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Abstract

BACKGROUND: Limited comparative data are available on the impact of systemic 

corticosteroid (SCS) use in children and adolescents.

OBJECTIVE: To determine if asthmatic children and adolescents treated with SCS have a higher 

likelihood of developing complications versus those not receiving SCS and to examine health care 

resource utilization (HCRU) in this population.

METHODS: A retrospective study of data from children and adolescents with persistent asthma 

retrieved from the MarketScan database, a large US health claims data set, for the period 2000 to 

2017 was performed. Propensity score matching was used to pair patients in the SCS and control 

cohorts. For complications, SCS subgroups (≥4 or 1-3 annual prescriptions) were compared with 

asthmatic controls without SCS using logistic regression, and for HCRU, cohorts were compared 

using negative binomial regression.

RESULTS: A total of 67,081 patients were included (SCS: 23,898; control: 43,183). The odds of 

having a complication were 2.9 (95% confidence interval [CI], 2.5-3.2; P < .001) and 1.6 (95% 

CI, 1.6-1.7; P < .001) times higher in the ≥4 and 1 to 3 SCS groups, respectively, in the first year 

of follow-up versus controls. For asthma-related hospitalizations, the incidence rate ratio (IRR) 

was 6.9 (95% CI, 5.6-8.6) and 3.1 (95% CI, 2.8-3.4) times greater in the ≥4 SCS and 1 to 3 SCS 

groups, respectively, versus controls; for asthma-related emergency department visits, IRR was 5.0 
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(95% CI, 4.4-5.6) and 2.9 (95% CI, 2.7-3.0) times greater, respectively, versus controls (all P < 

.01).

CONCLUSION: Children and adolescents receiving SCS for persistent asthma have an increased 

risk of developing complications and have greater HCRU in the first year of follow-up versus 

those without SCS exposure.
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Adolescents; Children; Complications; Health care resource use; Persistent asthma; Systemic 
corticosteroids

Asthma is a common chronic condition that affects 8.4% of children in the United 

States.1 Despite better understanding and treatment options, and the availability of clear 

guidelines, poor asthma control is widespread, with up to 58.7% of 6- to 17-year-olds 

in the United States identified as having asthma experiencing an exacerbation in the 

previous 12 months.2 An asthma exacerbation is an acute episode of uncontrolled asthma 

typically requiring systemic corticosteroid (SCS) burst therapy, emergency department 

(ED) visit, or hospitalization.3,4 Although SCS may be effective for treating asthma 

exacerbations, their use is associated with significant adverse events, including increased 

susceptibility to infections, and metabolic, bone/growth, gastrointestinal, and cardiovascular 

complications.5,6 In addition, the findings of the Childhood Asthma Management Program 

study, which compared the effects of long-term oral corticosteroid use in 5- to 12-year

olds with asthma, showed that multiple bursts over a sustained period can produce a 

dose-dependent reduction in bone mineral accretion and an increased risk of osteopenia.7,8 

Although precise estimates vary by age and population, use of SCS among children with 

asthma is common.9,10 Previous research estimated that in a general US population of 

children aged 5 to 17 years with asthma, 8.7% received SCS in 2007 to 2008.11 Among 

Medicaid recipients in a later US study, 44.2% of children aged 1 to 17 years received 

SCS during the 2011 to 2015 period.9 Outside of the United States, a retrospective Dutch 

database study showed that the probability of a child aged 4 to 12 years with asthma 

receiving another SCS prescription shortly after their first or second prescription was 38.5% 

and 47.5%, respectively.10

Previous research has shown that ≥4 SCS prescriptions per year can result in significant, 

long-lasting complications in adults with asthma, including osteoporosis, hypertension, 

obesity, type 2 diabetes, gastrointestinal ulcers/bleeds, fractures, and cataracts.12 Receiving 4 

or more SCS prescriptions per year (vs <4) has been shown to be associated with increased 

asthma burden, comorbidities, health care costs,13 disease exacerbation, and future chronic 

SCS use,14 as well as decreased health-related quality of life.15

It is unclear if this noted relationship between ≥4 SCS prescriptions and deleterious 

complications in adults holds true for children; indeed, there are limited studies in 

general on the association between SCS use and complications among children. Studying 

complications of SCS use in children is both unique and challenging; many complications 

(eg, osteoporosis,16 diabetes17,18) have a low prevalence among children and take years 

of exposure to develop. In a recent systematic literature review, long-term SCS use in 
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children and adolescents was most commonly related to weight gain, growth retardation, 

Cushingoid features, behavioral changes, and infection.19 However, this wide-ranging 

review consolidated evidence of the association between complications and SCS from 

disparate sources and covered a number of chronic diseases, only one of which was asthma.

An improved understanding of complications associated with SCS use among asthmatic 

children and adolescents is needed to optimize patient safety and treatment management. On 

the basis of previous research documenting increased odds of complications in asthmatic 

adults receiving ≥4 SCS prescriptions per year,12 we hypothesized that children and 

adolescents with persistent asthma receiving ≥4 SCS prescriptions within 1 year would 

have a higher likelihood of developing SCS-related complications than those with persistent 

asthma not taking SCS. In this retrospective, comparative cohort study, we also explore 

health care resource utilization (HCRU) to understand whether SCS-related complications 

make both asthma and nonasthma treatment more complicated, leading to increased HCRU.

METHODS

Study design

This was a retrospective, comparative cohort analysis of data retrieved from a large US 

health claims data set, MarketScan Claims Database, which included commercial claims. 

The study period spanned January 1, 2000, to December 31, 2017 (see Figure E1 in this 

article’s Online Repository at www.jaci-inpractice.org). Study population selection criteria, 

including age range (≥2 and <18 years at index date), are provided in Table I. MarketScan 

is a publicly available database that can be purchased for approved health research. It is not 

nationally representative, but it has been shown to broadly reflect the commercially insured 

population in the United States.

Cohort assignment and determination of index date

Patients were assigned to 2 main cohorts according to any SCS use or no SCS use (control 

cohort). In the SCS cohort, the index date was defined as the first prescription for SCS 

in the study period. The study period spanned January 1, 2000, to December 31, 2017, 

with the index date selected from January 1, 2001, to December 31, 2015. Patients in the 

SCS cohort were required to meet the Healthcare Effectiveness Data and Information Set 

(HEDIS) criteria 1 year before and 1 year after their index date, and could not have any 

prescriptions for SCS for at least 1 year before the index date. In the control cohort, index 

date was defined as the first HEDIS event in HEDIS year 2; a HEDIS event was considered 

any visit or dispensing event as detailed in the above inclusion criteria. The index date for 

the control cohort was selected from January 1, 2001, to December 31, 2015. Although the 

data set spanned 15 years, each individual patient was only required to have a minimum of 

2 years of data capture. Control patients were required to have no SCS prescriptions in any 

data captured for them regardless of their individual length of follow-up.

Data collection

Complications presumed to have a clinical association with SCS among the patients studied, 

based on the consensus of the physician authors, were analyzed. See Table E1 (available 
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in this article’s Online Repository at www.jaci-inpractice.org) for the full list, including 

International Classification of Disease codes (ICD-9 and ICD-10). The baseline period was 

defined as the 1-year period before the index date and follow-up period defined as the 

1-year period after the index date. Characteristics evaluated at baseline included age, gender, 

region of the United States, health insurance type, years of follow-up, number of chronic 

conditions, and use (<7 or ≥7 canisters) of short-acting β-agonists (SABA) per patient. In 

addition, HCRU, such as asthma-related and all-cause (ED, inpatient [IP], and outpatient 

[OP]) visits, and number of prescriptions were assessed. The number of chronic conditions 

for each patient was calculated as the total number of ICD-9 or ICD-10 codes (excluding 

asthma and the conditions in Table E2, available in this article’s Online Repository at 

www.jaci-inpractice.org) reported in the claims data in the baseline year. SCS use was 

categorized into 3 cohorts: ≥4 annual prescriptions, 1 to 3 annual prescriptions, and no 

prescriptions (control cohort).

Outcomes

The odds of occurrence of any complication in children and adolescents with persistent 

asthma treated with SCS during the follow-up period were determined. Incidence rate ratios 

(IRRs) for asthma-related and all-cause ED, IP, and OP visits during the follow-up period 

were also assessed.

Statistical analysis

Patients with asthma who take SCS may be more likely to have severe or ill-controlled 

asthma than those with asthma not taking such medication.22 If patients’ disease is more 

severe, they may experience greater disease exacerbation and, as a result, use more SCS 

and be at a greater risk of experiencing complications.14,22 In recognition of this, and 

with the aim of achieving internal validity and minimizing selection bias, propensity score 

matching was employed. By matching baseline clinical and demographic variables, patients 

in the SCS cohort were paired with patients in the control cohort. Variables used for 

matching included age, gender, Charlson Comorbidity Index (excluding asthma), β-agonist 

use during baseline (<7 or ≥7 canisters in 1 year), calendar index year (to control for 

potential variations in treatment or epidemiology over time), duration (years) of follow-up, 

and the following indicator variables: asthma-related ED visit or hospitalization during 

baseline (any ED or IP visit with ICD diagnosis of asthma during baseline) and quartiles of 

total health care expenditures.

The study implemented k-nearest-neighbor matching, using a logit model to estimate 

propensity scores. The number of neighbors (k) used to calculate the matched outcome 

was set to 100, and the frequency with which the observation was used as a match was saved 

into a weight variable. With this approach each patient in the SCS cohort had a normalized 

weight equal to 1 and patients in the control cohort were assigned weights based on the 

frequencies of being used in the matching. Calculated weights ranged from 0.01 to 7.64, 

and the weighted number of control patients was the same as the number of patients in the 

SCS cohort. A higher weight was associated with a higher frequency of being used as a 

match, indicating greater “similarity” of control to patients in the SCS cohort. In the analysis 

reported here, weights generated from k-nearest-neighbor matching were used as probability 
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weights, and corresponding methods and techniques of weighted analysis were used for all 

unadjusted and adjusted results.

For the incidence of any complications (as detailed above), a random-effects logistic 

regression model (with fixed-time effects) was used to compare the SCS subgroups (≥4 

or 1-3 annual SCS prescriptions) with the control cohort, controlling for the number of 

chronic conditions (noncomplications), age, gender, region, urban Metropolitan Statistical 

Area (MSA), type of health insurance, and years of follow-up. For HCRU, random-effects 

(fixed-time effects) analysis using negative binomial regression was employed. Random

effects regression was used to compare incidence rate of event for the SCS subgroups (≥4 

or 1-3 annual prescriptions) with the control cohort, controlling for the number of chronic 

conditions (noncomplications), age, gender, region, urban MSA, type of health insurance, 

and years of follow-up. Odds ratios (ORs), IRRs, and 95% confidence intervals (CIs) 

are reported. Statistical analysis was conducted using STATA/MP 15.1 (StataCorp LLC, 

College Station, Texas). Propensity matching was carried out using the “PSMATCH2” Stata 

module.23

RESULTS

Study population

Data for 54,510,816 individual patients were obtained from the MarketScan database for 

the 2000 to 2017 period. After applying inclusion and exclusion criteria, 67,081 individuals 

were included in the study. After cohort assignment, there were 23,898 in the SCS cohort 

and 43,183 in the control cohort (see Figure E2 in this article’s Online Repository at http://

www.jaci-inpractice.org/). Unadjusted baseline demographic data for the study population in 

the 1-year baseline period and data for the control group postmatching are presented in Table 

II. The weighted cohort was used in the full analysis. As intended after weighted adjustment, 

there was no statistically significant difference between the SCS and control cohorts in 

age, gender, total duration of follow-up, and some types of insurance (Table II). In both 

cohorts, approximately two-thirds of patients were male, mean age was 7.7 years, mean total 

duration of follow-up was 4 years, and over a fifth of patients had 3 years’ follow-up. There 

were statistically significant differences between the SCS and control cohorts in geographic 

region, MSA, some types of insurance, and some years of follow-up after the weighted 

adjustment.

Baseline HCRU

Unadjusted baseline HCRU results in the 1-year baseline period are presented for both 

cohorts in Table III, along with propensity-weighted data for the control group. HCRU was 

similar across the SCS and weighted control groups, but some differences persisted. Both 

groups were mostly balanced based on the variables used in the propensity score adjustment. 

The SCS and weighted control group were not statistically significantly different across 

asthma-related ED or IP visits (combined), number of chronic comorbidities, and quartiles 

of total health care expenditures. The proportion of patients receiving ≥7 canisters of SABA 

was statistically significantly different between the 2 groups (5.7% vs 5.2%; P = .01), but the 

magnitude was similar. The proportion of patients with all-cause ED visits was significantly 
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higher in the SCS group compared with the preweighted control group (22.9% vs 12.2%; P 
< .001).

SCS-associated complications during the first year of follow-up

Patients with ≥4 SCS or 1 to 3 SCS prescriptions per year were more likely to experience 

a complication compared with those with no SCS exposure. The proportion of patients 

experiencing any complication in the first year of follow-up was 62.7% and 42.8% in the 

≥4 and 1 to 3 SCS prescription groups, respectively, versus 32.8% for the control group (P 
< .001 for both comparisons). Patients with ≥4 SCS annual prescriptions had 2.9 (95% CI, 

2.5-3.2; P < .001) and those with 1 to 3 SCS annual prescriptions had 1.6 (95% CI, 1.6-1.7; 

P < .001) times higher odds of developing a complication in the first year of follow-up 

compared with patients with no SCS exposure (Figure 1; Table E3, available in this article’s 

Online Repository at www.jaci-inpractice.org). For each year of SCS exposure before the 

year in which the complication occurred, the odds of developing a complication in the 

current year were slightly, but significantly, elevated (OR, 1.04; 95% CI, 1.0-1.1; P < .001) 

in patients with SCS use versus controls.

Persistent asthma treated with SCS associated with high HCRU during the first year of 
follow-up

Asthma-related HCRU was greater in patients with ≥4 SCS and 1 to 3 SCS annual 

prescriptions versus those with no SCS prescriptions. The percentage of patients with ≥1 

asthma-related IP admission in the first year of follow-up was 9.8% and 2.4% in patients 

with ≥4 SCS and 1 to 3 SCS annual prescriptions, respectively, compared with 1.5% in 

patients with no SCS prescription (P < .001 for both comparisons, Table IV). In the ≥4 

SCS and 1 to 3 SCS groups, 26.1% and 12.2% of patients had an asthma-related ED 

visit, respectively, compared with 6.2% in the control group (P < .001 for both). A greater 

percentage of patients in both SCS groups had an all-cause ED visit compared with controls 

(38.5% and 23.3% in the ≥4 SCS and 1-3 SCS groups, respectively, vs 15.2% in the control 

group; P < .001 for both comparisons). Regression analysis (Figure 2; Table E4, available 

in this article’s Online Repository at www.jaci-inpractice.org) of HCRU data showed that 

the number of asthma-related IP admissions was 6.9 (95% CI, 5.6-8.6) times and 3.1 (95% 

CI, 2.8-3.4) times greater for patients in the ≥4 SCS and 1 to 3 SCS groups, respectively, 

compared with the number of admissions for patients with no SCS exposure (P < .01 for 

both); the estimated IRR of having an asthma-related ED visit was 5.0 (95% CI, 4.4-5.6) and 

2.9 (95% CI, 2.7-3.0) times greater, respectively, compared with no SCS use (P < .01 for 

both).

DISCUSSION

Persistent asthma treated with SCS associated with complications

Data analyzed from more than 65,000 children and adolescents with persistent asthma show 

that SCS exposure was associated with higher odds of developing a complication in the 

first year of follow-up, with children and adolescents having 2.9 or 1.6 times higher the 

odds of developing a complication if receiving ≥4 or 1 to 3 SCS prescriptions per year, 

respectively. The results demonstrate that even a few annual SCS prescriptions significantly 
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increase risk of complication development and show that SCS exposure in previous years 

is associated with a small but statistically significant (OR, 1.04; P < .001) increase in the 

odds of incurring a complication. The results also show that the number of asthma-related 

hospitalizations and asthma-related ED visits were 6.9 and 5.0 times greater, respectively, in 

patients with persistent asthma receiving ≥4 annual prescriptions than in those with no SCS 

exposure.

Previous research has shown that SCS use is associated with complications in adults,24,25 

but few studies exist in children. On the basis of 2 systematic literature reviews, Aljebab 

et al6,19 found evidence of complications associated with short- and long-term use of SCS 

among children. However, these 2 studies were literature reviews of disparate publications 

across a number of diseases (eg, renal failure and leukemia), and many of the included 

studies were designed to examine a specific type of complication (eg, hypothalamic

pituitary-adrenal axis suppression or growth).6,19

Analysis of SCS exposure

Our study adds to the literature on complications associated with SCS use among children 

and adolescents in several novel ways. The analysis measured SCS exposure as the total 

number of SCS prescriptions within the year, enabling comparison of complications in 

patients who received as few as 1 to 3 or ≥4 prescriptions per year with patients with no 

SCS exposure. The justification for using ≥4 SCS prescriptions per year as the principal 

measure of exposure was based on previously published evidence in asthmatic adults.12 

Because SCS prescription dosages are adjusted for weight and age, it was hypothesized that 

using the number of SCS prescriptions within 1 year as the measure of exposure would 

still be a relevant measure of exposure for children. This measure of SCS exposure could 

reflect short-term burst therapy for patients with exacerbations. It is common to focus on 

long-term and chronic SCS exposure because it is associated with the highest odds of 

complications.26–28 However, examining 1 to 3 and ≥4 prescriptions per year may be more 

consistent with actual prescribing patterns for many children and adolescents with asthma. 

There are numerous other ways to measure SCS exposure that may provide meaningful 

results and would be beneficial in future studies. For example, the average SCS daily dose, 

cumulative annual SCS dose, and number of days of exposure could all provide further 

insight. These alternatives are beyond the scope of this article and were not considered in the 

analytic approach.

Other novel aspects of our study are the inclusion of only children and adolescents with 

HEDIS-defined persistent asthma, and the assessment of the association between SCS use 

and complications within the same year. Our findings suggest that children and adolescents 

exposed to as few as 1 to 3 SCS annual prescriptions experience complications within the 

current year; this outcome is particularly problematic for this age group considering the 

potential number of years of future SCS exposure over their lifetimes.

Given the large proportion of children with asthma who experience exacerbations and 

the prevalence of SCS use to treat them,2,9,10,29 studies designed to assess potential 

complications associated with SCS exposure are urgently needed. SCS use is commonly 

measured as an outcome of treatment that suggests inadequate control and greater disease 
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severity. For example, the UK’s National Institute for Clinical and Health Research requires 

receipt of 4 SCS prescriptions within 1 year before authorization for certain asthma biologic 

medications for patients more than 6 years of age.30 Our results provide one approach to 

studying the potential complications of using SCS with a specific measure of exposure 

(number of prescriptions in the current year, with particular focus on ≥4). Future studies of 

other measures of SCS exposure (eg, cumulative annual dose) and durations of exposure (eg, 

several years of cumulative exposure) are needed to augment our understanding.

Persistent asthma treated with SCS associated with high HCRU

A secondary objective of our study was to examine HCRU among children and adolescents 

with asthma receiving SCS, based on the hypothesis that SCS-related complications make 

both asthma and nonasthma treatment more complicated, resulting in increased HCRU. 

For example, if a child is persistently vomiting because of SCS use (a common adverse 

drug reaction6), it is possible that this episode would require a physician visit, antiemetic 

medication, and potentially an ED visit to manage dehydration. In addition, if the child 

was treated with SCS for an asthma exacerbation, the inability to tolerate the SCS may 

complicate treatment of the exacerbation. All of these factors may contribute to increased 

HCRU.

Previous research has found that patients with significant exposure to SCS who developed 

possible SCS-related side effects were more likely to use health care services than those 

without such side effects.31 Barry et al32 showed that patients ≥12 years old with asthma 

who received SCS incurred significantly higher health care expenditures attributable to 

steroid-induced morbidity compared with patients with no steroid exposure. Our results 

are consistent with this hypothesis and previous literature showing a significant increase in 

both asthma-related and all-cause OP, IP, and ED visits as well as prescriptions.5,26,27,31 

However, an important caveat is that children and adolescents with asthma who need SCS 

are by definition in greater need of HCRU than those who do not need SCS. Our study 

design attempted to mitigate these differences across study groups through using weighted 

propensity score matching. Despite potential mitigation of this bias by the study design, it is 

not certain how much of the increase in HCRU is driven by SCS-associated complications 

versus inherent differences in the cohorts.

Study limitations

Although it would be intractable to conduct a randomized controlled trial to test the current 

hypothesis, our study design is not without limitations. The biggest challenge in conducting 

an observational study is that patients with asthma who take SCS may be inherently different 

from those who do not take any. In addition, those who take ≥4 SCS prescriptions may 

have inherent differences compared with those who take 1 to 3 SCS. For example, patients 

receiving SCS are more likely to have severe or ill-controlled asthma than those with asthma 

who do not receive SCS.14,22 If patients’ disease is more severe, they may experience greater 

disease exacerbation and, as a result, use more SCS and be at greater risk of experiencing 

complications.5,24–28,33,34 Furthermore, patients with more severe asthma may be sicker 

or have more comorbidities associated with SCS-related complications. To control for this 

potential difference, we used measures that reflect asthma control and severity as well as 
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general health to match the SCS cohort with the control cohort through the propensity score 

matching. As is clear from the lack of baseline differences between groups, this method 

may have mitigated the observed differences between groups; however, there is potential 

for unobserved differences that may persist. It is possible that these differences were not 

completely eradicated and that some or all of the results reflect inherent differences between 

the cohorts rather than direct exposure to SCS. In addition, the propensity score weighting 

did not attempt to mitigate differences between treatment groups within the SCS cohort. As 

a result, the conclusions drawn with respect to differences between the group taking ≥4 SCS 

prescriptions and the group taking 1 to 3 SCS prescriptions may be limited. The overall 

approach to mitigating the potential selection bias in the analysis is only 1 of many possible 

methods. Other methods or sensitivity analyses could have been undertaken to examine the 

extent of the sensitivity of the conclusions to the propensity score weighting approach. This 

is a further limitation of our research, and results should be interpreted with appropriate 

caution. In addition, as discussed above, there are other means of measuring exposure that 

were not considered in this research (eg, continuous exposure, cumulative annual dose, etc.). 

Furthermore, there could be time-dependent relationships that we did not explore in this 

research.

Additional potential limitations should be considered when interpreting the reported results. 

Sample size limitations among children and adolescents precluded more comprehensive 

analyses of specific conditions or groupings. It is challenging to find a large enough sample 

to observe SCS use over time among children. In addition, many of the complications may 

take years or even decades to develop. For example, there were only 3 individuals with 

a diagnostic code for obesity who met the criteria of having ≥4 SCS prescriptions in the 

follow-up (and only n = 1 with dyslipidemia). The inability to have sufficient sample power 

to analyze individual conditions or groups of conditions is a limitation of our research. 

However, when combined as a single endpoint including all complications, there was 

adequate sample size for the main analysis. Likewise, the OR of 1.04 for previous years’ 

SCS exposure may be statistically significant but may not be clinically relevant. The study 

design attempted to ensure that the control group had no exposure to SCS, and eligibility 

criteria dictated that patients in the SCS groups were not permitted to have received any 

prescriptions for SCS for at least 1 year before the index date. It is, however, possible that 

patients in the control group had exposure to SCS before the baseline year and that those in 

the SCS groups had SCS exposure before the 1-year preindex period.

As the study was based on insurance claims data, adherence to prescribed treatments was 

not known. It is possible that a patient received 4 prescriptions in the year but only took 2. 

The effect of this bias would be to reduce the odds of complications associated with SCS 

compared with reality. In addition, the reporting of SCS-associated complications may vary 

within the age range studied. For example, a 2-year-old child may be taken to the physician 

or ED by a concerned parent on the same day that symptoms develop, but a 17-year-old 

teenager may be less likely to communicate his or her symptoms or promptly seek care. 

The study did not assess asthma disease severity as this was not available from the claims 

data, although asthma-related hospitalization or ED visit, which may be seen as a proxy for 

disease severity, was included in the propensity score calculation. As a study of patients in 

the United States with commercial insurance, treatment use for patients with government 
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insurance, such as Medicaid, is not represented and study findings may not reflect patterns 

in other countries or alternative health care systems. It is also acknowledged that individuals 

with state or no insurance may show different trends in health care access, quality of care, 

disease severity, and prescription uptake35–37; such characteristics would not have been 

captured in our study.

CONCLUSION

The results reported here show that children and adolescents who are exposed to even a 

few SCS prescriptions within a year have an increased risk of developing complications, 

with deleterious effects seen even with short-term use. This study highlights the need to be 

considerate of adverse effects of SCS prescriptions, as well as the greater HCRU in children 

and adolescents with persistent asthma treated with SCS. The study also demonstrates 

the need to optimize disease management of asthma, through both seeking the causes of 

inadequate disease control and reducing the need for SCS use by exploring SCS—sparing 

treatment approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this topic?

A clear association exists between systemic corticosteroid use and complications in 

individuals with asthma ≥18 years of age, but this association in asthmatic children and 

adolescents under 18 years is less well explored.

What does the article add to our knowledge?

Children and adolescents who receive as few as 1 to 3 systemic corticosteroid 

prescriptions per year have an increased risk of developing corticosteroid-related 

complications.

How does this study impact current management guidelines?

Optimal management of persistent asthma in children and adolescents should aim to 

reduce the need for systemic corticosteroids, in recognition of the associated potential for 

complications.
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FIGURE 1. 
Odds ratios of complications associated with SCS use in children and adolescents with 

persistent asthma. Data presented based on random-effects (fixed-time effects) regression 

controlled for the number of chronic conditions (noncomplications) age, gender, region, 

type of health insurance, urban Metropolitan Statistical Area, and years of follow-up. CI, 
Confidence interval; OR, odds ratio; SCS, systemic corticosteroids.
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FIGURE 2. 
Incidence rate ratios of (A) asthma-related and (B) all-cause HCRU associated with SCS 

use in children and adolescents with persistent asthma. Data presented based on random

effects (fixed-time effects) negative binomial regression controlled for the number of chronic 

conditions (noncomplications), age, gender, region, urban Metropolitan Statistical Area, 

type of health insurance, and years of follow-up. CI, Confidence interval; ED, emergency 
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department; HCRU, health care resource utilization; IP, inpatient; IRR, incidence rate ratio; 

OP, outpatient; SCS, systemic corticosteroids.
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TABLE I.

Study population selection criteria

Inclusion criteria

 • Age ≥2 and <18 years at index date

 • Children and adolescents with diagnosis of “persistent” asthma defined by HEDIS20,21

  – For those aged 5 to <18 years, at least 1 of the following during both the measurement year and the year before (ie, 2 consecutive years):

   ○ ≥1 emergency department visit with asthma as the principal diagnosis, or

   ○ ≥1 inpatient visit (hospitalization) for asthma as the principal diagnosis, or

   ○ ≥4 outpatient asthma-related visits with asthma as 1 of the listed diagnoses, and ≥2 asthma medication dispensing events,* or

   ○ ≥4 asthma medication dispensing events*

  – For those aged ≥2 to <5 years, the above HEDIS criteria had to be met but a diagnosis of asthma or “wheeze” was permitted

 • Continuous enrollment for 3 years minimum, to allow ≥1 year before and ≥2 years after index date

Exclusion criteria

 • Any diagnosis of COPD, chronic bronchitis, emphysema, or cystic fibrosis at any time

 • Crohn’s disease, ulcerative colitis, autoimmune hepatitis, rheumatoid arthritis, or any of the diseases† for which SCS are used in the 1-year 

preindex (baseline) period‡

COPD, Chronic obstructive pulmonary disease;HEDIS, Healthcare Effectiveness Data and Information Set; SCS, systemic corticosteroids.

*
Examples of individual dispensing events include a supply of asthma medication for ≤30 days, inhalers of the same medication dispensed on the 

same day, or an injection of asthma medication.

†
Full list of diseases excluded are listed in Table E2 (available in this article’s Online Repository at www.jaci-inpractice.org).

‡
To avoid including patients using SCS for other conditions (not asthma).
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