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2.  STRUCTURED ABSTRACT: 

Purpose: The proposed research examined factors associated with receipt of opioid versus non-opioid 
analgesics  in children with current asthma and evaluated the risk  of asthma exacerbation  associated with 
opioid analgesics  in the population.   
Scope: The study utilized data provided by  a large pediatric  Medicaid Managed Care Plan in Texas and  
focused on  an  AHRQ priority population (children in low-income households). 
Methods:  Eligible individuals  include those 1 to  17 years  of age with current asthma and received  an incident 
analgesic  prescription. Current asthma was defined as receipt of both an asthma diagnosis  and an anti-
asthmatic medication in the 12-month  period  prior  to analgesic medication initiation. Asthma exacerbation was 
defined as hospitalization or ER visit  within 3  days  since the  receipt of analgesic prescription  and  with asthma 
being  the primary or secondary  diagnosis. A weighted multivariable logistic regression using Inverse 
Probability Treatment Weight (IPTW) was performed to test the association between analgesic medication  
exposure  and the risk  of asthma exacerbation.  
Results:  The utilization of opioid analgesics was  most common among children undergoing  outpatient 
procedures,  dental procedures, having  traumatic  injuries, or  respiratory infections. Asthma exacerbation was 
observed in 24  (0.5%) opioid and  22  (0.3%) non-opioid analgesic recipients within  3  days  of analgesic 
initiation.  Weighted logistic regression results  showed that children receiving opioid analgesics [aOR: 1.6  
(0.9-2.9)] did not  have a higher risk  of asthma exacerbation compared with their counterparts  who  received 
non-opioid analgesics. 
Conclusion:  Opioid analgesics  has been  frequently used in children with asthma; however, asthma 
exacerbation associated with analgesic use in children is an uncommon event, and the risk is comparable 
among children receiving opioid versus non-opioid analgesics. 
Key Words: Children, Adolescents, Opioid, Asthma, Asthma Exacerbation, Analgesics, Medicaid  
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3. PURPOSE 
Aim 1: To assess the sociodemographic, clinical,  and  provider  characteristics  for opioid and non-opioid 

analgesic  utilization in children with current asthma  
Aim 2:  To examine the risk of asthma exacerbation associated with the utilization  of opioid analgesics in children  

with current asthma  

4. SCOPE 
Introduction (Aim 1) 

Asthma is one of the most common chronic diseases in the pediatric population, affecting 8.7% of the 
children under 18 years of age and 10.2% of the older teens aged 15-19 years.1,2 Of those with an asthma 
diagnosis and receiving anti-asthmatic treatment during the year 2018, 53.8% experienced an asthma 
exacerbation in the 12 months prior to the survey.1 Asthma exacerbations are acute episodic events typically 
characterized by difficulty in breathing (dyspnea), chest tightness, coughing, or wheezing. Severe asthma 
exacerbations can be potentially life threatening and may warrant an emergency room (ER) visit or 
hospitalization.3,4 

Case reports of asthma exacerbations after recreational drug abuse continue to increase. Abuse of 
cocaine and the opioid heroin have the richest literature supporting an interaction between opioids and asthma 
and offer possible pathophysiological mechanisms.5 Opioids might worsen asthma through two potential 
mechanisms. One mechanism is the activation of the microglia by the opioid analgesics through the toll-like 
receptors 4 (TLR4), resulting in release of proinflammatory mediators such as cytokines, interleukins, and 
prostaglandins as well as release of histamine from mast cells.4,6-8 This can potentially cause a pseudoallergic 
reaction leading to flushing, hives, airway hyperresponsiveness, airflow obstruction, and exacerbation of 
asthma. Another more well-known mechanism is that opioids could depress the respiration by their action on 
the respiratory center at the base of the brain, resulting in decreased central respiratory drive, respiratory rate, 
and tidal volume. 6,8-10 It can exacerbate pooling of secretions, airway obstruction, and hypoxemia in patients, 
causing severe asthma exacerbations.  

Package inserts of hydrocodone, codeine, and tramadol include a contraindication warning for patients 
“with acute or severe bronchial asthma in an unmonitored setting or in the absence of resuscitative 
equipment”11-14 Opioids could potentially trigger asthma exacerbation through two pharmacological 
mechanisms: one mechanism involves microglial activation via TLR4 releasing pro-inflammatory mediators, 
like cytokines, interleukins, prostaglandins, and histamine from mast cells4,6-8. This can precipitate a 
pseudoallergic reaction causing airway hyperresponsiveness, flushing, and hives, thus exacerbating asthma. 
Another mechanism involves opioids depressing respiration through their activity on the respiratory center at 
the base of the brain, causing a fall in the respiratory drive, respiratory rate, and tidal volume6,8-10; this could 
result in respiratory failure in the event of a severe asthma exacerbation.  

Despite the potential mechanisms and the US Food and Drug Administration (FDA) warnings, there is a 
lack of data about how prescription opioids have been used in children with asthma, and the risk of asthma 
exacerbation associated with opioid analgesics has yet to be assessed by empirical or epidemiological studies.  
To bridge the knowledge gap, our study aimed 

(1) To describe the utilization pattern of opioid analgesics in children and adolescents with current asthma and 
to identify patient and prescriber characteristics associated with the use of opioid analgesics versus alternative 
pharmacotherapies (non-opioid analgesics). 

(2) To quantify the risk of asthma exacerbation associated with opioid analgesics versus alternative 
pharmacotherapies (non-opioid analgesics) in children with current asthma. 

5. METHODS 
Data. 

De-identified patient-level  data from January  1, 2013, to June 30, 2018, were extracted from the 
computerized claims datasets  of Texas Children’s Health Plan (TCHP). TCHP, founded by Texas Children's  
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Hospital, offers managed Medicaid (STAR)  and CHIP for  more than 20 counties in eastern Texas.15  The data 
included patient demographics (age, gender, race/ethnicity, Medicaid eligibility categories, and monthly 
enrollment), medical claims (inpatient and outpatient service utilizations, and location of service), and 
pharmacy  claims (outpatient prescription utilizations including dosage). The  data  also included the filling 
record of  non-opioid pain relievers, such as acetaminophen, ibuprofen, naproxen, and indomethacin. Non-
opioid pain relievers are covered under  Texas Medicaid, which made  the comparison between prescription 
opioids and their alternatives possible.  

Methods (Aim 1)  
Sample. 

The study sample consisted of all children and adolescents 1 to 17 years of age enrolled in TCHP with 
current asthma and receipt of an incident opioid or non-opioid analgesic prescription during the study period. 
Current asthma was defined as having both asthma diagnosis and receiving anti-asthmatic medication during 
1-year period before the index analgesic prescription. Asthma diagnosis was identified using the International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and International Classification of
Diseases, Tenth Revision (ICD-10), medical diagnoses codes [ICD-9-CM: 493; ICD-10: J45, J46].3,16-19

Asthma treatments identified in the study cohort were inhaled and oral corticosteroids, beta-adrenergic 
agonists and their combinations, leukotriene modifiers, methylxanthines, and bronchodilators. Individuals who 
did not have 1 year of continuous TCHP enrollment prior to the index analgesic prescription and those who 
had a malignancy or sickle-cell disease (SCD) were excluded from the analyses. Prescriptions were captured 
using the Generic Product Identifier (GPI) codes. Prescription opioid analgesics include medications such as 
codeine, hydrocodone, tramadol, etc., whereas the non-opioid analgesics include nonsteroidal 
anti-inflammatory drugs (NSAIDS) as well as other analgesics. Incident use was defined as receipt of an 
opioid or a non-opioid analgesic prescription with no prior use of these medications for a period of 1 year. 

Factors associated with the utilization of opioids versus alternative analgesics. 

Potential predictors for the receipt of prescription opioid analgesics and alternative pharmacotherapies 
(Table 1) were identified during the 1-year periods prior (pre-index period) to the incident analgesic dispensing 
based on the conceptual framework of Andersen Behavioral Model.20,21 Predisposing factors are the factors 
that are present prior to the treatment. Enabling factors constitute an individual’s ability to secure health 
services. Need factors provide insight into the individual’s health status and diagnoses that warrant healthcare 
interventions. 

Table 1. Risk factors for  the use of opioid analgesics  in children based on  the Andersen Behavioral Model.  

Type of   external  factors  Covariates i n the  study  
Predisposing factors  
(Exist  prior  to  treatment)  

Patient  demographics  (age,  gender,  race/ethnicity)  
Medicaid eligibility  categories  (Medicaid STAR  and CHIP)  

Enabling factors  
(Constitute an individual’s  ability  to 
secure health  services)  

Geographic  location of  patients’  residence (urban/rural)  

Prescriber  specialty  

Need factors  
(Explain an individual’s  health status 
or  diagnosis  that  necessitates  
healthcare intervention) 

Medical  diagnoses  and outpatient  procedures  as  indications  
leading to receipt  of  pain medications  
Asthma-related ER  visit  and hospitalization,  short-acting 
beta agonist  (SABA)  overuse 

To ascertain analgesic indications, all medical diagnoses and outpatient procedures patients received 
during a 30-day period prior to the index analgesic prescription were identified. These procedures and 
diagnoses were assigned a priority score according to a published algorithm.22 The algorithm gave priority to 
procedure and diagnosis that are closest to the index date and having the strongest association with the 
analgesic prescription. For instance, during this identification process, if a patient received two 
diagnoses/procedures on the same day, one for a surgical procedure and another for respiratory infection, the 
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surgical procedure was  considered as  the more probable indication for the receipt of  an analgesic prescription 
based on the pre-determined indication priority  (Table 2). An additional correction was applied to a small  
number  of records (less  than 5%) wherein the high-priority indication was immediately preceding the low-
priority indication (within  a span of less  than a week); then, the high-priority indication was considered the 
more probable indication. For  example,  when considering  the index prescription date as day  0 and respiratory 
infection diagnosis (low-priority indication) on day  4 preceding the index  date and traumatic injury  diagnosis        
(high-priority indication)  on day  6 preceding the index  date, based on the correction, the traumatic injury  was 
the attributable indication for the analgesic  prescription.  

Table 2. Priority rating for medical diagnoses and outpatient procedures.  

Indication 
Outpatient  Surgery/Procedure 
Trauma:  Fracture,  sprain,  contusion,  wound,  other  an  unspecified trauma d/or 
Dental  Surgery/Procedure 
Back  pain and/or degenerativ e back  disorders 
Other  musculoskeletal  or  soft  tissue pain and/or  disorders 
Abdominal  pain 
Headache and migraines 
Generalized pain 
Respiratory  infections 
Psychiatric  disorders  and/or  neurologic  conditions 

Priority  
1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
11  Other  infections 

Uncontrolled asthma was measured by asthma-related hospitalization, ER visit, and SABA overuse 
during the 1 year prior index period. Asthma-related hospitalization and ER visit were defined as 
correspondent service utilizations with asthma as the primary or the secondary diagnosis.25 SABA overuse 
was defined as filling six or more prescriptions during a 1-year period.22-24 

Statistical Analyses. 

The bivariate statistics for sociodemographic, clinical, and provider characteristics were compared 
between opioid and non-opioid analgesic recipients using chi-square tests for categorical variables and t-tests 
for continuous variables. 

           A multivariable logistic  regression model  was  fitted to  assess the association of receiving prescription 
opioid versus alternative analgesics  (dependent variable)  with patient and provider  characteristics 
(independent variables). Adjusted odds  ratios  (aORs) and 95%   confidence intervals  (CIs)  were estimated at a 
statistical  significance level  of α=0.05. All the statistical analyses were conducted using SAS Enterprise Guide 
8.1 (SAS  Institute, Cary, NC)  statistical  software.26 

Methods (Aim 2)  
Sample: 
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 Inclusion Criteria 

Individuals enrolled in TCHP between January  1, 2013, and  December 31, 2018, were included if they 
had current asthma, received an incident prescription of opioid or non-opioid analgesics, and  were age 1-17  
years  on the date that the incident analgesic prescription was  filled.    

Current asthma was defined as the presence of a primary or secondary asthma diagnosis as well as 
receipt of an anti-asthmatic medication in the 1-year period before index analgesic prescription. The ICD-9-CM 
and ICD-10 medical diagnoses codes were utilized to identify asthma diagnosis [ICD-9-CM: 493; ICD-10: J45, 
J46].3, 16-19,22 Oral corticosteroids, inhaled corticosteroids, beta-adrenergic agonists and their combinations, 
leukotriene modifiers, methylxanthines, and bronchodilators were the anti-asthmatic medications included in 
the study. 



 

 
  

      

 

  
  

An incident analgesic use  was defined as  the receipt of opioid or non-opioid analgesic with no prior use 
of these medications for  1 year. Generic Product Identifier (GPI) codes were used  to identify  the prescription 
opioid analgesics,  such as codeine, hydrocodone,  and tramadol,  and non-opioid analgesics,  such as 
nonsteroidal  anti-inflammatory  drugs  (NSAIDs) and other analgesics, such as acetaminophen.  

 Exclusion Criteria 

Individuals  who did not have a continuous enrollment in the 1-year period before (baseline) and 7-day  
period (maximum follow-up for sensitivity analysis) after  the index analgesic  prescription were excluded from 
the study sample. Children and adolescents with a malignancy or sickle-cell disease (SCD)  were also excluded 
from  the cohort. Additionally, all analgesic users with only  a respiratory infection diagnosis presented within 30 
days prior  to the index analgesic  dispensing  were excluded as respiratory infections are a common trigger  of 
asthma exacerbations. 

 Study Design: 

It is stated in the package inserts of opioid analgesics that the risk of respiratory side effects is 
significantly higher in the initial 24-72 hours of the drug administration.11-14 Therefore, the main analyses 
focused on asthma exacerbation within 3 calendar days following the index analgesic prescription. Sensitivity 
analyses were conducted to determine the risk of asthma exacerbation within 4 days and 7 days since the 
index analgesic prescription. 

 Outcome Measure: 

 Asthma Exacerbation 

A joint European Respiratory/American Thoracic Society statement proposed a definition of asthma 
exacerbation for research as “any of the following service utilizations with an asthma diagnosis in the primary 
or secondary position: hospitalization, ER visit, or physician office or outpatient visit with a pharmacy claim for 
oral corticosteroids (OCS).”25 This definition has been used in previous studies by Chastek and colleagues.18 

For the main analysis of this study, we utilized a strict definition and defined asthma exacerbation 
associated with an analgesic prescription as hospitalization or ER visit with an asthma diagnosis in the primary 
or secondary position within 3 days of the incident analgesic prescription. For the sensitivity analysis, we tested 
the robustness of the main findings using a more lenient definition that included not only asthma-associated ER 
visit and hospitalization but also the dispensing of an oral corticosteroid within 3 days following the incident 
analgesic prescription.  

  Covariates: 

  Patient and provider characteristics 

Patient and provider characteristics that could confound the association between receipt of index 
analgesic and risk of asthma exacerbation were identified during the 1-year period prior to index prescriptions 
according to the Andersen Behavioral Model.20,21 Predisposing factors, such as age, gender, self-reported 
race/ethnicity, and health plan eligibility category (Medicaid vs CHIP), are factors that are present prior to the 
treatment. Enabling factors, such as provider specialty, constitute an individual’s ability to secure health 
services. Need factors, such as prior history of procedures, diagnoses, and asthma severity, provide insight 
into the individual’s health status, the likelihood of receiving opioid versus non-opioid analgesics, and the pre-
existing risk of having asthma exacerbation. 

Asthma severity was defined as asthma-related hospitalization, ER visit, and SABA overuse during the 
12 months prior index period. Asthma-related hospitalization and ER visit were defined as correspondent 
service utilizations with asthma as the primary or the secondary diagnosis.25 Presence of six or more SABA 
prescriptions in the 1 year of baseline qualified as an overuse.22-24 
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Propensity Score Calculation: 

Propensity scores (PS) were obtained using a multivariable logistic regression model with receipt of 
opioid versus non-opioid as the outcome and the patient and provider factors as the potential covariates. 
Among different PS methods, Inverse Probability Treatment Weighting (IPTW) was applied. IPTW is the 
inverse of the probability of receiving the respective treatment.27,28 There are several ways to use the resulting 
propensity scores (e.g., matching, stratification, modeling), but weighting by a function of the propensity score 
has several advantages. Weighting allows all patients to contribute to the analysis, whereas matching usually 
inherently excludes some patients. The PS-based IPTWs are estimated, using Proc psmatch in SAS, to create 
a pseudopopulation of opioid and alternative analgesic users balanced on all the measured covariates.26 The 
balance of covariates between opioid and non-opioid analgesic groups was confirmed using the standardized 
differences, with a satisfactory threshold value between -0.25 and 0.25. 

Regression Analysis: 

A weighted logistic regression model was fitted to estimate the adjusted odds ratio (aOR) and the 
corresponding 95% confidence intervals (CIs) for the risk of asthma exacerbation associated with receipt of 
opioid versus non-opioid analgesics.  

All analyses were performed using SAS Enterprise Guide 8.1 (SAS Institute, Cary, NC) statistical  
software.26 

6.  RESULTS 
Results (Aim 1) 

Between 2013 and 2018, 9,529 (4.2%) TCHP patients with current asthma received an incident 
analgesic. Of these, 2,681 (28.1%) received opioid analgesics and 6,848 (71.9%) received non-opioid 
analgesics (Figure 1.1). The mean and median durations of opioid analgesic prescriptions were 5.5 ± 4.3 days 
and 5.0 (IQR: 3.0) days, respectively, whereas the mean and median durations of non-opioid analgesic 
prescriptions were 7.1 ± 5.5 days and 6.0 (IQR: 4.0) days, respectively. 

For  the opioid analgesic  recipients, the average daily Morphine Milligram Equivalent (MME) dose was 
18.2 ±  12.8 units,  and the median (IQR) was 15.0 (15.0) units. The most filled  opioid analgesics by  the study 
cohort were codeine (51.9%), hydrocodone (40.4%),  and tramadol (6.6%),  whereas  the most commonly filled 
non-opioid analgesics were ibuprofen (73.2%), acetaminophen (22.9%), and naproxen (3.5%). 

  Descriptive statistics of opioid and non-opioid recipients with current asthma 

  

 
  

 
 

 
   

     
      

   
     

The distribution and unadjusted rates of socioeconomic, clinical, and prescriber characteristics were 
compared between the opioid and non-opioid analgesic recipients (Table 1.1). 

Demographics: The opioid group (N=2,681), compared with the non-opioid group (N=6,848), was older 
(opioid group: 10.3 ± 4.8 years, non-opioid group: 7.2 ± 4.2 years; p<.0001), had a higher proportion of non-
Hispanic White patients (opioid group: 16.8%, non-opioid group: 7.1%; p<.0001), and had a lower proportion of 
Hispanic children (opioid group: 50.3%, non-opioid group: 60.0%; p<.0001). 

Diagnosis and procedures: The most common opioid associated diagnoses and procedures in the 
opioid recipients (N=2,681) were surgery/procedure (N=790; 29.4%), trauma (N=519; 19.4%), dental surgery/ 
procedures (N=493; 18.4%), and respiratory infection (N=284; 10.6%). Conversely, the non-opioid analgesic 
group (N=6,848) was predominantly composed of patients with respiratory infection (N=3,820; 55.8%) and 
general infection (N=620; 9.1%). Additional analysis on the type of oral opioid analgesics filled by children with 
respiratory infection showed that 70% (N=200) filled a prescription for codeine, and 24% (N=69) filled for 
hydrocodone. 

Health utilization history indicating uncontrolled asthma:  Relatively higher proportions  of children in the 
opioid group  had history  of asthma-related ER visits (opioid group: 9.6%, non-opioid group: 8.0%; p=0.009) 
and SABA overuse (opioid group: 9.2%, non-opioid group: 5.5%; p<.0001)  compared with those in the non-
7 | P a g e  



opioid group. A similar difference between opioid and non-opioid recipients was not observed in the history of 
asthma-related hospital admissions.  The mean duration between these historical events indicating 
uncontrolled asthma  and  the  index  analgesic  dispensing  was  163.1  (SD:  96.5)  days,  and  the  median  was 
166.8  (IQR: 140.0) days. 

Figure 1.1  Consort diagram indicating cohort development for current asthma patients with 
analgesic  (opioid/non-opioid) medications.  

Prescriber characteristics: Opioid analgesics  (N=2,681)  were  primarily  prescribed by  surgeons  (N=552,  
20.6%), dentists  (N=544, 20.3%), primary  care providers  (PCPs)  (N=488, 18.2%),  and ER  providers  (N=401, 
15.0%), whereas  non-opioid analgesics  (N=6,848)  were predominantly  prescribed by  PCPs  (N=5,521, 80.6%). 
Of the 99 patients who received concurrent anti-asthmatic and opioid analgesic prescriptions from  the same 
prescribers, 56 received the prescription from PCPs, and 11 did so from ER providers. The use of opioid 
analgesic  prescriptions in these 99 patients was mainly associated with respiratory  infections  (N=30), general 
infections  (N=17),  and trauma (N=17).  

Calendar Time: The number of opioid prescriptions dispensed to children with current asthma 
increased slightly from 17.5% in 2013 to 20.5% in 2014 and then gradually dropped to 12.1% in 2018. The 
number of non-opioid analgesic prescription dispensed to the group had a consistent decline from 35.6% in 
2013 to 7.8% in 2018. 
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Table  1.1  Sociodemographic, clinical, and provider  characteristics  for  opioid and non-opioid analgesic  users 
with current asthma (unadjusted rates). 

 Characteristics 
Opioids 

N=2,681 (100%) 
Non-opioids       

N=6,848 (100%) 
 N  % N  % p value 

 Age (Mean ± SD)  10.3 ± 4.8  7.2 ± 4.2 <.0001* 
 Gender 

 Female vs Male  1,187 44.3   3,079 45.0  0.54  
 Race/ethnicity 

 Alaskan American  12 0.4   20 0.3  

<.0001* 
 Non-Hispanic Black 552  20.6   1,215 17.7  

 Asian  44 1.6   163 2.4  
 Non-Hispanic White 450  16.8   485 7.1  

 Hispanic  1,348 50.3   4,107 60.0  
 Unknown 275  10.3   858 12.5  

 Medicaid eligibility 
 STAR vs CHIPa  2,393 89.3   6,019 87.9  0.06  

 Patient Geographical location 
Urban vs Rural   2,648 98.8   6,820 99.6  <.0001*  

 Provider characteristics 
Dentists  544  20.3   263 3.8  <.0001*  
Emergency Room physicians  401  15.0   293 4.3  <.0001*  
Obstetrics and Gynecology specialists   35 1.3   34 0.5  <.0001*  

 Other Specialists 586  21.9   300 4.4  <.0001*  
 Physician Assistants  72 2.7   421 6.1  <.0001*  

  Primary Care Providers 488  18.2   5,521 80.6  <.0001*  
Surgical specialists (surgeons)  552  20.6   16 0.2   <.0001 

 Procedures and Diagnosesb 

 Abdominal Pain 126  4.7   187 2.7  <.0001*  
Back pain and/or degenerative back disorders   32 1.2   73 1.1  0.59  

 Dental Surgery/Procedure 493  18.4   250 3.7  <.0001*  
 General infections 101  3.8   620 9.1  <.0001*  

Generalized pain   52 1.9   103 1.5  0.13  
 Headache and Migraines  50 1.9   233 3.4  <.0001*  

Other musculoskeletal or soft tissue pain and/or disorders   83 3.1   202 2.9  0.71  
 Outpatient Surgery/Procedure 790  29.4   221 3.2  <.0001*  

Respiratory infections  284  10.6   3,820 55.8  <.0001*  
Trauma: Fracture, Sprain, Contusion, Wound, other  
and/or unspecified trauma  519  19.4  332  4.8  <.0001*  

Asthma Risk Factors  
History of asthma-related hospitalization   21  0.8 61  0.9  0.56  

 History of asthma-related ER visit  258  9.6  545 8.0   0.009* 
 Short-acting Beta Agonist (SABA) overuse  246  9.2  377 5.5  <.0001*  

Providers prescribing analgesic and anti-asthmatic 
 medications to the same patient  99 3.7   2977 43.5  <.0001*  

aCHIP – Children’s  Health  Insurance Program;  STAR  – State  of  Texas  Access  Reform  

bThe procedures  and diagnoses  were identified based on a 30-day  lookback  period from  the index  prescription. 
Procedures  and Diagnoses  as  indicators  for  opioid/non-opioid use have been developed based on a priority  rating.       
*indicates  statistical signific ance.
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To further understand the variations of opioid utilization across subgroups of children with asthma, we 
categorized the analgesic recipients by race/ethnicity (non-Hispanic White: 935, non-Hispanic Black: 1,767, 
Hispanic: 5,455). 

Non-Hispanic White children used significantly more opioid analgesics than their non-Hispanic Black 
and Hispanic counterparts (non-Hispanic White: 450, 48.1%; non-Hispanic Black: 1,767, 31.2%; Hispanic: 
1,348, 24.7%; p<.0001). 

Non-Hispanic White children not only received more opioids than children from other racial/ethnic 
groups for indications such as surgical procedure, trauma, and dental procedures but also received opioids 
more frequently for low-priority indications, such as respiratory infections, abdominal pain, generalized pain, 
and general infections (Figure 1.2). 

Figure 1.2 Indications for receipt of opioid analgesics across racial/ethnic groups. 

Figure 1.2 legend. 
The denominator for each of the bars represents the total children in different racial/ethnic groups: non-
Hispanic Whites (N=935), non-Hispanic Black (N=1,767), and Hispanics (N=5,455). 

*indicates statistical significance.

 
  

Diagnoses and procedures associated with analgesic utilization in children with and without a utilization history 
indicating uncontrolled asthma 

We also categorized analgesic recipients by their histories of asthma-related healthcare utilization 
indicating poorly controlled asthma (children with asthma related hospitalization, ER visits, and SABA overuse: 
1,332; children without the health utilization history: 8,197). 

The comparison between children with different histories of asthma-related healthcare utilization 
(Figure 1.3) revealed that those with a history of asthma-related hospitalization, ER  visit, and/or  SABA 
overuse received opioids more frequently associated with trauma, respiratory infections (4.7%  vs  2.7%,  
p<.0001), and general infections (1.4% vs 1.0,  p=0.0132)  than did their counterparts without the healthcare 
utilization history  of uncontrolled asthma.   
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Figure 1.3  Opioid indications among patients with and without prior history of  uncontrolled asthma  

  
   

   
  

  
    

 

         
     

 

  
    

 

Figure 1.3 legend. 
The denominator for each of the bars represents  the total children and adolescents with a prior history of 
asthma-related hospitalizations, ER  visits, or SABA  overuse (N=1,332)  or  without (N=8,197).   

*indicates statistical significance 

  Multivariable analysis 

Findings of multivariable logistic regression model (Table 1.2) confirmed that children and adolescents 
with current asthma were more likely to receive an opioid analgesic than a non-opioid analgesic when they 
underwent an outpatient surgery or procedure [aOR: 18.87 (15.2-23.4)] or a dental procedure [aOR: 14.09 
(11.5-17.3)] or had trauma [aOR: 5.28 (4.3-6.5)]. 

The racial/ethnic variation indicated that, compared with their non-Hispanic White counterparts, non-
Hispanic Black children were 71% [aOR: 0.39 (0.3-0.5)] and Hispanic children were 49% [aOR: 0.51 (0.4-0.6) 
less likely to receive an opioid analgesic prescription. 

Last, children and adolescents with a history of an asthma-related ER visit or history of SABA 
overuse were 24% [aOR: 1.24 (1.0-1.5)] and 33% [aOR: 1.33 (1.1-1.7)] more likely to receive an opioid 
analgesic than were those without these utilizations indicating uncontrolled asthma.   

The model was checked for presence of multicollinearity, and all the predictors in the model had a 
correlation coefficient less than 0.7. Moreover, the multivariable logistic regression model had a C-statistic of 
0.88. 
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Table 1.2  Predictors of incident opioid analgesic use in children and adolescents with current asthma  
(adjusted rates).  

 Characteristics  Odds Ratio 95% Confidence Interval  
 Age 1.16*    (1.1 – 1.2) 

Gender       [Ref. Male]  
Female  0.99   (0.9 – 1.1) 
Race/ethnicity     [Ref. Non-Hispanic White]  
Non-Hispanic Black 0.39*    (0.3 – 0.5) 

 Alaskan American 0.38*    (0.2 – 0.9) 
Asian 0.28*    (0.2 – 0.5) 

 Hispanic 0.51*    (0.4 – 0.6) 
Unknown 0.56*    (0.4 – 0.7) 
Medicaid Eligibility  [Ref. CHIP]  

 STAR  1.10   (0.9 – 1.3) 
 Procedures and Diagnoses 

 Abdominal Pain 2.50*    (1.9 – 3.3) 
Back pain and/or degenerative back disorders   0.97   (0.6 – 1.5) 

 Dental Surgery/Procedure 14.09*    (11.5 – 17.3) 
 General infections  0.95   (0.7 – 1.2) 

Generalized pain  1.53*    (1.1 – 2.2) 
 Headache and Migraines 0.59*    (0.4 – 0.8) 

Other musculoskeletal or soft tissue pain and/or disorders   1.15   (0.9 – 1.6) 
 Outpatient Surgery/Procedure 18.87*    (15.2 – 23.4) 

Respiratory infections  0.27*    (0.2 – 0.3) 
 Trauma: Fracture, Sprain, Contusion, Wound, other and/or 

unspecified trauma  
5.28*    (4.3 – 6.5) 

Asthma Risk Factors  
History of asthma-related hospitalization   0.69   (0.4 – 1.4) 

  History of asthma-related ER visit 1.24*    (1.0 – 1.5) 
  History of short-acting Beta Agonist (SABA) overuse 1.33*    (1.1 – 1.7) 

*indicates statistical significance. 

Results (Aim 2) 

Of the 228,865 pediatric  analgesic recipients  enrolled in TCHP between January  1, 2013, and 
December 31, 2018, 56,768 (24.8%) received a  diagnosis  of asthma and filled an anti-asthmatic prescription 
during the 1-year period prior  to the index analgesic prescription.   

After excluding patients  with age >18 years  (N=343), those with malignancy  and sickle-cell disease 
(N=343), those without continuous  eligibility  (N=32,982), and those with their  primary  analgesic  use 
associated with respiratory infections  (N=9,741), the final  cohort was composed of 13,359 children and 
adolescents. 

Of these, 5,363 (40.1%) received opioid analgesics, and 7,996 (59.9%) received non-opioid 
analgesics  (Figure 2.1). The average duration of analgesic therapy was  5.4 (4.1) days  in the opioid group 
and 7.4 (5.9)  days in the  non-opioid group.  

  Descriptive characteristics of opioid and non-opioid recipients with current asthma. 

Patient  Demographics:  The  opioid  analgesic  recipients  were  older  [10.2  (4.9)  years]  than  the  non-
opioid  analgesic  recipients  [7.4  (4.4)  years].  The  proportion  of  non-Hispanic  White  children  in  the  opioid 
group (17.0%) was two times more than that in the non-opioid group (7.9%).  

In contrast, there was  a significantly  lower proportion of Hispanic children (53.7%) in the opioid group 
than in the non-opioid group (62.2%) (Table 2.1). 
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Provider Characteristics:  The opioid analgesic  prescriptions  were prescribed commonly by surgical  
specialists  (N=2,195, 40.9%), dentists  (N=1,305, 24.3%), and emergency  room  (ER)  prescribers  (N=912, 
17.0%), whereas  the non-opioid analgesics were predominantly prescribed by primary care providers (PCPs) 
(N=5,660, 70.8%).  

Figure 2.1  Consort diagram indicating cohort  development for current asthma patients receiving analgesic 
(opioid/non-opioid) medications  and experiencing an asthma exacerbation.  

Diagnoses and Procedures: The most commonly associated procedures  and diagnoses in the opioid 
recipients  were  outpatient  surgery  (N=2,104,  39.2%),  trauma (N=1,336,  24.9%), and  dental  procedures 
(N=1,305, 24.3%). The majority of the non-opioid recipients received their analgesics for trauma (N=1,716, 
21.5%), general infections (N=1,621, 20.3%), and abdominal pain (N=1,389, 17.4%).  

Healthcare utilization history associated with uncontrolled asthma: Relatively higher proportion of 
children in the opioid analgesic group had prior histories of asthma-related ER visits  (opioid group: 11.2%; 
non-opioid group: 6.2%; p<0.001) and SABA overuse (opioid group: 4.6%; non-opioid group: 2.7%; 
p<0.001) compared with their non-opioid group counterparts. 
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Table 2.1 Covariate Balance Assessment before and after IPTW propensity score adjustment for opioid and non-opioid recipients.  
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 Characteristics 

  Before IPTW   After IPTW 
Opioid 

N=5,363 
Non-opioid 
N=7,996 

Standardized 
 Mean 

 Differencea 

Opioid 
N=5,363 

Non-opioid 
N=7,996 

Standardized 
 Mean 

 Differencea 

 n  (n/N)%  n  (n/N)%  n  (n/N)%  n  (n/N)% 

Age (Mean  ±  SD)   10.2 ± 4.9   7.4 ± 4.4  0.61†   8.6 ± 5.1   8.5 ± 4.7  0.06*† 

 Gender 
  Female vs Male  2,451  45.7  3,686  46.1 -0.01  2,624  47.1  3,633  45.4  0.02* 

 Race 
  Alaskan American  20  0.4  19  0.2 -0.02  11  0.2  25  0.3  0.02* 

 Asian  90  1.7  145  1.8  0.01  114  2.1  136  1.7 -0.03* 
 Hispanic  2,877  53.7  4,973  62.2  0.17  2,664  47.8  4,553  56.9  0.08* 

  Non-Hispanic Black  977  18.2  1,264  15.8 -0.06  1,178  21.1  1,415  17.7 -0.06* 
  Non-Hispanic White  910  17.0  634  7.9 -0.28†  760  13.6  1,011  12.6 -0.02*† 

 Unknown  489  9.1  961  12.0  0.09  847  15.2  857  10.7  0.00* 
  Medicaid eligibility 

  Medicaid vs CHIP  4,765  88.9  7,122  89.1  0.01  4,965  89.1  7,104  88.8  0.01* 
  Provider characteristics* 

 Dentists  1,305  24.3  623  7.8 -0.46†  769  13.8  1,149  14.4 -0.02*† 

   Emergency Room Prescribers  912  17.0  640  8.0 -0.27†  608  10.9  1,002  12.5  0.04*† 

   Obstetrics and Gynecology specialists  65  1.2  30  0.4 -0.09  35  0.6  57  0.7 -0.02* 
  Other Specialists  132  2.5  118  1.5 -0.07  117  2.1  169  2.1 -0.06* 

  Physician Assistant  96  1.8  314  3.9  0.13  155  2.8  248  3.1 -0.01* 
   Primary Care Providers  658  12.3  5,660  70.8  1.48†  2,778  49.8  3,778  47.2  0.00*† 

   Surgical Specialists (Surgeons)  2,195  40.9  611  7.6 -0.84†  1,113  20.0  1,594  20.0 -0.01*† 

  Procedures and Diagnoses 
  Abdominal Pain  146  2.7  1,389  17.4  0.50†  452  8.1  907  11.3  0.02*† 

 Back pain  62  1.2  164  2.1  0.07  96  1.7  133  1.7 -0.02* 
 Dental Surgery/Procedure  1,305  24.3  623  7.8 -0.46†  769  13.8  1,149  14.4 -0.02*† 

  General infections  125  2.3  1,621  20.3  0.59†  662  11.9  1,036  13.0  0.03*† 

 Generalized pain  63  1.2  385  4.8  0.21  335  6.0  271  3.4  0.02* 
 Headache and Migraines  73  1.4  548  6.9  0.28†  502  9.0  372  4.7  0.01*† 

  Musculoskeletal pain  125  2.3  556  7.0  0.22  241  4.3  401  5.0 -0.03* 
 Outpatient Surgery/Procedure  2,104  39.2  908  11.4 -0.67†  1,179  21.2  1,771  22.2  0.00*† 

 Trauma  1,336  24.9  1,716  21.5 -0.08  1,308  23.5  1,892  23.7 -0.02* 



 

Table 2.1 Covariate Balance Assessment before and after IPTW propensity score adjustment for opioid and non-opioid recipients  
(continued)  

  Asthma Risk Factors 
   History of asthma-related ER visit  598  11.2  499  6.2 -0.17  472  8.5  726  9.1 -0.03* 
  History of asthma-related hospitalization  103  1.9  65  0.8 -0.1  73  1.3  104  1.3 -0.01* 

     Short-acting Beta Agonist (SABA) overuse  247  4.6  219  2.7 -0.09  202  3.6  295  3.7 -0.03* 
  Providers prescribing analgesic and 

 anti-asthmatic medications to the same 
 patient 

 156 2.9   2,777  34.7  0.89†  1,597  28.7  1,756  22.0 -0.08*† 

* Standardized mean differences  after  propensity  score IPT  weighing lie between  the confidence limits  [-0.25 to  0.25]  and signify  balance of  covariates  across  the 
two groups  (opioid and non-opioid analgesic  recipients). 

† Standardized mean differences  for  these covariates  before IPT  weighting were  not  balanced;  however,  after  IPT  weighting, they are  balanced. 

IPTW  – Inverse Probability  of  Treatment  Weighting  

CHIP – Children’s  Health Insurance Program   
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 Incident asthma exacerbation following the exposure to opioid and non-opioid analgesics 

 Twenty-four (0.5%) children with an incident opioid analgesic prescription and 22 (0.3%) children with 
an incident non-opioid analgesic prescription had asthma associated hospital admission or ER visit within 3 
days following the analgesic dispense (p=0.09) (Table 2.2). 

Table 2.2 Distribution of  asthma exacerbation across opioid  and non-opioid recipients.  

Patients experiencing asthma 
   exacerbation during follow-up

 period 

Opioid analgesic 
recipients

N=5,363 (100%) 

Non-opioid analgesic 
recipients

N=7,996 (100%) 
 p value 

 Main Findingsa 

 Asthma exacerbation 
 (3-day follow-up) 24 (0.5)  22 (0.3)  0.09  

  Sensitivity Findings (on duration of follow-up)a 

Asthma exacerbation 
(4-day follow-up) 28 (0.5)  30 (0.4)  0.21  

Asthma exacerbation 
(7-day follow-up) 37 (0.7)  41 (0.5)  0.19  

   Sensitivity Findings (on operational definition and duration of follow-up)b 

Asthma exacerbation 
(3-day follow-up) 32 (0.6)  34 (0.4)  0.17  

Asthma exacerbation 
 (4 day follow-up) 39 (0.7)  48 (0.6)  0.37  

Asthma exacerbation 
(7-day follow-up) 54 (1.0)  81 (1.1)  0.97  

Weighted logistic regression analysis  on the risk asthma exacerbation associated with the exposure to opioid  
versus non-opioid analgesics. 

aThis  definition of  asthma exacerbation includes  service utilizations  corresponding to hospitalization or  ER  visit  with an 
asthma diagnosis.  

bThis  definition of  asthma exacerbation includes  service utilizations  corresponding to hospitalization,  ER  visit,  or  oral 
corticosteroid  prescription associated with an outpatient  visit  with an asthma diagnosis  claim  in the primary  or  secondary  
position.  

After  the adjustment using Inverse IPTW, all the baseline covariates were comparable between opioid 
and non-opioid analgesic recipients.  

The standardized mean differences  on covariates  that were different prior  to the adjustment, such as 
patient demographics, provider characteristics, patient diagnosis  and procedures, and their healthcare 
utilization history associated with uncontrolled asthma, were not statistically significant (Table 2.1  and Figure
2.2).  

The results  of IPTW weighted logistic regression (Table 2.3)  showed that the risk  of asthma 
exacerbation within 3 days  of analgesic  dispensing was  comparable [aOR=1.6 (95%  CI: 0.9-2.9)] between 
opioid and non-opioid recipients.  
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Figure 2.2 Covariate balance assessment opioid and non-opioid analgesic recipients after IPTW 
adjustment. 

Figure 2.2  legend:  The above figure represents  the overall  covariate balance between the treated (opioid 
recipients) and control (non-opioid recipients) expressed as  standardized mean difference after IPTW 
adjustment. The weighted observations (+) lie within the -0.25  to 0.25 limit, indicating that, after IPTW 
propensity  score adjustment, the treated and control groups  are similar on the basis  of all baseline covariates 
included in the propensity score model. 
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 Sensitivity Analysis on the duration of follow up 

            
               

The risk of asthma-related ER visits and hospital admissions remained comparable between opioid 
and non-opioid analgesic recipients despite changing the duration of follow-up to 4 days [aOR=1.0 (95% CI: 
0.6-1.7)] and 7 days [aOR= 1.4 (95% CI: 0.9-2.1)] (Table 2.3). 

  Sensitivity Analysis on the Operational Definition of Asthma Exacerbation 

     

     
  

Using a more lenient asthma exacerbation definition including asthma-related ER visits, hospital 
admissions, and OCS use, the adjusted analysis showed that the asthma exacerbation rates were still low and 
the association between opioid exposure and asthma exacerbation remained statistically insignificant [aOR: 1.4 
(0.9-2.2)]. 

Similarly, for extended follow-up duration of 4 days and 7 days, the risk of asthma exacerbation was 
comparable and not statistically significant (Table 2.3). 

Table 2.3 Association between receipt of opioid versus non-opioid analgesic  and risk  of asthma exacerbation 
in  children and  adolescents (unadjusted and adjusted findings).  

 Characteristics  Unadjusted Odds Ratio (95%
 Confidence Limits) 

Adjusted Odds Ratio (95% 
 Confidence Limits) 

Main Findingsa 

  opioid vs non-opioid recipients 
(3-day follow-up)  1.6 (0.9 – 2.9)   1.6 (0.9 – 2.9)  

  Sensitivity Findings (on duration of follow-up)a 

  opioid vs non-opioid recipients 
(4-day follow-up)  1.4 (0.8 – 2.3)   1.0 (0.6 – 1.7)  

  opioid vs non-opioid recipients 
(7-day follow-up)  1.3 (0.9 – 2.1)   1.4 (0.9 – 2.1)  

   Sensitivity Findings (on operational definition and duration of follow-up)b 

  opioid vs non-opioid recipients 
(3-day follow-up)  1.4 (0.9 – 2.3)   1.4 (0.9 – 2.2)  

  opioid vs non-opioid recipients 
(4-day follow-up)  1.2 (0.8 – 1.9)   1.0 (0.7 – 1.5)  

   opioid vs non-opioid recipients 
(7-day follow-up)  1.0 (0.8 – 1.5)   1.1 (0.8 – 1.5)  

      
 

  
   

aThis  definition of  asthma exacerbation includes  service utilizations  corresponding to hospitalization or  ER  visit  with an 
asthma diagnosis.  

bThis  definition of  asthma exacerbation includes  service utilizations  corresponding to hospitalization,  ER  visit,  or  oral 
corticosteroid  prescription associated with an outpatient  visit  with an asthma diagnosis  claim  in the primary  or  secondary  
position.  

Unweighted logistic regression and IPT weighted logistic regression models were used for the unadjusted and adjusted 
analyses, respectively. 

7. DISCUSSIONS 

Discussion (Aim 1)  

The primary finding of our study was that more than a quarter of children with current asthma 
received an opioid prescription during the study period. Two thirds of the opioid analgesic recipients received 
the prescriptions following a general surgery/procedure, a dental surgery/procedure, or trauma.          
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           A considerable number  of children with current asthma received  opioid analgesics following the 
diagnoses  of relatively  minor conditions,  such as respiratory infections (10.6%), abdominal pain (4.7%), and 
general infections (3.8%).  

            A history  of uncontrolled asthma was defined in our study as asthma-related hospitalization, ER visit,  
and SABA prescriptions  during the 1-year period prior  to the index analgesic dispensing. We  observed that 
children with asthma-related ER visits  and SABA overuse, but not asthma-related hospital admission, during 
the 1-year prior index period had  a higher  likelihood of  receiving opioid dispensing than did those without the 
utilization history. 

Given most of these asthma -related events happened on average 5 to 6  months before the index 
analgesic  dispensing, the higher likelihood of opioid dispensing associated with the healthcare utilization 
history was  unlikely  a direct consequence of the  service utilization, such as ER visit.  Instead, we found these 
children more frequently  received opioid analgesics associated with respiratory infection and general infection 
than did their counterparts without the service utilization history  indicating uncontrolled asthma.  

Literature has reported that opioids have been frequently used as cough/pain medications for various 
respiratory tract infections caused by influenza and respiratory syncytial virus.29-31 However, such use could 
lead to serious side effects, such as slowed or difficult breathing, and has been associated with death in 
children.32 Our findings on frequent oral opioid analgesic use in asthmatic children with respiratory infection 
imply that it is a potential area for quality improvement. 

Our result has also indicated that the odds  of receiving opioid dispensing peaked in 2015 and then 
gradually dropped back  to the 2013 level by the year  2018. The change of opioid utilization in children with 
current asthma may have reflected the overall decrease in opioid analgesic utilization in the pediatric 
population as  a result of  a series  of FDA warnings issued during the time period. The  FDA started evaluating 
the risk  of tramadol as  a pain medication in children and codeine as  a cough medication in 2015,  and there 
was  a Joint Meeting of multiple FDA Advisory  Committees discussing the opioid use in children in 2016. 

Following this meeting, the FDA issued a change of the drug label of codeine cough medications in 
April 2017 with a contraindication and a boxed warning. The contraindication states that “Codeine should not 
be used to treat pain or cough in children younger than 12 years.” The age-specific boxed warning is as 
follows: “A new Warning to the drug label of codeine to recommend against its use in adolescents between 12 
and 18 years who are obese or have conditions such as obstructive sleep apnea or severe lung disease, which 
may increase the risk of serious breathing problems.”33 

Later in January 2018, the FDA further revised the labels of codeine and hydrocodone cough 
medications. The safety label reads as follows: “The U.S. Food and Drug Administration (FDA) is requiring 
safety labeling changes for prescription cough and cold medicines containing codeine or hydrocodone to limit 
the use of these products to adults 18 years and older because the risks of these medicines outweigh their 
benefits in children younger than 18.”34 The decrease in incident opioid analgesic recipients from 2013 to 2018 
in our study cohort with asthma is consistent with studies examining the general opioid use in children and 
adolescents during the similar timeframe,35,36 potentially due to multiple FDA contraindications and warnings 
taking effect during this period.33,34,37-39 

Another important finding of our study is that, irrespective of patient diagnoses and 
procedures, non-Hispanic Black and Hispanic children were at least 50% less likely to receive an 
opioid than their non-Hispanic White counterparts were. 

Prior studies with similar findings indicated that physicians could potentially react differently to pain in 
children belonging to different race/ethnicities and may preferentially choose to prescribe White individuals 

40,41an opioid while prescribing NSAIDs to Blacks and Hispanics with similar pain profiles. 

The differential prescribing of opioid analgesic according to patients’ race/ethicity could be due to 
implicit biases that “involve association outside conscious awareness that leads to a negative evaluation of 
a person on the basis of unimportant characteristics such as race or gender.”42 A recent survey of academic 
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pediatricians found that the presence of pro-White implicit bias was associated with decreases in prescribing 
narcotic medications for post-surgical pain to African Americans, without affecting the White patients.43 

Prior studies have also shown that caregivers from various racial/ethnic groups have distinctively 
different preferences about their children’s analgesic medication.44,45 Because caregivers play a vital role in 
handling medications for children, their influence on deciding which analgesic modality is better could 
influence the prescriber in prescribing non-opioid analgesics to non-White individuals.46,47 Additional studies 
are needed to understand the impact of interplays of physicians’ and caregivers’ perceptions and preferences 
on the drastically different pediatric analgesic utilization pattern across racial/ethnic groups. 

Last, the drug inserts of many opioid analgesics including codeine, hydrocodone, and tramadol, 
contraindicate the use of these medications in patients “with acute or severe bronchial asthma in an 
unmonitored setting or in the absence of resuscitative equipment.”11-14 The FDA’s decision of including asthma 
as a contraindication of opioids is supported by potential drug mechanisms of opioids; however, the risk has 
yet to be proved by either empirical or epidemiological evidence. 

The lack of documentation has led to various interpretations on the warning among pediatric clinicians 
and researchers, with some believing the warning only refers to patients who are undergoing asthma 
exacerbation and others feeling that it includes all patients with current asthma. Moreover, some studies have 
also reported that nonsteroidal anti-inflammatory drugs (NSAIDs) also have a modest risk of precipitating an 
asthma exacerbation.48,49 

More studies are needed to quantify the relative risk (e.g., asthma exacerbation) associated with the 
use of opioids versus alternative pain analgesics in children with current asthma, especially among those with 
non-priority conditions such as respiratory infections and the subgroups with prior healthcare utilization 
indicating uncontrolled asthma. 

Limitation. 

Although we applied a previously utilized algorithm50 for attributing the receipt of analgesic to the 
specified indication, the study utilizes a pharmacy and medical claims data, and there is no direct link that 
could establish the fact that the analgesic medication was prescribed for a specific pain diagnosis and/or 
outpatient procedure. As the study sample was children in Medicaid Managed Care, generalization of the 
findings to commercially insured populations should be with caution.  

 Discussion (Aim 2)  

Our findings suggested that, among children with asthma, the asthma exacerbation event following an 
analgesic administration is uncommon (0.3%-0.5%). The risk of asthma-related ER visits and hospitalizations 
was not significantly different between those who received opioid and non-opioid analgesics in both bivariate 
and adjusted analysis. The findings remained consistent in sensitivity analyses that altered the operational 
definitions of observation period and asthma exacerbation. 

Opioid use in children has long been a public health concern. Since 2012, FDA has issued a series of 
labeling change for the use of codeine, tramadol, and hydrocodone in children and adolescents.27-28 These 
warnings highlight the potential risk of opioids in precipitating respiratory depression in children with a 
compromised airway function,33,34 based on isolated case reports that indicated opioid use could lead to side 
effects such as difficulty breathing, in rare instances culminating in death.32 

Similar to other FDA warnings associated with opioid use in children, the FDA contraindication for the 
use of codeine, hydrocodone, and tramadol in patients “with acute or severe bronchial asthma”11-14 was issued 
without the support of any published pediatric data. FDA issued this contraindication warning based on what is 
known about the pharmacological mechanisms of action associated with opioids, rather than the real-world 
patient data, that may precipitate a risk of asthma exacerbation through various pathways.4, 6-10 

In the several decades since the FDA contraindication warning was issued, the available evidence 
supporting the warning has been limited to illicit drug users and adults with opioid use disorder. There have 
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been case reports of asthma exacerbation among adults following the use of either injectable or inhaled 
heroin,51-53 and the use of a transdermal fentanyl patch.40 The risk of asthma associated with opioid use was 
also reported in a recent case-control study among adults with opioid use disorder.41 

Our findings bridge the gap and clarify  the safety  concern associated using prescription analgesics 
among children with asthma for pediatric practitioners who often need to  prescribe opioid analgesics, such as 
surgeons, emergency room physicians, and dentists.  

The findings  suggest that an asthma exacerbation event following a prescription analgesic 
administration among children with current asthma was uncommon (0.3%-0.5%). Using opioids does not 
cause a significantly higher risk  of asthma exacerbation  compared with non-opioid analgesics in the patient 
population. 

Medication safety in vulnerable patient populations, such as children, has always been concerns in the 
medical society. However, in contrast to its importance, limited data are available to understand the 
comparative safety between perceived high-risk medications, such as opioids, and their alternatives, such as 
NSAIDs, which have posed significant barriers to appropriate medication use in children. Additional pediatric 
data are needed to help policymakers, prescribers, and patients interpret the implication of the FDA warnings 
for minors.   

Despite the significant implication of our study findings, the study has limitations. Our study sample 
included only Medicaid- and CHIP-enrolled children and adolescents living in southeast Texas. The sample 
predominantly consisted of Hispanics (53%). The results might not be generalizable to more affluent 
populations and/or to populations with substantially different ethnicities.  

Moreover, a considerable number of pediatric analgesic recipients in our cohort were excluded either 
due to the lack of continuous Medicaid or CHIP coverage (enrollment) during the study period or due to the 
lack of a long enough analgesic-free period to establish an incident user status. These patients were excluded 
to ensure a strong internal validity in terms of identifying the outcome (asthma exacerbation) and its temporally 
associating with the exposure (receipt of an incident opioid vs non-opioid analgesics). However, the approach 
has led to a more restrictive cohort that inadvertently limited the generalizability of our findings.   

8.  CONCLUSIONS 

Conclusion  for Aim 1 

Opioid analgesics are commonly prescribed to  children with asthma. The utilization rate is higher 
among non-Hispanic White children  and children with prior asthma-related emergency department visit and 
short-acting beta agonist overuse. Other  than procedures and diagnoses  associated with frequent opioid 
utilization, such as surgical  and dental procedures, a considerable number  of children with asthma also 
receive opioids for relatively minor conditions including respiratory infections, abdominal pain, and general 
infections.   

Conclusion for Aim 2 

Our findings indicated that asthma exacerbation is uncommon following the dispensing of either opioid 
or non-opioid analgesic medication in children with current asthma. There was no significant difference in the 
odds of asthma exacerbation following the dispensing of opioid versus non-opioid analgesics.    
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