffing office and sign-
in/out sheet from each 
supplemental nursing agency; 
Total nursing hours worked by 
direct care providers adjusted 
for Nursing Intensity Weights 
categorized as below and 
above median 
RN hours/patient day 
adjusted for Nursing Intensity 
Weights categorized as below 
and above median 

Hospitals 1 
Unit Neonatal ICU 
Patients Medical 

 
NICU A, 10.7 nursing hours/patient day 
NICU B, 11 nursing hours/patient day 
Mean staffing levels, 10.8 nursing hours/patient day 
Low nursing hours, 8.7/patient day 
High nursing hours,12.9/patient day 
Low RN hours, 8.5 hours/patient day 
High RN hours, 12.7 hours/patient day 
 
 
NICU A, 10.7 nursing hours/patient day 
NICU B, 11 nursing hours/patient day 
 
 
Mean staffing levels, 10.8 nursing hours/patient day 
Low nursing hours, 8.7/patient day 
High nursing hours, 12.9/patient day 
Low RN hours, 8.5 hours/patient day 
High RN hours, 12.7 hours/patient day 

Sepsis 
10.50 
5.50 
1.00 
2.56 
1.38 
3.71 
1.74 
% Pneumonia Nosocomial 
 infection 
0.50 18.30 
0.90 15.10 
Relative risk 
Nosocomial infection, relative risk 
1.00 
1.25 
0.84 
1.75 
1.08 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Donaldson9 
CalNOC database; 
Total number of patients with 
Stage I-IV pressure ulcers 
regardless of whether ulcer 
was acquired during 
hospitalization or present on 
admission;%/total number of 
surveyed patients, unplanned 
descent to the floor; 
rate/1,000 patient days. 
CalNOC database in 2004 
and 2005 (after legislation); 
Productive hours worked by 
total nursing staff who have 
direct patient care 
responsibilities on the defined 
units and are included in the 
staffing matrix, total number 
of productive RN hours 
worked by all RNs (including 
contracted staff) with direct 
patient care responsibilities, 
total number of productive 
LPN hours worked by all 
LPNs (including contracted 
staff) with direct patient care 
responsibilities 

Hospitals 68 
Unit Combined 
Patients Medical 

 
 
Medical surgical units, before mandatory ratios 
Hour RN hours licensed hours 
8.08 4.76 5.44 
Medical and surgical units after mandatory ratios 
Hour RN hours licensed hours 
8.68 5.75 6.41 
Step-down units before mandatory ratios 
Hour RN hours licensed hours 
9.59 6.59 6.98 
Step-down units after mandatory ratios 
Hour RN hours licensed hours 
10.11 7.28 7.59 
 
Medical surgical units before mandatory ratios 
Hour RN hours licensed hours 
8.08 4.76 5.44 
Medical and surgical units after mandatory ratios 
Hour RN hours licensed hours 
8.68 5.75 6.41 
Step-down units before mandatory ratios 
Hour RN hours licensed hours 
9.59 6.59 6.98 
Step-down units after mandatory ratios 
Hour RN hours licensed hours 
10.11 7.28 7.59 

Rate/100 patient days ± SD 
Falls 
 
 
0.31 ± 0.20 
 
 
0.32 ± 0.17 
 
 
0.30 ± 0.22 
 
 
0.26 ± 0.16 
Pressure ulcers 
 
 
14.07 ± 11.07 
 
 
14.48 ± 10.39 
 
 
13.52 ± 10.78 
 
 
16.29 ± 10.27 
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Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Donaldson95 
California Nursing Outcomes 
Coalition (CalNOC) 
Hospital acquired pressure 
related skin injury controlling 
for date of admission, % of all 
patients on the day of 
prevalence study 
Patient’s unplanned descent 
to the hospital floor; were 
analyzed as 7 day aggregate 
per unit; also actual number 
per unit; the number of 
falls/1,000 patient days. 
The California Nursing 
Outcomes Coalition 
(CalNOC); hours worked by 
RNs, LPNs, and others (aides 
and other direct care 
providers) that have direct 
patient care responsibilities/ 
assignments on the defined 
unit and are included in the 
staffing matrix. 

Hospitals 25 
Unit Combined 
Patients Medical 

 
Increase by 1 hour in total RN hours/patient day 
Increase by 1 hour in total licensed hours of care/patient day 
Increase by 1 hour in total nursing hours patient day 

Rate/100 patient days ± SD 
-0.02 ± 0.05 
-0.02 ± 0.05 
-0.01 ± 0.07 
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Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 
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Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Fridkin1 
Medical records of the 
patients in surgical intensive 
care unit. Cases were defined 
as any patient hospitalized 
>48 hours, in the SICU >24 
hours who developed a 
laboratory confirmed CVC-
BSI during outbreak periods. 
Controls were randomly 
selected from all SICU 
patients; 
Laboratory confirmed 
catheter-associated 
bloodstream infections or 
clinical sepsis; rates were 
compared in pre- and 
outbreak periods. 
Hospital administrative 
records; 
RN hours/patient day 

Hospitals 1 
Unit ICU 
Patients Surgical 

 
 
Pre-outbreak period, 20 RN hours/patient day 
Outbreak period, 17 RN hours/patient day 
  RN hours 
Month's patient/nurse ratio = 1.2 20 
Month's patient/nurse ratio = 1.5 16 
Month's patient/nurse ratio = 2 12 
Month's patient/nurse ratio = 1 24 

Rate/100 patient days 
Nosocomial infection  Sepsis 
1.95 0.53 
4.96 1.31 
Relative risk 
 3.95 1.07 14.54 
 15.60 1.15 211.4 
 61.50 1.23 3,074 
 1.00 1.00 1.00 
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Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Kovner35 
The National Inpatient 
Sample (NIS) 
Post operative discharges 
with urinary tract infection, 
pneumonia, pulmonary 
congestion, lung edema, or 
respiratory failure, and DVT in 
any secondary diagnosis. 
American Hospital 
Association Annual Survey of 
Hospitals, the part of the 
Health Care Utilization Project 

Hospitals 5,708 
Unit  Surgical 
Patient Surgical 

Increase by 1 hour in LPN hours/patient day 
Increase by 1 hour in LPN hours/patient day 
Increase by 1 hour in LPN hours/patient day 
Increase by 1 hour in LPN hours/patient day 
Year RN hours LPN hours 
 
1990 5.84 1.24 
1991 6.01 1.23 
1992 5.9 1.13 
1993 6.13 1.09 
1994 6.13 1.01 
1995 6.39 1.01 
1996 6.56 0.97 
 
1990 5.84 1.24 
1991 6.01 1.23 
1992 5.9 1.13 
1993 6.13 1.09 
1994 6.13 1.01 
1995 6.39 1.01 
1996 6.56 0.97 

UTI, relative risk 1.01 
Pneumonia, relative risk 0.99 
Pulmonary failure, RR 1 
Thrombosis, relative risk 0.96 
Rate, % 
UTI Pneumonia 
3.77 0.75 
3.75 0.77 
3.84 0.78 
3.72 0.95 
3.81 1.05 
3.57 1.13 
3.68 1.24 
Pulmonary failure DVT 
 0.62 0.32 
 0.65 0.33 
 0.72 0.35 
 0.81 0.35 
 0.80 0.37 
 0.95 0.40 
 1.00 0.42 
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Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Kovner22 
The Nationwide Inpatient 
Sample of hospital 
discharges; 
UTI, gastrointestinal 
hemorrhage or ulceration, 
pneumonia, invasive vascular 
procedure, pulmonary 
congestion, lung edema, 
respiratory insufficiency or 
failure, DVT or PE, 
AMI as secondary diagnoses 
after surgery. 
American Hospital 
Association data 
RN FTE working in the 
hospital and outpatient 
departments/adjusted patient 
day, LPN FTE working in the 
hospital and outpatient 
departments/ adjusted patient 
day. 

Hospitals 589 
Unit Surgical 
Patients Surgical 

 
 
Reference 5.8 RN hours/adjusted patient day 
Increase by 0.5 RN hour/adjusted patient day 
 
Reference 5.8 RN hours/adjusted patient day 
Increase by 0.5 RN hour/adjusted patient day 
 
Reference 5.8 RN hours/adjusted patient day 
Increase by 0.5 RN hour/adjusted patient day 
 
Reference 5.8 RN hours/adjusted patient day 
Increase by 0.5 RN hour/adjusted patient day 
Increase by 1 LPN hour/patient day 

Rate ± SD 
Urinary tract infection 
3.58 ± 4.91 
3.42 ± 4.91 
Pneumonia 
0.95 ± 1.91 
0.91 ± 1.91 
Pulmonary failure 
0.82 ± 1.40 
0.81 ± 1.40 
Deep vein thrombosis 
0.32 ± 0.59 
0.31 ± 0.59 
All outcomes NS 

Langemo41 
The Midwest Research 
Institute/National Database of 
Nursing Quality Indicators; 
% of patients who had a 
pressure ulcer on a given day 
to all patients assessed for a 
pressure ulcer; pressure 
ulcers that occurred post 
admission were documented 
as hospital-acquired. 
The Midwest Research 
Institute/National Database of 
Nursing Quality Indicators; 
Total nursing hours/patient 
day 

Hospital 1  
Patients Medical  
Unit ICU 

Medical-surgical units in hospitals with <100 bed 
Hours RN hours LPN hours 
9.6 5 1.7 
ICU in hospitals with 200-299 beds 
Hours RN hours LPN hours 
18 17.6 0.1 
ICU units in hospitals <100 beds 
Hours RN hours LPN hours 
15 8.7 0.7 
Medical-surgical units in hospitals with 200-299 beds 
Hours RN hours LPN hours 
7.8 4.8 1.2 

Pressure ulcers, rate,% 
 
4.10 
 
 
0.00 
 
 
13.10 
 
 
0.00 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Langemo33 
The North Dakota Nurses 
Association (NDNA) 
Research Council; 
Any lesion which is caused by 
unrelieved pressure that 
results in damage to 
underlying tissues; 
unplanned descent to the 
floor recorded in incidence 
reports. 
The North Dakota Nurses 
Association (NDNA) 
Research Council; 
Total number of productive 
hours worked by nursing staff 
with direct patient care 
responsibilities 

Hospitals 6 
Unit ICU 
Patients Medical 
Age 61.9 
Sex 41 

Acute care units 
11 total nursing hours and 5.42 RN hours/patient day 
The authors compared the rate with published studies 

Pressure ulcers, rate, % 
8.60 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Lichtig63 
The Uniform Hospital 
Discharge Data Set; The 
California Office of Statewide 
Health Planning and 
Development; the Statewide 
Planning and Research 
Cooperative System 
Administratively Releasable 
file 
Urinary tract infection as the 
likely adverse patient 
outcomes of the hospital stay 
(secondary diagnosis), 
pneumonia as the likely 
adverse patient outcomes of 
the hospital stay (secondary 
diagnosis), pressure ulcers as 
the likely adverse patient 
outcomes of the hospital stay 
(secondary diagnosis), any 
secondary diagnosis of 
infection in surgical patients 
as the likely adverse patient 
outcomes of the hospital stay. 
The Annual Hospital 
Disclosure Report Institutional 
Cost Reports; 
Total RN hours per NIW-
adjusted patient day 

Unit Surgical 
Patients Surgical 
Hospitals 
126 
131 
352 
295 

 
 
 
 
Increase by 1 hour in total nursing hours in New York, 1992 
Increase by 1 hour in total nursing hours in New York, 1994 
Increase by 1 hour in total nursing hours in California, 1992 
Increase by 1 hour in total nursing hours in California, 1994 
 
 
Increase by 1 hour in total nursing hours in New York, 1992 
Increase by 1 hour in total nursing hours in California, 1994 

Relative risk, 
Urinary tract infection, 
pneumonia, surgical wound 
infections, and pressure ulcers 
NS 
NS 
NS 
NS 
Rate, % 
Pressure ulcer Pneumonia 
-17.89 
-15.59 7.65 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Mark89 
The Healthcare Cost and 
Utilization Project (HCUP) 
National Inpatient Sample 
(NIS); 
Risk-adjusted 
observed/expected urinary 
tract infections, pneumonias, 
decubitus ulcers. 
American Hospital 
Association Annual Survey, 
Online Survey Certification 
and Reporting System 
[OSCAR]; 
RN hours/patient * day = 
(FTE RN/1,000patient * days 
* 37.5 * 48) / 1,000 
LPN hours/patient * day = 
(FTE LPN/1,000 patient * 
days * 37.5 * 48) / 1,000 

Hospitals 357 
Unit Combined 
Patients Combined 

Year RN hours LPN hours 
 
1990 5.4 1.2 
1992 5.8 1.2 
1992 5.7 1.2 
1993 6.0 1.1 
1994 6.3 1.1 
1995 6.5 1.1 
 
1990 5.4 1.2 
1992 5.8 1.2 
1992 5.7 1.2 
1993 6.0 1.1 
1994 6.3 1.1 
1995 6.5 1.1 
 
1990 5.4 1.2 
1992 5.8 1.2 
1992 5.7 1.2 
1993 6.0 1.1 
1994 6.3 1.1 
1995 6.5 1.1 

Relative risk, 95% CI 
Urinary tract infection 
1.18 1.13 1.23 
1.17 1.11 1.23 
1.17 1.12 1.22 
1.14 1.08 1.20 
1.11 1.05 1.17 
0.98 0.93 1.03 
Pneumonia 
0.61 0.56 0.66 
0.72 0.67 0.77 
0.65 0.60 0.70 
0.84 0.79 0.89 
0.90 0.85 0.95 
0.97 0.91 1.03 
Decubitus ulcers 
0.48 0.44 0.52 
0.58 0.53 0.63 
0.51 0.46 0.56 
0.62 0.57 0.67 
0.69 0.63 0.75 
0.74 0.69   0.79 

Needleman28 
799 hospitals (11 states, all-
patients + Medicare patients) 
– hospital level analysis;  
256 California hospitals (part 
of the 11 state sample) – unit 
level analysis; 
National sample of 3,357 
hospitals (Medicare patients) 
– hospital level analysis. 
Urinary tract infection coded 
in discharge abstract as  
secondary diagnosis, acute 
gastric ulcer, duodenal ulcer, 
peptic ulcer, gastrojejunal 
ulcer, hemorrhagic gastritis, 

Hospitals Patients 
 
32 Medical 
280 Medical 
83 Medical 
128 Medical 
68 Medical 
86 Medical 
145 Medical 
154 Medical 
25 Medical 
127 Medical 
488 Medical 
 
3,357 Medical 
 

Sample  Hours RN hours LPN hours UAP hours 
 
Nevada 12.8 9.6 1.1 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Massachusetts 10.9 7.6 0.8 2.3 
California 10.7 7.5 1 2.2 
Medicare, medical patients 
 10.6 7.8 1.7   
Medicare, surgical patients 

Rate % ± SD 
Urinary tract infection 
4.92 ± 0.99 
5.67 ± 1.87 
6.10 ± 1.72 
6.14 ± 1.88 
5.85 ± 2.18 
6.27 ± 2.30 
5.89 ± 1.78 
7.46 ± 2.28 
4.99 ± 1.25 
5.52 ± 1.76 
6.92 ± 2.83 
 
8.81 ± 3.01 
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Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
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Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

erosive gastritis, unspecified 
GI-hemorrhage, esophageal 
hemorrhage coded  in 
discharge abstract as  
secondary diagnosis, 
aspiration pneumonia 507.0, 
post-operative pneumonia 
997.3, hypostatic pneumonia 
514, bacterial pneumonia 
482, bronchopneumonia 485, 
unspecified pneumonia 486 
coded in discharge abstract 
as secondary diagnosis, 
cardiac arrest, shock without 
mention of trauma, shock, 
unspecified, cardiogenic 
shock. shock, other, 
respiratory arrest, 
nonmechanical methods of 
resuscitation, 
cardiopulmonary 
resuscitation, closed chest 
massage, death in patients 
with sepsis, pneumonia, GI 
bleeding, shock or DVT coded  
in discharge abstract as  
secondary diagnosis, 
pressure ulcers coded with 
ICD 682 and 707.0 in 
discharge abstract as  
secondary diagnosis, 
pulmonary congestion/ 
hypostasis, acute edema of 
lung, unspecified pulmonary 
insufficiency following trauma 
and surgery, respiratory 
failure, posttraumatic (958.3), 
postoperative (998.5), V. 

3,296 Surgical 
127 Surgical 
280 Surgical 
83 Surgical 
128 Surgical 
68 Surgical 
86 Surgical 
145 Surgical 
154 Surgical 
25 Surgical 
32 Surgical 
488 Surgical 

 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 
California 10.7 7.5 1 2.2 
 
Nevada 12.8 9.6 1.1 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Massachusetts 10.9 7.6 0.8 2.3 
California 10.7 7.5 1 2.2 
Medicare, medical patients 
 10.6 7.8 1.7   
Medicare, surgical patients 
 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 

7.75 ± 5.94 
3.31 ± 1.72 
3.01 ± 1.31 
2.87 ± 1.63 
3.49 ± 2.28 
6.95 ± 3.55 
3.62 ± 3.30 
2.73 ± 1.63 
4.05 ± 2.33 
2.89 ± 1.44 
2.80 ± 0.84 
2.95 ± 1.72 
Gastrointestinal bleeding 
0.70 ± 0.34 
1.05 ± 0.54 
1.22 ± 0.43 
0.96 ± 0.41 
0.52 ± 0.26 
0.89 ± 0.51 
0.84 ± 0.44 
1.21 ± 0.58 
0.81 ± 0.41 
0.83 ± 0.41 
1.18 ± 0.81 
 
1.53 ± 0.85 
 
1.37 ± 1.78 
0.35 ± 0.27 
0.49 ± 0.42 
0.58 ± 0.50 
0.38 ± 0.35 
1.56 ± 1.09 
0.44 ± 0.63 
0.36 ± 0.25 
0.49 ± 0.50 
0.32 ± 0.26 
0.59 ± 0.29 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
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Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

illiaca-451.81, V. fem-451.11, 
V. pop.-451.19, post-op PE-
415.11, PE-415.1, DVT NEC-
453.8 coded in discharge 
abstract as secondary 
diagnosis, cardiac arrest, 
shock without mention of 
trauma, shock, unspecified 
cardiogenic shock, shock, 
other respiratory arrest, 
nonmechanical methods of 
resuscitation, 
cardiopulmonary 
resuscitation, closed chest 
massage, CNS complications 
(coma and stupor, acute 
delirium, reactive confusion, 
reactive depression); 
physiologic/metabolic 
derangement 

California 10.7 7.5 1 2.2 
 
Nevada 12.8 9.6 1.1 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Massachusetts 10.9 7.6 0.8 2.3 
California 10.7 7.5 1 2.2 
Medicare, medical patients 
 10.6 7.8 1.7   
Medicare, surgical patients 
 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 
California 10.7 7.5 1 2.2 
 
Nevada 12.8 9.6 1.1 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 

0.48 ± 0.40 
Pneumonia 
2.61 ± 0.85 
2.36 ± 0.94 
2.38 ± 0.75 
2.58 ± 1.04 
1.89 ± 0.84 
2.19 ± 0.99 
1.89 ± 0.65 
3.57 ± 1.56 
2.01 ± 0.64 
0.56 ± 0.40 
2.54 ± 0.98 
 
3.72 ± 1.79 
 
3.42 ± 3.84 
0.12 ± 0.16 
0.98 ± 0.68 
1.18 ± 0.91 
1.32 ± 0.91 
5.35 ± 2.92 
2.00 ± 7.81 
0.74 ± 0.54 
1.56 ± 1.48 
0.84 ± 0.52 
1.68 ± 0.67 
1.00 ± 0.68 
Shock 
0.59 ± 0.30 
0.57 ± 0.32 
0.56 ± 0.27 
0.52 ± 0.42 
0.18 ± 0.16 
0.49 ± 0.30 
0.41 ± 0.23 
0.48 ± 0.31 
0.55 ± 0.24 
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Definition of Patient 
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% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Massachusetts 10.9 7.6 0.8 2.3 
California 10.7 7.5 1 2.2 
Medicare, medical patients 
 10.6 7.8 1.7   
Medicare, surgical patients 
 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 
California 10.7 7.5 1 2.2 
 
Nevada 12.8 9.6 1.1 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Massachusetts 10.9 7.6 0.8 2.3 
California 10.7 7.5 1 2.2 
Medicare, medical patients 
 10.6 7.8 1.7   
Medicare, surgical patients 
 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 

0.08 ± 0.08 
0.80 ± 1.32 
 
0.94 ± 0.72 
 
1.23 ± 1.97 
0.06 ± 0.09 
0.39 ± 0.33 
0.45 ± 0.40 
0.35 ± 0.43 
1.56 ± 1.15 
0.27 ± 0.33 
0.38 ± 0.62 
0.50 ± 0.63 
0.42 ± 0.34 
0.83 ± 0.34 
0.59 ± 0.42 
Failure to rescue 
18.68 ± 2.11 
22.62 ± 5.92 
18.83 ± 3.46 
16.54 ± 5.42 
13.63 ± 6.21 
19.05 ± 6.10 
16.15 ± 5.80 
16.10 ± 5.28 
16.76 ± 4.56 
14.74 ± 4.59 
18.98 ± 5.37 
 
19.97 ± 7.57 
 
22.75 ± 13.65 
13.02 ± 19.01 
20.88 ± 14.58 
20.72 ± 12.24 
19.51 ± 13.80 
22.48 ± 12.19 
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Patient Outcomes, 
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Outcomes, Source to 
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% of Emergency 
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Nurse Staffing Categories Patient Outcomes 

South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 
California 10.7 7.5 1 2.2 
 
Nevada 12.8 9.6 1.1 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Massachusetts 10.9 7.6 0.8 2.3 
California 10.7 7.5 1 2.2 
Medicare, surgical patients 
 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 
California 10.7 7.5 1 2.2 
 
Nevada 12.8 9.6 1.1 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 

16.59 ± 12.53 
13.00 ± 10.24 
17.36 ± 11.19 
18.39 ± 9.31 
21.58 ± 9.25 
22.57 ± 11.85 
Decubitus ulcer 
6.31 ± 3.80 
7.52 ± 4.13 
9.01 ± 3.62 
6.61 ± 2.58 
5.22 ± 2.90 
6.57 ± 4.44 
4.57 ± 2.86 
6.37 ± 2.94 
4.43 ± 2.56 
3.08 ± 1.63 
9.20 ± 5.21 
Pulmonary failure 
3.53 ± 3.20 
0.18 ± 0.23 
1.09 ± 0.82 
1.57 ± 1.15 
1.17 ± 0.95 
2.19 ± 2.09 
2.04 ± 7.81 
0.72 ± 0.51 
1.23 ± 0.85 
1.09 ± 0.62 
3.90 ± 1.44 
1.24 ± 0.84 
Pressure ulcers 
6.31 ± 3.80 
7.52 ± 4.13 
9.01 ± 3.62 
6.61 ± 2.58 
5.22 ± 2.90 
6.57 ± 4.44 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Massachusetts 10.9 7.6 0.8 2.3 
California 10.7 7.5 1 2.2 
Medicare, medical patients 
 10.6 7.8 1.7   
Medicare, surgical patients 
 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 
California 10.7 7.5 1 2.2 
 
 
Nevada 12.8 9.6 1.1 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Massachusetts 10.9 7.6 0.8 2.3 
California 10.7 7.5 1 2.2 
Medicare, medical patients 
 10.6 7.8 1.7   
Medicare, surgical patients 
 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 

4.75 ± 2.86 
6.37 ± 2.94 
4.43 ± 2.56 
3.08 ± 1.63 
9.20 ± 5.21 
 
6.78 ± 5.34 
 
8.13 ± 8.31 
2.99 ± 4.10 
6.55 ± 5.01 
7.07 ± 6.35 
6.47 ± 9.22 
6.97 ± 6.19 
4.63 ± 4.31 
2.87 ± 3.18 
3.89 ± 4.87 
4.11 ± 3.25 
6.24 ± 6.06 
6.93 ± 7.98 
Deep vein thrombosis, 
pulmonary embolism 
0.57 ± 0.31 
0.48 ± 0.24 
0.59 ± 0.34 
0.50 ± 0.22 
0.43 ± 0.23 
0.40 ± 0.17 
0.52 ± 0.39 
0.64 ± 0.44 
0.45 ± 0.19 
0.34 ± 0.19 
0.51 ± 0.32 
 
0.68 ± 0.47 
 
0.85 ± 1.10 
0.19 ± 0.20 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 
California 10.7 7.5 1 2.2 
 
Medicare, surgical patients 
 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 
California 10.7 7.5 1 2.2 
 
Nevada 12.8 9.6 1.1 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Massachusetts 10.9 7.6 0.8 2.3 
California 10.7 7.5 1 2.2 
Medicare, medical patients 
 10.6 7.8 1.7   

0.44 ± 0.30 
0.49 ± 0.39 
0.36 ± 0.37 
0.77 ± 0.86 
0.36 ± 0.30 
0.46 ± 0.47 
0.41 ± 0.36 
0.27 ± 0.24 
0.77 ± 0.42 
0.35 ± 0.39 
Surgical wounds infection 
 
1.09 ± 1.30 
0.85 ± 0.46 
0.91 ± 0.58 
0.91 ± 0.52 
0.70 ± 0.53 
0.38 ± 0.52 
0.69 ± 0.52 
0.73 ± 0.45 
0.67 ± 0.56 
0.72 ± 0.39 
0.85 ± 0.40 
0.83 ± 0.58 
Sepsis 
1.47 ± 0.49 
1.30 ± 0.56 
1.53 ± 0.63 
1.04 ± 0.78 
0.49 ± 0.35 
1.12 ± 0.54 
1.00 ± 0.73 
1.10 ± 0.60 
1.58 ± 0.78 
0.35 ± 0.19 
1.71 ± 1.04 
 
1.33 ± 0.98 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Medicare, surgical patients 
 10.6 7.8 1.7   
Massachusetts 10.9 7.6 0.8 2.3 
New York 11.3 7.2 1.2 2.8 
Maryland 11.2 8.2 0.6 2.4 
Virginia 12.2 8.6 1.9 1.9 
West Virginia 11.8 7.1 2.2 2.9 
South Carolina 11.7 7.7 2 2.2 
Wisconsin 12.7 8.9 0.9 3 
Missouri 12.7 8.9 0.9 2.9 
Arizona 12.4 9.9 0.7 1.9 
Nevada 12.8 9 1.1 2.3 
California 10.7 7.5 1 2.2 
 
Increase by 1 hour of RN hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in LPN hours in surgical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours in medical patients 
Increase by 1 hour in total nursing hours in surgical patients 
Increase by 1 hour in licensed hours/patient-day in medical patients
increase by 1% of RN hours/total licensed hours per patient day in 
medical patients 
Increase by 1 hour in licensed hours/patient-day in surgical patients
Increase by 1 hour in RN hours in medical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in licensed hours in medical patients 
Increase in total nurse hours in medical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN in surgical patients 
Increase by 1 hour in licensed hours in surgical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours 
Increase by 1 hour in RN hours in medical patients, hospital level 
analysis, California hospitals 

 
2.37 ± 2.35 
0.15 ± 0.23 
1.06 ± 0.80 
1.35 ± 0.85 
0.91 ± 0.98 
1.30 ± 1.07 
0.79 ± 0.62 
0.65 ± 0.47 
0.85 ± 0.83 
0.94 ± 0.60 
1.84 ± 0.80 
1.19 ± 0.82 
Relative risk, 95% CI 
0.99 0.98 0.99 
1.00 0.98 1.02 
1.06 1.04 1.09 
1.04 1.01 1.08 
1.00 0.98 1.01 
1.00 0.98 1.02 
1.00 1.00 1.01 
1.01 1.00 1.02 
1.00 0.99 1.01 
 
0.48 0.38 0.61 
1.01 0.99 1.02 
0.99 0.99 1.00 
1.01 1.00 1.02 
1.00 0.99 1.00 
1.00 0.99 1.01 
0.99 0.98 1.01 
0.99 0.98 1.00 
1.00 0.99 1.01 
0.99 0.99 1.00 
1.00 0.98 1.02 
1.00 0.99 1.02 
0.99 0.97 1.00 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Increase by 1 hour in LPN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing  hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of licensed nursing hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours/patient-day in medical patients, 
unit level analysis, California hospitals 
Increase by 1 hour in total nursing hours in medical patients, unit 
level analysis, California hospitals. 
Increase by 1 hour of total licensed hours in medical patients, unit 
level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical  patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, unit 
level analysis, California hospitals 

1.10 1.03 1.17 
 
1.00 0.97 1.03 
 
1.00 0.98 1.01 
 
1.00 0.99 1.02 
 
0.98 0.96 1.00 
 
1.05 0.99 1.12 
 
0.99 0.95 1.02 
 
0.99 0.97 1.01 
 
0.99 0.97 1.01 
 
0.87 0.77 0.99 
 
1.02 0.93 1.11 
 
1.00 0.95 1.05 
 
1.00 0.98 1.03 
 
0.89 0.80 0.99 
 
0.64 0.30 1.37 
 
0.77 0.59 0.99 
 
1.03 0.94 1.13 
 
1.01 0.95 1.08 
 
0.81 0.66 0.98 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Increase by 1 hour in licensed hours in surgical patients, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours (RN + LPN) 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 hour of RN in surgical patients 
Increase by 1 hour of RN in medical patients 
 
Increase by 1 hour of RN hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in LPN hours in surgical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours in medical patients 
Increase by 1 hour in total nursing hours in surgical patients 
Increase by 1 hour in licensed hours/patient-day in medical patients
increase by 1% of RN hours/total licensed hours per patient day in 
medical patients 
Increase by 1 hour in licensed hours/patient day in surgical patients 
Increase by 1 hour in RN hours in medical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in licensed hours in medical patients 
Increase in total nurse hours in medical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN in surgical patients 
Increase by 1 hour in licensed hours in surgical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours 
Increase by 1 hour in RN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, hospital level 
analysis, California hospitals 

0.70 0.48 1.04 
 
0.49 0.37 0.61 
1.01 0.99 1.02 
0.99 0.99 1.00 
1.00 0.99 1.02 
1.00 0.99 1.00 
1.00 0.99 1.01 
1.00 0.99 1.01 
1.00 0.98 1.02 
0.99 0.98 1.00 
Gastrointestinal bleeding 
0.98 0.97 0.99 
0.98 0.96 1.01 
1.02 0.98 1.06 
1.03 0.96 1.10 
1.00 0.98 1.02 
1.00 0.97 1.04 
0.99 0.98 1.01 
0.99 0.97 1.01 
0.99 0.97 1.00 
0.66 0.45 0.96 
 
0.99 0.96 1.01 
0.99 0.99 1.00 
0.99 0.98 1.01 
0.99 0.99 1.00 
0.99 0.97 1.00 
1.00 0.97 1.02 
0.98 0.98 0.99 
1.00 0.98 1.02 
0.99 0.98 0.99 
1.00 0.95 1.04 
0.99 0.97 1.02 
0.98 0.96 1.00 
 
1.02 0.93 1.11 
 



 
Table G11.  Evidence of the association between nurse hours/patient day and patient outcomes (continued) 
 

 

G
-118

Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Increase by 1 hour in UAP hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing  hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of  licensed nursing  hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1hour of RN hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours/patient-day in medical patients, 
unit level analysis, California hospitals 
Increase by 1 hour in total nursing hours in medical patients, unit 
level analysis, California hospitals. 
Increase by 1 hour of total licensed hours in medical patients, unit 
level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical  patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, unit 
level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, unit level 
analysis, California hospitals 

0.99 0.95 1.04 
 
0.99 0.97 1.01 
 
0.98 0.96 1.01 
 
0.98 0.95 1.01 
 
1.01 0.92 1.10 
 
0.99 0.93 1.04 
 
0.99 0.96 1.01 
 
0.98 0.95 1.02 
 
1.01 0.98 1.05 
 
1.05 0.91 1.20 
 
1.00 0.93 1.08 
 
0.85 0.67 1.09 
 
1.02 0.98 1.06 
 
0.72 0.22 2.37 
 
1.03 0.98 1.08 
 
1.09 0.94 1.26 
 
0.96 0.88 1.06 
 
0.74 0.57 0.96 
 
1.04 0.99 1.09 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

1% increase in RN hours/total licensed hours (RN + LPN) 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 hour of RN in medical patients 
 
Increase by 1 hour of RN hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in LPN hours in surgical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours in medical patients 
Increase by 1 hour in total nursing hours in surgical patients 
Increase by 1 hour in licensed hours/patient-day in medical patients
increase by 1% of RN hours/total licensed hours per patient day in 
medical patients 
Increase by 1 hour in licensed hours/patient day in surgical patients 
Increase by 1 hour in RN hours in medical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in licensed hours in medical patients 
Increase in total nurse hours in medical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN in surgical patients 
Increase by 1 hour in licensed hours in surgical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours 
Increase by 1 hour in RN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in medical patients, 

0.66 0.41 0.90 
0.99 0.96 1.01 
0.99 0.98 0.99 
0.99 0.96 1.02 
0.99 0.99 1.00 
0.99 0.97 1.00 
0.99 0.97 1.00 
0.98 0.97 0.99 
Pneumonia 
0.99 0.98 1.00 
1.00 0.98 1.03 
1.05 1.01 1.08 
1.07 1.01 1.14 
1.00 0.99 1.02 
1.00 0.97 1.04 
1.00 0.99 1.01 
1.02 1.00 1.05 
1.00 0.99 1.01 
 
0.59 0.44 0.80 
1.02 0.99 1.04 
1.00 0.99 1.00 
1.01 1.00 1.02 
1.00 0.99 1.00 
1.10 1.01 1.19 
1.00 1.10 0.91 
0.99 0.98 1.00 
0.99 0.98 1.01 
0.99 0.98 1.00 
1.01 0.97 1.05 
1.03 1.00 1.05 
0.99 0.97 1.01 
 
1.08 1.01 1.15 
 
0.99 0.96 1.02 
 
1.00 0.99 1.01 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

hospital level analysis, California hospitals 
Increase by 1 hour of licensed nursing hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in medical patients, unit level 
analysis, California hospitals 
Increase by1 hour in LPN hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours/patient day in medical patients, 
unit level analysis, California hospitals 
Increase by 1 hour in total nursing hours in medical patients, unit 
level analysis, California hospitals. 
Increase by 1 hour of total licensed hours in medical patients, unit 
level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical  patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, unit 
level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours (RN + LPN) 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 

 
1.00 0.99 1.02 
 
0.98 0.96 1.00 
 
1.04 0.97 1.10 
 
0.98 0.95 1.02 
 
0.99 0.97 1.01 
 
0.99 0.97 1.01 
 
1.02 0.99 1.04 
 
1.06 0.95 1.19 
 
1.07 1.01 1.14 
 
1.03 1.01 1.06 
 
1.02 0.99 1.05 
 
0.66 0.26 1.69 
 
1.02 0.98 1.07 
 
1.06 0.95 1.19 
 
1.06 0.98 1.14 
 
1.03 0.99 1.08 
 
1.03 0.99 1.07 
 
0.61 0.42 0.79 
1.02 0.99 1.04 
0.99 0.98 0.99 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 hour of RN in medical patients 
 
Increase by 1 hour of RN hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in LPN hours in surgical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours in medical patients 
Increase by 1 hour in total nursing hours in surgical patients 
Increase by 1 hour in licensed hours/patient-day in medical patients
Increase by 1% of RN hours/total licensed hours per patient day in 
medical patients 
Increase by 1 hour in licensed hours/patient day in surgical patients 
Increase by 1 hour in RN hours in medical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in licensed hours in medical patients 
Increase in total nurse hours in medical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN in surgical patients 
Increase by 1 hour in licensed hours in surgical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours 
Increase by 1 hour in RN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing  hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of licensed nursing  hours in medical patients, 
hospital level analysis, California hospitals 

1.02 0.99 1.04 
1.00 0.99 1.00 
1.00 0.99 1.01 
1.00 0.99 1.01 
0.99 0.98 1.00 
Shock 
0.98 0.96 1.00 
0.99 0.96 1.02 
1.07 1.01 1.12 
1.04 0.98 1.11 
1.02 0.98 1.05 
0.98 0.94 1.03 
0.84 0.71 0.99 
0.99 0.97 1.01 
1.00 0.97 1.02 
0.46 0.27 0.81 
 
1.00 0.97 1.02 
0.99 0.98 1.00 
1.03 1.01 1.05 
1.00 0.99 1.01 
1.00 0.99 1.02 
1.03 0.99 1.06 
0.99 0.98 1.00 
1.03 1.01 1.04 
1.00 0.99 1.00 
1.01 0.96 1.06 
1.00 0.98 1.03 
0.97 0.94 1.00 
 
1.17 1.04 1.31 
 
1.08 1.01 1.16 
 
1.02 0.99 1.04 
 
1.00 0.97 1.03 
 



 
Table G11.  Evidence of the association between nurse hours/patient day and patient outcomes (continued) 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Increase by 1 hour of RN hour in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours/patient day in medical patients, 
unit level analysis, California hospitals 
Increase by 1 hour in total nursing hours in medical patients, unit 
level analysis, California hospitals. 
Increase by 1 hour of total licensed hours in medical patients, unit 
level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical  patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, unit 
level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours (RN + LPN) 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 

0.97 0.92 1.01 
 
1.08 0.95 1.21 
 
1.08 1.00 1.17 
 
1.01 0.97 1.05 
 
0.99 0.27 3.62 
 
0.97 0.94 1.00 
 
1.18 1.06 1.32 
 
1.01 0.94 1.08 
 
1.00 0.97 1.03 
 
0.99 0.96 1.03 
 
0.22 0.09 0.57 
 
1.55 1.12 2.15 
 
1.21 1.07 1.36 
 
1.94 1.11 3.40 
 
1.01 0.97 1.06 
 
1.68 1.05 2.69 
 
0.49 0.21 0.77 
1.00 0.97 1.02 
1.00 0.99 1.00 
1.00 0.97 1.03 
1.00 0.99 1.01 
1.00 0.97 1.02 



 
Table G11.  Evidence of the association between nurse hours/patient day and patient outcomes (continued) 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Increase by 1 licensed hour (RN +LPN)/patient day 
Increase by 1 hour of RN in medical patients 
 
Increase by 1 hour of RN hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in LPN hours in surgical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours in medical patients 
Increase by 1 hour in total nursing hours in surgical patients 
Increase by 1 hour in licensed hours/patient-day in medical patients
Increase by 1% of RN hours/total licensed hours per patient day in 
medical patients 
Increase by 1 hour in licensed hours/patient day in surgical patients 
Increase by 1 hour in RN hours in medical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in licensed hours in medical patients 
Increase in total nurse hours in medical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN in surgical patients 
Increase by 1 hour in licensed hours in surgical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours 
Increase by 1 hour in RN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing  hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of  licensed nursing  hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in medical patients, unit level 
analysis, California hospitals 
Increase by1 hour in LPN hours in medical patients, unit level 

1.00 0.97 1.02 
0.98 0.96 1.01 
Failure to rescue 
1.00 0.99 1.01 
0.98 0.96 0.99 
1.02 1.00 1.04 
1.01 0.97 1.06 
1.01 1.00 1.03 
1.02 0.99 1.04 
1.01 1.00 1.01 
0.99 0.98 1.01 
1.00 0.99 1.01 
0.81 0.66 1.00 
 
0.98 0.97 1.00 
1.00 0.99 1.00 
1.01 1.00 1.01 
1.00 1.00 1.00 
1.01 1.00 1.01 
1.01 1.00 1.03 
0.97 0.95 1.00 
1.01 1.00 1.02 
1.00 0.99 1.00 
1.01 0.98 1.04 
0.99 0.97 1.00 
0.99 0.98 1.00 
 
1.05 1.00 1.11 
 
1.03 1.01 1.06 
 
1.01 0.99 1.02 
 
1.00 0.98 1.01 
 
0.99 0.97 1.01 
 
1.04 0.99 1.09 



 
Table G11.  Evidence of the association between nurse hours/patient day and patient outcomes (continued) 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

analysis, California hospitals 
Increase by 1 hour in UAP hours/patient day in medical patients, 
unit level analysis, California hospitals 
Increase by 1 hour in total nursing hours in medical patients, unit 
level analysis, California hospitals. 
Increase by 1 hour of total licensed hours in medical patients, unit 
level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical  patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, unit 
level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours (RN + LPN) 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 hour of RN in surgical patients 
Increase by 1 hour of RN in medical patients 

 
1.03 1.00 1.06 
 
1.00 0.99 1.02 
 
1.00 0.98 1.02 
 
0.96 0.94 0.99 
 
1.09 1.00 1.19 
 
1.00 0.96 1.05 
 
1.90 1.29 2.79 
 
1.12 1.03 1.22 
 
0.45 0.22 0.92 
 
0.96 0.92 0.99 
 
1.07 0.97 1.17 
 
1.01 0.95 1.06 
 
0.98 0.95 1.01 
 
1.41 1.00 1.99 
 
0.80 0.64 0.97 
0.98 0.97 1.00 
1.00 0.99 1.00 
0.98 0.96 1.00 
1.00 1.00 1.00 
1.00 0.99 1.01 
1.00 1.00 1.01 
0.98 0.96 0.99 
1.00 0.99 1.01 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

 
 
Increase by 1 hour of RN hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in LPN hours in surgical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours in medical patients 
Increase by 1 hour in total nursing hours in surgical patients 
Increase by 1 hour in licensed hours/patient-day in medical patients
Increase by 1% of RN hours/total licensed hours per patient day in 
medical patients 
Increase by 1 hour in licensed hours/patient day in surgical patients 
Increase by 1 hour in RN hours in medical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in licensed hours in medical patients 
Increase in total nurse hours in medical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN in surgical patients 
Increase by 1 hour in licensed hours in surgical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours in surgical patients 
Increase by 1 hour in RN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing  hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of licensed nursing hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in medical patients, unit level 
analysis, California hospitals 
Increase by1 hour in LPN hours in medical patients, unit level 
analysis, California hospitals 

Deep vein thrombosis, 
pulmonary embolism 
1.01 0.99 1.03 
1.03 1.00 1.06 
0.97 0.93 1.01 
1.01 0.94 1.08 
1.01 0.98 1.03 
1.01 0.96 1.05 
1.00 0.98 1.02 
1.02 1.00 1.05 
1.01 0.99 1.02 
1.39 0.92 2.11 
 
1.03 1.00 1.05 
1.00 0.99 1.01 
0.99 0.97 1.00 
1.00 0.99 1.01 
1.00 0.99 1.02 
1.00 0.97 1.04 
1.00 0.99 1.01 
0.97 0.95 0.99 
1.00 0.99 1.01 
0.99 0.95 1.04 
1.01 0.99 1.04 
1.00 0.98 1.03 
 
0.91 0.83 1.01 
 
1.01 0.95 1.07 
 
1.00 0.97 1.02 
 
0.99 0.96 1.02 
 
1.02 0.98 1.06 
 
0.50 0.27 0.95 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Increase by 1 hour in UAP hours/patient day in medical patients, 
unit level analysis, California hospitals 
Increase by 1 hour in total nursing hours in medical patients, unit 
level analysis, California hospitals. 
Increase by 1 hour of total licensed hours in medical patients, unit 
level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical  patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, unit 
level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours (RN + LPN) 
Increase by 1 hour of RN hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in LPN hours in surgical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours in medical patients 
Increase by 1 hour in total nursing hours in surgical patients 
Increase by 1 hour in licensed hours/patient day in medical patients 

1.04 0.96 1.12 
 
1.02 0.98 1.06 
 
1.01 0.97 1.05 
 
1.07 1.03 1.11 
 
1.05 0.85 1.29 
 
1.02 0.93 1.12 
 
1.06 1.02 1.10 
 
1.07 1.02 1.12 
 
0.03 0.00 0.66 
 
1.11 1.05 1.17 
 
1.09 0.89 1.33 
 
1.03 0.92 1.14 
 
1.09 1.03 1.15 
 
1.55 0.18 13.15 
Sepsis 
1.04 1.01 1.08 
1.01 0.98 1.03 
0.96 0.93 1.00 
1.00 0.95 1.05 
1.01 0.98 1.03 
0.99 0.96 1.03 
1.00 0.98 1.01 
1.00 0.98 1.02 
0.99 0.98 1.00 
1.34 0.91 1.97 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Increase by 1% of RN hours/total licensed hours per patient day in 
medical patients 
Increase by 1 hour in licensed hours/patient day in surgical patients 
Increase by 1 hour in RN hours in medical patients 
Increase by 1 hour in LPN hours in medical patients 
Increase by 1 hour in licensed hours in medical patients 
Increase in total nurse hours in medical patients 
Increase by 1 hour in UAP hours in medical patients 
Increase by 1 hour in RN hours in surgical patients 
Increase by 1 hour in LPN in surgical patients 
Increase by 1 hour in licensed hours in surgical patients 
Increase by 1 hour in UAP hours in surgical patients 
Increase by 1 hour in total nursing hours 
Increase by 1 hour in RN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in medical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of licensed nursing hours in medical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in medical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours/patient day in medical patients, 
unit level analysis, California hospitals 
Increase by 1 hour in total nursing hours in medical patients, unit 
level analysis, California hospitals 
Increase by 1 hour of total licensed hours in medical patients, unit 
level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, hospital level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, hospital level 

1.01 0.99 1.03 
 
1.00 0.99 1.01 
0.98 0.97 0.99 
0.99 0.99 1.00 
0.99 0.98 1.01 
1.01 0.99 1.04 
0.99 0.98 0.99 
0.98 0.96 0.99 
0.96 0.95 0.97 
1.01 0.97 1.04 
0.99 0.97 1.01 
1.01 0.99 1.04 
0.96 0.88 1.06 
 
1.02 0.97 1.07 
 
1.01 0.99 1.03 
 
1.00 0.98 1.03 
 
1.02 0.98 1.05 
 
0.96 0.88 1.05 
 
1.02 0.96 1.08 
 
1.01 0.98 1.04 
 
1.01 0.97 1.04 
 
1.01 0.98 1.04 
 
1.00 0.89 1.13 
 
1.02 0.96 1.08 
 
0.59 0.31 1.14 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours in surgical patients, 
hospital level analysis, California hospitals 
Increase by 1 hour of RN hours in surgical  patients, unit level 
analysis, California hospitals 
Increase by 1 hour in LPN hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in UAP hours in surgical patients, unit level 
analysis, California hospitals 
Increase by 1 hour in total nursing hours in surgical patients, unit 
level analysis, California hospitals 
Increase by 1 hour in licensed hours in surgical patients, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours (RN + LPN) 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 
Increase by 1 licensed hour (RN + LPN)/patient day 

 
1.01 0.98 1.04 
 
0.12 0.01 1.01 
 
1.03 0.98 1.08 
 
1.06 0.94 1.19 
 
1.02 0.95 1.08 
 
1.03 0.99 1.07 
 
1.04 1.00 1.09 
 
1.39 0.85 1.94 
 
1.01 0.98 1.03 
0.99 0.98 0.99 
0.99 0.96 1.01 
0.99 0.99 1.00 
0.99 0.97 1.00 
0.99 0.98 1.01 

Potter40  
Medical records; (number of 
falls on a unit/number of 
patient days) * 1,000. 
Administrative hospital data; 
an average number of nursing 
care per patient day on the 
day shift, proportion of UAP 
hours of direct patient care 

Hospitals 1 
Unit ICU 
Patients Medical 

Period Hour RN hour 
Means in time period Feb-Apr 2000 3 1.67 
Means in time period May-Jul 2000 3 1.61 
Means in time period Aug-Oct 2000 3 1.69 
Means in time period Nov 2000-Jan 2001 3 1.77 

Falls, rate/100 patient days 
0.30 
0.29 
0.30 
0.23 

Ritter-Teitel69 
Hospital Incidence reports; 
% of patients with urinary tract 
infections not presented at 
admission among total 
discharged or sampled 

Hospitals 28 Time, Place Hour RN hours UAP hours 
 
1997 9.3 5.1 2.4 
1998 9.6 5.3 2.6 
Medical Units 1997 9.2 5.0 2.5 
Medical Units 1998 9.8 5.5 2.7 

Rate, % ± SD 
Urinary tract infection 
2.09 ± 2.25 
2.53 ± 2.29 
2.25 ± 2.36 
2.61 ± 2.46 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

patients, % of patients with 
pressure ulcers, number of 
events/1,000 patient days. 
Labor Productivity Program 
Database and nurse survey; 
Total nursing hours worked/ 
patient-day, RN hours 
worked/patient day, UAP 
hours worked/patient day 

Surgical Units 1997 9.4 5.2 2.3 
Surgical Units 1998 9.4 5.1 2.6 
 
1997 9.3 5.1 2.4 
1998 9.6 5.3 2.6 
Medical Units 1997 9.2 5.0 2.5 
Medical Units 1998 9.8 5.5 2.7 
Surgical Units 1997 9.4 5.2 2.3 
Surgical Units 1998 9.4 5.1 2.6 
 
1997 9.3 5.1 2.4 
1998 9.6 5.3 2.6 
Medical Units 1997 9.2 5.0 2.5 
Medical Units 1998 9.8 5.5 2.7 
Surgical Units 1997 9.4 5.2 2.3 
Surgical Units 1998 9.4 5.1 2.6 
  
Increase by 1 hour in RN hours 
 
Increase by 1 hour in RN hours 
Increase by 1 hour in RN hours 
 
Increase by 1hour in RN hours in medical units 
Increase by 1hour in RN hours in surgical units 

1.93 ± 2.18 
2.45 ± 2.16 
Falls 
0.32 ± 0.20 
0.34 ± 0.16 
0.40 ± 0.21 
0.41 ± 0.17 
0.24 ± 0.14 
0.27 ± 0.12 
Pressure ulcers 
2.42 ± 2.10 
2.06 ± 1.66 
2.33 ± 2.12 
2.23 ± 1.94 
2.50 ± 2.11 
1.88 ± 1.33 
Urinary tract infection 
-0.18 ± 1.24 
Falls 
-0.42 ± 0.90 
-0.24 ± 1.18 
Falls 
-0.49 ± 0.87 
-0.15 ± 0.96 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Robert6 
Case—all patients 
hospitalized in ICU >3 days 
with a primary BSI during the 
study period. Controls—
randomly selected patients 
hospitalized ≥3 days in the 
same unit; primary 
bloodstream infections (BSIs) 
(CDC), Index date for cases- 
the day of 1 positive blood 
culture; for controls = (cases 
LOS before BSI/total cases 
LOS) * control total LOS. 
Administrative hospital data; 
total nursing hours-patient 
day 

Hospitals 1 
Unit ICU 
Patients Surgical 

 Hour/patient day 
 
Lower % of temporary nurses 13.5 
High proportion of temporary nurses 12.8 
 
Lower % of temporary nurses 13.5 
High proportion of temporary nurses 12.8 

Nosocomial infection 
Rate/100 patient days 
1.00 
3.20 
Relative risk 
1.00 1.00 1.00 
3.20 1.20 8.20 

Seago93 
Incident reporting system; 
Decubitus ulcers, rate/1,000 
patient days. 
ANSOS/TSI database; 
Both RN and non-RN hours 
divided by total patient day, 
RN hours divided by total 
patient days 

Hospitals 1 
Unit Combined 
Patients Medical 

 Nursing hours RN hours 
 
Medical surgical unit A 8 6 
Medical surgical unit B 8 8 
Medical surgical unit C 7 5 
 
Medical surgical unit A 8 6 
Medical surgical unit B 8 8 
Medical surgical unit C 7 5 

Rate  per 100 patient days ± SD 
Decubitus ulcer 
0.78 ± 0.09 
0.02 ± 0.05 
0.05 ± 0.08 
Falls 
0.35 ± 0.20 
0.19 ± 0.19 
0.45 ± 0.25 
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G
-131

Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Simmonds82 
Active  microbiological 
surveillance of all chronic 
patients admitted for >30 
days of hemodialysis; 
volunteering patient 
participation in other units 
% of patients with positive 
colonization of vancomycin-
resistant enterococci 48 hours 
after admission to the hospital 
and after surgery. 
Administrative reports of 
Patient Care Manager and 
Nursing Workload Specialist; 
Integrated Nursing System 
database; 
Total nursing FTE per shift * 8 
hours/beds in the units 

Hospitals 1 
Unit Specialized 
Patients Medical 
Age 68.75 
Sex 55.8 

Nursing hours   RN hours 
 5.5 4.2 
 5.7 4.3 
 5.9 4.3 
 6.0 4.4 
 5.5   
 5.7   
 5.9   
 6.0   

Rate % 
1.61 
3.29 
4.97 
6.65 
1.56 
1.33 
1.11 
1.11 

Sovie71 
Incident reports; nosocomial 
infection (not present at 
admission or within 72 hours 
after); the number of 
infections / number of patients 
discharged  * 100 at hospital 
level, any lesions caused by 
unrelieved pressure not 
presented in admission; 
annual rate (%) at hospital 
level, any fall or slip in which 
a patient came to rest 
unintentionally on the floor; 
the ratio of the number of falls 
in a unit (or area) to the 
number of patient days * 
1000. 
The MECON-PEERx 

Hospitals 29 
Unit Combined 
Patients Combined 
 

 
Hospital nursing department, 1997 
Nurse hours  RN hours UAP hours 
 14 8.45 3 
Hospital nursing department, 1998 
Nurse hours  RN hours UAP hours 
 13 8.09 3 
Medical units, 1997 
Nurse hours  RN hours UAP hours 
 9.1 5.1 2 
Medical units 1998 
Nurse hours  RN hours UAP hours 
 9.8 5.52 3 
Surgical units, 1997 
Nurse hours  RN hours UAP hours 
 9.3 5.18 2 
Surgical units, 1998 
Nurse hours  RN hours  UAP hours 
 9.4 5.15 3 

Rate, % ± SD 
UTI 
 
2.64 ± 1.67 
 
 
2.02 ± 1.43 
 
 
2.17 ± 2.49 
 
 
2.61 ± 2.56 
 
 
1.87 ± 2.29 
 
 
2.45 ± 2.24 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Operations Benchmarking 
Database Reports; the office 
of the chief nurse executives; 
nursing survey; 
Hours Worked per patient 
day, RN hours worked per 
patient day, UAP hours 
worked per patient day 

 
Hospital nursing department, 1997 
Nurse hours  RN hours UAP hours 
 14 8.45 3 
Hospital nursing department, 1998 
Nurse hours   RN hours  UAP hours 
 13 8.09 3 
Medical units, 1997 
Nurse hours   RN hours  UAP hours 
 9.1 5.1 2 
Medical units 1998 
Nurse hours   RN hours  UAP hours 
9.8 5.52 3 
Surgical units, 1997 
Nurse hours  RN hours UAP hours 
 9.3 5.18 2 
Surgical units, 1998 
Nurse hours  RN hours UAP hours 
 9.4 5.15 3 
 
Hospital nursing department, 1997 
Nurse hours  RN hours UAP hours 
 14 8.45 3 
Hospital nursing department, 1998 
Nurse hours  RN hours UAP hours 
 13 8.09 3 
Medical units, 1997 
Nurse hours  RN hours UAP hours 
 9.1 5.1 2 
Medical units 1998 
Nurse hours  RN hours UAP hours 
 9.8 5.52 3 
Surgical units, 1997 
Nurse hours  RN hours UAP hours 
 9.3 5.18 2 
Surgical units, 1998 
Nurse hours  RN hours UAP hours 
 9.4 5.15 3 

Falls 
 
2.88 ± 1.20 
 
 
 
2.95 ± 0.91 
 
 
3.97 ± 2.10 
 
 
4.11 ± 1.68 
 
 
2.42 ± 1.41 
 
 
2.69 ± 1.19 
Pressure Ulcers 
 
 
3.53 ± 1.82 
 
 
3.14 ± 2.63 
 
 
2.61 ± 2.56 
 
 
2.23 ± 1.94 
 
2.68 ± 2.22 
 
 
 
1.88 ± 1.33 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

 
Increase by 1 hour in RN hours 
 
Increase by 1 hour in total nursing hours 
 
Increase by 1 hour in total nursing hours 
 
Increase by 1 hour in total nursing hours 

Falls 
-0.43 ± 0.18 
UTI 
-0.65 ± 0.23 
Falls 
-0.33 ± 0.14 
Pressure ulcers 
-0.32 ± 0.15 

Stegenga78 
Patients and laboratory 
records 
Nosocomial viral 
gastrointestinal infections 
(NVGIs) (CDC definition). 
Rate = number of NVGIs / 
1,000 patient days. 
Administrative hospital 
records; 
Total nursing hours/patient 
day. Total hours included 
educational and overtime 
hours but not vacation. Total 
hours were calculated 72 
hours before and after 
infection event 

Hospitals 1 
Unit ICU 
Patients Medical 

  Nursing hours 
 
Preinfection night shifts 12.5 
Postinfection night shifts 13 
Nursing hours/patient days >10.5 12 
Nursing hours/patient days <10.5 6.5 
 
Nursing hours/patient days >10.5 12 
Nursing hours/patient days <10.5 6.5 

Nosocomial infection/100 
patient days 
1.30 
0.00 
1.01 
3.21 
Relative risk, 95% CI 
1.00 1.00 1.00 
2.94 2.16 4.01 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Stratton91 
Medical records, hospital 
incidence and infection 
control records, surveys 
rate/1,000 patient days of 
respiratory, gastrointestinal, 
bloodstream and central line 
infections in hospitalized 
patients not present at time of 
admission; rate/1,000 patient 
days of bloodstream and 
central line infections in 
hospitalized patients not 
present at time of admission. 
Payroll records from the 
National Association of 
Children's Hospitals and 
Related Institutions 
(NACHRI); 
Average in each quarter 2002 
of total hours of productive 
nursing care/patient day 
adjusted for short-stay 
patients 

Hospitals = 7 
Units 
Medical/surgical units, 
quarter 1 
Medical/surgical units, 
quarter 2 
Medical/surgical units, 
quarter 3 
Medical/surgical units, 
quarter 4 
Oncology units, quarter 1
Oncology units, quarter 2
Oncology units, quarter 3
Oncology units, quarter 4
ICU units, quarter 1 
ICU units, quarter 2 
ICU units, quarter 3 
ICU units, quarter 4 
All units, quarter 1 
All units, quarter 2 
All units, quarter 3 
All units, quarter 4 

Nursing hours RN hours LPN hours Aide hours 
 
 9.54 7.04 0.22 2.28 
 
 9.98 7.26 0.21 2.51 
 
 10.5 7.65 0.22 2.63 
 
 9.97 7.46 0.19 2.33 
 
 11.33 9.4 0.33 1.55 
 11.37 8.93 0.47 1.92 
 12.77 10.1 0.46 2.16 
 12.41 9.9 0.36 2.06 
 18.86 16.8 0.02 2.02 
 19.37 17.1 0.03 2.3 
 20.2 17.6 0.03 2.55 
 19.59 17.3 0.02 2.32 
 13.1       
 13.5       
 14.25       
 13.72       
Increase by 1 hour in total nursing hours 

Nosocomial infection 
Rate/100 patient days ± SD 
0.75 ± 0.69 
 
0.53 ± 0.67 
 
0.71 ± 0.77 
 
0.64 ± 0.43 
 
0.65 ± 0.23 
0.62 ± 0.39 
0.71 ± 0.59 
0.85 ± 0.50 
0.73 ± 0.56 
1.03 ± 0.96 
0.80 ± 0.69 
0.95 ± 0.71 
0.51 ± 0.08 
0.79 ± 0.17 
0.66 ± 0.12 
0.56 ± 0.17 
0.01 ± 0.03 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Tallier83 
Hospital acquired 
retrospective data; 
Nosocomial urinary tract 
infection, incidence rate/1,000 
patient day developed 72 
hours after admission 
Pressure ulcers-Incidence 
rate/1,000 patient days 
developed more than 72 
hours after admission. 
Nursing Care hours reports, 
Nursing Daily Staffing Sheets; 
total productive nursing 
hours/patient day 

Hospitals 1 
Unit Combined 
Patients Medical 

Time Nurse hours  RN hours LPN hours UAP hours
2000, 4th quarter 5.84       
2001, 1st quarter 5.67       
October 2000 6.2 5.85 0.87 3.58 
November 2000 5.77 5.87 1 3.31 
December 2000 5.76 5.5 0.93 3.29 
January 2001 5.69 6.88 1.08 3.67 
February 2001 5.27 6.64 1.04 3.29 
March 2001 6.05 6.83 1.11 3.41 
 
 
2000, 4th quarter 5.84       
2001, 1st quarter 5.67       
October 2000 6.2 5.85 0.87 3.58 
November 2000 5.77 5.87 1 3.31 
December 2000 5.76 5.5 0.93 3.29 
January 2001 5.69 6.88 1.08 3.67 
February 2001 5.27 6.64 1.04 3.29 
March 2001 6.05 6.83 1.11 3.41 

Rate/100 patient days 
UTI 
0.78 
0.24 
1.10 
0.90 
1.50 
0.70 
0.30 
0.30 
Pressure ulcers 
0.17 
0.29 
0.10 
0.60 
0.10 
0.90 
0.60 
0.10 

Wan52 
Hospital records;  
Falls, incidence/1,000 patient 
days adjusted for severity of 
incident 
Hospital staffing records; 
Nursing hours/patient day, 
LPN hours/total nursing hours 

Hospitals 45 
Unit Combined 
Patients Combined 

 
Increase by 1 hour in total nursing hours 
Nurse hours RN hours  LPN hours  
 4.93 2.56 1.63 

Falls, rate/100 patient days 
0.03 
 
0.31 ± 0.05 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Whitman36 
Hospital discharge data; 
The number of hospital-
acquired pressure ulcers 
(≥grade II) divided by the 
number of patients visually 
assessed by the nursing staff 
for skin breakdown; number 
of unplanned descents to the 
floor with or without injury 
times 1,000 divided by the 
total number of patient days 
on each unit; number of 
nosocomial CLI times 1,000 
divided by the number of 
central catheter line days (the 
number of days central 
intravenous catheters were in 
place in patients). 
Hospitals system’s finance 
department; 
Total worked hours (paid 
hours minus sick, vacation, 
and holiday hours) for all 
personnel (RN, licensed 
practical nurses, nursing 
aides, secretaries): total 
worked hours/the monthly 
patient days for each unit 

Hospitals: 10   Nurse hours 
 
Mean in noncardiac ICU 18.8 
Mean in noncardiac ICU 18.9 
Mean in noncardiac IMC 8.9 
Mean in cardiac IMC 8.4 
Mean in medical/surgical 4 
 
Mean in noncardiac ICU 18.8 
Mean in noncardiac ICU 18.9 
Mean in noncardiac IMC 8.9 
Mean in cardiac IMC 8.4 
Mean in medical/surgical 4 

Rate/100 patient days ± SD 
Falls 
0.01 ± 0.12 
0.07 ± 0.06 
0.31 ± 0.17 
0.35 ± 0.13 
0.49 ± 0.48 
Pressure ulcers 
0.07 ± 0.05 
0.11 ± 0.09 
0.05 ± 0.05 
0.03 ± 0.03 
0.03 ± 0.03 
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Author, Source to Measure 
Patient Outcomes, 

Definition of Patient 
Outcomes, Source to 

Measure Nurse Staffing, 
Definition of Nurse Hours 

Number of Hospitals, 
Units, Patient Age, % 
of Whites, % of Males, 

% of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Zidek85 
Patient records and chart 
audits 
New incidence of skin 
breakdown acquired over the 
course of the hospital stay, 
number of reported 
unplanned descent to the 
floor during the course of the 
hospital stay. 
Administrative records; 
total nursing hours/patient day 
calculated from % of RN FTE/ 
total FTE calculated from % of 
LPN FTE/total FTE calculated 
from % of UAP FTE/total FTE 

Hospitals 1 
Unit Combined 
Patients Medical and 

surgical 

  Nurse hours RN hours LPN hours UAP hours
 
1999, 1st quarter 6.6 2.1 3.84 0.73 
1999, 2nd quarter 8.4 2.6 4.73 1.1 
1999, 3rd quarter 7.3 2 4.06 1.16 
1999, 4th t quarter 8.2 2.6 4.85 0.74 
2000, 1st quarter 6.9 2.1 4.14 0.69 
2000, 2nd quarter 10.2 3.1 5.90 1.22 
2000, 3rd quarter 8.3 2.6 4.45 1.25 
2000, 4th quarter 9 3 5.13 0.9 
2001, 1st quarter 7.3 2.3 4.21 0.73 
2001, 2nd quarter 8.8 2.7 5.09 0.96 
2001, 3rd quarter 11.2 3.7 6.17 1.35 
2001, 4th quarter 8.5 2.5 4.91 1.02 

Rate, % 
Falls Pressure ulcers 
0.59 0.18 
0.45 0.05 
0.83 0.26 
0.52 0.09 
0.28 0.00 
0.25 0.06 
0.23 0.17 
0.63 0.37 
0.61 0.09 
0.62 0.24 
0.66 0.18 
0.66 0.11 

 
Dec Ulcer = Decubitus Ulcer; DRG = Diagnosis Related Group; DVT = Deep Vein Thrombosis; ICU = Intensive Care Unit; IMC = Intermediate Care; LPN = 
Licensed Practical Nurse; NICU = Neonatal Intensive Care Unit; NS = Not Significant; RN = Registered Nurse; RR = Relative Risk; SD = Standard Deviation; SWI 
= Surgical Wound Infection; UAP = Unlicensed Assistive Personnel; UTI = Urinary Tract Infection
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Table G12.  Patient outcomes corresponding to an increase by 1 nursing hour/patient day (calculated from 
published results, more studies contributed to pooled analysis) 
 

Studies Outcomes Measure Effect Significance 
Simmonds82 Nosocomial infection Rate  NS 
Ritter-Teitel69 Pressure ulcers Rate 0.29 <.0001 
Ritter-Teitel69 Urinary tract infection Rate 0.30 <.0001 
Ritter-Teitel69 Falls Rate 0.08 <.0001 
Cho30 Sepsis Rate  NS 
Cho30 Pressure ulcers Rate  NS 
Cho30 Pneumonia Rate  NS 
Cho30 Urinary tract infection Rate  NS 
Cho30 Falls Rate  NS 
Zidek85 Pressure ulcers Rate  NS 
Zidek85 Falls Rate  NS 
Tallier83 Pressure ulcers Rate*  NS 
Tallier83 Urinary tract infection Rate*  NS 
Cimiotti87 Sepsis Rate  NS 
Cimiotti87 Nosocomial infection Rate  NS 
Cimiotti87 Nosocomial infection Relative risk 0.92 0.001 
Cimiotti87 Pneumonia Rate  NS 
Stratton91 Nosocomial infection Rate* 0.04 <.0001 
Blegen59 Nosocomial infection Rate*  NS 
Blegen59 Urinary tract infection Rate* 0.24 0.010 
Blegen58 Falls Rate*  NS 
Blegen58 CPR Rate*  NS 
Robert6 Sepsis Rate*  NS 
Robert6 Sepsis Relative risk  NS 
Robert6 Nosocomial infection Rate*  NS 
Robert6 Nosocomial infection Relative risk  NS 
Blegen73 Falls Rate* 0.03 0.010 
Bolton26 Pressure ulcers Rate*  NS 
Bolton26 Falls Rate*  NS 
Sovie71 Pressure ulcers Rate 0.29 <.0001 
Sovie71 Urinary tract infection Rate 0.24 0.010 
Sovie71 Falls Rate  NS 
Stegenga78 Nosocomial infection Rate*  NS 
Stegenga78 Nosocomial infection Relative risk  NS 
Whitman36 Pressure ulcers Rate*  NS 
Whitman36 Falls Rate* -0.03 0.001 
Potter40  Falls Rate*  NS 
Langemo41 Pressure ulcers Rate  NS 
Seago93 Falls Rate*  NS 
Donaldson9 Pressure ulcers Rate*  NS 
Donaldson9 Falls Rate* -0.02 0.031 
Needleman28 Sepsis Rate  NS 
Needleman28 Shock Rate  NS 
Needleman28 Gastrointestinal bleeding Rate  NS 
Needleman28 Pressure ulcers Rate  NS 



 
 
Table G12.  Patient outcomes corresponding to an increase by 1 nursing hour/patient day (calculated from 
published results, more studies contributed to pooled analysis) (continued) 
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Studies Outcomes Measure Effect Significance 
Needleman28 Surgical wound infection Relative risk  NS 
Needleman28 Deep vein thrombosis Rate  NS 
Needleman28 Pulmonary Failure Rate  NS 
Needleman28 Pneumonia Rate  NS 
Needleman28 Urinary tract infection Rate  NS 
Needleman28 Failure to rescue Rate  NS 

 
CPR = Cardiopulmonary Resuscitation; NS = Not Significant 
* Rate per 100 patient days
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Table G13. Relative risk of patient outcomes corresponding to an increase by 1 nurse hour/patient day as reported by authors 
 

Author Data 
Analytic 

unit Hospitals Unit Patients Outcome 
Relative 

Risk 95% CI 
Needleman28 Administrative Hospital 4,156 Medical Medical UTI 1.00 1.00; 1.01 
Needleman28 Administrative Hospital 4,156 Surgical Surgical UTI 1.01 1.00; 1.02 
Needleman28 Administrative Hospital 3,357 Medical Medical UTI 1.00 0.99; 1.01 
Needleman28 Administrative Hospital 3,357 Surgical Surgical UTI 1.00 0.99; 1.02 
Needleman28 Administrative Hospital 256 Medical Medical UTI 1.00 0.98; 1.01 
Needleman28 Administrative Unit 256 Medical Medical UTI 0.99 0.97; 1.01 
Needleman28 Administrative Hospital 256 Surgical Surgical UTI 1.00 0.98; 1.03 
Needleman28 Administrative Unit 256 Surgical Surgical UTI 0.81 0.66; 0.98 
Cho38 Administrative Patient 232 Combined Combined UTI 1.02 0.95; 1.08 
Needleman28 Administrative Hospital 4,156 Medical Medical GIB 0.99 0.98; 1.01 
Needleman28 Administrative Hospital 4,156 Surgical Surgical GIB 0.99 0.97; 1.01 
Needleman28 Administrative Hospital 3,357 Medical Medical GIB 0.99 0.97; 1.00 
Needleman28 Administrative Hospital 3,357 Surgical Surgical GIB 0.99 0.97; 1.02 
Needleman28 Administrative Hospital 256 Medical Medical GIB 0.99 0.97; 1.01 
Needleman28 Administrative Unit 256 Medical Medical GIB 0.99 0.96; 1.01 
Needleman28 Administrative Hospital 256 Surgical Surgical GIB 0.85 0.67; 1.09 
Needleman28 Administrative Unit 256 Surgical Surgical GIB 0.74 0.57’ 0.96 
Needleman28 Administrative Hospital 4,156 Medical Medical Pneumonia 1.00 0.99; 1.01 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Pneumonia 1.02 1.00; 1.05 
Needleman28 Administrative Hospital 3,357 Medical Medical Pneumonia 1.10 1.01; 1.19 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Pneumonia 1.03 1.00; 1.05 
Needleman28 Administrative Hospital 256 Medical Medical Pneumonia 1.00 0.99; 1.01 
Needleman28 Administrative Unit 256 Medical Medical Pneumonia 0.99 0.97; 1.01 
Needleman28 Administrative Hospital 256 Surgical Surgical Pneumonia 1.03 1.01; 1.06 
Needleman28 Administrative Unit 256 Surgical Surgical Pneumonia 1.03 0.99; 1.08 
Cho38 Administrative Patient 232 Combined Combined Pneumonia 0.96 0.91; 1.01 
Needleman28 Administrative Hospital 4,156 Medical Medical Shock 0.84 0.71; 0.99 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Shock 0.99 0.97; 1.01 
Needleman28 Administrative Hospital 3,357 Medical Medical Shock 1.00 0.99; 1.02 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Shock 1.00 0.98; 1.03 
Needleman28 Administrative Hospital 256 Medical Medical Shock 1.02 0.99; 1.04 
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Author Data 
Analytic 

unit Hospitals Unit Patients Outcome 
Relative 

Risk 95% CI 
Needleman28 Administrative Unit 256 Medical Medical Shock 1.01 0.97; 1.05 
Needleman28 Administrative Hospital 256 Surgical Surgical Shock 1.00 0.97; 1.03 
Needleman28 Administrative Unit 256 Surgical Surgical Shock 1.01 0.97; 1.06 
Needleman28 Administrative Hospital 4,156 Medical Medical Failure  to rescue 1.01 1.00; 1.01 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Failure  to rescue 0.99 0.98; 1.01 
Needleman28 Administrative Hospital 3,357 Medical Medical Failure  to rescue 1.01 1.00; 1.01 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Failure  to rescue 0.99 0.97; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical Failure  to rescue 1.01 0.99; 1.02 
Needleman28 Administrative Unit 256 Medical Medical Failure  to rescue 1.00 0.99; 1.02 
Needleman28 Administrative Hospital 256 Surgical Surgical Failure  to rescue 1.90 1.29; 2.79 
Needleman28 Administrative Unit 256 Surgical Surgical Failure  to rescue 0.98 0.95; 1.01 
Cho38 Administrative Patient 232 Combined Combined Falls 1.08 0.99; 1.18 
Needleman28 Administrative Hospital 4,156 Medical Medical Falls 1.00 0.99; 1.02 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Pressure ulcers 0.99 0.97; 1.02 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Pressure ulcers 0.99 0.97; 1.01 
Needleman28 Administrative Hospital 256 Medical Medical Pressure ulcers 1.02 1.00; 1.04 
Needleman28 Administrative Unit 256 Medical Medical Pressure ulcers 1.02 0.99; 1.05 
Needleman28 Administrative Hospital 256 Surgical Surgical Pressure ulcers 0.82 0.64; 1.05 
Needleman28 Administrative Unit 256 Surgical Surgical Pressure ulcers 0.64 0.46; 0.88 
Needleman28 Administrative Hospital 4,156 Surgical Surgical SWI 1.00 0.99; 1.02 
Needleman28 Administrative Hospital 3,357 Surgical Surgical SWI 1.01 0.99; 1.03 
Cho38 Administrative Patient 232 Combined Surgical SWI 1.00 0.95; 1.06 
Needleman28 Administrative Hospital 4,156 Medical Medical DVT 1.00 0.98; 1.02 
Needleman28 Administrative Hospital 4,156 Surgical Surgical DVT 1.02 1.00; 1.05 
Needleman28 Administrative Hospital 3,357 Medical Medical DVT 1.00 0.99; 1.02 
Needleman28 Administrative Hospital 3,357 Surgical Surgical DVT 1.01 0.99; 1.04 
Needleman28 Administrative Hospital 256 Medical Medical DVT 1.00 0.97; 1.02 
Needleman28 Administrative Unit 256 Medical Medical DVT 1.02 0.98; 1.06 
Needleman28 Administrative Hospital 256 Surgical Surgical DVT 1.06 1.02; 1.10 
Needleman28 Administrative Unit 256 Surgical Surgical DVT 1.09 1.03; 1.15 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Complications 1.03 1.01; 1.06 
Needleman28 Administrative Hospital 3,357 Medical Medical Complications 1.25 1.05; 1.50 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Complications 1.03 1.00; 1.06 
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Author Data 
Analytic 

unit Hospitals Unit Patients Outcome 
Relative 

Risk 95% CI 
Needleman28 Administrative Hospital 256 Medical Medical Complications 1.02 0.99; 1.05 
Needleman28 Administrative Unit 256 Medical Medical Complications 1.06 1.01; 1.10 
Needleman28 Administrative Hospital 256 Surgical Surgical Complications 0.39 0.14; 1.13 
Needleman28 Administrative Unit 256 Surgical Surgical Complications 1.10 1.03; 1.18 
Needleman28 Administrative Hospital 4,156 Medical Medical Sepsis 1.00 0.98; 1.01 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Sepsis 1.00 0.98; 1.02 
Needleman28 Administrative Hospital 3,357 Medical Medical Sepsis 0.99 0.98; 1.01 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Sepsis 0.99 0.97; 1.01 
Needleman28 Administrative Hospital 256 Medical Medical Sepsis 1.01 0.99; 1.03 
Needleman28 Administrative Unit 256 Medical Medical Sepsis 1.01 0.98; 1.04 
Needleman28 Administrative Hospital 256 Surgical Surgical Sepsis 0.59 0.31; 1.14 
Needleman28 Administrative Unit 256 Surgical Surgical Sepsis 1.03 0.99; 1.07 
Cho38 Administrative Patient 232 Combined Medical Sepsis 1.01 0.95; 1.08 

 
DVT = Deep vein thrombosis; GIB = Gastrointestinal bleeding; SWI = Surgical wound infection; UTI = Urinary tract infection 
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Table G14.  Patient outcomes corresponding to an increase by 1 RN hour/patient day (calculated from 
published results, more studies contributed to pooled analysis) 
 

Studies Outcomes Measure Effect Significance 
Simmonds82 Nosocomial infection Rate  NS 
Ritter-Teitel69 Pressure ulcers Rate  NS 
Ritter-Teitel69 Urinary tract infection Rate  NS 
Ritter-Teitel69 Falls Rate  NS 
Cho30 Sepsis Rate  NS 
Cho30 Pressure ulcers Rate  NS 
Cho30 Surgical wound infection Rate  NS 
Cho30 Pneumonia Rate  NS 
Cho30 Urinary tract infection Rate  NS 
Cho30 Falls Rate  NS 
Zidek85 Pressure ulcers Rate  NS 
Zidek85 Falls Rate  NS 
Tallier83 Pressure ulcers Rate*  NS 
Tallier83 Urinary tract infection Rate* -0.70 0.019 
Cimiotti87 Sepsis Rate  NS 
Cimiotti87 Nosocomial infection Rate  NS 
Cimiotti87 Nosocomial infection Relative risk  NS 
Cimiotti87 Pneumonia Rate  NS 
Stratton91 Nosocomial infection Rate* 0.02 0.012 
Fridkin1 Sepsis Rate*  NS 
Fridkin1 Sepsis Relative risk 0.71 <.0001 
Fridkin1 Nosocomial infection Rate*  NS 
Fridkin1 Nosocomial infection Relative risk 0.71 <.0001 
Archibald57 Nosocomial infection Rate*  NS 
Blegen58 Falls Rate*  NS 
Blegen58 CPR Rate* 0.03 0.042 
Kovner22 Pulmonary failure Rate  NS 
Kovner22 Pneumonia Rate  NS 
Blegen73 Falls Rate* 0.04 0.010 
Bolton26 Pressure ulcers Rate*  NS 
Bolton26 Falls Rate*  NS 
Sovie71 Pressure ulcers Rate 0.32 0.032 
Sovie71 Urinary tract infection Rate  NS 
Sovie71 Falls Rate  NS 
Kovner35 Deep vein thrombosis Rate -0.11 <.0001 
Kovner35 Pulmonary failure Rate  NS 
Kovner35 Pneumonia Rate  NS 
Kovner35 Urinary tract infection Rate  NS 
Kovner35 Urinary tract infection Relative risk  NS 
Cho38 Sepsis Relative risk  NS 
Cho38 Surgical wound infection Relative risk  NS 
Cho38 Pulmonary failure Relative risk  NS 
Cho38 Pneumonia Rate -0.16 <.0001 
Cho38 Pneumonia Relative risk  NS 
Cho38 Urinary tract infection Relative risk  NS 
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published results, more studies contributed to pooled analysis) (continued) 
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Studies Outcomes Measure Effect Significance 
Cho38 Falls Relative risk  NS 
Potter40  Falls Rate*  NS 
Langemo41 Pressure ulcers Rate  NS 
Mark89 Pneumonia Relative risk  NS 
Mark89 Urinary tract infection Relative risk  NS 
Seago93 Falls Rate*  NS 
Donaldson9 Pressure ulcers Rate*  NS 
Donaldson9 Falls Rate*  NS 
Needleman28 Sepsis Rate  NS 
Needleman28 Shock Rate  NS 
Needleman28 Gastrointestinal bleeding Rate  NS 
Needleman28 Pressure ulcers Rate  NS 
Needleman28 Surgical wound infection Rate  NS 
Needleman28 Surgical wound infection Relative risk  NS 
Needleman28 Deep vein thrombosis Rate  NS 
Needleman28 Pulmonary failure Rate  NS 
Needleman28 Pneumonia Rate  NS 
Needleman28 Urinary tract infection Rate  NS 
Needleman28 Failure to rescue Rate  NS 
 
NS = Not significant 
* Rate per 100 patient days
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Table G15.  Relative risk of patient outcomes corresponding to an increase by 1 RN hour/patient day as reported by authors 
 

Author Data 
Analytic 

Unit Hospitals Units Patients Outcomes 
Relative 

Risk 95% CI 

Berney84 Administrative Hospital 161 Medical Medical UTI 0.99 0.98; 1.01 
Berney84 Administrative Hospital 161 Surgical Surgical UTI 0.98 0.96; 1.00 
Needleman28 Administrative Hospital 4,156 Medical Medical UTI 0.99 0.98; 0.99 
Needleman28 Administrative Hospital 4,156 Surgical Surgical UTI 1.00 0.98; 1.02 
Needleman28 Administrative Hospital 3,,357 Medical Medical UTI 0.99 0.99; 1.00 
Needleman28 Administrative Hospital 3,357 Surgical Surgical UTI 0.99 0.98; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical UTI 0.99 0.97; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical UTI 0.98 0.96; 1.00 
Needleman28 Administrative Hospital 256 Surgical Surgical UTI 0.87 0.77; 0.99 
Needleman28 Administrative Unit 256 Surgical Surgical UTI 0.77 0.59; 0.99 
Cho38 Administrative Hospital 232 Combined Medical UTI 1.01 0.93; 1.08 
Needleman28 Administrative Hospital 799 Combined Surgical UTI 1.00 0.98; 1.02 
Needleman28 Administrative Hospital 799 Combined Medical UTI 0.99 0.98; 1.00 
Berney84 Administrative Hospital 161 Surgical Surgical GIB 0.95 0.92; 0.99 
Needleman28 Administrative Hospital 4,156 Medical Medical GIB 0.98 0.97; 0.99 
Needleman28 Administrative Hospital 4,156 Surgical Surgical GIB 0.98 0.96; 1.01 
Needleman28 Administrative Hospital 3,357 Medical Medical GIB 0.99 0.99; 1.00 
Needleman28 Administrative Hospital 3,357 Surgical Surgical GIB 0.98 0.98; 0.99 
Needleman28 Administrative Hospital 256 Medical Medical GIB 0.98 0.96; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical GIB 0.98 0.95; 1.01 
Needleman28 Administrative Hospital 256 Surgical Surgical GIB 1.01 0.98; 1.05 
Needleman28 Administrative Unit 256 Surgical Surgical GIB 1.03 0.98; 1.08 
Needleman29 Administrative Hospital 799 Combined Medical GIB 0.98 0.97; 0.99 
Needleman28 Administrative Hospital 4,156 Medical Medical Pneumonia 0.99 0.98; 1.00 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Pneumonia 1.00 0.98; 1.03 
Needleman28 Administrative Hospital 3,357 Medical Medical Pneumonia 1.00 0.99; 1.00 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Pneumonia 0.99 0.98; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical Pneumonia 0.99 0.97; 1.01 
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Author Data 
Analytic 

Unit Hospitals Units Patients Outcomes 
Relative 

Risk 95% CI 

Needleman28 Administrative Hospital 256 Medical Medical Pneumonia 0.98 0.96; 1.00 
Needleman28 Administrative Hospital 256 Surgical Surgical Pneumonia 1.02 0.99; 1.04 
Needleman28 Administrative Unit 256 Surgical Surgical Pneumonia 1.02 0.98; 1.07 
Cho38 Administrative Hospital 232 Combined Medical Pneumonia 0.91 0.85; 0.97 
Needleman29 Administrative Hospital 799 Combined Medical Pneumonia 0.99 0.98; 1.00 
Needleman28 Administrative Hospital 4,156 Medical Medical Shock 0.98 0.96; 1.00 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Shock 0.99 0.96; 1.02 
Needleman28 Administrative Hospital 3,357 Medical Medical Shock 0.99 0.98; 1.00 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Shock 0.99 0.98; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical Shock 0.97 0.94; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical Shock 0.97 0.92; 1.01 
Needleman28 Administrative Hospital 256 Surgical Surgical Shock 0.97 0.94; 1.00 
Needleman28 Administrative Unit 256 Surgical Surgical Shock 1.55 1.12; 2.15 
Needleman29 Administrative Hospital 799 Combined Medical Shock 0.98 0.96; 1.01 
Berney84 Administrative Hospital 161 Medical Medical Failure to rescue 0.98 0.97; 0.99 
Berney84 Administrative Hospital 161 Surgical Surgical Failure to rescue 0.98 0.97; 0.99 
Needleman28 Administrative Hospital 4,156 Medical Medical Failure to rescue 1.00 0.99; 1.01 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Failure to rescue 0.98 0.96; 0.99 
Needleman28 Administrative Hospital 3,357 Medical Medical Failure to rescue 1.00 0.99; 1.00 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Failure to rescue 0.97 0.95; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical Failure to rescue 0.99 0.98; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical Failure to rescue 0.99 0.97; 1.01 
Needleman28 Administrative Hospital 256 Surgical Surgical Failure to rescue 0.96 0.94; 0.99 
Needleman28 Administrative Unit 256 Surgical Surgical Failure to rescue 0.96 0.92; 0.99 
Needleman29 Administrative Hospital 799 Combined Surgical Failure to rescue 0.98 0.96; 0.99 
Needleman29 Administrative Hospital 799 Combined Medical Failure to rescue 1.00 0.99; 1.01 
Cho38 Administrative Hospital 232 Combined Medical Falls 1.07 0.96; 1.19 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Pulmonary failure 1.00 0.98; 1.02 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Pulmonary failure 1.00 0.99; 1.00 
Needleman28 Administrative Hospital 256 Surgical Surgical Pulmonary failure 0.99 0.96; 1.02 
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Author Data 
Analytic 

Unit Hospitals Units Patients Outcomes 
Relative 

Risk 95% CI 

Needleman28 Administrative Unit 256 Surgical Surgical Pulmonary failure 0.99 0.94; 1.04 
Cho38 Administrative Hospital 232 Combined Combined Pulmonary failure 1.11 0.97; 1.27 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Pressure ulcers 0.99 0.97; 1.00 
Needleman28 Administrative Hospital 256 Medical Medical Pressure ulcers 0.98 0.96; 1.01 
Needleman28 Administrative Hospital 256 Medical Medical Pressure ulcers 0.99 0.98; 1.00 
Needleman28 Administrative Hospital 256 Surgical Surgical Pressure ulcers 0.98 0.98; 0.99 
Needleman28 Administrative Unit 256 Surgical Surgical Pressure ulcers 0.99 0.97; 1.02 
Cho38 Administrative Hospital 232 Combined Medical Pressure ulcers 1.00 0.96; 1.03 
Kovner35 Administrative Hospital 5,708 Surgical Surgical Pressure ulcers 0.87 0.75; 1.02 
Needleman29 Administrative Hospital 799 Combined Surgical Pressure ulcers 1.04 0.99; 1.10 
Needleman28 Administrative Hospital 4,156 Surgical Surgical SWI 1.00 0.99; 1.02 
Needleman28 Administrative Hospital 3,357 Surgical Surgical SWI 1.02 1.01; 1.03 
Cho38 Administrative Hospital 232 Combined Surgical SWI 0.97 0.91; 1.04 
Needleman28 Administrative Hospital 4,156 Medical Medical DVT 1.01 0.99; 1.03 
Needleman28 Administrative Hospital 4,156 Surgical Surgical DVT 1.03 1.00; 1.06 
Needleman28 Administrative Hospital 3,357 Medical Medical DVT 1.00 0.99; 1.01 
Needleman28 Administrative Hospital 3,357 Surgical Surgical DVT 1.00 0.99; 1.01 
Needleman28 Administrative Hospital 256 Medical Medical DVT 1.00 0.98; 1.03 
Needleman28 Administrative Hospital 256 Medical Medical DVT 1.02 0.98; 1.06 
Needleman28 Administrative Hospital 256 Surgical Surgical DVT 1.07 1.03; 1.11 
Needleman28 Administrative Unit 256 Surgical Surgical DVT 1.11 1.05; 1.17 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Complications 0.96 0.68; 1.35 
Needleman28 Administrative Hospital 3,357 Medical Medical Complications 1.01 1.00; 1.02 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Complications 1.10 1.03; 1.19 
Needleman28 Administrative Hospital 256 Medical Medical Complications 1.02 0.98; 1.05 
Needleman28 Administrative Hospital 256 Medical Medical Complications 1.05 1.00; 1.10 
Needleman28 Administrative Hospital 256 Surgical Surgical Complications 1.04 0.98; 1.10 
Needleman28 Administrative Unit 256 Surgical Surgical Complications 1.10 1.02; 1.19 
Berney84 Administrative Hospital 161 Medical Medical Sepsis 0.96 0.94; 0.98 
Berney84 Administrative Hospital 161 Surgical Surgical Sepsis 0.97 0.95; 0.99 
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Author Data 
Analytic 

Unit Hospitals Units Patients Outcomes 
Relative 

Risk 95% CI 

Needleman28 Administrative Hospital 4,156 Medical Medical Sepsis 1.04 1.01; 1.08 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Sepsis 1.01 0.98; 1.03 
Needleman28 Administrative Hospital 3,357 Medical Medical Sepsis 1.00 0.99; 1.01 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Sepsis 0.99 0.98; 0.99 
Needleman28 Administrative Hospital 256 Medical Medical Sepsis 1.01 0.99; 1.04 
Needleman28 Administrative Hospital 256 Medical Medical Sepsis 1.02 0.98; 1.05 
Needleman28 Administrative Hospital 256 Surgical Surgical Sepsis 1.01 0.98; 1.04 
Needleman28 Administrative Unit 256 Surgical Surgical Sepsis 1.03 0.98; 1.08 
Cho38 Administrative Hospital 232 Combined Medical Sepsis 1.02 0.95; 1.09 
 
DVT = Deep vein thrombosis; GIB = Gastrointestinal bleeding; SWI = Surgical wound infection; UTI = Urinary tract infection 
 



 

G-149 

Table G16.  Patient outcomes corresponding to an increase by 1 LPN hour/patient day (effects reported by 
authors and calculated from published results, more studies contributed to pooled analysis) 
 

Studies Outcomes Measure Effect Significance 
Zidek85 Pressure ulcers Rate  NS 
Zidek85 Falls Rate  NS 
Tallier83 Pressure ulcers Rate*  NS 
 Tallier83 Urinary tract infection Rate*  NS 
Stratton91 Nosocomial Infection Rate*  NS 
Bolton26 Pressure ulcers Rate*  NS 
Bolton26 Falls Rate*  NS 
Kovner35 Deep vein thrombosis Rate -0.31 0.003 
Kovner35 Pulmonary failure Rate -1.23 0.002 
Kovner35 Pneumonia Rate -1.69 0.002 
Kovner35 Urinary tract infection Rate  NS 
Langemo41 Pressure ulcers Rate  NS 
Mark89 Pneumonia Relative risk 0.13 0.004 
Mark89 Urinary tract infection Relative risk  NS 
Needleman28 Sepsis Rate  NS 
Needleman28 Gastrointestinal bleeding Rate  NS 
Needleman28 Pressure ulcers Rate  NS 
Needleman28 Surgical wound infection Rate  NS 
Needleman28 Surgical wound infection Relative risk  NS 
Needleman28 Deep vein thrombosis Rate  NS 
Needleman28 Pulmonary failure Rate  NS 
Needleman28 Pneumonia Rate 1.07 0.015 
Needleman28 Urinary tract infection Rate  NS 
Needleman28 Failure to rescue Rate  NS 

 
NS = Not significant 
* Rate per 100 patient days
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Table G17.  Patient outcomes corresponding to an increase by 1 unlicensed assistive personnel hour/patient 
day (effects reported by authors and calculated from published results, more studies contributed to pooled 
analysis) 
 

Studies Outcomes Measure Effect Significance 
Needleman28 Shock Rate  NS 
Needleman28 Gastrointestinal bleeding Rate  NS 
Ritter-Teitel69 Pressure ulcers Rate  NS 
Zidek85 Pressure ulcers Rate  NS 
Tallier83 Pressure ulcers Rate*  NS 
Sovie71 Pressure ulcers Rate  NS 
Needleman28 Pressure ulcers Rate  NS 
Needleman28 Surgical wound infection Rate  NS 
Needleman28 Surgical wound infection Relative risk  NS 
Cimiotti87 Nosocomial infection rate  NS 
Stratton91 Nosocomial infection Rate*  NS 
Needleman28 Deep vein thrombosis Rate  NS 
Needleman28 Pulmonary failure Rate  NS 
Needleman28 Pneumonia Rate  NS 
Cimiotti87 Pneumonia Rate  NS 
Ritter-Teitel69 Urinary tract infection Rate 1.58 0.0001 
Tallier83 Urinary tract infection Rate*  NS 
Sovie71 Urinary tract infection Rate  NS 
Needleman28 Urinary tract infection Rate  NS 
Needleman28 Failure to rescue Rate  NS 
Ritter-Teitel69 Falls Rate  NS 
Zidek85 Falls Rate  NS 
Sovie71 Falls Rate  NS 

 
NS = Not significant  
* Rate per 100 patient days
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Table G18.  Evidence of the association between nurse education and experience and patient outcomes 
 

Author, Definition of Patient 
Outcomes, Definition of Nurse 

Education and Experience 

Number of hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Education and Experience 
Categories 

Patient Outcomes 

Aiken39 
Failure to rescue: deaths within 30 
days of admission among patients 
who experienced complications, 
Complications: the secondary 
diagnosis distinguished from 
preexisting co morbidities, Highest 
credential in nursing: a hospital school 
diploma, an associate degree, a 
bachelor's degree, a master's degree, 
or another degree; the mean number 
of years of experience working as an 
RN for nurses from each hospital 

Hospitals 168 
Unit ICU 
Patients Surgical 

 
60% of hospital workforce with BSN or 
higher, 8 patients/day 
40% of hospital workforce with BSN or 
higher, 4 patient/nurse 
20% of hospital workforce with BSN or 
higher, 4 patients/nurse
60% of hospital workforce with BSN or 
higher, 6 patients/nurse
40% of hospital workforce with BSN or 
higher, 6 patients/nurse
20% of hospital workforce with BSN or 
higher, 6 patients/nurse
60% of hospital workforce with BSN or 
higher, 4 patients/nurse
20-29% of hospital workforce with BSN or 
higher, experience 14.4 years  
<20% of hospital workforce with BSN or 
higher, 14.9 years 
20% of hospital workforce with BSN or 
higher, 8 patients/nurse  
>50% of hospital workforce with BSN or 
higher, experience 12.5 years 
40-49% of hospital workforce with BSN or 
higher, experience 14.3 years  
30-39% of hospital workforce with BSN or 
higher, experience 14.0 years 
40% of hospital workforce with BSN or 
higher 
 
20-29% of hospital workforce with BSN or 
higher, experience 14.4 years  
<20% of hospital workforce with BSN or 
higher, 14.9 years 
>50% of hospital workforce with BSN or 
higher, experience 12.5 years 
40-49% of hospital workforce with BSN or 
higher, experience 14.3 years  
30-39% of hospital workforce with BSN or 

Falls, rate % 
8.47 
 
7.84 
 
8.54 
 
7.80 
 
8.50 
 
9.26 
 
7.18 
 
9.40 
 
10.20 
 
10.02 
 
6.90 
 
8.60 
 
8.00 
 
9.22 
 
Complications 
22.90 
 
22.90 
 
25.20 
 
22.00 
 
22.80 
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Author, Definition of Patient 
Outcomes, Definition of Nurse 

Education and Experience 

Number of hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Education and Experience 
Categories 

Patient Outcomes 

higher, experience 14.0 years 
 
Increase by 1 year in nurse experience 
10% increase in nurses with BSN degree 

 
Failure to rescue 
1.01 0.96 1.03 
0.95 0.91 0.99 

Blegen73 
The number of patient falls on the unit 
in quarter/1,000patient days, The 
proportion of RNs on the unit with 
BSN education, the proportion of RNs 
on the unit with more than 5 years 
experience or the average years of 
nursing experience of RNs on the unit 

Hospitals 11 
Unit Combined 
Patients Combined 

 
Increase by 1 year in RN experience in 
unit 
Increase by 1% in proportion of RN with 
BSN 
Increase by 1% in proportion of RN with 
BSN 
Increase by 1% in proportion of RN with 
experience >5 years 
Nurse hours RN hours % BSN 
10.7 7.704 47.00 

Falls, rate per 100 patien days 
-0.04 
 
0.01 
 
-0.01 
 
-0.01 
 
 
0.27 ± 0.28 

Langemo33 
Any lesion which is caused by 
unrelieved pressure that results in 
damage to underlying tissues, 
unplanned descent to the floor 
recorded in incidence reports 

Hospitals 6 
Unit ICU 
Patients Medical 
Age 61.9 
Sex 41 

Nurse hours  RN hours   % BSN  Experience
 10.9 5.42 59.5 11.0 

Pressure ulcers, rate % 
8.6 

Marcin3 
Extubation – displacement of the 
endotracheal tube from the trachea by 
either the patient (self-extubation) or 
unplanned by medical personnel (e.g., 
when positioning a patient for a 
radiograph or procedure), The number 
of years of clinical experience in the 
PICU calculated from the time of 
starting work in the PICU to the middle 
of the study period 

Hospitals 1 
Unit ICU 
Patients Combined 
Age 3.3 

 
1:2 nurse/patient ratio, experience 7.8 
years 
1:1 nurse/patient ratio, experience 7.0 
years 
7.8 years of nurse experience in ICU 
7 years of nurse experience in ICU 

Relative risk 
4.24 1.00 19.10 
 
1.00 1.00 1.00 
 
1.02 0.96 1.08 
1.00 1.00 1.00 

Mark80 
Number of incidents per 1,000 acuity-
adjusted patient days; average 
highest educational level attained by 
nurses on the unit; the average years 
of experience in nursing for nurses on 
the unit 

Hospitals 64 
Unit Combined 
Patients Medical 

% RN % BSN 
58 21.00 

Falls, rate % ± SD 
0.75 ± 0.09 
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Author, Definition of Patient 
Outcomes, Definition of Nurse 

Education and Experience 

Number of hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Education and Experience 
Categories 

Patient Outcomes 

Sovie71 
Nosocomial urinary tract infection (not 
present at admission or within 72 
hours after); the number of infections / 
number of patients discharged * 100 
at hospital level; any fall or slip in 
which a patient came to rest 
unintentionally on the floor; the ratio of 
the number of falls in a unit (or area) 
to the number of patient days * 1,000; 
% of nurses with BSN; nursing 
experience in years 

Hospitals 29 
Unit Combined 
Patients Combined 
Medical units 
Medical units  
Surgical units 
Surgical units 
 
Medical units 
Medical units  
Surgical units 
Surgical units 
 
 
 
 
 
Medical units 
Medical units 
Surgical units 
Surgical units 

 BS Years 
1997 53.00 10.9 
1998 52.70 11.2 
1997 53.00 10.9 
1998 52.70 11.2 
1997 53.00 10.9 
1998 52.70 11.2 
 BS Years 
1997 53.00 10.9 
1998 52.70 11.2 
1997 53.00 10.9 
1998 52.70 11.2 
 53.00 10.9 
 52.70 11.2 
 BS Years 
1997 53.00 10.9 
1998 52.70 11.2 
1997 53.00 10.9 
1998 52.70 11.2 
1997 53.00 10.9 
1998 52.70 11.2 

UTI, rate % ± SD 
2.64 ± 1.67 
2.02 ± 1.43 
2.17 ± 2.49 
2.61 ± 2.56 
1.87 ± 2.29 
2.45 ± 2.24 
Falls, rate % ± SD 
2.88 ± 1.20 
2.95 ± 0.91 
3.97 ± 2.10 
4.11 ± 1.68 
2.42 ± 1.41 
2.69 ± 1.19 
Pressure ulcers, rate % ± SD 
3.53 ± 1.82 
3.14 ± 2.63 
2.61 ± 2.56 
2.23 ± 1.94 
2.68 ± 2.22 
1.88 ± 1.33 

 
BSN = Bachelor of Science in Nursing’ ICU = Intensive Care Unit; PICU = Pediatric Intensive Car Unit; RN = Registered Nurse; SD = Standard Deviation



 

 

G
-154

Table G19.  The association between nurse characteristics and patient outcomes 
 

Author, Definition of Nurse 
Characteristics and Patient 

Outcomes 

Unit, Number of Nurses, % of 
Whites, % of Females 

Nurse Categories Patient Outcomes 

Aiken4 
Patient survey; patients satisfaction 
with nurse care in unit, nurses survey; 
burnout scale not reported on the 
article, nurses autonomy subscale 

 % of reported  
Burnout Adequate autonomy 
 26.73 70.8 
 21.48 75.45 
 21.9 84.8 

Patient satisfaction with nursing care 
Scores ± SD 
60.06 ± 8.09 
64.41 ± 8.18 
67.85 ± 9.08 

Dugan17 
Incident reports; the number of 
reported patient falls occurred monthly 
during the study period; nurses survey 
to measure stress: a manifestation, 
evidences by behavioral, physical, 
and personal changes that were 
perceived by staff nurses and 
measured by  the Stress Contunuum 
Scale (10 max stress) and Stress 
Survey Scores (max 268) 

Unit Nurses 
Combined    293 

% reported stress 
20 
45.5 
53 
58 
63 
68 
85.5 

Falls, rate % 
0.6 
1 
1.1 
1.6 
1.8 
2.1 
2.2 

Estabrooks50 
Hospital Inpatient Database, Alberta 
Health Care Insurance Plan Registry 
(AHCIPR) was linked to identify 
persons who died within 30 days of 
admission. Survey of RN (Alberta 
Association of Registered Nurses 
registry) working in acute care 
hospitals. Reponses for the Q "On the 
whole, how satisfied are you with your 
job?": 1. very dissatisfied; 2. a little 
dissatisfied; 3. moderately satisfied; 4. 
very satisfied); Q." Freedom to make 
important patient care and work 
decisions". Responses:1. Strongly 
disagree; 2. Somewhat disagree; 3. 
Somewhat agree; 4. strongly agree 

Unit Combined 
Nurses 4,799 

% satisfied % adequate autonomy 
 60.125   
 77.5   
  55.375 
  69.25 

Relative risk of death, 95% CI 
1 1 1 
0.85 0.47 1.55 
1 1 1 
0.79 0.37 1.66 
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Author, Definition of Nurse 
Characteristics and Patient 

Outcomes 

Unit, Number of Nurses, % of 
Whites, % of Females 

Nurse Categories Patient Outcomes 

Halm51 
The hospital's data warehouse with 
patient’s discharges; deaths within 30 
days of admission, death following 
complications within 30 days). Survey 
of 140 staff nurses (42% response 
rate); Maslach Burnout Inventory 
Manual (max 6 scores) with 3 
subscales of burnout: emotional 
exhaustion; depersonalization; 
personal accomplishment (feelings of 
competence and successful 
achievement in one's work), overall 
rating on a simple 4-point Likert scale, 
ranging from 1 (very dissatisfied) to 4 
(very satisfied) and  the likelihood to 
leave current position within the next 
12 months, the 22-item Human 
Services Survey from the Maslach 
Burnout Inventory Manual to measure 
emotional exhaustion 

Unit Surgical 
Nurses 140 
% females 96.4 

% Burnout % Satisfied  % Stress 
 25 70 25 

Death rate % 
1.2 
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Author, Definition of Nurse 
Characteristics and Patient 

Outcomes 

Unit, Number of Nurses, % of 
Whites, % of Females 

Nurse Categories Patient Outcomes 

Mark80 
The hospital’s incident reporting 
system and patient survey; total 
patient days divided by the number of 
discharges. Patients’ satisfaction with 
nursing care; perceptions of the 
courtesy of the nursing staff; the ability 
of the doctors, nurses, and other staff 
to work together; their satisfaction with 
pain relief; and their level of comfort 
sharing concerns with nurses. Number 
of falls per 1,000 acuity-adjusted 
patient days. Administrative hospital 
data, nursing survey. Turnover as a 
ratio of the number of nurses who left 
during the period divided by the 
number of nurses employed at the 
end of the year; global satisfaction in 
the job (alpha = .84, a single factor 
explained 68% of the variance). 
Adequacy - the extent to which nurses 
on the unit felt free to engage in 
activities such as consulting with 
others about complex care problems, 
influencing standards of care, and 
acting on their own decisions related 
to caregiving. Availability of support 
services was evaluated with a 27-
item, 3-point checklist 24 in which staff 
nurses (n = 1,682) indicated whether a 
variety of support services was 
available, not available, or 
inconsistently available (alpha =.85) 

Unit Medical 
Nurses 1,682 

Turnover Satisfaction Adequacy 
 17 54.25 47 
 
Support  Coordination   Autonomy 
 50 50.33 73.2 

Length of stay, days ± SD 
5.31 ± 1.47 
% if satisfied with nurse care ± SD  
78.33 ± 7.5 
Falls, rate/100 patient days ± SD 
0.12 ± 0.09 
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Author, Definition of Nurse 
Characteristics and Patient 

Outcomes 

Unit, Number of Nurses, % of 
Whites, % of Females 

Nurse Categories Patient Outcomes 

Minnick19 
Patient survey with interviews within 
26 days of hospital discharge using 
the Computer-Assisted Telephone 
Interview (CATI) system, reports 
about assistance with pain 
management. Unit labor quantity data 
and nurses survey: Manager's Ability 
to Involve Staff in Practice Self-
Governance. This variable is the 
average of the unit's RNs' rating (on a 
5 point scale with 5 as most favorable) 
of the manager's ability to involve staff 
in setting patient care standards; the 
pay (score range 6-42), professional 
status (score 7-49), and task 
requirement attitude (score 6-42) 
scales (Stamps and Piedmonte) and 
the benefit (3 score 3-21) and 
schedule (score 4-28) scales (Minnick 
and Roberts); Central Hospital 
Support Systems Adequacy-the 
average of a RNs' ratings (on a 1 to 5 
scale with 1 as least favorable) of 
hospital-wide support systems 

 Increase in nurse job satisfaction by 
10 scores 

Patient satisfaction with pain 
management 
Relative risk 
1.22 

Ridge25 
Patient survey 2 weeks after 
discharge with computerized phone 
interview system; length of stay in 
hospital; patient satisfaction measured 
with Likert-type 5 points scale from 
strongly disagree to agree for overall 
nursing care, pain management, 
overall hospital care. Hospital 
administrative database, finance 
reports, HCIA database, unit nurse 
manager reports; turnover - number of 
individual staff hired annually/total 
number of staff; staffing adequacy - 
RN worked hours/RN target hours 

Unit Surgical 
Nurses 22 
% Females 92 

 
% Turnover  23.2 
 
% Turnover  23.2 
% Vacancy 9 
 
% Turnover  23.2 
% Vacancy 9 

Length of stay, days ± SD 
4.1 ± 3.9 
% satisfied with nurse care 
88 
87.2 
% satisfied with pain management 
83.6 ± 16.6 
83.2 ± 3.828 
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Author, Definition of Nurse 
Characteristics and Patient 

Outcomes 

Unit, Number of Nurses, % of 
Whites, % of Females 

Nurse Categories Patient Outcomes 

Seago8 
Hospital incidence reports database at 
three time periods: time 1-third quarter 
fiscal year 1996 (FY96); time 2-
second quarter fiscal year 1997 
(FY97); and time 3-third quarter fiscal 
year 1997 (FY97) in three different 
cross-sections of patients, Patient 
satisfaction measured with Likert 
scale; the proportion of pressure 
ulcers per patient day; the proportion 
of falls per patient day. The nursing 
staffing system (ANSOS) and nursing 
survey at three time periods: time 1-
third quarter fiscal year 1996 (FY96); 
time 2-second quarter fiscal year 1997 
(FY97); and time 3-third quarter fiscal 
year 1997 (FY97). 

 % satisfied  Coordination  Autonomy 
 71   94.40 
 69 62.13 93.60 
 59 62.13 92.20 
% satisfied  Coordination  Autonomy 
 71   94.40 
 69 62.13 93.60 
 59 62.13 92.20 

Relative risk of pressure ulcer 
Not significant 
 
 
Falls Pressure ulcer 
0.29 0.24 
0.27 0.18 
0.23 0.29 

Sochalski45 
MedPAR dataset of hospital 
discharges; reported by RN frequency 
of medication errors and patients falls 
from “never in the past year” (score 1) 
to “occur frequently” (score 10). 
survey of RNs, the survey question “In 
general, how would you describe the 
quality of nursing care delivered to 
patients your unit on your last shift?,” 
and for which a 4-category response 
was available (poor, fair, good, 
excellent) 

Unit Combined 
Nurses 8,670 

Perceived quality of care, % satisfied 
 
10 
20 
30 
40 

Adverse events 
Relative risk, 95% 
1.00 1.00 1.00 
0.92 0.91 0.92 
0.88 0.87 0.88 
0.84 0.84 0.85 



 
Table G19.  The association between nurse characteristics and patient outcomes (continued) 
 

 

G
-159

Author, Definition of Nurse 
Characteristics and Patient 

Outcomes 

Unit, Number of Nurses, % of 
Whites, % of Females 

Nurse Categories Patient Outcomes 

Sovie71 
Incident reports, patient survey 4 
years after restructuring and 
reengineering in hospitals. The Picker 
Institute Patient Satisfaction Survey; 
the Press, Ganey Patient Satisfaction 
Survey. Dimensions: Pain 
management; Education; Attention to 
needs; Nursing care; Preparation for 
discharge. Nosocomial (not present at 
admission or within 72 hours after); 
the number of infections / number of 
patients discharged * 100 at hospital 
level; any fall or slip in which a patient 
came to rest unintentionally on the 
floor; the ratio of the number of falls in 
a unit (or area) to the number of 
patient days * 1,000. the MECON-
PEERx Operations Benchmarking 
Database Reports; the office of the 
chief nurse executives; nursing 
survey; achieving quality patient 
outcomes; ranged from 1 = strongly 
disagree to 5 = strongly agree 

Unit Nurses Age Sex Race 
Medical 347 36.9 92.8 79.6 
Medical 298 36.7 92.3 82.4 
Surgical 289 36.9 92.8 79.6 
Surgical 239 36.7 92.3 82.4 

Management  Quality Autonomy 
 66.8 74.4 47 
 66.8 72 47.25 
 65.6 74 49 
 65.6 72.2 49.25 
 
Management  Quality Autonomy 
 66.8 74.4 47 
 66.8 72 47.25 
 65.6 74 49 
 65.6 72.2 49.25 

% satisfied with nurse care ± SD 
83.6 ± 5.89 
83.32 ± 5.67 
82.82 ± 6.54 
84.9 ± 6.99 
% satisfied with pain management ± SD
83.04 ± 9.92 
83.31 ± 7.82 
85.55 ± 6.77 
85.92 ± 4.63 

Vahey44 
Conducted cross-sectional surveys of 
patients (621) satisfaction with nursing 
care using the La Monica-Oberst 
Patient Satisfaction Scale (LOPSS), 4 
points scale. Conducted cross-
sectional surveys of nurses (N=820) 
with the Maslach Burnout Inventory 
(MBI);7 point scales, staffing 
adequacy , administrative support, 4 
scores, emotional exhaustion, 7 point 
scales 

Unit Specialized 
Nurses 621 
Age 34.6 
Sex 7.4 
Race 48.8 

Burnout Support Stress 
 80 20 20 
 
Support  80 
Burnout  20 
Stress 80 

Patient satisfaction, relative risk 
 
Reference 
1.49 1.06 2.09 
2.37 1.37 4.12 
0.51 0.3 0.87 
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Author, Definition of Nurse 
Characteristics and Patient 

Outcomes 

Unit, Number of Nurses, % of 
Whites, % of Females 

Nurse Categories Patient Outcomes 

Zidek85 
Patient records and chart audits, 
individuals length of stay in the 
hospital, new incidence of skin 
breakdown acquired over the course 
of the hospital stay, number of 
reported unplanned descent to the 
floor during the course of the hospital 
stay, administrative records, quarterly 
turnover rate in % 

Unit Combined 
Nurses 1,759 

Turnover % 
 
10.67 
12.04 
13.16 

Rate, % 
Falls      Pressure ulcers 

2.79 0.68 
1.58 0.67 
2.95 0.72 

 
CI = Confidence Interval; RN = Registered Nurse; SD = Standard Deviation 
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Table G20.  The evidence of the association between nurse staffing and patient satisfaction 
 

Author, Measure of Patient 
Satisfaction 

Sample Size, Unit, Patients Nurse Categories Patient Satisfaction 

Aiken5 
Twenty-one item scale  based in 
part on the LaMonica/Oberst 
Patient Satisfaction Scale 
(LOPSS) 

Size 1,205 
Unit Combined 
Patients Medical 

 
Increase by 1 RN  
Nurse control over practice setting 
 
Dedicated AIDS units 
AIDS hosp-scattered bed units 
Conventional scattered bed units 

Relative risk of being satisfied 
3.0 0.0 343.8 
1.4 1.4 2.5 
 
3.6 0.3 41.3 
0.1 0.0 2.0 
1.0 1.0 1.0 

Aiken4 
Patients satisfaction  
with nurse care in unit 

Size 1,205 
Unit Spec 
Patients Medical 

Conventional general medical unit, 
Non-magnet hospital 
Specialized AIDS unit, non-magnet hospital 
General medical unit, magnet hospital 

% satisfied    Scores ± SD 
74% 7.42 ± 2.3 
83% 8.29 ± 1.7 
85% 8.53 ± 1.9 

Barkell77 
Patient satisfaction: the patient’s 
perception of pain, and the 
frequency of documentation of 
pain scores measured by scores 
on the Parkside Patient 
Satisfaction Survey 

Size 96 
Unit Surgical 
Patients Surgical 

 
Team nursing model with UAP assisting 
RNs in delivery of patient care (lower 
proportion of RN = 65.7%) 
Total patient care model (higher proportion 
of RNs = 78.5%) 

% Satisfied ± SD  
83.4 ± 13 
 
 
84.6± 13 

Blegen59 
 
The number of patient 
complaints standardized as a 
rate per 1,000 patient days. 

Size 42 
Unit Combined 
Patients Combined 

 
Increase by 1% in proportion of RNs  
Proportion of RNs >87.5% 
Increase by 1 hour in total nursing hours 
10.74 nurse hours/patient day 

Rate of complains/100 patient days ± SD 
0.46 ± 1.85 
0.04 ± 0.07 
0.02 ± 0.60 
0.22 

Bolton42 
The standardized Picker 
Institute inpatient questionnaire 
including respect patients’ 
values and preferences, 
coordination of care; information 
and education; pain 
management; emotional 
support, and transition and 
continuity to the home or 
community 

Size 113 
Unit Combined 
Patients Combined 

Nurse hours/patient day 7.9 hours 
RN hours/patient day 4.4 hours 
% RN 56% 

% Satisfied with nurse care ± SD 
86 ± 5% 
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Author, Measure of Patient 
Satisfaction 

Sample Size, Unit, Patients Nurse Categories Patient Satisfaction 

Langemo33 
Patient’s satisfaction with 
nursing care and opinions of 
overall hospital care, pain 
management, and education 
from 42-item Patient Opinions of 
Nursing Care Survey 

Size 942 
Unit ICU 
Patients Medical 

Nurse Hours/patient day 10.9 
RN hours/patient day 5.42 
% BSN 59.5 

Score for satisfaction with pain management 
0.913 

Mark80 
Patients’ satisfaction with 
nursing care; perceptions of the 
courtesy of the nursing staff; 
ability of the doctors, nurses, 
and other staff to work together; 
their satisfaction with pain relief; 
and their level of comfort 
sharing concerns with nurses 

Size 1,326 
Unit Combined 
Patients Medical 

% RN 58 
% BSN 21.00 

% Satisfied with care 
78.33% 
Score of satisfaction with nurse care ± SD 
4.7 ± 0.45 

Minnick19 
Reports about assistance with 
pain management; patient 
teaching was defined as reports 
of instruction that patients 
received about signs and 
symptoms that needed attention 
after hospital discharge 

Size 2,051 
Unit Medical 
Patients Medical 

 
Patient satisfaction in units with >54% of RN 
with BSN 
vs. lower % of RN with BSN 

Relative risk of being satisfied with care –  
1.48 
 
Relative risk of being satisfied with pain 
management - Not significant 

Potter40  
Eight Visual Analog Scale and 
post discharge (48 hour) 
satisfaction with seven 
satisfaction measures including 
communication, respect, 
coordination of care, nursing 
care, discharge process, 
advocating, and patient 
compassionate care (5 point 
Likert scale) 

Size 32 
Unit ICU 
Patients Medical 

Nurse hours/patient day   % RN 
3.1 53.8 
2.9 55.4 
3 56.2 
3.1 57.1 

% Satisfied with nurse care 
75.4 
74.2 
77.3 
75.6 
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Author, Measure of Patient 
Satisfaction 

Sample Size, Unit, Patients Nurse Categories Patient Satisfaction 

Ridge25 
Likert-type 5-point scale from 
strongly disagree to agree for 
overall nursing care, pain 
management, and overall 
hospital care 

Size 1,076 
Unit Surgical 
Patients Surgical 

% BSN Experience 
44 8.70 
Nurse hours/patient day % RN 
6.9 67 
Increase by  
1 hour in LPN hours  
Increase by  
1% in RN   
 
% BSN Experience 
44 8.70 
Nurse hours/patient day % RN 
6.9 67 
 
% BSN Experience 
44 8.70 
Nurse hours/patient day % RN 
6.9 67 

Satisfaction with nurse are ± SD 
4.3 ± 0.76 
 
4.29 ± 0.14 
 
0.65  
 
0.893  
% satisfied  
 
88% 
 
87.2% 
% satisfied with pain management 
 
84 ±  7 
 
83 ± 3.8 

Ritter-Teitel69 
satisfaction with nursing care 
and pain management during 
hospital stay (max 100 scores) 

Size 56 
Unit Combined 
Patients Combined 

 
Nurse hours/patient day % RN 
9.3 56.15 
9.58 56.4 
9.19 56.79 
9.79 56.77 
9.41 56.79 
9.36 56.77 
Increase by 1 hour in RN hours 
Nurse hours/patient day % RN 
9.3 56.15 
9.58 56.4 
9.19 56.79 
9.79 56.77 
9.41 56.79 
9.36 56.77 
Increase by 1 hour in RN hours 

% satisfied with nurse care ± SD 
 
82.68 ± 6.08% 
84.38 ± 6.31% 
83.29 ± 6.08% 
83.82 ± 5.67% 
82.08 ± 6.31% 
84.9 ± 6.99% 
1.18 ± 4.17% 
% satisfied with pain management 
84.1 ± 8.73% 
84.6 ± 6.46% 
83.1 ± 10.2% 
83.3 ± 7.82% 
85.3 ± 6.87% 
85.9 ± 4.63% 
1.50 ± 4.08% 

Seago8 
Patient satisfaction measured 
with Likert scale 

Size 89,256 
Unit Combined 
Patients Medical 

Patient focused care % RN 
Before 63 
After 61.5 
After 62 

Relative risk of being satisfied with nurse care 
Not significant 
Not significant 
Not significant 
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Author, Measure of Patient 
Satisfaction 

Sample Size, Unit, Patients Nurse Categories Patient Satisfaction 

Seago93 
Patient satisfaction measured 
with Likert scale 

Size 1,012 
Unit Combined 
Patients Medical 

Nurse hour    %RN 
8.1          75 
8.3          96 
7.49       72 
Increase by 1 nurse hour 
Increase by 1% in RN   
Increase by 1 RN hour   

% satisfied with pain management ± SD 
84.2 ± 3.5% 
89.3 ± 6.4% 
80.5 ± 6.7% 
2.44 ± 0.62 
13.6 ± 3.6 
2 ± 2 

Sovie71 
The Picker Institute Patient 
Satisfaction Survey; the Press, 
Ganey Patient Satisfaction 
Survey. Dimensions: pain 
management, education, 
Attention to needs, nursing care, 
preparation for discharge 

Size 29 
Unit Combined 
Patients Medical 
  
 
 
 
 
 
 
 
Medical 
Surgical 

Nurse hour  UAP hour  % BSN 
9.14 2.39 53.00 
9.79 2.7 52.70 
9.34 2.22 53.00 
9.36 2.56 52.70 
Increase by 1 RN hour  
Nurse hour  UAP hour  % BSN 
9.14 2.39 53.00 
9.79 2.7 52.70 
9.34 2.22 53.00 
9.36 2.56 52.70 
Increase by 1 nurse hour 
Increase by 1 nurse hour 

% satisfied with nurse care ± SD 
84 ± 5.9% 
84 ± 5.7% 
83 ± 6.5% 
85 ± 7% 
2.87 
% satisfied with pain management 
83.04 ± 9.962 
83.31 ± 7.862 
85.55 ± 6.862 
85.92 ± 4.662 
-2.3 ± 1 
-1.4 ± 0.3 

Tallier83 
Patient opinion of care in 
hospital measured with Patient 
Satisfaction Survey (max 27 
scores) 

Size 2,897 
Unit Combined 
Patients Medical 

Nurse hours % RN 
5.8 57 
5.7 60 
Nurse hours  RN hours 
6.2 5.9 
5.8 5.9 
5.8 5.5 
5.7 6.9 
5.3 6.6 
6.1      6.8 

% satisfied 
72% 
72% 
 
72% 
72% 
72% 
77% 
77% 
77% 

 
RN = registered nurse; UAP = unlicensed assistive personnel; BSN = Bachelor of Science in Nursing; SD = Standard deviation 
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Table G21.  Research studies related to staffing ratios/hours/skill mix in acute care hospitals (not included in questions 1, 2, and 4) 
 

Author, Year, 
Publication Type 

Aim of the Study Sample Study Design and 
Method 

Variables Results 

Systematic reviews 
Lankshear 96 Assesses the 

evidence for a 
relationship between 
the nursing 
workforce and 
patient outcomes in 
acute hospitals 
through a systematic 
review of the 
literature 

22 international 
studies between 
1990 and 2004 

Systematic review of 
literature 

Nurse staffing 
Patient outcomes 

22 studies relating nurse staffing to 
mortality, failure to rescue, and 7 
common complications. Concluded 
that there is support that higher 
nurse staffing and RN skill mix are 
associated with improved patient 
outcomes. Noted that the effect size 
could not be estimated reliably. The 
association between nurse staffing 
and patient outcomes appears to 
show diminishing marginal returns. 

Lang97 Determine if peer-
reviewed literature 
supports minimum 
nurse-patient ratios 
for acute care 
hospitals and 
whether nurse 
staffing is 
associated with 
patient, nurse 
employee, and 
hospital outcomes 

43 studies between 
1980 and 2003 

Systematic review of 
literature 

Nurse staffing 
Patient, nurse 
employee, and 
hospital outcomes 

43 studies relating nurse staffing to 
in-hospital adverse events (failure to 
rescue, inpatient mortality, 
pneumonia, urinary tract infection, 
pressure ulcers, shock); nurse 
outcomes (needle stick injuries, 
nurse burnout, nurse 
documentation, nurse satisfaction, 
absenteeism, assaults, and nurse 
professionalism), hospital outcomes 
(length of stay, financial outcomes, 
staffing models). 
Concluded there is probable 
relationships between nurse staffing 
and failure to rescue among surgical 
patients, inpatient mortality; limited 
evidence between nurse staffing 
and burnout, needle stick injuries, 
nurse documentation, hospital 
financial outcomes; statistically and 
clinically significant relationship 
between nurse staffing and length of 
stay. No support in the literature for 
specific, minimum nurse-patient 
ratios, especially in the absence of 
adjustments for skill and patient mix. 
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Author, Year, 
Publication Type 

Aim of the Study Sample Study Design and 
Method 

Variables Results 

Externally imposed staffing policies (mandated patient ratios) 
Seago98 Examine the 

relationship between 
nurse staffing and 
owner type or 
specific corporate 
entity 

Short-term general 
hospitals that 
reported in the 
California Office of 
Statewide Health 
Planning and 
Development’s 
(OSHPD) Hospital 
Disclosure report 
from 1997-1999 

Descriptive cross-
sectional design. 
Secondary data 
analysis using data 
from the California 
OSHPD Hospital 
Disclosure report 
(1997-1998). 

RN hours/patient day, 
RN-to-patient ratio, 
RN skill mix. 
LVN, aide, and total 
hours/patient day, 
patient days, 
discharges, 
RN/LPN/NA wages, 
percent Medicaid, 
Medicare case mix, 
length of stay, 
technology index, 
rural/urban location, 
proprietary status for 
hospital and system 

For profit hospitals and system had 
fewer RN productive hours for 
medical-surgical nursing, but when 
distinguished by rural or urban 
location, the relationship is no 
longer significant. The lower use of 
RNs in for profit systems is likely 
driven by one health system. More 
RN productive hours is predicted by 
more patient days, higher case mix 
index and higher technology scores. 

Donaldson9 Examine the impact 
of mandated nurse-
to-patient ratios on 
unit-level nurse 
staffing, the 
incidence and 
patient outcomes 

California hospitals 
participating in the 
California Nursing 
Outcomes Coalition 
(CalNOC) 
N = 68 hospitals and 
268 patient care 
units 

Descriptive, pre-post 
design 
CalNOC data collected 
at the point of service in 
real time by hospitals 
using current staffing 
data as well as the 
three patient outcomes. 
Pre-ratio baseline: first 
6 months (2 quarters) of 
2002 
Post-ratio period: first 6 
months (2 quarters) of 
2004 following 
implementation of the 
licensed nurse-to-
patient ratios 

Nursing-care hours 
(RN, LVN, unlicensed 
productive hours); RN 
nursing care hours; 
LVN nursing care 
hours; non-RN and 
LVN caregiver care 
hours; contracted 
hours; skill mix; total 
patient days; patient 
falls incidence; 
hospital acquired 
pressure ulcer 
prevalence. 

Mean total RN hours of care per 
patient day increased by 20.85 on 
medical-surgical units after 
implementation of mandated staffing 
ratios; total nursing hours increased 
by 7.4%. Number of patients per 
licensed nurse decreased post-
implementation by 16% and the 
number of patients per RN 
decreased by 17.5%. No changes 
noted to step-down units; no 
changes in use of contract nurses. 
Changes were consistent across 
hospital size and hospital systems. 
There was no statistically significant 
change in the incidence of falls or 
the prevalence of hospital acquired 
pressure ulcers following 
implementation of the nurse-patient 
mandated ratios. 
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Author, Year, 
Publication Type 

Aim of the Study Sample Study Design and 
Method 

Variables Results 

Hodge99 Develop baseline 
data on the 
characteristics, 
number, and 
distribution of 
licensed caregivers 
in specific units of 
acute care hospitals 
in California and 
determine how 
staffing varies 
across different 
types of acute care 
hospitals. 

Stratified random 
sample of general 
acute care hospitals 
in California. 
N = 80 hospitals; 
2,298 nurses 

Cross-sectional 
descriptive design. 
Investigator developed 
survey instrument 
which was administered 
by RN surveyors. Data 
collected from hospital 
administrators, nurse 
managers, direct care 
staff nurses. 

Unit-related data: 
Duration of shifts, type 
of shifts, number of 
patients, nurses, 
unlicensed staff, 
admissions, 
discharges, patient 
care assignments, 
services provided by 
licensed nurses; 
experience, education, 
employment status 
and patient load of 
each nurse on duty on 
day of survey; staffing 
and skill mix data for 
all shift. 

Diverse nursing staffs are present in 
California hospitals (e.g. education, 
experience, employment status).   
50% of RNs on day shift have a 
baccalaureate degree. The 
proportion of RNs varied by type of 
unit ranging from 30% (subacute) to 
84% (postpartum/delivery). Per 
diem and agency staff comprise 
more than 20% of the day shift staff 
for emergency departments and 
post-partum units. Nurses in 
academic medical centers and rural 
hospitals generally had fewer 
patients than did nurses in other 
hospital types.  

Studies with implications for staffing policies that were ineligible for meta-analysis 
McGillis Hall100 Evaluate the impact 

of different nurse 
staffing models 
selected patient 
outcomes. 

19 teaching 
hospitals in Ontario, 
Canada using adult 
medical-surgical and 
obstetric inpatients. 
N at admission: = 
2,046 
N at discharge = 
1,811  
N at 6 weeks post 
discharge = 1,483 

Repeated measure 
design 
Data collected from 
patients using a variety 
of instruments and data 
also collected by data 
collectors. Staffing data 
provided by nurse 
managers. Patient data 
collected at admission, 
discharge, and 6 weeks 
after discharge. 

Functional health 
outcomes (Functional 
Independence 
Measure; SF-36); 
Pain (Brief Pain 
Inventory Short Form); 
Patient perception of 
nursing care (Patient 
Judgment of Hospital 
Quality 
Questionnaire);  
Mix of staff on patient 
care units 
Continuity of patient 
care assignments 

A higher proportion of regulated 
nursing staff (Canadian term for RN) 
was associated with better FIM 
scores and better social function 
scores at hospital discharge. 
Nursing staff mix (higher proportion 
of RN/RPNs) was a significant 
predictor of functional 
independence, pain, social 
functioning, and patient satisfaction 
with obstetric care, after other 
potential determinants of health 
outcomes were controlled.   
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Author, Year, 
Publication Type 

Aim of the Study Sample Study Design and 
Method 

Variables Results 

McGillis Hall101 Determine if nurse 
staffing models and 
nursing 
demographic 
variables explain 
variation in quality 
outcomes. 
Determine if the 
influence of the 
nurse staffing model 
on the quality 
outcomes varies by 
type of care delivery 
model. 

77 adult medical, 
surgical and 
obstetrical patient 
care units in 19 
urban teaching 
hospitals in Ontario, 
Canada. 
1,116 nurses 

Descriptive correlational 
design 
Nurse staffing data 
collected through 
questionnaires to unit 
managers;  
Surveys distributed to 
RNs 

Nurse staff mix; 
Nursing care delivery 
models (total patient 
care, team nursing, 
primary nursing); 
Nurses’ perceptions of 
quality of care;  
Unit communication 
and coordination. 

There was a significant positive 
relationship between all nursing 
staff models with an all-RN staff and 
nurses’ perceptions of quality of 
care. A staff mix of RNs and RPNs 
had a statistically significant 
negative influence on the use of 
individualized approaches for the 
coordination of care and overall unit 
communication, whereas the 
opposite was true for staff models 
that had both regulated and 
unregulated workers (RNs, RPNs, 
and URWs). 

McGillis Hall101 Examine the effect 
of different nurse 
staffing models on 
costs and patient 
outcomes. 

77 adult medical, 
surgical and 
obstetrical patient 
care units in 19 
urban teaching 
hospitals in Ontario, 
Canada. 

Descriptive correlational 
design 

Four types of nursing 
staff mix (RN and 
RPN; all RN; 
proportion of URW to 
regulated workers 
(RNs and RPNs); 
RN/RPN//URW staff 
mix. 
Patient safety 
outcomes (patient 
falls, medication 
errors, wound 
infections, urinary tract 
infections); 
Case nursing hours 
(measure of nursing 
resource use); 
Patient complexity. 

Lower proportions of professional 
nursing staff (RNs/RPNs) was 
related to higher number of 
medication errors and wound 
infections.  

 
FIM = Functional independence measure; RN = Registered Nurse; RPN = Registered Practical Nurse; URW = unregulated workers 
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Table G22.  Research studies related to shift work of nurses (types of shifts; length of shifts) 
 

Author, Year, 
Publication Type 

Aim of the Study Sample Study Design and 
Method 

Variables Results 

Skipper102 Examine the 
relationship between 
the physical health 
and mental 
depression of nurse 
shift workers and 
relevant social and 
work related 
variables 

482 RNs working 
shifts in five 
hospitals in the 
southeastern region 
of the U.S. 

Descriptive survey 
Distributed 
questionnaires 
through the nurses’ 
hospital 

Physical health scale 
(e.g. quantity and quality 
of sleep; physical related 
problems); 
Depression measured by 
the CES-D scale; 
Family relation; 
Informal social 
participation (e.g. 
frequency visiting friends, 
relatives); 
Job performance 
measured by the Six-
Dimension Scale of 
Nursing Performance; 
Job related stress scale. 
Covariates: age, marital 
status, number of children 
under age 6, education, 
work experiences, shift 
preferences, etc. 

When controlling for the background 
variables, there was no relationship 
between difficulty in family relations and 
shift work or informal social participation 
and shift work. Shift work was 
associated with voluntary organization 
participation (most prevalent in the day 
shift nurses), hours spent in solitary 
activities (most prevalent in the evening 
shift nurses), and job performance 
(lowest perception of job performance by 
nurses working rotating shifts). Job 
related stress and shift work were 
significantly related (nurses working 
rotating shifts experienced the highest 
stress). No association was found 
between shift work and physical health 
or depression. There was an association 
with shift type and quality and quantity of 
sleep. Night shift nurses received the 
least amount of sleep and had the most 
trouble sleeping.  

Gold103 Examine the impact 
of work schedule on 
the sleep schedule, 
sleepiness, and 
accident rates of 
female nurses in a 
Massachusetts 
hospital based on a 
self-administered 
questionnaire 
administered in 
1986.  

687 RNs and LPNs 
employed in one 
hospital 

Cross-sectional 
Self-administered 
questionnaire in 
which nurses kept 
records for two 
weeks regarding 
their work schedules 
and sleep patterns 

Nurses’ record of shifts 
worked for two weeks and 
sleep and wake times for 
the same two weeks. 
Nurses’ self-assessments 
of quality of sleep, 
sleepiness, automobile 
accidents or other 
injuries, medication, and 
procedural errors. 

Night nurses and nurses that rotated 
shifts (rotators) had the highest odds of 
poorer quality of sleep and using 
sleeping medications. The odds of 
reporting any accidents or errors were 
higher for rotators than nurses working 
days or evenings.  
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Variables Results 

Ruggiero104 To determine 
variables 
contributing to 
chronic fatigue in 
critical care nurses 
and to determine if 
there are differences 
between critical care 
nurses working day 
and night shifts in 
regards to fatigue, 
depression anxiety, 
and quality of sleep. 

Subjects were 
members of the 
American 
Association of 
Critical Care Nurses.  
67 worked the day 
shift and 75 worked 
the night shift. 

Descriptive, survey; 
two-group 
comparison 
Mailed survey 

Chronic shift worker 
fatigue measured by the 
Standard Shiftwork Index 
Chronic Fatigue Scale; 
Global sleep quality 
measured by the 
Pittsburgh Sleep Quality 
Index; Depression 
measured with the Beck 
Depresssion Inventory-II; 
Anxiety measured with 
the Beck Anxiety 
Inventory. Demographic 
data obtained regarding 
age, gender, shift, and 
schedule details. 

Permanent night nurses had significantly 
more depression and poorer global 
sleep quality; no significant differences 
between day and night shift nurses in 
chronic fatigue or anxiety. 46% of the 
variance in chronic fatigue was 
explained by depression and global 
sleep quality. 

Rogers105 To examine the 
work patterns of 
hospital staff nurses 
and determine if 
there is a 
relationship between 
hours worked and 
frequency of errors.  

393 RNs who were 
members of the 
American Nurses 
Association. Unit of 
analysis was 
number of shifts 
worked (5,317) over 
a 28-day reporting 
period. 

Descriptive; survey 
Mailed log book 

Nurse-reported data 
regarding hours worked 
(scheduled and actual), 
time of day worked, 
overtime, days off, 
sleep/wake patterns, 
mood, caffeine intake, 
errors and near errors. 

Participants worked, on average, 55 
minutes longer than scheduled each 
day. Almost 2/3 of the nurses worked 
overtime 10 or more times during the 28-
day period. One quarter of the 
respondents worked more than 50 hours 
per week for two or more weeks of the 2-
day period. More than 25% of nurses 
reported working mandatory overtime at 
least once during the 28 days. There 
were 199 reported errors and 213 
reported near errors. More than half of 
the errors and near errors were 
medication related. The likelihood of 
making an error increased with longer 
work hours and was three times higher 
when nurses worked shifts lasting 12.5 
hours or more (OR = 3.29).  Working 
overtime increased the odds of making 
at least one error, regardless of how 
long the shift was originally scheduled 
(OR = 2.06). The risk of making errors 
increases when nurses work overtime 
after longer shifts. Age, hospital size, or 
type of unit did not have an effect on 
errors or near errors. 
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Trinkoff106 To describe the 
nature and 
prevalence of 
extended work 
schedules of nurses  

2,273 randomly 
selected RNs who 
participated in the 
NIOSH Nurses 
Worklife and Health 
Study 

Cross-sectional 
survey 
Mailed survey 

Work-schedule variables 
derived from the Standard 
Shiftwork Index hours 
worked per day and 
week; weekends worked/ 
month; days worked in a 
row; work more than one 
job; how off shifts are 
organized).   
Mandatory overtime 
requirement. 
Demographic 
characteristics. 

When compared to the entire sample, 
hospital staff nurses were most likely to 
work 12 or more hours/day, but half as 
likely to work 6-7 days/week. They were 
more likely to work off-shifts. 
Similarly, nurses with more than one job 
worked more hours per week as well as 
more consecutive days.  Nurses 50 years 
old and older were less likely to work long 
days and were the group that tended to 
work days only. 17% of the sample were 
required to work mandatory overtime. On 
call requirements were more prevalent 
among hospital staff nurses.  

Havlovic107 Examine the impact 
of work schedule 
congruence on 
personal life 
interference and 
service to patients; 
examine the 
combined effects of 
the rotating shift and 
the compressed 
work week 

520 randomly 
selected nurses in 
British Columbia that 
returned the mailed 
survey. Nurses were 
members of the 
nurses’ union. 

Descriptive 
correlational 
Mailed survey 

Subscales from the 
Comprehensive Work- 
Schedule Survey 
(CWSS): Current 
Schedule Interference 
with Activities with Family 
& Friends; General Affect 
Toward Current 
Schedule; Service to 
External Constituents; 
Interference with Rest 
and Sleep.  
Nurse characteristics 
included full/part time 
status, shift and schedule 
currently working and 
preferred. 

Over 40% of nurses worked a rotating 
compressed work week schedule and 
47% were working both their preferred 
shift and work week. Nurses that worked 
their preferred shift, but not their 
preferred week reported lower 
interference with family and friends, a 
positive general affect toward their 
schedule and less interference with 
sleep and rest. Work week congruence 
was not significant for any of the 
dependent variables. Nurses with a 
rotating compressed work week 
schedule experienced more interference 
with their personal lives, including rest 
patterns as well as family and social 
activities, and most were dissatisfied 
with their schedules and reported lower 
quality service to their patients.  
Nurses who worked in larger hospitals 
(hospital factor) experienced greater 
interference of their work schedules with 
rest and sleep. 
Nurses that worked a longer time in a 
hospital (nurse factors) were less likely 
to report negative consequences of their 
work schedule.  
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Hoffman108 Examine the 
variation in role 
stress and career 
satisfaction among 
hospital-based RNs 
by work shift length 

Probability sample 
of 208 nurses who 
were members of 
the Michigan Nurses 
Association (50.4% 
response rate). 
N = 99 working 
predominantly 8-
hour shift pattern; 
N = 105 working 12 
hours shifts or a 
combination of 8, 
10, and 12 hour 
shifts. 

Descriptive 
comparative study 
Mailed 
questionnaires 

Role stress (Nursing 
Stress Scale) 
Career satisfaction (Index 
of Work Satisfaction) 

No significant demographic differences 
between groups. RNs working 12 hour 
shifts experienced significantly higher 
levels of stress than those working 8-
hour shifts; however, when controlling 
for nursing experience, similar levels of 
stress were found in both groups. Both 
groups were similar in regards to work 
satisfaction and the only differences in 
career satisfaction was that 8-hour RNs 
were significantly more satisfied with 
their current salary and 12-hour RNs 
derived more satisfaction from 
professional status. 
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Author, Year, 
Publication Type 

Aim of the Study Sample Study Design and 
Method 

Variables Results 

Hughes109 Examine differences 
between agency and 
hospital nurses as 
related to 
recruitment, 
retention, and 
compensation.  

6,895 staff nurses 
responding to a 
survey sent by a 
state’s Board of 
Nursing. 
Primary employer a 
staffing agency: 
n=3,360 
Primary employer a 
hospital: n=3,535 
(randomly selected) 

Descriptive; survey 
Survey sent out with 
nurses’ renewal of 
their license. 

Items from the survey 
regarding nurses’ non-
salary compensation 
package; issues related 
to recruitment and 
retention; conditions for 
willingness or need to 
increase current work 
hours. 

Hospital nurses were more likely to 
receive pension plans, health and 
dental insurance, reimbursement for 
continuing education and tuition; child 
care services, and parking. Agency 
nurses received significantly higher 
hourly wages. Agency nurses were 
more likely to indicate that improved 
benefits would be an incentive to 
change jobs whereas hospital nurses 
were more likely to change jobs for 
increased autonomy. There was no 
difference between the groups in 
terms of changing jobs for improved 
scheduling, specialty practice, or 
salary. Half of all nurses in the study 
indicated they would leave their job 
for increased salary, but there was no 
difference between agency and 
hospital nurses. While most nurses 
were willing to increase their work 
hours for incentives such as salary 
increases, child care services, 
improve relations at work, improved 
scheduling, promotion opportunities, 
and improved patient care, hospital 
nurses were more likely to increase 
their workload for those incentives.  
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Hughes110 Examine the 
sociodemographic 
characteristics of 
agency and hospital 
staff nurses and 
determine if there 
are differences in 
their work schedules 
and clinical practice. 

6,895 staff nurses 
responding to a 
survey sent by a 
state’s Board of 
Nursing. 
Primary employer a 
staffing agency: 
n=3,360 
Primary employer a 
hospital: n=3,535 
(randomly selected) 

Descriptive; survey 
Survey sent out with 
nurses’ renewal of 
their license. 

Items from the survey 
regarding nurses’ work 
schedules, practice 
activities/use of clinical 
skills, and perception of 
nurses regarding 
opportunities in their jobs 
to use the clinical skills.  

Agency nurses were more likely to be 
male, unmarried, and members of 
minority groups, and have a master’s 
degree, whereas hospital nurses 
were more likely to be enrolled in an 
education program at least part time. 
Agency nurses were more likely to 
work evening and night shifts as well 
as weekend shifts and fewer hours 
per week than hospital employed 
nurses. There were significant 
differences in the clinical practice of 
both groups. Hospital nurses reported 
performing more physical and 
psychological examinations on a 
greater percentage of their patients.  
Agency nurses evaluated clinical 
outcomes, developed nursing 
diagnoses and therapeutic plans for 
more patients. Agency nurses 
differed significantly from hospital 
nurses in regard to reporting they had 
a very or fairly good chance to use 
their skills; whereas hospital nurses 
felt they had little or no chance. 
Agency nurses used computers to a 
significantly lesser extent than 
hospital nurses. 
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Warren111 To examine nurse 
managers’ use, 
perceptions of costs, 
benefits and quality 
of care of 
supplemental 
nursing staff. 

89 nurses in 
management 
positions in two 
urban and two rural 
hospitals randomly 
selected from 32 
hospitals in a 
southeastern state. 

Descriptive; survey 
Mailed questionnaire 

Investigator developed 
questionnaire that queried 
the use of supplemental 
staffing and perceptions 
of the quality of care 
provided by supplemental 
staff nurses. 
Supplemental staff could 
be either agency-based 
or hospital-pool. 

While the majority of nurse managers 
believed that the use of supplemental 
nurses would increase in the future, 
they did not believe it was a cost 
effective practice. 59 of the 89 
respondents had used supplemental 
staffing. The primary reason for non-
use was perception of poor quality 
care. Those that had used 
supplemental staff indicated that it 
resulted in reduction of overtime and 
workload for nursing staff as well as 
covering for weekends, night shifts, 
absenteeism, and vacations. 
Managers’ perceptions of quality care 
of supplemental staff did not differ for 
hospital pool supplemental staff 
versus agency staff.  

Strzalka112 To compare float 
pool nurses (FPN), 
agency nurses (AN), 
and unit-hired 
nurses (UHN) on 
selected clinical 
indicators. 

Over the course of 8 
months, medical 
records associated 
with nurses on one 
nursing unit from 
each of the three 
groups were 
reviewed. 150 
records were 
reviewed—50 from 
each group.   
Study was 
conducted in a large 
teaching hospital in 
the southeastern 
U.S. 

Descriptive 
comparative design 

Two clinical aspects of 
care were monitored: 
patient safety measures 
to prevent falls and 
assessment and 
management of bowel 
function. 
Patient flow sheets in the 
patients’ medical records 
were reviewed. 

Float pool nurses had the highest rate 
of documentation, followed by agency 
nurses and then unit-hired nurses. 
There were statistically significant 
differences between FPNs and UHNs 
for 3 of 5 indicators to prevent falls 
and a statistically significant 
difference between ANs and FPNs on 
1 of 3 indicators for bowel 
management and between UHNs and 
ANs and FPNs on 1 of 3 indicators for 
bowel management. 
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Bloom18 Assess the effect of 
four nurse staffing 
patterns on the 
efficiency of patient 
care delivery: RNs 
from temporary 
agencies; part-time 
career RNs; RN rich 
skill mix; and 
organizationally 
experienced RNs 

Random sample of 
1,222 hospitals 
selected;  583 
hospitals in sample 

Descriptive 
correlational 

Nursing Personnel 
Survey which includes 
information about full and 
part time staff, use of 
agency staff, RN mix and 
experience. Merged data 
from the American 
Hospital Association’s 
annual survey of hospitals 
and the Area Resource 
File.  
Hospital efficiency was 
the dependent variable 
and measured as 
personnel costs per 
adjusted admission and 
total non-personnel 
operating costs per 
adjusted hospital 
admission. Control 
variables: hospital size, 
ownership/control; 
teaching status; 
occupancy rate; length of 
stay; geographic region; 
urban/rural status; 
regulatory intensity by 
state; local economic 
climate; hospital wage 
rates; hospital 
competition within a 
service area; supply of 
nursing labor within the 
community. 

Use of part-time staff was related to 
lower personnel  and hospital costs; 
skill mix was unrelated to personnel 
and hospital costs; use of temporary 
RNs was not related to personnel 
costs but was related to higher 
hospital operating costs. 
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Publication Type 

Aim of the Study Sample Study Design and 
Method 

Variables Results 

Jolma113 Examine the 
relationship between 
nursing workload 
and turnover.  

Randomly selected 
sample of medical-
surgical staff nurses 
employed in Arizona 
(n=270). 123 
respondents with 
usable 
questionnaires. 

Descriptive 
correlational 
Mailed questionnaire 

Nursing workload was 
measured by the Role 
Overload subscale and 
intent to turnover was 
measured by the Intention 
to Turnover  subscale, both 
part of the Michigan 
Organizational Assessment 
Questionnaire.  
Demographic questionnaire 
including information on 
full- and part-time status. 

Full-time status, large hospital size, 
and large unit size were associated 
with higher role overload and 
turnover intent. 

Wetzel114 Comparison of 
personal and job 
characteristics and 
work-related 
attitudes of full-time 
and part-time 
registered nurses.  

Full and part time 
RNs employed in 
three large urban 
hospitals in a 
Canadian province. 
Stratified sampling 
technique to ensure 
representation of 
full- and part-time 
RNs. Questionnaire 
sent to 930 nurses 
with 634 responding. 
Eliminated nurses 
with less than a year 
of employment 
resulting in a final 
sample of 595. 

Descriptive 
comparative design 
Mailed 
questionnaires 

Job characteristics and 
work related attitude 
measures: organizational 
commitment; 
professionalism; job 
involvement; extrinsic and 
intrinsic job satisfaction, 
satisfaction with supervisor; 
difficulty leaving job; 
influence on decision 
making. No description 
provided of the 
questionnaire, reliability 
and validity. 

Part-time nurses were older, 
married, had greater tenure in the 
organization, and more experience.  
Statistically significant difference in 
job involvement between full- and 
part-time nurses. Full-time nurses 
were significantly more job involved.  
There was no difference between 
full- and part-time nurses on the 
other work-related attitude items.  

Porter115 
 

Determine if there 
were self-image 
differences between 
beginning and 
expert nurses, 
caregivers and non-
caregivers, 
educational levels of 
nursing and full-time 
and part-time staff.  

363 nurses in a 
midwestern hospital 
responding to a 
survey. 

Descriptive; 
comparative 
Method for 
distributing 
questionnaires not 
provided. 

Self image measured by 
Porter Nursing Image 
Scale (3 factors: 
interpersonal power; 
interpersonal relations; 
interpersonal ability) and 
demographic questionnaire 

More positive scores on the three 
factors were found for full-time 
versus part-time nurses; there was 
a statistically significant difference 
for the interpersonal power factor 
(e.g. leader; functioning in an 
independent manner). 
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Bloom18 Assess the effect of 
four nurse staffing 
patterns on the 
efficiency of patient 
care delivery: RNs 
from temporary 
agencies; part-time 
career RNs; RN rich 
skill mix; and 
organizationally 
experience RNs 

Random sample of 
1,222 hospitals 
selected;  583 
hospitals in sample 

Descriptive 
correlational 
Secondary data 

Nursing Personnel Survey 
which includes information 
about full- and part-time 
staff, use of agency staff, 
RN mix and experience. 
Merged data from the 
American Hospital 
Association’s annual 
survey of hospitals and the 
Area Resource File.  
Hospital efficiency was the 
dependent variable and 
measured as personnel 
costs per adjusted 
admission and total non-
personnel operating costs 
per adjusted hospital 
admission. Control 
variables: hospital size, 
ownership/control; teaching 
status; occupancy rate; 
length of stay; geographic 
region; urban/rural status; 
regulatory intensity by 
state; local economic 
climate; hospital wage 
rates; hospital competition 
within a service area; 
supply of nursing labor 
within the community. 

Use of part-time staff was related to 
lower personnel and hospital costs; 
skill mix was unrelated to personnel 
and hospital costs; use of temporary 
RNs was not related to personnel 
costs but was related to higher 
hospital operating costs. 
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Burke116 Examine the effects 
of hospital 
restructuring and 
downsizing on full- 
and part-time 
nursing staff.  

Randomly selected 
nurses employed in 
Ontario hospitals 
and members of a 
nurses union. 
N=1,362 
Part time: 700 
Full time: 645 

Descriptive, 
correlational 
Mailed questionnaire 

Personnel and situational 
characteristics which 
included whether the 
respondent worked full or 
part time. 
Restructuring and 
downsizing measures 
(extent of restructuring; 
workload; staff bumping; 
impact of generic workers). 
Threats to security (e.g. 
layoff, change of 
employment status to part 
time). 
Impact on staff and 
institutions (job insecurity 
feelings; impact of 
restructuring on hospital 
functioning; impact on 
hospital facilities). 
Implementation and 
management measures 
(fairness, communication, 
vision, staff participation, 
revitalization). 
Organizational support.  
Work outcomes (job 
satisfaction, intent to quit 
and absenteeism). 
Psychological well-being 
indicators (emotional 
exhaustion, cynicism, 
professional efficacy, 
psychosomatic symptoms, 
physical health, medication 
use, lifestyle habits) 

Full- and part-time nurses differed 
significantly on the majority of 
demographic and situational 
characteristics (e.g. full-time nurses 
more experience in nursing, worked 
more hours per week, older, higher 
levels of education, less likely to be 
married). They responded to the 
effects of downsizing and 
restructuring quite similarly, but full-
time nurses reported significantly 
heavier workloads. They were also 
similar in regards to job satisfaction, 
but full-time nurses were more likely 
to be absent and less likely to quit. 
Full-time nurses reported 
significantly higher levels of 
exhaustion, cynicism, and 
professional efficacy (psychological 
burnout). They were also more likely 
to report poorer physical health, 
greater medication use, and poorer 
lifestyles (physical wellbeing).  
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Havlovic107 Examine the impact 
of work schedule 
congruence on 
personal life 
interference and 
service to patients; 
examine the 
combined effects of 
the rotating shift and 
the compressed 
work week. 

520 randomly 
selected nurses in 
British Columbia that 
returned the mailed 
survey. Nurses were 
members of the 
nurses’ union. 

Descriptive 
correlational 
Mailed survey 

Subscales from the 
Comprehensive Work- 
Schedule Survey (CWSS): 
Current schedule 
Interference with activities 
with family & friends; 
general affect toward 
current schedule; Service 
to external constituents; 
interference with rest and 
sleep.  
Nurse characteristics 
including full- and part-time 
status, shift and schedule 
currently working and 
preferred 

Specific to full- and part-time status 
of nurses, nurse who worked part-
time reported providing higher 
quality service to patients, liked their 
present work schedules more, and 
experienced less interference 
between their work and non-work 
activities. Nurses who worked part 
time on a contingent basis did not 
have these positive experiences.  
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Publication Type 

Aim of the Study Sample Study Design and 
Method 

Variables Results 

Crawford117 Compare processes 
of U.S. and IEN 
nurses’ experience 
to acquire licensure, 
and compare 
practice settings of 
U.S. nurses and 
IENs. 

Stratified random 
sample of 1,000 RNs 
educated in the U.S. 
and 1,000 RNs 
educated in targeted 
foreign countries (10% 
Philippines, 20% India, 
10% Canada, 10% 
South Korea, 10% 
Nigeria, 10% England, 
10% USSR, and 10% 
China) and who had 
successfully completed 
the NCLEX-RN 
examination. 
U.S. response rate = 
570 (58.7%) 
IEN response rate = 
401 (45.5%) 

Descriptive survey 
Potential responders 
were selected from the 
nurses who had 
successfully completed 
the NCLEX-RN 
examination between 
September 1 and 
November 30, 2002. A 4-
stage mailing process 
was used to engage 
participants. 
Selected potential 
responders were sent the 
Practice and Professional 
Issues Survey (PPI) 
which is routinely used by 
the National Council of 
State Boards of Nurses to 
collect information from 
entry-level nurses of 
practice activities. 

Demographic 
data; description 
of process 
experienced by 
nurses to 
complete the 
application for 
U.S. RN licensure 
and secure a job; 
work settings, 
geographic 
locations. 

35% of IENs worked with a recruiter 
when completing the steps for U.S. 
nursing licensure. The average amount 
of time to complete the process to 
receive a U.S. RN licensed for IENs 
was 23 months, but 19 months for 
those using a recruiter. 34% of IEN 
RNs secured a nursing position in the 
U.S. before moving to the U.S. from 
their home country. U.S. nurses were 
more likely to report working in critical 
care (29.8 %) and medical surgical 
units (42.7%). IENs were more likely to 
work in medical surgical units (41.4%) 
and nursing homes (21.6%).  

DiCicco-Bloom118 To describe the 
experiences of a 
group of immigrant 
women nurses 
regarding their life 
and work in a culture 
other than their own. 

Snowball sample 
initiated with the South 
Asian Nurses 
Association in New York 
state. 
10 participants 
educated in India 
between the ages of 40-
50, married, and lived in 
either Pennsylvania 
(n=3) or New Jersey 
(n=7). All were 
educated in India. 

Descriptive, qualitative 
design. 
Semi structured 
interviews with open-
ended questions were 
used to evaluate for 
themes of life and work 
as reported by the female 
immigrants from India. 

Descriptive 
experiences of 
nurses educated 
in India and living 
and working in the 
U.S. as RNs 

The themes emerging from the 
interviews were related to the 
challenges of living between two 
cultures and countries, racism 
experienced by the participants and 
their experience of marginalization as 
female nurses of color.   
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Flynn119 Examine differences, 
between cultures of 
the U.S. and 
international nurses 
regarding core 
values of nursing 
(autonomy, control 
over practice, and 
relationship with 
physicians); job 
satisfaction; and 
levels of burnout 

820 nurses who worked 
at least 16 hours per 
week on one of the 40 
study units.   
N=252 international in 
origin 
N=547 U.S. in origin 

Comparative descriptive 
study using secondary 
data collected in 1991 
from 40 inpatient care 
units in 20 hospitals 
located in 11 U.S. cities 
with a high incidence of 
AIDS. 

Country of origin 
(IV); values 
related to the 
professional 
nursing practice 
environment 
(Nursing Work 
Index-6 
subscales); 
emotional 
exhaustion 
(Maslach Burnout 
Inventory) 

124 of the international nurses 
received their nursing education 
outside of the U.S.  
No differences were found between 
country of origin and three of the 
subscales of the Nursing Work Index 
(control over practice, relationships 
with physicians, and importance of 
hierarchy). Significant differences were 
found for three of the subscales 
(autonomy, ambiguity reduction, and 
collectivism). The absence of a 
professional practice environment was 
a significant predictor of emotional 
exhaustions among both U.S. and 
international nurses. 

Pizer120 Compare job 
satisfaction and 
demographics for 
U.S. and IEN in six 
New York City pubic 
hospitals. 

857 direct care nurses 
from six public hospitals 
in New York City. 
N=857 IEN nurses 
N=535 U.S. nurses 

Comparaitive study 
design. 
A two-part survey was 
developed for study by 
the Institute for Health 
Policy distributed to 
nurses.  

Demographics 
(e.g. education, 
shift worked, 
overtime, age, 
experience, unit 
type). 
Job satisfaction 
(Nurse Job 
Satisfaction 
Survey) 

Internationally educated nurses were 
younger and held a baccalaureate 
degree.  They were more likely to be 
male, have less children, work off shifts 
and more overtime, work in specialty 
units, and had less experience as an 
RN that U.S. nurses.   
No differences between the two groups 
were found in job satisfaction for time 
to do the job and satisfaction with 
quality of care they were able to 
provide. There was a small significant 
difference for enjoyment of job with 
U.S. nurses reporting slightly more job 
enjoyment. This difference 
disappeared however when nurses 
who had positions that required both 
administrative responsibilities and 
direct care were omitted. 
Being a IEN did not provide any 
explanation of variance for the three 
subscales of the NJSS. 
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Author, Year, 
Publication Type 

Aim of the Study Sample Study Design and 
Method 

Variables Results 

Xu121 Describe the 
demographic, 
educational, and 
employment 
characteristics of 
Internationally 
Educated Nurses 
(IENs) with 
comparison to U.S. 
trained nurses. 

35,579 nurses from the 
2000 National Sample 
Survey of Registered 
Nurses; 3.7% of sample 
(1,300) were IENs. 

Descriptive study using 
secondary data from the 
2000 National Sample 
Survey of Registered 
Nurses (NSSRN),  

Age, gender, 
education, 
employment (full 
time vs. part time; 
work hours) work 
setting and unit; 
position; income; 
job satisfaction, 
reasons for not 
working. 

IENs were generally younger than U.S. 
nurses. Most were from the Philippines 
(38.9%), followed by Canada (17.5%), 
India (10.9%) and the UK (8.9%). IENs 
are more likely to be baccalaureate 
prepared over USNs (38.3% and 30% 
respectively) and more likely to work 
full time (73.7% vs. 59.1%). Many of 
the IENs were on contract to work full 
time and thus did not have an option to 
work part time. There was no 
difference in job satisfaction between 
the two groups. The rate of IENs who 
left nursing was only half that of U.S. 
nurses (2.3% vs. 4.6%). 

Yi122 Investigate how 
Korean nurses 
adjust to the U.S. 
hospital settings, the 
processes by which 
they adjust, and how 
their cultural 
background affects 
their adjustment 
process.   

Purposive sample of 12 
Korean nurses working 
in the U.S. 

Exploratory study using a 
grounded theory method 
using semi-structured, 
indepth interviews.  

Experience of 
Korean nurses’ 
adjustment to 
U.S. hospitals. 

Adjustment to U.S. hospitals involves 
two stages. Initial stage of adjustment 
is 2-3 years involving three stages: 1) 
relieving psychological stresses; 2) 
overcoming the language barriers; 3) 
accepting U.S. nursing practice. 5-10 
years for two later stages: 1) adopting 
U.S. styles of problem-solving 
strategies; 2) adopting styles of U.S. 
interpersonal relationships.  

 
USNs = U.S. trained nurses 
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Table G26.  Research related to nursing staff overtime 
 

Author, Year, 
Publication Type 

Aim of the 
Study 

Sample Study Design and 
Method 

Variables Results 

Shader123 Examine the 
relations 
between work 
satisfaction, 
stress, age, 
cohesion, work 
schedule, and 
anticipated 
turnover 

Staff nurses and  
nurse managers 
from 12 units in a 
908-bed university 
hospital in the 
southeastern U.S. 
N = 241 

Descriptive study 
using a cross-
sectional survey 
design. 
Questionnaire 
distributed directly to 
nurses during work 
hours. 

Nurse work satisfaction 
(Index of Work 
Satisfaction) 
Job stress (modified 
version of the Job Stress 
Scale). 
Group cohesion (Bryne 
Group Cohesion Scale). 
Anticipated turnover 
(Anticipated Turnover 
Scale). Actual turnover 
(calculated as a ratio of the 
number of people who 
resigned to the average 
number of staff working for 
one year) 
Unit demographics (e.g., 
size of the unit, turnover 
data, patient satisfaction 
scores, overtime, acuity, 
ADC, staffing mix, and 
reallocation). 
Nurse demographics (e.g., 
age, gender, position, 
years of experience, 
tenure, education, shift 
worked). 

Specific to overtime, work 
satisfaction, weekend overtime, job 
stress, and group cohesion 
predicted anticipated turnover rate 
and explained 31% of the variance 
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Author, Year, 
Publication Type 

Aim of the 
Study 

Sample Study Design and 
Method 

Variables Results 

Berney124 To determine 
factors that 
influence 
overtime use 
among various 
hospitals and 
within the same 
hospitals from 
year to year 

General acute care 
hospitals in New 
York state that filed 
Institutional Cost 
Reports (ICR) 1995 
to 2000.  Over the 
five years, hospitals 
included in analysis 
ranged from 167 to 
174 hospitals. 
Observations 
represented 
hospital years and 
varied from 1,008 
to 1,028. 

Secondary data from 
cost reports 

Straight time and overtime 
hours; proportion of RN 
hours for acute inpatients 
that were overtime hours; 
ownership; location; 
teaching; unionization. 

RNs, on average, worked 4.5%, of 
their total hours as overtime (under 
2 hours/week; range 0 to 8 hours/ 
week. Multivariate analysis results 
found that within hospitals, an 
increase of 1 hour of RN straight 
time per patient day was associated 
with a 10% decrease in overtime. 
Occupancy, average hourly wage 
and hours in the average work 
week were not associated with RN 
overtime within hospitals. When 
controlling for year to year 
variations in overtime for each 
hospital, higher RN straight hours 
were significantly associated with 
higher RN overtime. Each 1 hour 
increase in straight time was 
associated with an 8.7% increase in 
overtime. Government hospitals 
used 44% less overtime than did 
for-profit and nonprofit hospitals. 
Having unionized RNs was 
associated with a 22% higher rate 
of overtime use.  
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Author, Year, 
Publication Type 

Aim of the 
Study 

Sample Study Design and 
Method 

Variables Results 

Rogers105 To examine the 
work patterns of 
hospital staff 
nurses and 
determine if 
there is a 
relationship 
between hours 
worked and 
frequency of 
errors.  

393 RNs who were 
members of the 
American Nurses 
Association. Unit of 
analysis was 
number of shifts 
worked (5,317) 
over a 28 day 
reporting period. 

Descriptive; survey 
Mailed log book 

Nurse-reported data 
regarding hours worked 
(scheduled and actual), 
time of day worked, 
overtime, days off, 
sleep/wake patterns, 
mood, caffeine intake, 
errors and near errors. 

Participants worked, on average, 55 
minutes longer than scheduled 
each day. Almost 2/3 of the nurses 
worked overtime 10 or more times 
during the 28-day period. One 
quarter of the respondents worked 
more than 50 hours per week for 
two or more weeks of the 28-day 
period. More than 25% of nurses 
reported working mandatory 
overtime at least once during the 28 
days. There were 199 reported 
errors and 213 reported near errors. 
More than half of the errors and 
near errors were medication 
related. The likelihood of making an 
error increased with longer work 
hours and was three times higher 
when nurses worked shifts lasting 
12.5 hours or more (OR-3.29). 
Working overtime increased the 
odds of making at least one error, 
regardless of how long the shift was 
originally scheduled (OR=2.06). The 
risk of making errors increases 
when nurse work overtime after 
longer shifts. Age, hospital size or 
type of unit did not have an effect 
on errors or near errors. 
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Author, Year, 
Publication Type 

Aim of the 
Study 

Sample Study Design and 
Method 

Variables Results 

Trinkoff106 To describe the 
nature and 
prevalence of 
extended work 
schedules of 
nurses.  

2,273 randomly-
selected RNs who 
participated in the 
NIOSH Nurses 
Worklife and Health 
Study.  

Cross-sectional 
survey 
Mailed survey 

Work-schedule variables 
derived from the Standard 
Shiftwork Index hours 
worked per day and week; 
weekends worked/month; 
days worked in a row; work 
more than one job; how off 
shifts are organized).   
Mandatory overtime 
requirement. Demographic 
characteristics. 

When compared to the entire 
sample, hospital staff nurses were 
most likely to work 12 or more 
hours/day, but half as likely to work 
6-7 days/week and off-shifts. 
Similarly, nurses with more than 
one job worked more hours per 
week as well as more consecutive 
days. Nurses 50 and older were 
less likely to work long days and 
were the group that tended to work 
days only. 17% of the sample was 
required to work mandatory 
overtime and 2/3 were required to 
do so with less than a 2 hour notice. 
There were no differences in the 
prevalence of mandatory overtime 
among hospital staff RNs compared 
with the overall sample, those 
working more than one job and 
those 50 years and older. Single 
parents were more likely to work 
jobs with mandatory overtime. 
Those whose jobs included 
mandatory overtime worked 
significantly longer hours. On call 
requirements were more prevalent 
among hospital staff nurses.  
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Author, Year, 
Publication Type 

Aim of the 
Study 

Sample Study Design and 
Method 

Variables Results 

O”Brien-Pallas125 Determine 
factors 
contributing to 
high RN injury 
claim rates in 
Canadian 
hospitals. 

127 hospitals in 
Ontario, Canada 
N = 8,044 RNs 

Cross-sectional study 
Secondary data 
(1998-99)  

Workload and staffing data 
(mandatory annual Ontario 
Ministry of Health and 
Long Term Care hospital 
submissions; 
Nursing lost-time injury 
claims data (Ontario 
Workplace Safety and 
Insurance Board 
database); 
Organizational (job 
dissatisfaction), nurse 
characteristics (age, 
health, missed shifts, 
emotional exhaustion, 
autonomy in practice, 
control over practice, 
nurse-physician 
relationships). 

High hospital RN lost-time claim 
rates were increased by 70% for 
each quartile increase in the 
percentage of RNs reporting more 
than one hour of overtime per week. 

Berney126 Examine trends 
in the use of 
overtime by 
hospitals to 
determine 
whether 
overtime has 
been increasing 
more rapidly in 
some kinds of 
hospitals than in 
others. 

150 hospitals in 
New York State 

Secondary data from 
cost reports 

Straight time and overtime 
hours; proportion of RN 
hours for acute inpatients 
that were overtime hours; 
ownership; location; 
teaching; unionization. 

Overtime increased 51% from 
1995-2002. Overtime increased 
more in nongovernment, unionized 
hospitals and non teaching 
hospitals. 
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Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes 
 

Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

ANA56 
An average hospital rate of 
nosocomial pneumonia, urinary 
tract infections, postoperative 
infections as secondary 
diagnoses in surgical patients; 
% RN Hours/total nursing hours 

Hospitals  131 
Unit  Combined 
Patients   Combined 

 
 
Increase by 1% in RNs in New York, 1992 
Increase by 1% in RNs in New York, 1994 
Increase by 1% in RNs in California, 1992 
Increase by 1% in RNs in California, 1994 
 
 
Increase by 1% in RNs in New York, 1992 
Increase by 1% in RNs in New York, 1994 
Increase by 1% in RNs in California, 1992 
Increase by 1% in RNs in California, 1994 
 
 
Increase by 1% in RNs in New York, 1992 
Increase by 1% in RNs in New York, 1994 
Increase by 1% in RNs in California, 1992 
Increase by 1% in RNs in California, 1994 
 
 
Increase by 1% in RNs in New York, 1992 
Increase by 1% in RNs in New York, 1994 
Increase by 1% in RNs in California, 1992 
Increase by 1% in RNs in California, 1994 

Relative risk 
Urinary tract infection 
1.00 
0.99 
0.99 
0.99 
Pneumonia 
Rate, % Relative risk 
0.00 1.00 
0.00 1.00 
-0.56 0.99 
-0.39 1.00 
Pressure ulcers 
Rate, % Relative risk 
-1.77 0.98 
-1.23 0.99 
-0.79 0.99 
-1.23 0.99 
Nosocomial infections 
Rate, % Relative risk 
0.00 1.00 
0.00 1.00 
-0.53 0.99 
-0.47 1.00 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Barkell77 
The incidence of urinary tract 
infection: a) presence of white 
blood cells >100/high-powered 
field (HPF) on urinalysis, b) 
bacteria 3+/ high-powered field 
F or 4+/ high-powered field on 
urinalysis, and c) urine culture 
showing >100,000 colonies of 
one or two (not three or more) 
organisms; the incidence of 
pneumonia; proportion of RN/ 
total nursing staff. 

Hospitals 1 
Unit Surgical 
Patients Surgical 
Race 88.1 
Sex 40.7 

 
Team nursing model with patient care associate assisting 
RNs in delivery of patient care (lower proportion of RN: 
65.8%) 
Total patient care model, higher proportion of RN: 78.6%) 

Pneumonia, rate % 
 
5.1 
 
0 

Berney84 
Actual number of urinary tract 
infections, gastrointestinal 
bleeding, and sepsis events 
identified as secondary DRG; 
RN acute hours/(RN + LPN 
acute hours) 

Hospitals 161  
 
1% increase in RN hours/total licensed hours, medical 
patients 
1% increase in RN hours/total licensed hours, surgical 
patients 
 
1% increase in RN hours/total licensed hours, medical 
patients 
1% increase in RN hours/total licensed hours, surgical 
patients 
 
1% increase in RN hours/total licensed hours, medical 
patients 
1% increase in RN hours/total licensed hours, surgical 
patients 

Relative risk 
Urinary tract infection 
1.00 0.99 1.00 
 
1.00 0.99 1.00 
 
Gastrointestinal bleeding 
1.00 1.00 1.01 
 
1.01 1.00 1.01 
 
Sepsis 
1.01 1.00 1.01 
 
1.01 1.00 1.01 

Blegen58 
The number of patient falls on 
the unit in quarter/1,000 patient 
days; the number of CPR on 
the unit in quarte/1,000 patient 
days; RN hours per patient day 
divided by all hours per patient 
day 

Hospitals 11 
Unit Combined 
Patients Combined 

 
 
 
Increase by 1% in proportion of RN 
 
Increase by 1% in proportion of RN 

Rate per 100 patient days ± 
SD 
Falls 
-0.05 ± 1.63 
CPR 
-0.01 ± 0.55 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
 

 

G
-191

Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Blegen73 
The number of patient falls on 
the unit in quarter/1,000patient 
days; RN hours per patient day 
divided by all hours per patient 
day 

 Proportion of BSN 
 
73% 
72% 

Rate/100 patient days ± SD 
Falls 
0.22 ±  0.18 
0.27 ± 0.28 

Blegen59 
New incidences of skin 
breakdown secondary to 
pressure or exposure to urine 
or feces; suddenly and 
involuntarily leaving a position 
and coming to rest on the floor 
or some object. All reported 
falls were included whether or 
not injuries resulted. RN hours 
per patient day divided by all 
hours per patient day 

Hospitals 1 
Unit Combined 
Patients Combined 

 
 
Increase by 1% in proportion of RN nurses 
Proportion of RN >87.5% 
 
Increase by 1% in proportion of RN nurses 
Proportion of RN >87.5% 
 
Increase by 1% in proportion of RN nurses 
Proportion of RN >87.5% 

Rate/100 patient days ± SD 
Decubitus ulcer 
-1.06 ± 3.36 
0.25 ± 0.12 
Falls 
0.04 ± 3.01 
-0.22 ± 0.10 
Nosocomial infection 
-1.26 ± 6.15 
0.13 ± 0.22 

Bolton26 
Hospital-acquired pressure 
ulcers; the monthly rate per 
1,000 patient days for each 
nursing unit and each hospital. 
Data are collected at the 
patient level and aggregated by 
CalNOC staff to the unit level. 
Unplanned descent to the floor 
in adult patients; the monthly 
fall rate per 1,000 patient days 
for each nursing unit and each 
hospital; % of RN hours/total 
nursing hours. 

Hospitals 38                                          % RN 
 
Medical-surgical units 59 
Critical care units 91 

Rate/100 patient days 
Falls Pressure ulcers 
3.70 8.00 
0.10 13.00 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Cheung32 
Pressure ulcers, patient falls 
coded as secondary diagnosis, 
primary bloodstream infections 
after admitting the unit, ratio of 
RN and LPN among to 
unlicensed nursing personnel 

Hospitals 1 
Unit Combined 
Patients Medical 

 
Increase by 1% of licensed nurses  

Relative risk of decubitus 
ulcers, failure to rescue, and 
nosocomial infection  
Not significant 

Cho38 
ICD-9-CM for urinary tract 
infections 
ICD-9-CM for pressure ulcers 
ICD-9-CM for falls and injury 
ICD-9-CM for surgical wound 
infection 
ICD-9-CM for sepsis 
ICD-9-CM for adverse drug 
event. 
RN Hours divided by all hours 

Unit Combined 
Patients Combined 
Hospitals 
48 
48 
79 
79 
48 
48 
48 
48 
48 
79 
12 
12 
12 
79 
12 
12 
12 
48 
48 
48 
 
 
232 

 
 
% RN 
70 
50 
60 
90 
60 
60 
80 
90 
50 
70 
50 
80 
50 
60 
70 
80 
90 
80 
90 
70 
 
 
100% increase in RN hours 
 
100% increase in RN hours 
 
100% increase in RN hours 
 

 
 
Pneumonia, rate % 
1.67 
2.03 
1.72 
1.28 
1.96 
1.84 
1.51 
1.37 
2.16 
1.56 
2.08 
1.42 
1.90 
1.89 
1.71 
1.55 
1.41 
1.61 
1.46 
1.78 
Relative risk, 95% CI 
Urinary tract infection 
0.92 0.31 2.64 
Pneumonia 
0.37 0.15 0.91 
Falls 
0.96 0.21 4.49 
Pulmonary failure 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

100% increase in RN hours 
 
100% increase in RN hours 
 
100% increase in RN hours 

0.75 0.11 4.98 
Surgical wound infection 
0.52 0.21 1.30 
Sepsis 
1.20 0.43  3.33 

Cho30 
The same study 

Unit Combined 
Patients Combined 
Age 67.9 
Race 79.3 
Sex 48.9 
Severity 49.7 

% RN 
76.5 
68.1 
72.4 
72.7 
 
76.5 
68.1 
72.4 
72.7 
 
76.5 
68.1 
72.4 
72.7 
 
76.5 
68.1 
72.4 
72.7 
 
76.5 
68.1 
72.4 
72.7 
 
76.5 
68.1 
72.4 
72.7 

Rate, % ± SD 
2.50 ± 1.30 
1.60 ± 1.40 
2.00 ± 1.00 
2.10 ± 1.80 
Pneumonia 
3.10 ± 1.90 
2.70 ± 2.20 
2.80 ± 1.30 
2.80 ± 2.00 
Falls 
0.20 ± 0.20 
0.20 ± 0.30 
0.20 ± 0.20 
0.10 ± 0.20 
Pressure ulcers 
0.10 ± 0.30 
0.30 ± 0.60 
0.30 ± 0.50 
0.20 ± 0.40 
Surgical wound infection 
1.60 ± 1.00 
1.10 ± 1.10 
1.50 ± 0.70 
1.10 ± 1.00 
Sepsis 
1.20 ± 0.70 
0.80 ± 0.80 
1.10 ± 0.60 
1.00 ± 1.10 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Cimiotti87 
Infections occurring in an infant 
48 hours or longer after 
admission to the Neonatal 
Intensive Care Unit including 
bloodstream infections, device 
associated pneumonia, Central 
nervous System and skin 
infections, conjunctivitis. 
% of RN hours among total 
nursing hours adjusted for 
nursing intensity weights 

Hospitals 1 
Unit Neonatal 
Patients Medical 

% RN 
 
 
100 
96 
 
100 
96 

Rate, % 
Pneumonia  Nosocomial 
 infection 
0.50 18.30 
0.90  15.10 
Sepsis 
10.50 
5.50 

Donaldson9 
Total number of patients with 
Stage I-IV pressure ulcers 
regardless of whether ulcer 
was acquired during 
hospitalization or present on 
admission; %/total number of 
surveyed patients; unplanned 
descent to the floor; rate/1,000 
patient days; % of RN 
hours/total nursing care hours; 
% of licensed hours/total 
nursing care hours. 

Hospitals 68 
Patients Medical 
Unit Combined 
 Combined 
 ICU 
 ICU 

% RN % licensed nurses 
 
59.2 67.52 
66.67 74.29 
68.79 72.99 
72.19 75.54 
 
59.2 67.52 
66.67 74.29 
68.79 72.99 
72.19 75.54 

Rate/100 patient days ± SD 
Falls 
0.31 ± 0.20 
0.32 ± 0.17 
0.30 ± 0.22 
0.26 ± 0.16 
Pressure ulcers  
14.07 ± 11.07 
14.48 ± 10.39 
13.52 ± 10.78 
16.29 ± 10.27 

Donaldson95 
Patients’ unplanned descent to 
the hospital floor; were 
analyzed as 7 day aggregate 
per unit; also actually number 
per unit; the number of 
falls/1,000 patient days, the % 
of RN hours / total care hours 
per day, per unit. 

Hospitals 25 
Unit Combined 
Patients Medical 

 
 
Increase by 1% in RN hours of care 
Increase by 1% licensed hours of care 

Rate/100 patient days ± SD 
Falls 
-0.0020 ± 0.00 
-0.0010 ± 0.01 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Flood53 
infections including  urinary 
tract infection and gangrene; 
Complications: congestive 
heart failure and arrhythmias, 
gastrointestinal bleeding 

Hospitals 1 
Unit Combined 
Patients Medical 
Sex 60 

 % RN 
 
Understaffed unit 60.45 
Normally staffed unit 42.32 
 
Understaffed unit 60.45 
Normally staffed unit 42.32 

Rate, % 
Nosocomial infections 
0.16 
0.19 
Complications 
64 
71 

Grillo-Peck10 
The number of reported 
monthly incidents in the unit, 
total number of infected 
patients per month of the entire 
unit census. Decrease in % of 
RNs in the unit within new 
partnership model with 
increase patient care 
technicians and service 
associates. RN spent more 
time on direct patient care. 

Hospitals 1 
Unit Specialty 
Patients Medical 
Sex 43.7 

% RN 
 
80 
60 
 
80 
60 

Rate, % ± SD 
Falls 
8.69 ± 3.93 
3.53 ± 1.66 
Nosocomial infection 
16.48 ± 32.87 
10.39 ± 32.92 

Halm51 
Failure to rescue: death 
following complications within 
30 days 

Hospitals 1 
Unit Surgical 
Patients Surgical 
Age 55.6 
Sex 37.4 
Severity 22.7 

Increase by 1 unit in RN/patient ratio Failure to rescue, relative 
risk 
NS 

Hope86 
Incidence rate of urinary tract 
infection, ventilator associated 
pneumonia, surgical site 
infections, and infections that 
occurred after 72 hours of 
hospitalization; incidence rate 
of positive culture with known 
pathogen or two or more 
positive cultures with 
pathogens (one can be 
considered as contaminant); 
proportion of RN hours/total 

Hospitals 1 
Sex 44.99 
Units 
Surgical 
Surgical 
Surgical 
Surgical 
Medical 
Medical 
Medical 
Medical 
Medical 
Medical 

 
% RN 
83.65 
84.26 
81.73 
85.09 
98.81 
77.28 
76.48 
89.7 
98.6 
80.4 
78.12 

Rate/100 patient days 
Nosocomial Infection 
3.08 
20.00 
4.62 
10.77 
0.00 
6.15 
1.54 
1.54 
0.00 
0.00 
3.08 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

nursing hours/patient day 4-10 
days before the event occurred 

Medical 
Medical 
Specialty 
ICU 
ICU 
Surgical 
Neonatal 
 
Surgical 
Surgical 
Surgical 
Surgical 
Medical 
Medical 
Medical 
Medical 
Medical 
Medical 
Medical 
Spec 
ICU 
ICU 
Surgical 
Neonatal 

76.23 
98.75 
94.48 
99.56 
99.11 
92.11 
 
83.65 
84.26 
81.73 
85.09 
98.81 
77.28 
76.48 
89.7 
80.4 
78.12 
76.23 
98.75 
94.48 
99.56 
99.11 
92.11 
 
 
Increase by 1% in proportion of RN 
 
Increase by 1% in proportion of RN 
 
Increase by 1% in proportion of RN 
 
Increase by 1% in proportion of RN 
 
Increase by 1% in proportion of RN 

10.77 
0.00 
33.85 
1.54 
3.08 
0.00 
Sepsis 
7.54 
11.80 
0.33 
4.59 
0.00 
7.21 
2.95 
1.31 
7.87 
8.20 
6.56 
1.97 
23.28 
9.51 
4.59 
2.30 
Relative risk, 95% CI 
Urinary tract infection 
1.01 1.00 1.01 
Pneumonia 
1.06 0.93 1.21 
Nosocomial infection 
1.06 1.03 1.09 
Surgical wound infection 
1.03 0.99 1.08 
Sepsis 
1.05 1.04 1.07 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
 

 

G
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Houser49 
Failure to rescue: death/1,000 
patients who developed 
complications of care during 
hospitalization; cases of 
decubitus ulcer/1,000 
discharges identified as 
secondary diagnosis; cases of 
acute respiratory failure/1,000 
surgical discharges; cases of 
deep vein thrombosis or 
pulmonary embolism/1,000 
surgical discharges. Reported 
by hospitals ratio reported RN 
FTE/RN+LPN 

Unit Combined 
Patients Medical 
Age 55.08 
Race 51 
Sex 42 
Hospitals  
170 
172 
174 
171 
39 
14 
8 

 
 
 
 
 
% RN 
79 
86 
87 
88 
88 
88 
86 
 
79 
86 
87 
88 
88 
88 
86 
 
79 
86 
87 
88 
88 
88 
86 
 
79 
86 
87 
88 
88 
88 
86 

 
 
 
 
Rate, % ± SD 
Failure to rescue 
11.61 ± 8.41 
13.82 ± 5.80 
12.40 ± 9.11 
10.51 ± 6.82 
9.01 ± 6.26 
9.42 ± 10.16 
5.43 ± 8.89 
Decubitus ulcer 
2.21 ± 1.78 
2.57 ± 1.62 
2.14 ± 1.45 
1.90 ± 1.70 
1.70 ± 1.39 
1.44 ± 1.48 
2.24 ± 4.21 
Pulmonary failure 
0.26 ± 0.65 
0.33 ± 0.37 
0.32 ± 0.37 
0.19 ± 0.42 
0.15 ± 0.36 
0.34 ± 0.79 
0.00 
Deep vein thrombosis 
0.52 ± 0.71 
0.75 ± 0.63 
0.68 ± 0.65 
0.44 ± 0.78 
0.38 ± 1.06 
0.52 ± 1.28 
0.06 ± 0.13 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
 

 

G
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Langemo41 
% of patients who had a 
pressure ulcer on a given day 
to all patients assessed for a 
pressure ulcer, pressure ulcers 
that occurred post admission 
were documented as hospital-
acquired. Number of productive 
hours worked by RN divided by 
total staff hours. 

Hospitals  1  % RN 
Medical-surgical units in hospitals with <100 beds 53.4 
ICU in hospitals with 200-299 beds 99.4 
ICU units in hospitals <100 beds 60.6 
Medical-surgical units in hospitals with 200-299 beds 61.5 

Rate, % 
4.10 
0.00 
13.10 
0.00 

Lichtig63 
Likely adverse patient 
outcomes of the hospital stay, 
secondary diagnoses of urinary 
tract infection, pneumonia, 
pressure ulcers, infection in 
surgical patients. RN hours as 
a percentage of total nursing 
hours per nursing intensity 
weight-adjusted patient day 

Hospitals Unit 
352 Surgical 
295 Surgical 
126 Surgical 
131 Surgical 

Increase by 1% in proportion of RNs: 
 
California, 1992 
California, 1994 
New York,1992 
New York, 1994 
 
California, 1992 
California, 1994 
 
California, 1992 
California, 1994 
 
New York,1992 
New York, 1994 

Rate, % 
Pressure ulcers 
-0.79 
-1.23 
-1.77 
-1.23 
Pneumonia 
-0.56 
-0.39 
Surgical wound infections 
-0.53 
-0.47 
Relative risk of UTI, 
pneumonia, pressure ulcers, 
and SWI: Not significant 

Needleman28 
Urinary tract infection in 
discharge abstract as 
secondary diagnosis; acute 
gastric ulcer, duodenal ulcer, 
peptic ulcer, gastrojejunal ulcer, 
hemorrhagic gastritis, erosive 
gastritis, unspecified GI-
hemorrhage, esophageal 
hemorrhage coded in discharge 
abstract as secondary 
diagnosis; aspiration 
pneumonia, postoperative 

Hospitals Patients 
 
4,156 Medical 
4,156 Surgical 
4,156 Medical 
4,156 Surgical 
3,357 Medical 
3,357 Medical 
3,357 Surgical 
3,357 Surgical 
 
256 Medical 
 

 
 
Increase by 1% in RNs/total nursing hours  
Increase by 1% in RNs/total nursing hours  
increase by 1% of RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total nurse hours  
Increase by 1% in RN hours/licensed hours  
Increase by 1% in RN hours/total nursing hours 
Increase by 1% in RN hours/total nursing hours, hospital 
level analysis, California hospitals 
Increase by 1% of RN hours/total licensed hours, hospital 

Relative risk 
Urinary tract infection 
0.40 0.29 0.55 
0.58 0.36 0.96 
0.48 0.38 0.61 
0.67 0.46 0.98 
0.77 0.68 0.86 
0.46 0.34 0.63 
0.89 0.74 1.07 
1.02 0.73 1.44 
0.33 0.18 0.61 
 
0.44 0.28 0.70 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
 

 

G
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

pneumonia, hypostatic 
pneumonia, bacterial 
pneumonia, bronchopneumonia  
coded in discharge abstract as  
secondary diagnosis; cardiac 
arrest; shock without mention 
of trauma; cardiogenic shock; 
respiratory arrest, 
nonmechanical methods of 
resuscitation, cardiopulmonary 
resuscitation, failure to rescue: 
death in patients with sepsis, 
pneumonia, gastrointestinal 
bleeding, shock or deep vein 
thrombosis coded in discharge 
abstract as secondary 
diagnosis; pressure ulcers, 
posttraumatic surgical wound 
infection and postoperative 
surgical wound infection; % of 
RN hours/total nursing hours; 
% of licensed hours/total 
nursing hours 

256 Medical 
 
256 Medical 
 
256 Medical 
 
256 Surgical 
 
256 Surgical 
 
256 Surgical 
 
256 Surgical 
799 Medical 
799 Surgical 
799 Surgical 
799 Surgical 
799 Medical 
799 Medical 
799 Medical 
799 Surgical 
 
4156 Medical 
4156 Surgical 
4156 Medical 
4156 Surgical 
3,357 Medical 
3,357 Medical 
3357 Surgical 
3357 Surgical 
 
256 Medical 
 
256 Medical 
 
256 Medical 
 
256 Medical 

level analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, unit level 
analysis, California hospitals 
Increase by 1% of RN hours/licensed hours, unit level 
analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours, hospital level 
analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, California 
hospitals 
Increase by 1% in RN hours/licensed hours, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours  
1% increase in proportion of RN/total nursing personnel 
 
Increase by 1% in RN/total nursing hours  
Increase by 1% in RN/total nursing hours  
increase by 1% of RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total nurse hours  
Increase by 1% in RN hours/licensed hours  
Increase by 1% in RN hours/total nursing hours 
Increase by 1% in RN  hours/total nursing, hospital level 
analysis, California hospitals 
Increase by 1% of RN hours/total licensed hours, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, unit level 
analysis, California hospitals 
Increase by 1% of RN h/licensed hours, unit level analysis, 
California hospitals 

 
0.50 0.30 0.84 
 
0.60 0.41 0.87 
 
0.82 0.47 1.44 
 
0.64 0.30 1.37 
 
0.09 0.01 0.91 
 
0.05 0.00 1.54 
 
0.49 0.37 0.61 
0.88 0.71 1.04 
0.68 0.40 0.95 
0.59 0.36 0.82 
0.76 0.67 0.85 
0.54 0.41 0.66 
0.48 0.38 0.61 
0.67 0.46 0.98 
Gastrointestinal bleeding 
0.52 0.35 0.77 
0.41 0.19 0.86 
0.59 0.44 0.80 
0.56 0.31 1.01 
0.83 0.71 0.98 
0.49 0.32 0.76 
0.94 0.76 1.16 
0.23 0.10 0.53 
0.44 0.22 0.86 
 
0.52 0.32 0.87 
 
1.02 0.72 1.44 
 
0.69 0.47 1.03 
 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
 

 

G
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

 
256 Surgical 
 
256 Surgical 
 
256 Surgical 
 
256 Surgical 
799 Medical 
799 Surgical 
799 Surgical 
799 Surgical 
799 Medical 
799 Medical 
799 Medical 
 
4156 Medical 
4156 Surgical 
4156 Medical 
4156 Surgical 
3,357 Medical 
3,357 Medical 
3357 Surgical 
3357 Surgical 
 
256 Medical 
 
256 Medical 
 
256 Medical 
 
256 Medical 
 
256 Surgical 
 
256 Surgical 
 
256 Surgical 

Increase by 1% in RN h/total nursing hours, hospital level 
analysis, California hospitals 
Increase by 1% in RN hours/licensed hours, hospital level 
analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, California 
hospitals 
Increase by 1% in RN hours/licensed hours, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours  
 
Increase by 1% in RN/total nursing hours  
Increase by 1% in RN/total nursing hours  
increase by 1% of RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total nurse hours  
Increase by 1% in RN hours/licensed hours  
Increase by 1% in RN hours/total nursing hours 
Increase by 1% in RN hours/total nursing, hospital level 
analysis, California hospitals 
Increase by 1% of RN h/total licensed hours, hospital level 
analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, unit level 
analysis, California hospitals 
Increase by 1% of RN hours/licensed hours, unit level 
analysis, California hospitals 
Increase by 1% in RN h/total nursing hours, hospital level 
analysis, California hospitals 
Increase by 1% in RN hours/licensed hours, hospital level 
analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, California 
hospitals 

0.61 0.30 1.23 
 
0.66 0.26 1.69 
 
0.78 0.40 1.52 
 
0.79 0.37 1.71 
 
0.61 0.42 0.79 
0.94 0.74 1.13 
0.36 0.12 0.59 
0.52 0.20 0.84 
0.83 0.70 0.96 
0.59 0.39 0.78 
0.59 0.44 0.80 
Pneumonia 
0.52 0.35 0.77 
0.41 0.19 0.86 
0.59 0.44 0.80 
0.56 0.31 1.01 
0.83 0.71 0.98 
0.49 0.32 0.76 
0.94 0.76 1.16 
0.23 0.10 0.53 
0.44 0.22 0.86 
 
0.52 0.32 0.87 
 
1.02 0.72 1.44 
 
0.69 0.47 1.03 
 
0.61 0.30 1.23 
 
0.66 0.26 1.69 
 
0.78 0.40 1.52 
 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

 
256 Surgical 
799 Medical 
799 Surgical 
799 Surgical 
799 Surgical 
799 Medical 
799 Medical 
799 Medical 
 
4156 Medical 
4156 Surgical 
4156 Medical 
4156 Surgical 
3,357 Medical 
3,357 Medical 
3357 Surgical 
3357 Surgical 
 
256 Medical 
 
256 Medical 
 
256 Medical 
 
256 Medical 
 
256 Surgical 
 
256 Surgical 
 
256 Surgical 
 
256 Surgical 
799 Medical 
799 Surgical 
799 Surgical 
799 Surgical 

Increase by 1% in RN hours/licensed hours, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours  
 
Increase by 1% in RN/total nursing hours  
Increase by 1% in RN/total nursing hours  
increase by 1% of RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total nurse hours  
Increase by 1% in RN hours/licensed hours  
Increase by 1% in RN hours/total nursing hours 
Increase by 1% in RN  hours/total nursing, hospital level 
analysis, California hospitals 
Increase by 1% of RN hours/total licensed hours, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, unit level 
analysis, California hospitals 
Increase by 1% of RN hours/licensed hours, unit level 
analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours, hospital level 
analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, California 
hospitals 
Increase by 1% in RN hours/licensed hours, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 

0.79 0.37 1.71 
 
0.94 0.74 1.13 
0.36 0.12 0.59 
0.52 0.20 0.84 
0.83 0.70 0.96 
1.00 0.99 1.01 
0.59 0.39 0.78 
0.59 0.44 0.80 
Shock 
0.84 0.71 0.99 
1.08 0.60 1.96 
0.46 0.27 0.81 
0.54 0.28 1.04 
0.66 0.50 0.87 
0.52 0.31 0.89 
0.59 0.44 0.78 
0.36 0.14 0.93 
0.30 0.12 0.72 
 
0.20 0.08 0.53 
 
0.34 0.16 0.75 
 
0.40 0.19 0.86 
 
0.14 0.05 0.43 
 
0.22 0.09 0.57 
 
0.17 0.06 0.47 
 
0.27 0.12 0.61 
 
0.59 0.42 0.76 
0.42 0.10 0.74 
0.60 0.19 1.00 
0.66 0.48 0.85 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

799 Medical 
799 Medical 
799 Medical 
 
4156 Medical 
4156 Surgical 
4156 Medical 
4156 Surgical 
3,357 Medical 
3,357 Medical 
3357 Surgical 
3357 Surgical 
 
256 Medical 
 
256 Medical 
 
256 Medical 
 
256 Medical 
 
256 Surgical 
 
256 Surgical 
 
256 Surgical 
 
256 Surgical 
799 Medical 
799 Surgical 
799 Surgical 
799 Surgical 
799 Medical 
799 Medical 
799 Medical 
799 Surgical 

1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
 
Increase by 1% in RN/total nursing hours  
Increase by 1% in RN/total nursing hours  
increase by 1% of RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total licensed hours  
Increase by 1% in RN hours/total nurse hours  
Increase by 1% in RN hours/licensed hours  
Increase by 1% in RN hours/total nursing hours 
Increase by 1% in RN  hours/total nursing , 
hospital level analysis, California hospitals 
Increase by 1% of RN hours/total licensed hours, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, unit level 
analysis, California hospitals 
Increase by 1% of RN hours/licensed hours, unit level 
analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, hospital 
level analysis, California hospitals 
Increase by 1% in RN hours/licensed hours, hospital level 
analysis, California hospitals 
Increase by 1% in RN hours/total nursing hours, California 
hospitals 
Increase by 1% in RN hours/licensed hours, unit level 
analysis, California hospitals 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours  
1% increase in RN hours/total licensed hours 
1% increase in proportion of RN/total nursing personnel 

1.00 0.97 1.02 
0.40 0.18 0.63 
0.46 0.27 0.81 
Failure to rescue 
0.85 0.70 1.03 
0.64 0.44 0.92 
0.81 0.66 1.00 
0.73 0.49 1.09 
0.90 0.80 1.01 
0.85 0.70 1.04 
0.82 0.70 0.96 
0.69 0.45 1.06 
0.63 0.47 0.84 
 
0.58 0.40 0.86 
 
0.70 0.54 0.90 
 
0.69 0.50 0.95 
 
0.36 0.14 0.89 
 
0.45 0.22 0.92 
 
0.44 0.20 0.96 
 
0.54 0.30 0.99 
 
0.80 0.64 0.97 
0.81 0.68 0.94 
0.70 0.37 1.03 
0.72 0.42 1.01 
0.90 0.80 1.00 
1.00 1.00 1.01 
0.81 0.64 0.99 
0.81 0.66 1.00 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Potter40  
(Number of falls on a 
unit/number of patient days) * 
1,000 

Hospitals   1 
Unit   ICU 
Patients  Medical 

% RN 
53.8 
55.4 
56.2 
57.1 

Falls, rate/100 patient days 
0.30 
0.29 
0.30 
0.23 

Ritter-Teitel69 
Hospital Incidence reports; 
% of patients with urinary tract 
infection not presented at 
admission among total 
discharged or sampled 
patients; % of patients with 
pressure ulcers, number of 
events/1,000 patient days, % of 
RNs among total nursing 
personnel 

Hospitals  28 % RN 
56.15 
56.4 
56.79 
56.77 
56.79 
56.77 
Increase by 1 hour in RN hours 
% RN 
56.15 
56.4 
56.79 
56.77 
56.79 
56.77 
Increase by 1 hour in RN hours 
% RN 
56.15 
56.4 
56.79 
56.77 
56.79 
56.77 
Increase by 1 hour in RN hours 
Increase by 1 hour in RN hours in medical units 
Increase by 1 hour in RN hours in surgical units 

Rate %, ± SD 
2.09 ± 2.25 
2.53 ± 2.29 
2.25 ± 2.36 
2.61 ± 2.46 
1.93 ± 2.18 
2.45 ± 2.16 
-0.18 ± 1.24 
Pressure ulcers 
2.42 ± 2.10 
2.06 ± 1.66 
2.33 ± 2.12 
2.23 ± 1.94 
2.50 ± 2.11 
1.88 ± 1.33 
-0.24 ± 1.18 
Falls 
0.32 ± 0.20 
0.34 ± 0.16 
0.40 ± 0.21 
0.41 ± 0.17 
0.24 ± 0.14 
0.27 ± 0.12 
-0.42 ± 0.90 
-0.49 ± 0.87 
-0.15 ± 0.96 

Seago8 
The proportion of pressure 
ulcers per patient day; the 
proportion of falls per patient 
day; RN hours/total hours. 

Hospitals 1 
Unit Combined 
Patients Medical 

% RN 
 
63 
61.5 
62 

Rate, % 
Falls Pressure ulcers 
0.29 0.24 
0.27 0.18 
0.23 0.29 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Seago93 
The proportion of pressure 
ulcers per patient day, the 
proportion of falls per patient 
day, RN hours/total hours 

Hospitals 1 
Unit Combined 
Patients Medical 

 
% RN 
75 
96 
72 
 
75 
96 
72 

Rate/100patient days ± SD 
Decubitus ulcers 
0.78 ± 0.09 
0.02 ± 0.05 
0.05 ± 0.08 
Falls 
0.35 ± 0.20 
0.19 ± 0.19 
0.45 ± 0.25 

Simmonds82 
% of patients with positive 
colonization of vancomycin-
resistant enterococci 48 hours 
after admission to the hospital 
and after surgery; 100% of 
nursing care provided by a 
licensed practical nurse 

Hospitals 1 
Unit Specialty 
Patients Medical 
Age 68.75 
Sex 55.8 

% RN 
 
76.83 
75.51 
74.19 
72.87 
76.83 
75.51 
74.19 
72.87 

Rate, % 
Nosocomial infection 
1.61 
3.29 
4.97 
6.65 
2.87 
3.73 
4.59 
1.79 

Stratton91 
Rate/1,000 patient days of 
respiratory, gastrointestinal, 
bloodstream and central line 
infections in hospitalized 
patients not present at time of 
admission; rate/1,000 patient 
days of bloodstream and 
central line infections in 
hospitalized patients not 
present at time of admission. 
average % of RN productive 
hours/total nursing hours/ 
patient day 

Hospitals 7 
Unit Patients 
Combined Combined 
Combined Combined 
Combined Combined 
Combined Combined 
Spec Surgical 
Spec Surgical 
Spec Surgical 
Spec Surgical 
ICU Medical 
ICU Medical 
ICU Medical 
ICU Medical 
Combined Medical 
Combined Medical 
Combined Medical 
Combined Medical 
Combined Medical 

% RN 
 
73.41 
72.06 
72.41 
74 
83.2 
79 
79.6 
80.2 
89 
88.17 
87.5 
88.5 
80.35 
78.76 
78.79 
80.03 
Increase by 1 hour in total nursing hours 

Rate/100 patient days ± SD 
Nosocomial infections 
0.75 ± 0.69 
0.53 ± 0.67 
0.71 ± 0.77 
0.64 ± 0.43 
0.65 ± 0.23 
0.62 ± 0.39 
0.71 ± 0.59 
0.85 ± 0.50 
0.73 ± 0.56 
1.03 ± 0.96 
0.80 ± 0.69 
0.95 ± 0.71 
0.51 ± 0.08 
0.79 ± 0.17 
0.66 ± 0.12 
0.56 ± 0.17 
0.01 ± 0.03 



 
Table G27.  Evidence of the association between nurse skill mix (proportion of registered nurses) and patient outcomes (continued) 
 

 

G
-205

Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Combined Medical 
Combined Medical 
Combined Medical 

Increase by 1% in RN hours 
increase by 1% in overtime RN hours 
Increase by 1% in temporary nurses 

0.00 ± 0.01 
-0.01 ± 0.02 
0.00 ± 0.01 

Tallier83 
Incidence rate/1,000 patient 
days of pressure ulcers 
developed 72 hours after 
admission, % of productive 
hours in direct patient care 
worked by RN 

Hospitals 1 
Unit Combined 
Patients Medical 

% RN 
 
57 
60 

Rate/100 patient days 
Pressure ulcers 
0.17 
0.29 

Unruh81 
Yearly number of occurrences 
of pneumonia, falls, and 
decubitus ulcers per hospital 

Hospitals 1477 
Unit Combined 
Patients Medical 

 
 
1% increase in proportion of licensed nurses/total nursing 
personnel 
 
1% increase in proportion of licensed nurses/total nursing 
personnel 
 
1% increase in proportion of licensed nurses/total nursing 
personnel 

Relative risk 
Pneumonia 
0.99 
 
Decubitus ulcers 
0.98 
 
Falls 
1.03 

Unruh66 
Nosocomial urinary tract 
infection as secondary 
diagnosis when primary 
diagnosis is not disorders of 
kidneys, urinary and 
reproductive tracts and 
systems; hospital acquired 
pneumonia as secondary 
diagnosis when primary 
diagnosis is not respiratory 
disorders and adult atelectasis; 
secondary diagnosis of 
decubitus ulcer in patients not 
transferred from another 
hospital; falls in hospital when a 
primary diagnosis was not  
fracture or injury; adult 

Hospitals 211 
Unit Combined 
Patients Combined 
Race 45.37 
Sex 42.43 

% RN 
68.5 
69.2 
70.2 
71.2 
71.5 
71.4 
71.8 
70 
63 
70 
63 
Increase by 1% in RN proportion 
Increase by 1% in RN proportion in small hospitals 
Increase by 1% in RN proportion in medium hospitals 
Increase by 1% in RN proportion in large hospitals 
 
68.5 

Decubitus ulcer, rate % 
0.55 
0.49 
0.53 
0.69 
0.67 
0.73 
0.73 
0.68 
0.78 
0.69 
0.75 
-0.00090 
-0.00070 
-0.00120 
0.00010 
Surgical wound infections 
0.29 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

atelectasis as secondary 
diagnosis when primary 
diagnosis is not respiratory 
disorders, secondary diagnosis 
of post surgical infections; 
cardiac arrest as secondary 
diagnosis when primary 
diagnosis is not circulatory 
disorder, % of RN FTE/total 
nurses FTE 

69.2 
70.2 
71.2 
71.5 
71.4 
71.8 
70 
63 
70 
63 
Increase by 1% in RN proportion 
Increase by 1% in RN proportion in small hospitals 
Increase by 1% in RN proportion in medium hospitals 
Increase by 1% in RN proportion in large hospitals 
 
68.5 
69.2 
70.2 
71.2 
71.5 
71.4 
71.8 
Increase by 1% in RN proportion 
Increase by 1% in RN proportion in small hospitals 
Increase by 1% in RN proportion in medium hospitals 
Increase by 1% in RN proportion in large hospitals 
 
68.5 
69.2 
70.2 
71.2 
71.5 
71.4 
71.8 
Increase by 1% in RN proportion 
Increase by 1% in RN proportion in small hospitals 
Increase by 1% in RN proportion in medium hospitals 
Increase by 1% in RN proportion in large hospitals 

0.26 
0.24 
0.28 
0.28 
0.31 
0.30 
0.27 
0.28 
0.30 
0.31 
0.00 
0.00 
0.00 
0.00 
Pneumonia 
0.98 
0.91 
0.96 
1.54 
1.55 
1.63 
1.64 
-0.00090 
-0.00220 
-0.00050 
-0.00030 
Falls 
0.04 
0.04 
0.16 
0.91 
0.86 
0.74 
0.72 
0.00010 
0.00050 
-0.00030 
0.00010 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

 
68.5 
69.2 
70.2 
71.2 
71.5 
71.4 
71.8 
Increase by 1% in RN proportion 
Increase by 1% in RN proportion in small hospitals 
Increase by 1% in RN proportion in medium hospitals 
Increase by 1% in RN proportion in large hospitals 
 
68.5 
69.2 
70.2 
71.2 
71.5 
71.4 
71.8 
Increase by 1% in RN proportion 
Increase by 1% in RN proportion in small hospitals 
Increase by 1% in RN proportion in medium hospitals 
Increase by 1% in RN proportion in large hospitals 
 
Increase by 1% in RN proportion 
Increase by 1% in RN proportion in small hospitals 
Increase by 1% in RN proportion in medium hospitals 
Increase by 1% in RN proportion in large hospitals 

Pulmonary failure 
0.52 
0.46 
0.47 
0.63 
0.68 
0.70 
0.69 
-0.00030 
0.00010 
-0.00060 
0.00070 
CPR 
0.54 
0.48 
0.50 
0.61 
0.64 
0.63 
0.60 
0.00 
0.00 
0.00 
0.00 
Pressure ulcers 
-0.00010 
-0.00020 
0.00001 
-0.00010 

Wan52 
Incidence/1,000 patient days of 
falls adjusted for severity of 
incident, RN hours/total nursing 
hours 

Hospitals 45 
Unit Combined 
Patients Combined 

 
Increase by 1% of RNs/total nursing hours 
52% of RNs 

Falls, rate/100 patient days 
-0.05 
0.31 ± 0.05 
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Author, Source to Measure 
Patient Outcomes, Definition 

of Patient Outcomes 
Source to Measure Nurse 

Skill Mix, Definition of Nurse 
Skill Mix 

Number of Hospitals, Units, 
Patient Age, % of Whites, % of 

Males, % of Emergency 
Admissions 

Nurse Staffing Categories Patient Outcomes 

Zidek85 
New incidence of skin 
breakdown acquired over the 
course of the hospital stay; 
number of reported unplanned 
descents to the floor during the 
course of the hospital stay. % 
of RN FTE/total nursing FTE 

Hospitals 1 
Unit Combined 
Patients Medical-surgical 

% RN 
 
31 
31 
28 
32 
30 
30 
31 
33 
32 
31 
33 
30 

Rate, % 
Falls  Pressure ulcer 
0.59 0.18 
0.45 0.05 
0.83 0.26 
0.52 0.09 
0.28 0.00 
0.25 0.06 
0.23 0.17 
0.63 0.37 
0.61 0.09 
0.62 0.24 
0.66 0.18 
0.66 0.11 

 
BSN = Bachelor of Science in Nursing; CPR = Cardio Pulmonary Resuscitation; DRG = Diagnosis Related Group; HPF = high-powered field; ICU = Intensive 
Care Unit; LPN = Licensed Practical Nurse; NS = Not Significant; RN = Registered Nurse; SD = Standard Deviation; SWI = Surgical Wound Infection; UTI = 
Urinary Tract Infection
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Table G28.  Relative risk of patient outcomes corresponding to an increase by 1% of RNs in nurse skill mix as reported by authors 
 

Author Data 
Analytic 

Unit Hospitals Unit Patients Outcomes 
Relative 

Risk 95% CI 
Needleman28 Administrative Hospital 4,156 Medical Medical Urinary tract infection 0.40 0.29; 0.55 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Urinary tract infection 0.58 0.36; 0.96 
Needleman28 Administrative Hospital 3,357 Medical Medical Urinary tract infection 0.46 0.34; 0.63 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Urinary tract infection 1.02 0.73; 1.44 
Needleman28 Administrative Hospital 256 Medical Medical Urinary tract infection 0.33 0.18; 0.61 
Needleman28 Administrative Unit 256 Medical Medical Urinary tract infection 0.50 0.30; 0.84 
Needleman28 Administrative Hospital 256 Surgical Surgical Urinary tract infection 0.82 0.47; 1.44 
Needleman28 Administrative Unit 256 Surgical Surgical Urinary tract infection 0.09 0.01; 0.91 
Needleman29 Administrative Hospital 799 Combined Surgical Urinary tract infection 0.67 0.46; 0.98 
Hope86 Administrative Patient 1 Combined Medical Urinary tract infection 1.01 1.00; 1.01 
Needleman28 Administrative Hospital 4,156 Medical Medical Gastrointestinal bleeding 0.60 0.36; 0.97 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Gastrointestinal bleeding 0.45 0.18; 1.11 
Needleman28 Administrative Hospital 3,357 Medical Medical Gastrointestinal bleeding 0.81 0.58; 1.12 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Gastrointestinal bleeding 0.27 0.09; 0.78 
Needleman28 Administrative Hospital 256 Medical Medical Gastrointestinal bleeding 0.89 0.52; 1.53 
Needleman28 Administrative Unit 256 Medical Medical Gastrointestinal bleeding 0.93 0.56; 1.55 
Needleman28 Administrative Hospital 256 Surgical Surgical Gastrointestinal bleeding 0.02 0.00; 0.51 
Needleman28 Administrative Unit 256 Surgical Surgical Gastrointestinal bleeding 0.04 0.00; 0.64 
Needleman28 Administrative Hospital 4,156 Medical Medical Pneumonia 0.52 0.35; 0.77 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Pneumonia 0.41 0.19; 0.86 
Needleman28 Administrative Hospital 3,357 Medical Medical Pneumonia 0.49 0.32; 0.76 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Pneumonia 0.23 0.10; 0.53 
Needleman28 Administrative Hospital 256 Medical Medical Pneumonia 0.44 0.22; 0.86 
Needleman28 Administrative Unit 256 Medical Medical Pneumonia 1.02 0.72; 1.44 
Needleman28 Administrative Hospital 256 Surgical Surgical Pneumonia 0.61 0.30; 1.23 
Needleman28 Administrative Unit 256 Surgical Surgical Pneumonia 0.78 0.40; 1.52 
Hope86 Administrative Patient 1 Combined Medical Pneumonia 1.06 0.93; 1.21 
Needleman28 Administrative Hospital 4,156 Medical Medical Shock 0.84 0.71; 0.99 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Shock 1.08 0.60; 1.96 
Needleman28 Administrative Hospital 3,357 Medical Medical Shock 0.52 0.31; 0.89 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Shock 0.36 0.14; 0.93 
Needleman28 Administrative Hospital 256 Medical Medical Shock 0.30 0.12; 0.72 
Needleman28 Administrative Unit 256 Medical Medical Shock 0.34 0.16; 0.75 
Needleman28 Administrative Hospital 256 Surgical Surgical Shock 0.14 0.05; 0.43 
Needleman28 Administrative Unit 256 Surgical Surgical Shock 0.17 0.06; 0.47 
Needleman28 Administrative Hospital 4,156 Medical Medical Failure to rescue 0.85 0.70; 1.03 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Failure to rescue 0.64 0.44; 0.92 
Needleman28 Administrative Hospital 3,357 Medical Medical Failure to rescue 0.85 0.70; 1.04 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Failure to rescue 0.69 0.45; 1.06 
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Author Data 
Analytic 

Unit Hospitals Unit Patients Outcomes 
Relative 

Risk 95% CI 
Needleman28 Administrative Hospital 256 Medical Medical Failure to rescue 0.63 0.47; 0.84 
Needleman28 Administrative Unit 256 Medical Medical Failure to rescue 0.70 0.54; 0.90 
Needleman28 Administrative Hospital 256 Surgical Surgical Failure to rescue 0.36 0.14; 0.89 
Needleman28 Administrative Unit 256 Surgical Surgical Failure to rescue 0.44 0.20; 0.96 
Needleman29 Administrative Hospital 799 Combined Surgical Failure to rescue 0.73 0.49; 1.09 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Pulmonary failure 0.94 0.56; 1.56 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Pulmonary failure 0.76 0.43; 1.34 
Needleman28 Administrative Hospital 256 Surgical Surgical Pulmonary failure 0.81 0.41; 1.60 
Needleman28 Administrative Unit 256 Surgical Surgical Pulmonary failure 0.86 0.46; 1.59 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Pressure ulcers 0.44 0.23; 0.86 
Needleman28 Administrative Hospital 256 Medical Medical Pressure ulcers 0.27 0.09; 0.83 
Needleman28 Administrative Unit 256 Medical Medical Pressure ulcers 0.65 0.36; 1.17 
Needleman28 Administrative Hospital 256 Surgical Surgical Pressure ulcers 0.01 0.00; 0.29 
Needleman28 Administrative Unit 256 Surgical Surgical Pressure ulcers 0.00 0.00; 0.11 
Hope86 Administrative Patient 1 Combined Combined Nosocomial infections 1.06 1.03; 1.09 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Surgical wound infection 1.03 0.66; 1.60 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Surgical wound infection 1.31 0.73; 2.38 
Hope86 Administrative Patient 1 Combined Surgical Surgical wound infection 1.03 0.99; 1.08 
Needleman28 Administrative Hospital 3,357 Medical Medical Deep vein thrombosis 1.05 0.64; 1.71 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Deep vein thrombosis 1.39 0.66; 2.91 
Needleman28 Administrative Hospital 256 Medical Medical Deep vein thrombosis 0.78 0.39; 1.57 
Needleman28 Administrative Unit 256 Medical Medical Deep vein thrombosis 0.75 0.40; 1.40 
Needleman28 Administrative Hospital 256 Surgical Surgical Deep vein thrombosis 1.55 0.51; 4.76 
Needleman28 Administrative Unit 256 Surgical Surgical Deep vein thrombosis 1.87 0.69; 5.04 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Complications 3.06 0.94; 10.03 
Needleman28 Administrative Hospital 3,357 Medical Medical Complications 18.55 1.22; 281.24 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Complications 1.68 0.66; 4.27 
Needleman28 Administrative Hospital 256 Medical Medical Complications 0.68 0.29; 1.58 
Needleman28 Administrative Unit 256 Medical Medical Complications 0.74 0.32; 1.68 
Needleman28 Administrative Hospital 256 Surgical Surgical Complications 0.57 0.17; 1.91 
Needleman28 Administrative Unit 256 Surgical Surgical Complications 0.71 0.20; 2.48 
Needleman28 Administrative Hospital 4,156 Medical Medical Sepsis 1.55 0.93; 2.61 
Needleman28 Administrative Hospital 4,156 Surgical Surgical Sepsis 1.15 0.72; 1.84 
Needleman28 Administrative Hospital 3,357 Medical Medical Sepsis 0.83 0.56; 1.22 
Needleman28 Administrative Hospital 3,357 Surgical Surgical Sepsis 0.74 0.43; 1.28 
Needleman28 Administrative Hospital 256 Medical Medical Sepsis 1.08 0.61; 1.91 
Needleman28 Administrative Unit 256 Medical Medical Sepsis 1.03 0.61; 1.75 
Needleman28 Administrative Hospital 256 Surgical Surgical Sepsis 0.00 0.00; 0.85 
Needleman28 Administrative Unit 256 Surgical Surgical Sepsis 0.99 0.51; 1.92 
Hope86 Administrative Patient 1 Combined Medical Sepsis 1.05 1.04; 1.07 
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Table G29.  Evidence of the association between nurse strategies (overtime hours, temporary nurse hours, full-time hours) and patient outcomes 
 

Author, Definition of Patient 
Outcomes, Definition of Nurse 

Strategies 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Patient Outcomes 

Alonso-Echanove79 
Bloodstream infections as secondary 
diagnosis after CVC, duration of CVC, 
number of days from the placement 
date to the day when bloodstream 
infection occurred or to the day of 
CVC removal, % of temporary nurses/ 
float nurses in unit each day; float 
nurse = a nurse not permanently 
assigned to the participating ICU, 
agency nurses, and nurses from other 
units or hospital areas who had been 
working in the participating ICU less 
than a year 

Hospitals 6 
Unit ICU 
Patients Medical 
Race 61 
Sex 54 

 
 
Patients cared for by float nurse, days 
>60% 
Patients cared by float nurse, days >60% 
Patients cared for by float nurse, days 
<60% 

Relative risk 
Nosocomial infection 
2.75 1.45 5.22 
 
2.61 1.21 5.59 
1.00 1.00 1.00 

Berney84 
Actual number of events identified as 
secondary DRG: urinary tract 
infection, gastrointestinal bleeding, 
pneumonia, shock, failure to rescue, 
sepsis 

Hospitals   161 
Unit Patients 
Surgical Surgical 
Medical Medical 
Medical Medical 
Medical Medical 
Surgical Surgical 
Surgical Surgical 
 
Surgical Surgical 
Medical Medical 
Medical Medical 
Medical Medical 
Surgical Surgical 
Surgical Surgical 
 
Surgical Surgical 
Medical Medical 
Medical Medical 
Medical Medical 
Surgical Surgical 
Surgical Surgical 
 
Surgical Surgical 
Medical Medical 

 
 
1% increase in RN overtime hours  
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 
1% increase in RN overtime hours .00% 
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 
 
1% increase in RN overtime hours  
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 
1% increase in RN overtime hours .00% 
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 
 
1% increase in RN overtime hours  
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 
1% increase in RN overtime hours  .00% 
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 
 
1% increase in RN overtime hours  
1st (low overtime) quartile 1.6% 

Relative risk 
Urinary tract infection 
1.01 0.99 1.02 
1.00 0.99 1.01 
1.00 1.00 1.00 
1.01 1.00 1.02 
1.01 0.99 1.02 
1.00 1.00 1.00 
Gastrointestinal bleeding 
1.02 0.99 1.05 
0.98 0.96 1.01 
1.00 1.00 1.00 
1.01 0.98 1.03 
1.00 0.96 1.03 
1.00 1.00 1.00 
Pneumonia 
1.02 1.00 1.04 
1.01 0.99 1.02 
1.00 1.00 1.00 
1.01 1.00 1.02 
1.01 0.99 1.04 
1.00 1.00 1.00 
Shock 
1.01 0.98 1.03 
1.01 0.99 1.03 
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Author, Definition of Patient 
Outcomes, Definition of Nurse 

Strategies 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Patient Outcomes 

Medical Medical 
Medical Medical 
Surgical Surgical 
Surgical Surgical 
 
Surgical Surgical 
Medical Medical 
Medical Medical 
Medical Medical 
Surgical Surgical 
Surgical Surgical 
 
Surgical Surgical 
Medical Medical 
Medical Medical 
Medical Medical 
Surgical Surgical 
Surgical Surgical 

4th (high overtime) quartile 7.4% 
1% increase in RN overtime hours 00% 
1st (low overtime) quartile  1.6% 
4th (high overtime) quartile 7.4% 
 
1% increase in RN overtime hours 
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 
1% increase in RN overtime hours .00% 
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 
 
1% increase in RN overtime hours  
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 
1% increase in RN overtime hours .00% 
1st (low overtime) quartile 1.6% 
4th (high overtime) quartile 7.4% 

1.00 1.00 1.00 
1.02 1.00 1.04 
1.00 0.98 1.02 
1.00 1.00 1.00 
Failure to rescue 
1.00 0.99 1.01 
1.00 0.99 1.00 
1.00 1.00 1.00 
1.00 1.00 1.01 
1.00 0.99 1.01 
1.00 1.00 1.00 
Sepsis 
1.02 1.00 1.04 
1.01 0.99 1.02 
1.00 1.00 1.00 
1.03 1.01 1.04 
1.02 1.00 1.03 
1.00 1.00 1.00 



 
Table G29.  Evidence of the association between nurse strategies (overtime hours, temporary nurse hours, full-time hours) and patient outcomes 
(continued) 
 

 

G
-213

Author, Definition of Patient 
Outcomes, Definition of Nurse 

Strategies 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Patient Outcomes 

Cho30 
ICD-9-CM for urinary tract infection, 
pressure ulcers, falls and injury, 
surgical wound infection, and  sepsis;  
Contracted hours = productive nursing 
hours (direct care to patient) worked 
by nursing personnel contracted on a 
temporary basis. Contract hours * % 
of RN 

Unit Combined 
Patients Combined 
Age 67.9 
Race 79.3 
Sex 48.9 
Severity 49.7 

% Contract hours % of RN 
 
3.60 76.5 
3.30 68.1 
3.20 72.4 
5.00 72.7 
 
3.60 76.5 
3.30 68.1 
3.20 72.4 
5.00 72.7 
 
3.60 76.5 
3.30 68.1 
3.20 72.4 
5.00 72.7 
 
3.60 76.5 
3.30 68.1 
3.20 72.4 
5.00 72.7 
 
3.60 76.5 
3.30 68.1 
3.20 72.4 
5.00 72.7 
 
3.60 76.5 
3.30 68.1 
3.20 72.4 
5.00 72.7 

Rate, % ± SD 
Urinary tract infection 
2.50 ± 1.30 
1.60 ± 1.40 
2.00 ± 1.00 
2.10 ± 1.80 
Pneumonia 
3.10 ± 1.90 
2.70 ± 2.20 
2.80 ± 1.30 
2.80 ± 2.00 
Falls 
0.20 ± 0.20 
0.20 ± 0.30 
0.20 ± 0.20 
0.10 ± 0.20 
Pressure ulcers 
0.10 ± 0.30 
0.30 ± 0.60 
0.30 ± 0.50 
0.20 ± 0.40 
Surgical wound infections 
1.60 ± 1.00 
1.10 ± 1.10 
1.50 ± 0.70 
1.10 ± 1.00 
Sepsis 
1.20 ± 0.70 
0.80 ± 0.80 
1.10 ± 0.60 
1.00 ± 1.10 
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Author, Definition of Patient 
Outcomes, Definition of Nurse 

Strategies 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Patient Outcomes 

Cimiotti87 
Infections occurring in an infant 48 
hours or longer after admission to the 
NICU including bloodstream 
infections, device associated 
pneumonia, CNS and skin infections, 
conjunctivitis; hours/patient day 
worked by float pool and agency RN 
not regularly assigned to the NICU 

Hospitals 1 
Unit Neonatal 
Patients Medical 

 
 
0.19% of float nurses 
24.07% of float nurse 
 
0.19% of float nurses 
24.07% of float nurse 
 
 
Mean staffing levels  12.13% 
Low % of pooled nurses 14.19% 
High % of pooled nurses 12.13% 
 
Mean staffing levels 12.13% 
Low % of pooled nurses 14.19% 
High % of pooled nurses 12.13% 

Rate, % 
Pneumonia    Nosocomial infection 
0.50 18.30 
0.90 15.10 
Sepsis 
10.50 
5.50 
Relative risk 
Nosocomial infection 
Reference 
1.30 
1.30 
Sepsis rate% 
1.00 
2.01 
2.06 

Donaldson9 
Total number of patients with Stage I-
IV pressure ulcers regardless of 
whether ulcer was acquired during 
hospitalization or present on 
admission; % total number of 
surveyed patients; unplanned descent 
to the floor; rate/1,000 patient days, 
total number of productive hours 
worked only by those with direct 
patient care responsibilities who are 
contract staff (registry, travelers). It 
does not include internal float staff 

Hospitals 68 % contract hours      % RN 
8.43  59.2 
8.04  66.67 
9.22  68.79 
10.74  72.19 

Rate/100 patient days ± SD 
0.31 ± 0.20 
0.32 ± 0.17 
0.30 ± 0.22 
0.26 ± 0.16 

Donaldson95 
Hospital acquired pressure related 
skin injury controlling for date of 
admission, % of all patients on the day 
of prevalence study, patient’s 
unplanned descent to the hospital 
floor; were analyzed as 7 day 
aggregate per unit; also actually 
number per unit; the number of 
falls/1,000 patient days, percent of 
contacted or agency staff. 

Hospitals 25 
Unit Combined 
Patients Medical 

 
 
Increase by 1%  contracted hours of care 

Rate/100 patient days ± SD 
Falls 
-0.001 ± 0.01 
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Author, Definition of Patient 
Outcomes, Definition of Nurse 

Strategies 

Number of Hospitals, Units, Patient 
Age, % of Whites, % of Males, % of 

Emergency Admissions 

Nurse Staffing Categories Patient Outcomes 

Potter40  
 (Number of falls on a unit/number of 
patient days) * 1,000, an average % of 
float nurses in day shift provided by 
nurses from other units or outside the 
hospital 

Hospitals 1 
Unit ICU 
Patients Medical 

% float hours    % RN 
 
7.30 53.8 
11.00 55.4 
8.80 56.2 
10.10 57.1 

Rate/100 patient days 
Falls 
0.30 
0.29 
0.30 
0.23 

Robert6 
Primary bloodstream infections (BSIs) 
(CDC). Index date for cases, the day 
of 1 positive blood culture; for controls 
= (cases LOS before BSI/total cases 
LOS) * control total LOS, % of pool 
staff - not regular full-time employees 
of the hospital assigned to SICU. 

Hospitals 1 
Unit ICU 
Patients Surgical 

% of contract hours 
 
17.19 
32.59 
 
17.19 
32.59 

Nosocomial infection, rate/100 
patient days 
0.28 
0.76 
Relative risk 
1.00 1.00 1.00 
3.20 1.20 8.20 

Stratton91 
Rate/1,000 patient days of respiratory, 
gastrointestinal, bloodstream and 
central line infections in hospitalized 
patients not present  at time of 
admission, rate/1,000 patient days of 
bloodstream and central line infections 
in hospitalized patients not present at 
time of admission, % of total 
productive overtime nursing hours 
worked by RN, LPN, and UAP in each 
quarter 2002, % of RN productive 
hours worked by supplemental nurse 
staffing (total nursing overtime hours 
and percentages of hours from 
float/agency/traveler RN hours) 

Hospitals 
7 

% hours 
overtime  contract  RN  
18.06 14.05 73.41 
17.59 13.91 72.06 
17.59 14.03 72.41 
14.71 11.53 74 
17.20 17.95 83.2 
16.20 17.53 79 
17.20 17.93 79.6 
16.80 18.08 80.2 
16.92 12.72 89 
15.67 12.03 88.17 
15.92 11.67 87.5 
16.58 12.52 88.5 
4.08 14.04 80.35 
3.84 13.67 78.76 
4.00 13.64 78.79 
3.52 12.68 80.03 
Increase by 1% in overtime RN hours 
Increase by 1% in temporary nurses 

Rate/100 patient days ± SD 
Nosocomial infection 
0.75 ± 0.69 
0.53 ± 0.67 
0.71 ± 0.77 
0.64 ± 0.43 
0.65 ± 0.23 
0.62 ± 0.39 
0.71 ± 0.59 
0.85 ± 0.50 
0.73 ± 0.56 
1.03 ± 0.96 
0.80 ± 0.69 
0.95 ± 0.71 
0.51 ± 0.08 
0.79 ± 0.17 
0.66 ± 0.12 
0.56 ± 0.17 
-0.01 ± 0.02 
0.00380 ± 0.01 

Tourangeau76 
30 day mortality, % of full time nurses 

Hospitals 75 
Unit Combined 
Patients Medical 

% fulltime % RN 
0.67 85 
0.55 71 
0.62 79 

Rate, % 
14.02 
15.27 
15.05 

 
BSI = Bloodstream infection; CNS = Central nervous system; CVC = Central venous catheter DRG = Diagnosis related group; ICU = Intensive care unit; LOS = 
Length of stay; NISU = Neonatal intensive care unit; RN = Registered Nurse; SD = Standard deviation; SICU = Surgical intensive care unit
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Table G30.  The significant effect modification by the study design of the association between nurse staffing 
and patient outcomes 
 

 
Outcomes Rates  

(N=16) 
Outcomes Relative Risk 

(N=19) 
Quality scores % Significant interactions % Significant interactions 
Patients/RN/shift 12.5 21.1 
RN FTE/patient day 12.5 15.8 
Patients/LPN 31.3 5.3 
Total nurse hours 6.3 0 
RN hours/patient day 12.5 21.1 
LPN hours 31.3 0 
UAP hours 6.3 0 
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