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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
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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
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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.’ Increasing the nurse to patient ratios has been recommended as a
means to improve patient safety.*> However, the cost effectiveness of increasing registered nurse
(RN) staffing is controversial.®’

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?
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.

w

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.



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,’ 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.® 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,****?* a 53 percent increase in pulmonary
failure,32*# 3 45 percent increase in unplanned extubation,**!*?*?* and a 17 percent increase
in medical complications.”***?* 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,>*% a
51 percent decrease of unplanned extubation,***?*% a 60 percent decrease of pulmonary
failure,****#%* and a 30 percent decrease of hospital acquired pneumonia.*****? 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,***>%?% and in nosocomial bloodstream
infections of 31 percent.

! The number of deaths in patients who developed an adverse occurrence among the number of patients who
developed an adverse occurrence.



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.®#*3*

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).”*® The association with RN hours per patient day did not show significant changes in
mortality rates.?®?° The relative risk of death was lower by 1 percent per 1 additional RN hour
per patient day in ICUs®*34% and in medical®*%1719.26:2730-32 anq surgical patients.®**
16202627 The association between LPN/LVN hours per patient day and death rate was not
consistent across studies,'’2%:2627:33:34

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, 422
pulmonary failure by 11 percent,****#?* unplanned extubation by 9 percent in ICUs,**4%%
failure to rescue by 1 percent in surgical*>*1620:262730 anq medical patients,?®"** and deep
venous thrombosis by 2 percent in medical patients.?”*®

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.*®

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. hospitals® includes qualitative exploratory
studies®®* and descriptive studies*®** that examined IEN use in healthcare. No studies
empirically evaluated the interaction of IEN staffing policies with organizational, nurse, or
patient care unit factors.



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.>"**** 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.*>*” More contract hours was associated with an
increase in LOS. %2480

Discussion

This review confirms previous contentions that increased nurse staffing in hospitals is
associated with better care outcomes, 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.’®>? 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.*****°

Two general measures of nurse staffing were studied.®® One addressed hours of care provided
by nursing staff averaging FTEs of different nurse categories at the hospital level,***#1°
sometimes including only productive hours worked in direct care.?°"%% The other relies on less
precise data of total nurse staffing to patient volume derived from administrative databases®®®
averaging annual nurse to patient ratios™ at the hospital or unit level.?° 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),***
and periods of the year.®®®” 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,?®*’
the present meta-analysis found consistent evidence that surgical patients are sensitive to nurse
staffing.



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 experience®®®
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.””"

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.”*3*® Patient safety from injuries caused by
the health care system is critical to improving quality of care and reducing health care costs.®*
Estimates suggest that 1 percent of health expenditures, or $8.8 billion, is attributable to
preventable adverse events.> Patient safety is included in certification process of health care
organizations by the Joint Commission on Accreditation of Healthcare Organizations (JCAHO)*
and monitored by the voluntary National Quality Forum (NQF).>®” The health care workforce is
crucial to providing patients with high-quality care.”* Nurses constitute 54 percent of all health
care workers in the United States.’* 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 studies™ %% 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.?” 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.* Increased patient turnover placed new stresses on nurses to provide safe patient
care.®>” 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.’* 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.*

A nurse shortage, in combination with increased workload, has the potential to threaten
quality of care.”*** Hospitals with inadequate nurse staffing have higher rates of adverse events
such as hospital acquired infection, shock, and failure to rescue.?®?"*! 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.”**%® 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.®?%%’

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.®**> 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).>%%

Few studies have evaluated optimal nurse staffing ratios and hours in different clinical
settings; instead, they reported the overall correlation with selected patient outcomes,3>929496-99
The effect size varied widely using different definitions of RN to patient ratio. An additional



patient per RN per shift was associated with increased relative risk of mortality by 6-7 percent in
surgical patients.>*® An increased patient/RN ratio in the evening was associated with a 90
percent increase in relative risk of death in ICUs.? 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.'’
Failure to rescue was reduced by 4-6 percent in surgical patients?® when the proportion of RNs
increased by 13 percent.?’ Each additional patient per RN was associated with a 5 percent
increase in failure to rescue.'® Few studies examined the effect on patient outcomes of nurse
staffing strategies, such as overtime hours'® and contract or agency nurses.?*064101

Increasing the nurse-to-patient ratios and hours has been recommended as a means to
improve patient safety.”* Mandatory nurse-to-patient ratios and staffing plans have been
established in several states’® and proposed for all Medicare participating hospitals.'® 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.’®* Moreover, the cost
effectiveness of increasing the number of RN hours or RN patient ratios is controversial.}®*" 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.® 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.’? 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:

e Number of patients cared for by one nurse per shift.

e FTE per 1,000 patient days.

e 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.**%°

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/LVNSs.

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.?® 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. %

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.**>**®> 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 Workforce™®

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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Table 1. Operational definitions (continued)

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 |-V 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 **’

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

latrogenic atelectasis and acute respiratory failure in hospitalized patients

Accidental extubation

latrogenic 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

latrogenic 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 iliness 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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Table 1. Operational definitions (continued)

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 LPNSs)
International Educated Nurse Nurses who graduated from schools of nursing in foreign countries
(IEN)

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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Table 1. Operational definitions (continued)

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

RNSs 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.**® 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

o Administrative cross-sectional survey and analyses;

« Randomized controlled trials with random allocation of subjects to intervention and control

groups

« Controlled not randomized clinical trials®

« 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

! 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.ahrg.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.”™™® 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 Force® criteria noted below:

I1-2A: Well-designed cohort (prospective) study with concurrent controls

11-2B: Well-designed cohort (prospective) study with historical controls

11-2C: Well-designed cohort (retrospective) study with concurrent controls

11-3: Well-designed case controlled (retrospective) study

I11: 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.***'?? Baseline data were compared in different studies to test the
differences in the target population and unusual patterns in the data.****?* Standard errors,
regression coefficients, and 95 percent CI were calculated from reported means, standard
deviations, and sample size.***?? The protocol for the meta-analyses was created according to
the recommendations for Meta-analysis Of Observational Studies in Epidemiology (MOOSE).

We used the Trim and Fill method*? 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.?®?’

Adjustments for patient age, race, gender, comorbidities, socioeconomic status, provider
characteristics, and clustering of patients and providers were extracted from the studies.**’

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 Cls were calculated with fixed and random
effects models.'*®

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 shift®

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:

e With definitions the authors used

e 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.?’

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).*® In our conversions, we used the latter estimate (Appendix F).

We estimated that:

e Nurse hours per patient day = (FTE * 40)/patient days*>

e One nurse per patient day = 8 working hours per patient day?®

e Then the patient per nurse ratio = 24 hours/nurse hours per patient day™*

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

e 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.*?” 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

% 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.***** 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.’**** The
calculations were performed using the following software: STATA,******> and SAS 9.2 Proc
Mixed.**® 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 arisk 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.*” 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.?’*

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).3#1:2326-283032:34.139-141 Tha g thors defined
hospital related mortality as in-hospital mortality®®131418-202627.303334 - qeath within 30 days
after hospital admission, 0112172132190 £ 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 practices'*” and could result in lower in-hospital mortality
rates that are independent of the quality or effectiveness of hospital care.

One study™* 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.*>*"** The same tendency was shown corresponding to one additional RN
per 1,000 patient days.* In contrast, one additional patient per RN per shift was associated with
an increase in hospital-related mortality by 0.1 percent**'® (Table 4).

* Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrg.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.*>**16"202334 The association was
consistent in ICUs. "6

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 Cl 0.93-0.95).310-1217:20

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.®** For studies
analyzed at the hospital level, the associated decrease in relative risk was 4 percent (95 percent
Cl 0.94-0.98).11121820 For those analyzed at the patient level, it was 8 percent (95 percent Cl
0.89-0.95).210131721 Among medical patients it was 6 percent (95 percent Cl 0.94-0.95)%10-11.17-19
and among surgical patients, 16 percent (95 percent CI 0.8-0.89)°26202L (Figyre 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 Cl 1.07-1.09).%316.21

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 studies'®*>*° 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.'**® 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.’
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.'” 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.?

Three studies that examined the effect of the LPN/LVN per patient day ratio 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).0ne study reported a significant increase in the death rate of 1.9
percent (95 percent Cl 1.5-2.5 percent) for every additional patient per UAP (p = <.0001).%*

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
States'** and the CDC data'*® 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 patients®
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.'®* Nursing experience did not impact hospital-
related mortality.*®**® Nurse job satisfaction was associated with a significant reduction in the
risk of death;*™ 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.*® Nurse manager support was negatively correlated with mortality (r = 0.3) in one
single hospital study in 21 hospital units.**®

17,3494

Association Between Nurse to Patient Ratios and Nurse Sensitive
Patient Outcomes

Authors used different definitions of nurse sensitive patient outcomes, including a
combination of medical™>**?® and surgical**** complications related to health care, failure to
rescue, 102213 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.
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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,'® and pulmonary failure by 6.54 percent.”*'*? An increase by one RN
FTE per patient day was association with 0.03 percent decrease in atelectasis and pulmonary
failure.3*2*33% The effect was larger in surgical patients in ICUs with a 12 percent reduction in
pulmonary failure.****? However, a 0.71 percent reduction in urinary tract infection was
associated with one additional patient per RN per shift?>**® and a 5 percent increase
corresponded to one RN FTE per patient day.?>*° Studies that defined RN FTE per patient day
ratio did not show significant changes in outcomes. One unpublished dissertation® 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),14%2 3 1.08 times higher risk of failure to rescue (95 percent Cl 1.07-1.09),">*®?! and a
1.16 times higher risk of cardiac arrest (95 percent CI 1.05-1.29).*%*?* 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."3'#2%> 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,***#?? pulmonary failure by 60
percent,”***?32* ynplanned extubation by 51 percent,****“*% and cardiac arrest by 28
percent.’*'*2* An increase by one RN FTE per patient day in surgical patients was associated
with 0.84 times less risk of failure to rescue'**>'*2%# and 0.64 times less risk of nosocomial
bloodstream infections.!*#224147

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.**’ Surgical patients also experienced greater increase in the risk of failure to rescue
(p for interaction 0.04) in a multi-hospital study™ 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 hospitals™ 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 ClI 0.02-0.05), pneumonia by 0.06 percent (95 percent Cl
0.04-0.07), patient falls by 0.03 percent (95 percent Cl 0.02-0.04), and cardiac arrest by 0.03
percent (95 percent CI 0.02-0.04). One study® 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 study® and in patient falls in two studies®*®> 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 Cl 0.02-0.05), and pressure and decubitus ulcers by 0.5 percent (95 percent
Cl 0.2-0.8). Consistently across three studies®*®""® an increase in the rate of patient falls by 0.03
percent (95 percent Cl 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 analysis®*342%3335.146.147.150 (Tapha 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 study® reported that every additional LPN/LVN FTE per
1,000 patient days increased the length of stay by 1.8 days (95 percent Cl 1.35-2.25). Random
changes in LOS in relation to UAP workload were reported in one study.®

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 Cl 1.08-1.35,
heterogeneity NS). The significant reduction in LOS was 31 percent in surgical patients (95
percent Cl 0.55-0.86)**'* and 24 percent in ICUs (95 percent Cl 0.62-0.94)%%1%14
corresponding to an increase by one RN FTE per patient day. In contrast, one study'® 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 level?®? and one at the unit level.*** A consistent and
significant reduction in death rate by 1.98 percent for every additional nurse hour per patient (95
percent Cl 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 Cl 0.5-2.3) in medical patients”®“® and by 2.3 percent (95 percent ClI 1.2-3.3) in
surgical patients®®?” (heterogeneity NS). One large study reported non-significant changes in the
relatziye risk of death corresponding to an increase by one hour in total nursing hours per patient
day.

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.?®2%*3 pooled
analysis that examined the relative risk of death in relation to RN hours per patient day did not
detect significant association. 89262730141 Random changes in the risk of death were observed
by pooling three studies at hospital level analysis*®**??"*° in medical units,?’ in surgical
patients,?®%" and in medical patients.?®?® One multi-hospital study reported a 2 percent reduction
in mortality (RR 0.98, 95 percent CI 0.97-0.99) in medical patients.’*® Another study
demonstrated a small but significant increase in the relative risk of death corresponding to one
additional RN hour per patient day."*
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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 Cl 0.99-1.0),391341¢ jn
surgical patients (RR 0.90, 95 percent Cl 0.98-1.0),*® and in medical patients (RR 0.99, 95
percent Cl 0.99-1.0) 810111719

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 day?**’ and
three'®*%’ 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 Cl 2.1-4.8). One study reported an
additional LPN/LVN hour was associated witha 2.5 percent increase in the crude death rate in
medical units (95 percent CI 1.8-3.2),%" with a greater increase in surgical patients by 3.3 percent
(95 percent Cl 2.4-4.2)%" (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.?’

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,?®"*® failure to rescue by 3.53 + 0.48 percent,®%’ urinary tract infection by 4.23 +
0.97 percent,?®?""®"® hospital acquired pneumonia by 2.2 + 0.52 percent,*®?"** surgical wound
infection by 0.31 + 0.05 percent,”®?’ pressure ulcers by 2.26 + 0.34 percent,2%?""®78151 shock by
0.77 + 0.14 percent,?®* pulmonary failure by 2.39 + 0.49 percent,?®*" and deep venous
thrombosis by 0.45 + 0.11 percent.?®%’ 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,?**’
urinary tract infection by 1.88 + 0.36 percent,?®*"®"88 hospital acquired pneumonia by 0.89 +
0.27 percent, 2284798 shock by 0.34 + 0.05 percent,?®?” and deep venous thrombosis by 0.15 +
0.05 percent.?®?’

An observed increase in nosocomial infection was not consistent across the studies.
Differences in patient falls was significant in ICUs only*®®-6+7>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).334>408380 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 ClI 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.2"1? Three studies that examined the risk of sepsis found only random changes in relation to
nurse hours.?”*%®? Four studies that assessed the risk of pressure ulcers and total nurse hours did
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not detect significant changes.?”®**2**>! Two studies that assessed relative risk of pulmonary
failure also showed random change in risk of the outcomes.?” % The relative risk of hospital
acquired pneumonia was not associated with total nurse hours.?" 28129151 Nyrsing hours were
not associated with failure to rescue in one study.?’

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
comorbidities?®29:36:657576139.153.154 artanated 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).%>408

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 percent®-**">*%and pulmonary failure by
1.43 + 0.23 percent.™***?* In medical patients, a consistent reduction in bloodstream infection by
0.22 + 0.09 percent was seen?>2028:4547.7% \yith a significant but not consistent decrease in
pressure ulcers by 1.06 + 0.32 percent,20-28:33:36.61,63,64,76,77.154-136

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 Cl 0.69-0.83)
corresponding to one additional RN hour per patient day (p for heterogeneity <0.01).*>**" 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.**" The large multi-center study showed a significant reduction
by 1 percent in urinary tract infection in medical patients (RR 0.99, 95 percent Cl 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 25" and 75" 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 25" and 75" 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,***% pulmonary failure,™***?*2* unplanned extubation,****** and nosocomial
infection.?24> 4779447 | syrgical patients, the relative risk of failure to rescue was lower by 1

12,15,16,20,26,27, 30,31 : : 13,23,24 :
percent, unplanned extubation by nine percent, and cardiac arrest by four
percent™>?*2 for every additional RN hour per patient day. Small reductions by 1 percent in
relative risk of pulmonary failure®*®? and deep venous thrombosis®’* 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
pneumonia®®?"**1%" and studies that assessed the risk of urinary tract infections?®%"**""" djqd
not find significant associations with LPN/LVN hours.

One study™® 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
relatlig/e risk of hospital acquired pneumonia (p = 0.004) for one LPN/LVN hour per patient
day.

Patient outcomes corresponding to an increase of one licensed hour per patient day. The
rate of pressure ulcers,* failure to rescue,?”**° falls,***> and CPR™® 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 Cl 0.98-1.00) and hospital-acquired pneumonia (RR 0.99 95
percent Cl 0.98-1.00), and by 3-4 percent in pressure ulcers (RR 0.97, 95 percent Cl 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.?” The relative risk of
shock,?"** thrombosis,?” combined complications,?” and hospital-acquired pneumonia was not
associated with licensed hours per patient day?’*°

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),%"*¢7%78 patient falls by 0.2 percent (95 percent Cl 0.14-0.26),333661.75.76.78
and urinary tract infection by 1.26 percent (95 percent Cl 0.16-2.36).2"**""® 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 ClI 0.31-2.25) in eight studies
(heterogeneity NS),2028:36:4248,8283 15, 45 days in medical patients (95 percent C1 0.19 -0.72,
heterogeneity NS),20-28:36:45.488283 9 hhy 2.36 days in surgical patients (95 percent CI 1.34-3.39,
heterogeneity NS).??7488283 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).2%%4> The relationship between nurse
staffing and LOS in medical patients showed conflicting results (p for heterogeneity = 0.0008).%*
283645 The studies in surgical patients did not find a significant association with RN hours (p for
heterogeneity = 0.013).2%%’

The studies that examined the association between LPN/LVN hours and LOS reported a
significant increase by 3.21 days (95 percent Cl 1.88-4.3) corresponding to an additional
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LPN/LVN hour.?®?” The effect was larger in surgical patients with an increase by 4.6 days for
every LPN/LVN hour per patient day.?*?” An increase by 1.53 days (95 percent Cl 0.93-2.13) in
LOS corresponded to 1 additional UAP hour per patient day (heterogeneity NS).2"3%*° The
increase in medical patients was 1.6 days (heterogeneity NS)*" 64

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 ClI 1.07-1.1) and 49 percent higher in surgical patients (RR 1.49,
95 percent Cl 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 Cl
1.49-1.85). The relative risk of unplanned extubation was three times higher in ICUs (RR 3.12,
95 percent Cl 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 Cl 1.9-0.36) for each additional year of nurse experience in surgical patients in the
ICU.* 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 Cl 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 Cl 0.91-
0.99).*° 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).” 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
outcomes?1:30:66.78:88.101,160-164 (A nnandix G, Table G19.) One large survey (8,760 nurses)™®
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.'®® An increase in the proportion of nurses’
perceived work related stress by 40 percent increased the rates of patient falls by 1.1 percent.®® A
2 percent increase in nurse autonomy accompanied a 0.5 percent reduction in pressure ulcer
rates.’® An increase in nurse turnover by approximately 2 percent increased the rate of patient
falls by 0.2 percent.*®

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).’®® 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).*® Medical patients in units with higher proportions of RNs with BSN degrees
(54percent) expressed satisfaction with care 1.5 times more often.%® 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.™™ Some studies, however, did not detect a significant improvement in patient satisfaction
in relation to nurse staffing.””"8%

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 policy®**%%¢2
(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.’>® 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)*%% 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.®*

Two recent systematic reviews of nurse staffing and patient, nurse, and hospital outcomes
reached basically similar conclusions.?®%® 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.’* 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.”

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, satisfaction'®’ infections, nurses’ perceptions of the
quality of care, and fewer medication errors.'¢81

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.*”® Diminishing effects of increased RN
staffing on reducing the mortality ratio were also found.*®

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.*"* More sophisticated use of technology predicted increased RN hours.*®* 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.*® Another study did not find that ownership was related to nurse staffing variables.!?
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.'"? 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)"® 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)*" both found
that nurses were working long hours. Nurses worked, on average, 55 minutes longer than
scheduled each day.'"® 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.*"

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.”® 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.” 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.}® 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)."” 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.'”® 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.’’

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.”® 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.'** 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.'®! Float pool nurses had the highest rate of documentation on two clinical aspects of
patient care;*®* 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.™

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,'®® whereas full-time nurses were older.'®* 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,*®® heavier workloads,
higher levels of stress, and poorer physical wellbeing.*®* Full-time nurses were statistically more
involved in their job'® and more likely to be confident, independent, functioning as a leader and
professional.’® 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,'®” Part-time nurses were associated with lower personnel and hospital costs.*

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.®’ The
limited research available includes qualitative exploratory studies®®*° and descriptive studies***?
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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.*” Understanding this demographic group may facilitate more
effective integration and use of nurses who are educated in and emigrate from other countries.

IENSs experience moderate to high levels of stress for up to 10 years after coming to the
United States to practice nursing.*® IENs from India experienced racism within the work setting
with recommendations for interventions to assist with acculturation.® Other idiosyncrasies noted
about IENSs include the tendency to gravitate to critical care,*** younger in age,*"*? the majority
from the Philippines,®” more likely to work full-time, night, and evening shifts and more
overtime,>’ baccalaureate educated,®** and half as likely to leave the organization.*” No
differences were found between IENs and U.S. nurses when comparing perceptions of their
control over practice or relationship with the physician,* job satisfaction as it relates to time to
do the job or quality of care,*” or general job satisfaction.®”** 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.*”* 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.!’®

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.** 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.***

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.”* 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.'”® Weekend overtime is associated with anticipated turnover.*® Lost time
claim rates were associated with increasing overtime worked by nurses.'®® 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),20:48:33:52139.140.146.190.191 gjqht studies that measured the rates of nosocomial
infections (p <0.001),224>81139192:194 anq 11 studies that evaluated the rates of pressure ulcers in
relation to nursing skill mix (p for heterogeneity <0.001),%0:283336.61,64.76,77,81 151,162

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 mortality™*®*°**** by 0.1-0.4 percent; one unpublished dissertation showed a small
but significant increase in mortality®® 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.** 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).%® 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.?®3 One study™ 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 ClI 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 RNSs.

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 study®’ 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)."% Three studies reported a tendency to reduce mortality,®?**** and

one large study®’ 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,?” however, reported a
consistent reduction in failure to rescue by 27 percent (RR 0.73, 95 percent Cl 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.”” 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.?? The relative risk of shock was reduced by 41 percent for each additional
percent of RN staffing in a large multi-hospital study.?” 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.?” Overall complications and thrombo-embolic complications increased with the increase
in the proportion of RNs.?” 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 Cl 0.4-0.84) and in pressure ulcers by 76 percent (RR 0.24, 95 percent Cl 0.09-0.62)
across different settings and patient populations in one study (Figure 24).>" The same study
reported a reduction in the relative risk of urinary tract infection in medical (RR 0.48, 95 percent
C1 0.38-0.91) and in surgical patients (RR 0.67, 95 percent Cl 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
C10.44-0.8), 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.?’

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 Cl 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
outcomes?®?730:31:3263-65159 (Taple 20 and Figures 25-26) but one study?’ 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 Cl
0.78-0.87) (Figure 25). Hospital-related mortality was reduced by 3 percent (RR 0.97, 95 percent
Cl .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 Cl 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 Cl 0.83-0.9), while the risk of surgical wound infection and
bloodstream infections was increased by 60 percent as reported in one study.?” 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 Cl 0.04-0.05) for each additional 1 percent of licensed nurses.*

Patient Outcomes Corresponding to an Increase by 1 Percent in

Overtime Hours
Two studies®***® 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).%° 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 Cl 0.3-3.5 percent)
with each additional percent of overtime hours.'** The relative risk of shock increased by 12
percent in medical but not surgical patients (RR 1.12, 95 percent Cl 1.001-1.24) corresponding to
a 5 percent increase in overtime hours.®! The relative risk for bloodstream infections increased
by 11.5 percent in surgical (RR 1.12, 95 percent Cl 1.021-1.22) and by 14 percent in medical
patients (RR 1.14, 95 percent Cl 1.05-1.24).* 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;?®46%41% others included the hours worked by
float nurses as temporary hours.*>*” One study showed no association between contract hours
and the rates of urinary tract infections, pneumonia, pressure ulcers, surgical wound infections,
or bloodstream infections.?® Two studies reported an increase in rates of patient falls
corresponding to additional contract hours.?®®* A small increase in the rate of nosocomial
infections corresponded to an increase in contract hours,™* but another study did not find a
significant association after adjustment for other factors.* 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.*” 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.”> Summarizing the
results from two studies*®*’ 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 Cl 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).28:45480

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

Standard
Quality Measures Mean 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 441 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 35
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 11 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 29
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)

Number of Change in Death Standard Error p Value for the

Level of Analysis Studies Rate, % 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)

. Number of Relative Value for the .

Level of Analysis Studies Risk 95% ClI pAssociation 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
<2vs. 2-4 14 0.94 0.92; 0.95 <.0001 Yes
<2vs. 4-55 0.76 0.71;0.81 <.0001 Yes
<2vs.>6 0.62 0.59; 0.66 <.0001 Yes
2-4vs. 4-55 0.81 0.76; 0.87 <.0001 Yes
2-4 vs.>6 0.66 0.63; 0.70 <.0001 Yes
4-5.5vs. >6 0.82 0.76; 0.88 <.0001 Yes
ICUs 5
<3vs. 34 0.94 0.92; 0.97 0.016 Yes
Medical patients 6
<2vs. 2-4 0.94 0.92; 0.96 <.0001 Yes
Surgical patients 8
<2vs. 4-6 0.76 0.70; 0.82 0.000 Yes
<2 vs.>6 0.62 0.58; 0.66 <.0001 Yes
2-3.5vs. 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.



Figure 5. Relative risk of patient hospital-related mortality corresponding to change in registered nurse to
patient ratio (pooled estimation from the studies)
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Figure 6. Relative risk of death among different categories of patients/RN/shift (pooled analysis)
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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)

Attributable to Nurse

Number of Avoided

Level of Analysis Studies RR 95% ClI Staffing, Percentage of NNT* deaths/1,000
Death, 95% CI 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 7419
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
<2vs. 2-4 14 0.94 0.92; 0.95 6 (8; 5) 247 4 (3;5)
<2vs.4-55 0.76 0.71; 0.81 24 (29; 19) 63 16 (12; 19)
<2vs.>6 0.62 0.59; 0.66 38 (41; 35) 40 25 (23; 28)
2-4vs. 4-55 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
<3vs. 34 0.94 0.92; 0.97 6 (8;3) 308 3(2;5)
Medical patients 6
<2vs.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)
2-3.5vs. 4-6 0.80 0.74; 0.87 20 (26; 13) 132 8 (5; 10)
2-3.5vs. >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% ClI Data, Definition of RN Ratio Units Patients Diagnosis

Hospital

Mark, 2004 1.02 0.9;1.1 Administrative, RN FTE/1,000 patient days Combined Combined Combined

Mark, 2005%° 1.005 0.98;1.03 Administrative, RN FTE/1,000 patient days Combined Combined Combined

Robertson, 1999 0.97 0.957;0.98 Administrative, RN FTE/patient day Combined Medical Chronic obstructive pulmonary disease

Silber, 2000* 0.93* p <0.05 Administrative, RN FTE/patient day Surgical Surgical Combined

Elting, 2005%° 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, 1999 0.28 0.2: 0.5 Medical records, RN FTE/patient day Combined Medical AIDS

Aiken, 2002%° 0.58 0.4; 0.8 Administrative, RN FTE/patient day Combined Surgical General surgical, orthopedic, or vascular
operation

Aiken. 2003"® 0.89 0.848; 0.934 Administrative, RN FTE/patient day ICU Surgical General surgical, orthopedic, vascular
operation

Person, 2004 0.94 09;1 Administrative, RN FTE/patient day Combined Medical Acute myocardial infarction

Pronovost, 1999° 0.02* p <0.05 Administrative, patients/RN/shift ICU Medical Abdominal aortic surgery

Amaravadi, 2000™ 0.39% NS Administrative, patients/RN/shift ICU Surgical Esophageal resection

Dimick, 2001 6.5*% NS Administrative, patients/RN/shift ICU Surgical Hepatic resection

Halm, 2005* 1.02* NS Administrative, patients/RN/shift Surgical Surgical General, orthopedic, and vascular surgery

Hospital unit

Shortell, 1994° 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 Hospital Patients RN Ratio Relative Risk of Attributable
Unit Unit Death Proportion,
(95% ClI) (95% ClI)
Pronovost’® P ICU S, Abdominal aortic Nurse to patient ratio <1:2 vs. >1:2 in evening 1.9(1.2;3) 0.47 (0.17; 0.23)
surgery
Aiken® P C M, AIDS Increase by 1 patient/RN/shift 2.3(1.3;4.2) 0.57 (0.76; 0.22)
Aiken®® P ICU S, general surgical, Increase in workload of 1 patient/RN/shift 1.06 (1.01;1.1) 0.06 (0.01; 0.09)
orthopedic, or vascular
operation
Aiken® P ICU S, general surgical, Increase by 6 patients/RN/shift 1.5(1.19; 1.97) 0.33 (0.16; 0.49)
orthopedic, or vascular
operation
Increase by 1 patient/RN/shift 1.07 (1.03; 1.12) 0.07 (0.03; 0.11)
Person®’ P C M, acute, myocardial, 4™ quartile vs.1 quartile of RN staffing (~2.7 RN 0.91 (0.86; 0.97 0.10 (0.16; 0.03)
infarction FTE/patient day vs. ~1.6 RN FTE/patient day)
Elting® H S S, bladder carcinoma Hospitals with few RN FTE/occupied bed (median 2.04 (1.03;5.3) 0.51 (0.81; 0.03)
after total cystectomy 1.4) vs. many (median 3.1)
Mark®® H C C Increase by 1 RN FTE/1,000 patient days in 0.91 (0.86; 0.95) 0.10 (0.16; 0.05
hospitals with high HMO penetration
Robertson®! H [ M Increase by 1 RN in RN FTE/patient day ratio in
1989 0.988 0.01
1990 0.987 0.01
1991 0.978 0.02
Mark'® H C C 75" 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)
50™ 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)
25" 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)
Silber*? 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



Table 9. Correlation between nurse staffing and age adjusted fatal adverse events related to medical care at
the state level™*418

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, . . Death Relative Risk,
Patients Nurse Education and Experience Rate, % 95% Cl
Aiken'® 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
Estabrooks'™ 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
Tourangeau™* 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)

Difference Standard p Value for the

Outcomes Studies Consistency

in Rate, % Error Association
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)

QOutcomes Studies Ri.at've 95% CI P Value_fo_r the Consistency
isk Association

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

0,
Patient outcomes (95% ClI)

CPR 0.03 (0.02, 0.04)

Falls 0.03 (0.02, 0.04)

Urinary tract infection 0.06 (-0.02, 0.13)

Surgical wound infection 0.02 (0.01, 0.02)

L
Hospital acquired pneumonia . 0.06 (0.04, 0.07)

Pulmonary Failure 0.04 (0.02, 0.05)

-1 0 2
Difference in outcome rate
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Figure 8. Patient outcomes rates (%) corresponding to an increase by patient/UAP/shift (estimates from
individual studies and pooled analysis)

Difference in outcome rate

Outcomes (number of studies) (95% CI)

CPR (1) 0.04 (0.02, 0.05)
Falls (7) 0.03 (0.02, 0.04)
Urinary tract infection (5) I — 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)

\ \

-.78 0 .78

Difference in outcome rate
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Table 13. Length of stay corresponding to an increase in RN staffing ratios (pooled analysis)

Change in Standard P Value for
Nurse Staffing Studies  Length of Stay, the Consistency
Errors .
Days Association

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

Nurse staffing (number of studies) (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) B 0.97 (0.93, 1.02)
Increase by 1 RN FTE/patient day (5) B 0.92 (0.80, 1.05)
ICUs
Increase by 1 RN FTE/patient day (4) B 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/ . 0.69 (0.55, 0.86)
patient day (3)

1
Relative change in LOS
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Figure 10. Relative risk of hospital acquired infections in quartiles of patients/RN/shift distribution (pooled

analysis)

Quatrtiles of patients/RN per shift distribution*

Hospital acquired pneumonia
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1 vs. 3 (Medical patients)
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0 vs. 3 (Medical patients

Sepsis
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1vs. 2 (ICUs)

0 vs. 1 (Surgical patients)

0 vs. 3 (Surgical patients) u
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Surgical wound infection
2 vs. 3 (Surgical patients)

Urinary tract infection
2 vs. 3 (Surgical patients)
0 vs. 1 (Medical patients)
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0 vs. 3 (Medical patients)

+
+

Relative risk of outcomes
(95% ClI)

0.75 (0.60, 0.95)
0.59 (0.40, 0.87)
0.82 (0.70, 0.95)

0.06 (0.01, 0.34)
0.66 (0.48, 0.91)
0.67 (0.48, 0.93)
0.62 (0.45, 0.85)

0.57 (0.36, 0.91)
0.58 (0.36, 0.94)
0.56 (0.37, 0.84)
0.51 (0.28, 0.91)
0.71 (0.55, 0.93)

0.80 (0.68, 0.94)

1.07 (1.02, 1.11)
1.11 (1.01, 1.22)
1.11 (1.01, 1.22)
1.13 (1.03, 1.23)

3

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

Relative risk of outcomes

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

Relative risk of outcomes

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

CPR
0vs. 2 (ICUs) —— 0.66 (0.59, 0.73)
1vs. 2 (ICUs) —BR 0.54 (0.47, 0.61)
1 vs. 3 (ICUs) —— 0.75 (0.67, 0.83)
0 vs. 1 (Surgical patients) B 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)
T
4 1

Relative risk of outcomes

*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
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Figure 12. Relative risk of patient outcomes in quartiles of patients/RN/shift distribution (pooled analysis)

Relative risk of outcomes

Quatrtiles of patients/RN per shift distribution* (95% CI)
Medical complications
0 vs. 2 (ICUs) —— 0.59 (0.49, 0.71)
1vs. 2 (ICUs) — B 0.54 (0.44, 0.66)
1vs. 3 (ICUs) — 0.75 (0.62, 0.90)
2 vs. 3 (ICUs) —l— 1.38(1.17, 1.64)
Pulmonary failure
0 vs. 2 (ICUs) - 0.40 (0.23, 0.69)
0vs. 3 (ICUs) L 0.36 (0.19, 0.69)
1vs. 3 (ICUs) l 0.43 (0.21, 0.86)
0 vs. 1 (Surgical patients) - 0.38 (0.20, 0.72)
0 vs. 2 (Surgicalpatients) — 0.25(0.11, 0.55)
Unplanned extubation
0vs. 2 (ICUs) — B — 0.55 (0.39, 0.78)
0 vs. 3 (ICUs) L] 0.32 (0.20, 0.51)
1vs. 3 (ICUs) —— 0.43 (0.30, 0.62)
2 vs. 3 (ICUs) —l— 0.58 (0.42, 0.80)
0 vs. 1 (Surgical patients) B 0.56 (0.38, 0.82)
0 vs. 2 (Surgical patients) L 0.29 (0.18, 0.46)
1 vs. 2 (Surgical patients) —B— 0.51 (0.38, 0.69)
\ \
2 1 1.7

Relative risk of outcomes

*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

66



Table 14. Patient outcomes rates (%) corresponding to an increase by 1 hour in total nursing hours/patient
day (pooled analysis)

Difference
Outcomes Studies  in Outcome Standard P Value_fo_r the Consistency
Error Association
Rate, %

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

67



Figure 13. Relative risk of patient outcomes corresponding to an increase by 1 hour in total nursing
hours/patient day

Relative risk of outcomes
(95% CI)

Outcomes (number of studies)

Shock (1) .

Gastrointestinal bleeding (1)

0.84 (0.71, 0.99)

0.99 (0.98, 1.00)

Nosocomial infection (5) 0.88 (0.84, 0.92)

7 0 11

Relative risk of outcomes
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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)

Difference in

Standard p Value for the

Outcomes Studies Outcome Rate, %  Error 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)
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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)
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Table 16. Patient outcomes rates (%) corresponding to an increase by 1 hour in LPN/LVN hours/patient day

(pooled analysis)

. . Value for
Outcomes Studies Difference in Standard P the Consistency
Outcome Rate,% Error .
Association

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)
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Figure 17. Changes in LOS corresponding to an increase by 1 nursing hour/patient day (pooled analysis)
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Table 17. Differences in outcomes rates (%) in quartiles of total nursing hours/patient day distribution
(pooled analysis)

Quartiles

Outcomes

Difference Standard

p Value for the

Consistency

in Rate, % Error Association
ICUs
lvs.2 Falls 0.76 0.22 0.02 Yes
lvs.3 Falls 0.59 0.10 0.002
lvs.2 Nosocomial infection 7.24 1.97 0.01 No
2vs. 3 Pressure ulcers 1.13 7.33 0.89 No
Surgical patients
2vs. 3 Failure to rescue 3.22 0.68 0.001 Yes
2vs. 3 Surgical wound infection 0.29 0.05 0.00 Yes
2vs. 3 Gastrointestinal bleeding 0.81 0.19 0.002 Yes
2vs. 3 Shock 0.68 0.16 0.001 Yes
2vs. 3 Pulmonary failure 2.17 0.50 0.001 Yes
2vs. 3 Thrombosis 0.42 0.10 0.002 Yes
2vs. 3 Falls 0.36 151 0.83 Yes
2vs. 3 Urinary tract infection 4.10 0.85 0.000 Yes
Ovs. 2 Hospital acquired pneumonia 4.39 97.60 0.97 Yes
2vs. 3 Hospital acquired pneumonia 2.01 0.53 0.003
2vs. 3 Sepsis 1.30 0.24 0.000 Yes
2vs.3 Pressure ulcers 2.31 0.31 <.0001 Yes
Medical patients
2vs. 3 Gastrointestinal bleeding 0.51 0.06 <.0001 Yes
2vs. 3 Shock 0.36 0.04 <.0001 Yes
2vs. 3 Thrombosis 0.17 0.03 0.000 Yes
1vs.3 Falls 7.62 1.55 <.0001 No
2vs. 3 Falls 5.90 1.63 0.001
2vs. 3 Urinary tract infection 2.49 0.19 <.0001 Yes
2vs. 3 Hospital acquired pneumonia 1.35 0.15 <.0001 Yes

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

Quatrtiles 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

75



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)
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2 vs. 3 (medical patients)

Unplanned extubation
Ovs. 1 (ICUs)
0 vs. 2 (ICUs)
0 vs. 3 (ICUs)
1 vs. 2 (surgical patients)
1 vs. 3 (surgical patients)

+
+

+

Relative risk of outcome
(95% ClI)

1.34 (1.20, 1.50)
1.52 (1.36, 1.71)
1.27 (1.12, 1.43)
1.66 (1.49, 1.85)

1.39 (1.14, 1.69)
1.49 (