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ABSTRACT  

BACKGROUND: Limited comparative data are available on 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 healthcare 

resource utilization (HCRU) in this population. 

METHODS: A retrospective study of children and adolescents with persistent asthma in the 2000–

2017 MarketScan database, a large US health claims data set. 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: 67,081 patients were included (SCS: 23,898; control: 43,183). The odds of having a 

complication were 2.9 (95% CI 2.5–3.2; P<.001) and 1.6 (95% CI 1.6–1.7; P<.001) times higher in the 

≥4 and 1–3 SCS groups, respectively, in the first year of follow-up versus controls. For asthma-related 

hospitalizations, 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 1–3 SCS groups, respectively, versus controls; for asthma-related ED visits, 

IRR was 5.0 (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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Highlights  

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 1–3 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. 

 

Keywords 

Adolescents, children, complications, healthcare resource use, persistent asthma, systemic 

corticosteroids 

 

Abbreviations  

AE, adverse event; CI, confidence interval; ED, emergency department; HCRU, healthcare resource 

utilization; HEDIS, Healthcare Effectiveness Data and Information Set; ICD, International 

Classification of Disease; IP, inpatient; IRR, incidence rate ratio; MSA, metropolitan statistical area; 

OP, outpatient; OR, odds ratio; SABA, short-acting beta agonist; SCS, systemic corticosteroids; SD, 

standard deviation.  
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INTRODUCTION 1 

Asthma is a common chronic condition that affects 8.4% of children in the U.S.
1
 Despite better 2 

understanding and treatment options, and the availability of clear guidelines, poor asthma control is 3 

widespread, with up to 58.7% of 6- to 17-year-olds in the US identified as having asthma 4 

experiencing an exacerbation in the previous 12 months.
2
 An asthma exacerbation is an acute 5 

episode of uncontrolled asthma typically requiring systemic corticosteroid (SCS) burst therapy, 6 

emergency department (ED) visit, or hospitalization.
3, 4

 While SCS may be effective for treating 7 

asthma exacerbations, their use is associated with significant adverse events, including increased 8 

susceptibility to infections, and metabolic, bone/growth, gastrointestinal, and cardiovascular 9 

complications.
5, 6

 In addition, the findings of the Childhood Asthma Management Program (CAMP) 10 

study, which compared the effects of long-term oral corticosteroid use in 5–12-year-olds with 11 

asthma, showed that multiple bursts over a sustained period can produce a dose-dependent 12 

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

 Although precise 13 

estimates vary by age and population, use of SCS among children with asthma is common.
9, 10

 14 

Previous research estimated that in a general US population of children aged 5–17 with asthma, 15 

8.7% received SCS in 2007–2008.
11

 Among Medicaid recipients in a later US study, 44.2% of children 16 

aged 1–17 received SCS during the 2011–2015 period.
9
 Outside of the US, a retrospective Dutch 17 

database study showed the probability of a child aged 4–12 with asthma receiving another SCS 18 

prescription shortly after their first or second prescription was 38.5% and 47.5%, respectively.
10

 19 

 20 

Previous research has shown that ≥4 SCS prescriptions per year can result in significant, long-lasting 21 

complications in adults with asthma, including osteoporosis, hypertension, obesity, type 2 diabetes, 22 

gastrointestinal ulcers/bleeds, fractures, and cataracts.
12

 Receiving 4 or more SCS prescriptions per 23 

year (vs <4) has been shown to be associated with increased asthma burden, comorbidities, 24 

healthcare costs,
13

 disease exacerbation, and future chronic SCS use,
14

 as well as decreased health-25 

related quality of life.
15

  26 
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 27 

It is unclear if this noted relationship between ≥4 SCS prescriptions and deleterious complications in 28 

adults holds true for children; indeed, there are limited studies in general on the association 29 

between SCS use and complications among children. Studying complications of SCS use in children is 30 

both unique and challenging; many complications (e.g., osteoporosis,
16

 diabetes
17, 18

) have a low 31 

prevalence among children and take years of exposure to develop. In a recent systematic literature 32 

review, long-term SCS use in children and adolescents was most commonly related to weight gain, 33 

growth retardation, Cushingoid features, behavioral changes, and infection.
19

 However, this wide-34 

ranging review consolidated evidence of the association between complications and SCS from 35 

disparate sources and covered a number of chronic diseases, only one of which was asthma. 36 

 37 

An improved understanding of complications associated with SCS use among asthmatic children and 38 

adolescents is needed to optimize patient safety and treatment management. On the basis of 39 

previous research documenting increased odds of complications in asthmatic adults receiving ≥4 SCS 40 

prescriptions per year,
12

 we hypothesized that children and adolescents with persistent asthma 41 

receiving ≥4 SCS prescriptions within 1 year would have a higher likelihood of developing SCS-related 42 

complications than those with persistent asthma not taking SCS. In this retrospective, comparative 43 

cohort study, we also explore healthcare resource utilization (HCRU) to understand whether SCS-44 

related complications make both asthma and non-asthma treatment more complicated, leading to 45 

increased HCRU. 46 

  47 
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METHODS 48 

Study design 49 

This was a retrospective, comparative cohort analysis of data retrieved from a large, US health 50 

claims dataset, MarketScan® Claims Database, which included commercial claims. The study period 51 

spanned January 1, 2000, to December 31, 2017 (see Suppl. Figure E1 in the Online Repository). 52 

Study population selection criteria, including age range (≥2 and <18 years at index date) are provided 53 

in Table I. MarketScan is a publicly available database that can be purchased for approved health 54 

research. It is not nationally representative, but it has been shown to broadly reflect the 55 

commercially insured population in the US.   56 

 57 

Cohort assignment and determination of index date 58 

Patients were assigned to two main cohorts according to any SCS use or no SCS use (control cohort). 59 

In the SCS cohort, the index date was defined as the first prescription for SCS in the study period. 60 

The study period spanned January 1, 2000, to December 31, 2017, with the index date selected from 61 

January 1, 2001, to December 31, 2015. Patients in the SCS cohort were required to meet the 62 

Healthcare Effectiveness Data and Information Set (HEDIS) criteria 1 year before and 1 year after 63 

their index date, and could not have any prescriptions for SCS for at least 1 year before the index 64 

date. In the control cohort, index date was defined as the first HEDIS event in HEDIS Year 2; a HEDIS 65 

event was considered any visit or dispensing event as detailed in the above inclusion criteria. The 66 

index date for the control cohort was selected from January 1, 2001 to December 31, 2015. Although 67 

the data set spanned 15 years, each individual patient was only required to have a minimum of 2 68 

years of data capture. Control patients were required to have no SCS prescriptions in any data 69 

captured for them regardless of their individual length of follow-up. 70 

 71 

Jo
urn

al 
Pre-

pro
of



Sullivan et al. 8 

 

 

Data collection 72 

Complications presumed to have a clinical association with SCS among the patients studied, based 73 

on the consensus of the physician authors, were analyzed. See Suppl. Table E1 in the Online 74 

Repository for the full list, including International Classification of Disease codes (ICD-9 and ICD-10). 75 

The baseline period was defined as the 1-year period before the index date and follow-up period 76 

defined as the 1-year period after the index date. Characteristics evaluated at baseline included age, 77 

gender, region of US, health insurance type, years of follow-up, number of chronic conditions, and 78 

use (<7 or ≥7 canisters) of short-acting beta agonists (SABA) per patient. In addition, HCRU, such as 79 

asthma-related and all-cause (ED visits, inpatient (IP) and outpatient (OP) visits, and number of 80 

prescriptions were assessed. The number of chronic conditions for each patient was calculated as 81 

the total number of ICD-9 or ICD-10 codes (excluding asthma and the conditions in Suppl. Table E2) 82 

reported in the claims data in the baseline year. SCS use was categorized into 3 cohorts: ≥4 annual 83 

prescriptions, 1–3 annual prescriptions, and no prescriptions (control cohort). 84 

 85 

Outcomes 86 

The odds of occurrence of any complication in children and adolescents with persistent asthma 87 

treated with SCS during the follow-up period were determined. Incidence rate ratios (IRRs) for 88 

asthma-related and all-cause ED, IP, and OP visits during the follow-up period were also assessed. 89 

 90 

Statistical analysis 91 

Patients with asthma who take SCS may be more likely to have severe or ill-controlled asthma than 92 

those with asthma not taking such medication.
20

 If a patient’s disease is more severe, they may 93 

experience greater disease exacerbation and, as a result, use more SCS and be at a greater risk of 94 

experiencing complications.
14, 20

 In recognition of this, and with the aim of achieving internal validity 95 

and minimizing selection bias, propensity score matching was employed. By matching baseline 96 

clinical and demographic variables, patients in the SCS cohort were paired with patients in the 97 
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control cohort. Variables used for matching included age, gender, Charlson Comorbidity Index 98 

(excluding asthma), beta-agonist use during baseline (<7 or ≥7 canisters in 1 year), calendar index 99 

year (to control for potential variations in treatment or epidemiology over time), duration (years) of 100 

follow-up, and the following indicator variables: asthma-related ED visit or hospitalization during 101 

baseline (any ED or IP visit with ICD diagnosis of asthma during baseline) and quartiles of total 102 

healthcare expenditures. 103 

 104 

The study implemented k-nearest neighbor matching, using a logit model to estimate propensity 105 

scores. The number of neighbors (k) used to calculate the matched outcome was set to 100 and the 106 

frequency with which the observation was used as a match was saved into a weight variable. With 107 

this approach each patient in the SCS cohort had a normalized weight equal to 1 and patients in the 108 

control cohort were assigned weights based on the frequencies of being used in the matching. 109 

Calculated weights ranged from 0.01 to 7.64 and the weighted number of control patients was the 110 

same as the number of patients in the SCS cohort. A higher weight was associated with a higher 111 

frequency of being used as a match, indicating greater “similarity” of control to patients in the SCS 112 

cohort. In the analysis reported here, weights generated from k-nearest-neighbor matching were 113 

used as probability weights; and corresponding methods and techniques of weighted analysis were 114 

used for all unadjusted and adjusted results.  115 

 116 

For the incidence of any complications (as detailed above), a random-effects logistic regression 117 

model (with fixed-time effects) was used to compare the SCS subgroups (≥4 or 1–3 annual SCS 118 

prescriptions) with the control cohort, controlling for number of chronic conditions (non-119 

complications), age, gender, region, urban Metropolitan Statistical Area (MSA), type of health 120 

insurance, and years of follow-up. For HCRU, random-effects (fixed-time effects) analysis using 121 

negative binomial regression was employed. Random-effects regression was used to compare 122 

incidence rate of event for the SCS subgroups (≥4 or 1–3 annual prescriptions) with the control 123 
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cohort, controlling for number of chronic conditions (non-complications), age, gender, region, urban 124 

MSA, type of health insurance, and years of follow-up. Odds ratios, IRRs, and 95% confidence 125 

intervals are reported. Statistical analysis was conducted using STATA/MP 15.1. (StataCorp LLC, 126 

College Station, TX). Propensity matching was carried out using the “PSMATCH2” Stata module.
21

 127 

  128 
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RESULTS 129 

Study population 130 

Data for 54,510,816 individual patients were obtained from the MarketScan database for the 2000–131 

2017 period. After applying inclusion and exclusion criteria, 67,081 individuals were included in the 132 

study. After cohort assignment, there were 23,898 in the SCS cohort and 43,183 in the control 133 

cohort (see Suppl. Figure E2 in Online Repository). Unadjusted baseline demographic data for the 134 

study population in the 1-year baseline period and data for the control group post-matching are 135 

presented in Table II. The weighted cohort was used in the full analysis. As intended after weighted 136 

adjustment, there was no statistically significant difference between the SCS and control cohorts in 137 

age, gender, total duration of follow-up, and some types of insurance (Table II). In both cohorts, 138 

~two-thirds of patients were male, mean age was 7.7 years, mean total duration of follow-up was 4 139 

years, and over a fifth of patients had 3 years’ follow-up. There were statistically significant 140 

differences between the SCS and control cohorts in geographic region, MSA, some types of 141 

insurance, and some years of follow-up after the weighted adjustment.  142 

 143 

Baseline HCRU 144 

Unadjusted baseline HCRU results in the 1-year baseline period are presented for both cohorts in 145 

Table III, along with propensity-weighted data for the control group. HCRU was similar across the 146 

SCS and weighted control groups, but some differences persisted. Both groups were mostly balanced 147 

based on the variables used in the propensity score adjustment. The SCS and weighted control group 148 

were not statistically significantly different across asthma-related ED or IP visits (combined), number 149 

of chronic comorbidities, and quartiles of total healthcare expenditures. The proportion of patients 150 

receiving ≥7 canisters of SABA was statistically significantly different between the two groups (5.7% 151 

versus 5.2%; P=.01), but the magnitude was similar. The proportion of patients with all-cause ED 152 

visits was significantly higher in the SCS group compared with the pre-weighted control group 153 

(22.9% vs 12.2%; P<.001).  154 
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SCS-associated complications during first year of follow-up 155 

Patients with ≥4 SCS or 1–3 SCS prescriptions per year were more likely to experience a complication 156 

compared with those with no SCS exposure. The proportion of patients experiencing any 157 

complication in the first year of follow-up was 62.7% and 42.8% in the ≥4 and 1–3 SCS prescription 158 

groups, respectively, versus 32.8% for the control group (P<.001 for both comparisons). Patients 159 

with ≥4 SCS annual prescriptions had 2.9 (95% CI 2.5–3.2; P<.001) and those with 1–3 SCS annual 160 

prescriptions had 1.6 (95% CI 1.6–1.7; P<.001) times higher odds of developing a complication in the 161 

first year of follow-up compared with patients with no SCS exposure (Figure 1; Suppl. Table E3). For 162 

each year of SCS exposure before the year in which the complication occurred, the odds of 163 

developing a complication in the current year were slightly, but significantly, elevated (odds ratio 164 

1.04; 95% CI 1.0–1.1; P<.001) in patients with SCS use versus controls.  165 

 166 

Persistent asthma treated with SCS associated with high HCRU during first year of follow-167 

up 168 

Asthma-related HCRU was greater in patients with ≥4 SCS and 1–3 SCS annual prescriptions versus 169 

those with no SCS prescriptions. The percentage of patients with ≥1 asthma-related IP admission in 170 

the first year of follow-up was 9.8% and 2.4% in patients with ≥4 SCS and 1–3 SCS annual 171 

prescriptions, respectively, compared with 1.5% in patients with no SCS prescription (P<.001 for both 172 

comparisons, Table IV). In the ≥4 SCS and 1–3 SCS groups, 26.1% and 12.2% of patients had an 173 

asthma-related ED visit, respectively, compared with 6.2% in the control group (P<.001 for both). A 174 

greater percentage of patients in both SCS groups had an all-cause ED visit compared with controls 175 

(38.5% and 23.3% in ≥4 SCS and 1–3 SCS groups, respectively, versus 15.2% in the control group; 176 

P<.001 for both comparisons). Regression analysis (Figure 2; Suppl. Table E4) of HCRU data showed 177 

that the number of asthma-related IP admissions was 6.9 (95% CI 5.6–8.6) times and 3.1 (95% CI 178 

2.8–3.4) times greater for patients in the ≥4 SCS and 1–3 SCS groups, respectively, compared with 179 

the number of admissions for patients with no SCS exposure (P<.01 for both); the estimated IRR of 180 
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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, 181 

respectively, compared with no SCS use (P<.01 for both).  182 

  183 
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DISCUSSION 184 

Persistent asthma treated with SCS associated with complications 185 

Data analyzed from over 65,000 children and adolescents with persistent asthma show that SCS 186 

exposure was associated with higher odds of developing a complication in the first year of follow-up, 187 

with children and adolescents having 2.9 or 1.6 times higher the odds of developing a complication if 188 

receiving ≥4 or 1–3 SCS prescriptions per year, respectively. The results demonstrate that even a few 189 

annual SCS prescriptions significantly increase risk of complication development and show that SCS 190 

exposure in previous years is associated with a small but statistically significant (odds ratio 1.04; 191 

P<.001) increase in the odds of incurring a complication. The results also show that the number of 192 

asthma-related hospitalizations and asthma-related ED visits were 6.9 and 5.0 times greater, 193 

respectively, in patients with persistent asthma receiving ≥4 annual prescriptions than in those with 194 

no SCS exposure. 195 

 196 

Previous research has shown that SCS use is associated with complications in adults,
22, 23

 but few 197 

studies exist in children. Based on two systematic literature reviews, Aljebab et al. found evidence of 198 

complications associated with short- and long-term use of SCS among children.
6, 19

 However, these 199 

two studies were literature reviews of disparate publications across a number of diseases (e.g. renal 200 

failure and leukemia); and many of the included studies were designed to examine a specific type of 201 

complication (e.g. hypothalamic-pituitary-adrenal axis suppression or growth).
6, 19

  202 

 203 

Analysis of SCS exposure 204 

Our study adds to the literature on complications associated with SCS use among children and 205 

adolescents in several novel ways. The analysis measured SCS exposure as the total number of SCS 206 

prescriptions within the year, enabling comparison of complications in patients who received as few 207 

as 1–3 or ≥4 prescriptions per year with patients with no SCS exposure. The justification for using 208 

≥4 SCS prescriptions per year as the principal measure of exposure was based upon previously 209 
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published evidence in asthmatic adults.
12

Because SCS prescription dosages are adjusted for weight 210 

and age, it was hypothesized that using the number of SCS prescriptions within 1 year as the 211 

measure of exposure would still be a relevant measure of exposure for children. This measure of SCS 212 

exposure could reflect short-term burst therapy for patients with exacerbations. It is common to 213 

focus on long-term and chronic SCS exposure because it is associated with the highest odds of 214 

complications.
24-26

 However, examining 1–3 and ≥4 prescriptions per year may be more consistent 215 

with actual prescribing patterns for many children and adolescents with asthma. There are 216 

numerous other ways to measure SCS exposure that may provide meaningful results and would be 217 

beneficial in future studies. For example, the average SCS daily dose, cumulative annual SCS dose, 218 

and number of days of exposure could all provide further insight. These alternatives are beyond the 219 

scope of this manuscript and were not considered in the analytic approach.  220 

 221 

Other novel aspects of our study are the inclusion of only children and adolescents with HEDIS-222 

defined persistent asthma, and the assessment of the association between SCS use and 223 

complications within the same year. Our findings suggest that children and adolescents exposed to 224 

as few as 1–3 SCS annual prescriptions experience complications within the current year; this 225 

outcome is particularly problematic for this age group considering the potential number of years of 226 

future SCS exposure over their lifetimes. 227 

 228 

Given the large proportion of children with asthma who experience exacerbations and the 229 

prevalence of SCS use to treat them,
2, 9, 10, 27

 studies designed to assess potential complications 230 

associated with SCS exposure are urgently needed. SCS use is commonly measured as an outcome of 231 

treatment that suggests inadequate control and greater disease severity. For example, the UK’s 232 

National Institute for Clinical and Health Research requires receipt of 4 SCS prescriptions within 1 233 

year before authorization for certain asthma biologic medications for patients over 6 years of age.
28

 234 

Our results provide one approach to studying the potential complications of using SCS with a specific 235 
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measure of exposure (number of prescriptions in the current year, with particular focus on ≥4). 236 

Future studies of other measures of SCS exposure (e.g. cumulative annual dose) and durations of 237 

exposure (e.g. several years of cumulative exposure) are needed to augment our understanding. 238 

 239 

Persistent asthma treated with SCS associated with high HCRU 240 

A secondary objective of our study was to examine HCRU among children and adolescents with 241 

asthma receiving SCS, based on the hypothesis that SCS-related complications make both asthma 242 

and non-asthma treatment more complicated, resulting in increased HCRU. For example, if a child is 243 

persistently vomiting because of SCS use (a common adverse drug reaction
6
), it is possible that this 244 

episode would require a physician visit, antiemetic medication, and potentially an ED visit to manage 245 

dehydration. In addition, if the child was treated with SCS for an asthma exacerbation, the inability 246 

to tolerate the SCS may complicate treatment of the exacerbation. All of these factors may 247 

contribute to increased HCRU.  248 

 249 

Previous research has found that patients with significant exposure to SCS who developed possible 250 

SCS-related side effects were more likely to use healthcare services than those without such side 251 

effects.
29

 Barry et al. have shown that patients ≥12 years old with asthma who received SCS incurred 252 

significantly higher healthcare expenditures attributable to steroid-induced morbidity compared 253 

with patients with no steroid exposure.
30

 Our results are consistent with this hypothesis and 254 

previous literature showing a significant increase in both asthma-related and all-cause OP, IP, and ED 255 

visits as well as prescriptions.
5, 24, 25, 29

 However, an important caveat is that children and adolescents 256 

with asthma who need SCS are by definition in greater need of HCRU than those who do not need 257 

SCS. Our study design attempted to mitigate these differences across study groups through using 258 

weighted propensity score matching. Despite potential mitigation of this bias by the study design, it 259 

is not certain how much of the increase in HCRU is driven by SCS-associated complications versus 260 

inherent differences in the cohorts.  261 
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 262 

Study limitations 263 

While it would be intractable to conduct a randomized controlled trial to test the current hypothesis, 264 

our study design is not without limitations. The biggest challenge in conducting an observational 265 

study is that patients with asthma who take SCS may be inherently different from those who do not 266 

take any. In addition, those who take ≥4 SCS prescriptions may have inherent differences compared 267 

with those who take 1−3 SCS. For example, patients receiving SCS are more likely to have severe or 268 

ill-controlled asthma than those with asthma who do not receive SCS.
14, 20

 If a patient’s disease is 269 

more severe, they may experience greater disease exacerbation and, as a result, use more SCS and 270 

be at greater risk of experiencing complications.
5, 22-26, 31, 32

 Furthermore, patients with more severe 271 

asthma may be sicker or have more comorbidities associated with SCS-related complications. To 272 

control for this potential difference, we used measures that reflect asthma control and severity as 273 

well as general health to match the SCS cohort with the control cohort through the propensity score 274 

matching. As is clear from the lack of baseline differences between groups, this method may have 275 

mitigated the observed differences between groups; however, there is potential for unobserved 276 

differences that may persist. It is possible that these differences were not completely eradicated and 277 

that some or all of the results reflect inherent differences between the cohorts rather than direct 278 

exposure to SCS. In addition, the propensity score weighting did not attempt to mitigate differences 279 

between treatment groups within the SCS cohort. As a result, the conclusions drawn with respect to 280 

differences between the group taking ≥ 4 SCS prescriptions compared with-3 may be limited. The 281 

overall approach to mitigating the potential selection bias in the analysis is only one of many 282 

possible methods. Other methods or sensitivity analyses could have been undertaken to examine 283 

the extent of the sensitivity of the conclusions to the propensity score weighting approach. This is a 284 

further limitation of our research, and results should be interpreted with appropriate caution. In 285 

addition, as discussed above, there are other means of measuring exposure that were not 286 
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considered in this research (e.g. continuous exposure, cumulative annual dose, etc.). Furthermore, 287 

there could be time-dependent relationships that we did not explore in this research.  288 

 289 

Additional potential limitations should be considered when interpreting the reported results. Sample 290 

size limitations among children and adolescents precluded more comprehensive analyses of specific 291 

conditions or groupings. It is challenging to find a large enough sample to observe SCS use over time 292 

among children. In addition, many of the complications may take years or even decades to develop. 293 

For example, there were only three individuals with a diagnostic code for obesity who met the 294 

criteria of having ≥4 SCS prescriptions in the follow-up (and only n=1 with dyslipidemia). The inability 295 

to have sufficient sample power to analyze individual conditions or groups of conditions is a 296 

limitation of our research. However, when combined as a single endpoint including all complications, 297 

there was adequate sample size for the main analysis. Likewise, the OR of 1.04 for previous years’ 298 

SCS exposure may be statistically significant, but may not be clinically relevant. The study design 299 

attempted to ensure that the control group had no exposure to SCS, and eligibility criteria dictated 300 

that patients in the SCS groups were not permitted to have received any prescriptions for SCS for at 301 

least 1 year before the index date. It is, however, possible that patients in the control group had 302 

exposure to SCS prior to the baseline year and that those in the SCS groups had SCS exposure prior 303 

to the 1-year pre-index period. 304 

 305 

As the study was based on insurance claims data, adherence to prescribed treatments was not 306 

known. It is possible that a patient received 4 prescriptions in the year but only took 2. The effect of 307 

this bias would be to reduce the odds of complications associated with SCS compared with reality. In 308 

addition, the reporting of SCS-associated complications may vary within the age range studied. For 309 

example, a 2-year-old child may be taken to their physician or ED by a concerned parent on the same 310 

day that symptoms develop; but a 17-year-old teenager may be less likely to communicate their 311 

symptoms or promptly seek care. The study did not assess asthma disease severity as this was not 312 
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available from the claims data, although asthma-related hospitalization or ED visit, which may be 313 

seen as a proxy for disease severity, was included in the propensity score calculation. As a study of 314 

patients in the US with commercial insurance, treatment use for patients with government 315 

insurance, such as Medicaid, is not represented and study findings may not reflect patterns in other 316 

countries or alternative healthcare systems. It is also acknowledged that individuals with state or no 317 

insurance may show different trends in healthcare access, quality of care, disease severity, and 318 

prescription uptake;
33-35

 such characteristics would not have been captured in our study. 319 

 320 

CONCLUSION 321 

The results reported here show that children and adolescents who are exposed to even a few SCS 322 

prescriptions within a year have an increased risk of developing complications, with deleterious 323 

effects seen even with short-term use. This study highlights the need to be considerate of adverse 324 

effects of SCS prescriptions, as well as the greater HCRU in children and adolescents with persistent 325 

asthma treated with SCS. The study also demonstrates the need to optimize disease management of 326 

asthma, through both seeking the causes of inadequate disease control and reducing the need for 327 

SCS use by exploring SCS-sparing treatment approaches. 328 
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TABLES 441 

TABLE I. Study population selection criteria 442 

Inclusion criteria 

• Age ≥2 and <18 years at index date 

• Children and adolescents with diagnosis of ‘persistent’ asthma defined by HEDIS36, 37 

– For those aged 5–<18 years, at least 1 of the following during both the measurement year and 

the year before (i.e. 2 consecutive years): 

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

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

o ≥4 outpatient asthma-related visits with asthma as one of the listed diagnoses and 

≥2 asthma medication dispensing events,
a
 or 

o ≥4 asthma medication dispensing events
a
 

– For those aged ≥2–<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
b
 for which SCS are used in the 1-year pre-index (baseline) period

c 

a
Examples of individual dispensing events include a supply of asthma medication for ≤30 days, inhalers of the 443 

same medication dispensed on the same day, or an injection of asthma medication. 
b
Full list of diseases 444 

excluded are listed in Suppl. Table E2 (Online Repository). 
c
To avoid including patients using SCS for other 445 

conditions (not asthma). COPD, chronic obstructive pulmonary disease; HEDIS, Healthcare Effectiveness Data 446 

and Information Set; SCS systemic corticosteroids. 447 

 448 
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TABLE II. Patient demographics in the 1-year pre-index (baseline) period 449 

Demographics 

PRE-WEIGHTED WEIGHTED 

≥4 SCS
a 

N=986 

P value 

vs Controls 

1–3 SCS
b 

N=22,912 

P value 

vs Controls 

All SCS Users 

N=23,898 

All Controls 

N=43,183 

P value All Controls 

N=23,898 

P value  

vs all SCS 

Users 

P value  

≥4 SCS vs 

Controls 

P value  

1–3 SCS vs 

Controls
 

Age 

Age, years, mean ± SD 6.8 ± 4.3 <.001 7.8 ± 4.2 <.001 7.7 ± 4.2 8.5 ± 4.2 <.001 7.7 ± 4.2 >.99 <.001 .24 

Age 2–11 years, n (%) 818 (83.0) <.001 17,792 (77.7) <.001 18,610 (77.9) 31,651 (73.3) <.001 18,824 (78.8) .005 <.001 .001 

Age 12–<18 years, n (%) 168 (17.0) <.001 5,120 (22.3) <.001 5,288 (22.1) 11,532 (26.7) <.001 5,074 (21.2) .005 <.001 .001 

Gender, n (%) 

Male  576 (58.4) .80 14,030 (61.2) <.001 14,606 (61.1) 25,399 (58.8) <.001 14,661 (61.3) .54 .01 .76 

Female 410 (41.6) .80 8,882 (38.8) <.001 9,292 (38.9) 17,784 (41.2) <.001 9,237 (38.7) .54 .01 .76 

Geographic region, n (%)            

Northeast 136 (13.8) <.001 3,572 (15.6) <.001 3,708 (15.5) 8,228 (19.1) <.001 4,713 (19.7) <.001 <.001 <.001 

North Central 248 (25.2) .11 5,415 (23.6) .05 5,663 (23.7) 9,916 (23.0) .03 5,321 (22.3) <.001 .01 <.001 

South 455 (46.1) <.001 9,636 (42.1) <.001 10,091 (42.2) 15,275 (35.4) <.001 8,522 (35.7) <.001 <.001 <.001 

West 130 (13.2) <.001 3,966 (17.3) <.001 4,096 (17.1) 9,042 (20.9) <.001 4,940 (20.7) <.001 <.001 <.001 

Unknown 17 (1.7) .90 323 (1.4) .01 340 (1.4) 722 (1.7) .01 402 (1.7) .006 .90 .004 

Rural residence indicator, n (%) 

MSA 835 (84.7) .25 19,395 (84.6) <.001 20,230 (84.7) 37,127 (86.0) <.001 20,578 (86.1) <.001 .09 <.001 

Non-MSA 134 (13.6) .19 3,176 (13.9) <.001 3,310 (13.9) 5,277 (12.2) <.001 2,898 (12.1) <.001 .07 <.001 

Unknown 17 (1.7) .85 341 (1.5) .003 358 (1.5) 779 (1.8) .003 422 (1.8) .006 .90 .01 

Chronic conditions            

Total number of chronic 

conditions, mean ± SD 
2.1 ± 1.9 <.001 1.6 ± 1.6 <.001 1.7 ± 1.7 1.4 ± 1.5 <.001 1.7 ± 1.7 .63 <.001 .36 
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Insurance plan type, n (%) 

Health Maintenance 

Organization 
144 (14.6) .007 4,253 (18.6) .04 4,397 (18.4) 7,737 (17.9) .12 4,130 (17.3) <.001 .004 <.001 

Preferred Provider 

Organization 
582 (59.0) .50 13,214 (57.7) .48 13,796 (57.7) 25,028 (58.0) .56 14,011 (58.6) .02 .74 .013 

Other plan types
c 

260 (26.4) .10 5,445 (23.8) .30 5,705 (23.9 ) 10,418 (24.1) .46 5,757 (24.1) .51 .03 .33 

Years of follow-up, n (%)            

2 366 (37.1) .57 7,595 (33.1) <.001 7,961 (33.3) 
15,646 

(36.2%) 
<.001 8,196 (34.3) .007 .02 .002 

3 204 (20.7) .18 5,054 (22.1) .19 5,258 (22.0) 
9,719 

(22.5%) 
.13 5,129 (21.5) .09 .44 .06 

4 131 (13.3) .94 3,208 (14.0) .02 3,339 (14.0) 
5,774 

(13.4%) 
.03 3,205 (13.4) .03 .88 .03 

5 108 (11.0) .83 2,468 (10.8) .88 2,576 (10.8) 
4,635 

(10.7%) 
.85 2,711 (11.3) .02 .61 .02 

6 49 (5.0) .80 1,290 (5.6) .01 1,339 (5.6) 2,224 (5.2%) .01 1,281 (5.4) .17 .47 .13 

7 32 (3.2) .31 915 (4.0) .46 947 (4.0) 1,674 (3.9%) .58 1,052 (4.4) .004 .02 .01 

8 25 (2.5) .80 797 (3.5) <.001 822 (3.4) 1,151 (2.7%) <.001 700 (2.9) <.001 .34 <.001 

9 26 (2.6) .14 543 (2.4) <.001 569 (2.4) 850 (2.0%) <.001 564 (2.4) .87 .46 .94 

10 19 (1.9) .09 378 (1.6) <.001 397 (1.7) 561 (1.3%) <.001 368 (1.5) .21 .20 .26 

11 9 (0.9) .67 295 (1.3) .01 304 (1.3) 455 (1.1%) .01 317 (1.3) .53 .14 .66 

Duration of follow-up            

Total duration of follow-

up, years, mean ± SD 
3.9 ± 2.4 .22 4.0 ± 2.4 <.001 4.0 ± 2.4 3.8 ± 2.3 <.001 4.0 ± 2.4 .09 .14 .05 

a
Patient demographics in the 1-year pre-index (baseline) period reported for patients with ≥4 SCS prescriptions during Year 1; 

b
Patient demographics in the 1-year pre-450 

index (baseline) period reported for patients with 1–3 SCS prescriptions during Year 1; 
c
Includes Consumer-driven Health Plan, Exclusive Provider Organization, High-451 

deductible Health Plan and Point-of-Service. MSA, metropolitan statistical area; SCS, systemic corticosteroids; SD, standard deviation.  452 
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TABLE III. Healthcare resource utilization in the 1-year pre-index (baseline) period 453 

Healthcare resource 

PRE-WEIGHTED WEIGHTED 

All SCS Users  

N=23,898 

All Controls  

N=43,183 
P value 

All Controls  

N=23,898 
P value 

≥1 asthma-related IP or ED visit, n (%) 4,079 (17.1) 1,789 (4.1) <.001 4,061 (17.0) .80 

≥1 non-asthma-related IP or ED visit, n (%) 3,279 (13.7) 4,314 (10.0) <.001 3,247 (13.6) .62 

≥1 all-cause IP admission, n (%) 1,376 (5.8) 635 (1.5) <.001 1,084 (4.5) <.001 

≥1 asthma-related IP admission, n (%) 1,142 (4.8) 289 (0.7) <.001 799 (3.3) <.001 

>1 non-asthma-related IP admission, n (%) 279 (1.2) 368 (0.9) <.001 342 (1.4) 0.002 

All-cause IP admissions, mean ± SD 0.07 ± 0.45 0.02 ± 0.20 <.001 0.06 ± 0.35 <.001 

Asthma-related IP admissions, mean ± SD  0.05 ± 0.26 0.01 ± 0.12 <.001 0.04 ± 0.27 <.001 

Non-asthma-related IP admissions, mean ± SD 0.02 ± 0.37 0.01 ± 0.16 0.006 0.02 ± 0.21 0.334 

Length of stay per all-cause admission, days, mean ± SD  0.13 ± 0.74 0.04 ± 0.55 <.001 0.11 ± 0.81 <.001 

Length of stay per asthma-related admission, days, mean ± SD 0.05 ± 0.21 0.01 ± 0.08 <.001 0.03 ± 0.18 <.001 

Length of stay per non-asthma-related admission,  

days, mean ± SD 
0.08 ± 0.63 0.03 ± 0.53 <.001 0.07 ± 0.73 .15 

≥1 all-cause ED visit, n (%) 5,481 (22.9) 5,264 (12.2) <.001 5,602 (23.4) .12 

≥1 asthma-related ED visit, n (%) 3,085 (12.9) 1,532 (3.5) <.001 3,362 (14.1) <.001 

≥1 non-asthma-related ED visit, n (%) 3,071 (12.9) 4,054 (9.4) <.001 3,018 (12.6) .39 

All-cause ED visits, mean ± SD 0.30 ± 0.67 0.15 ± 0.52 <.001 0.32 ± 0.71 .02 

Asthma-related ED visits, mean ± SD 0.15 ± 0.41 0.04 ± 0.22 <.001 0.16 ± 0.42 <.001 

Non-asthma-related ED visits, mean ± SD 0.16 ± 0.49 0.11 ± 0.46 <.001 0.16 ± 0.51 .92 

≥1 all-cause OP office visit, n (%) 22,499 (94.1) 40,704 (94.3) .58 22,668 (94.9) <.001 

≥1 asthma-related OP office visit, n (%) 12,139 (50.8) 19,327 (44.8) <.001 11,237 (47.0) <.001 

≥1 non-asthma-related OP office visit, n (%) 21,403 (89.6) 38,606 (89.4) .52 21,678 (90.7)  <.001 
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All-cause OP office visits, mean ± SD 6.7 ± 8.6 6.0 ± 8.1 <.001 6.8 ± 8.9 .01 

Asthma-related OP office visits, mean ± SD  1.2 ± 2.3 0.93 ± 2.2 <.001 1.04 ± 2.3 <.001 

Non-asthma-related OP office visits, mean ± SD 5.5 ± 8.2 5.1 ± 7.6 <.001 5.8 ± 8.5 <.001 

≥7 SABA prescriptions, n (%) 1,351 (5.7) 986 (2.3) <.001 1,247 (5.2) .01 

All-cause prescriptions, mean ± SD 11.8 ± 8.3 10.3 ± 7.1 <.001 10.9 ± 7.9 <.001 

Asthma-related prescriptions, mean ± SD 6.8 ± 4.7 5.8 ± 3.8 <.001 6.1 ± 4.6 <.001 

Non-asthma-related prescriptions, mean ± SD 5.1 ± 5.9 4.5 ± 5.4 <.001 4.8 ± 5.7 <.001 

ED, emergency department; IP, inpatient; OP, outpatient; SABA, short-acting beta-agonist; SCS, systemic corticosteroids; SD, standard deviation. 454 

 455 

 456 

  457 
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TABLE IV. Healthcare resource utilization during first year of follow-up 458 

Healthcare resource 
SCS Use ≥4  

N=986 

SCS Use 1–3 

N=22,912 

All Controls P value 

(Weighted) 

N=23,898 

≥4 SCS  

vs Controls 

1–3 SCS 

vs Controls 

≥1 asthma-related IP or ED visit, n (%) 314 (31.8) 3,233 (14.1) 1,803 (7.5) <.001 <.001 

≥1 non-asthma-related IP or ED visit, n (%) 218 (22.1) 3,290 (14.4) 2,676 (11.2) <.001 <.001 

≥1 all-cause IP admission, n (%) 125 (12.7) 762 (3.3) 583 (2.4) <.001 <.001 

≥1 asthma-related IP admission, n (%) 97 (9.8) 561 (2.4) 369 (1.5) <.001 <.001 

≥1 non-asthma-related IP admission, n (%) 33 (3.3) 237 (1.0) 231 (1.0) <.001 .37 

All-cause IP admissions, mean ± SD 0.17 ± 0.52 0.04 ± 0.25 0.04 ± 0.38 <.001 .79 

Asthma-related IP admissions, mean ± SD 0.13 ± 0.45 0.03 ± 0.19 0.03 ± 0.33 <.001 .60 

Non-asthma-related IP admissions, mean ± SD 0.04 ± 0.25 0.01 ± 0.14 0.01 ± 0.17 <.001 .72 

Length of stay per all-cause admission, days, mean ± SD  0.32 ± 1.22 0.07 ± 0.53 0.06 ± 0.87 <.001 .09 

Length of stay per asthma-related admission, days, mean ± SD  0.10 ± 0.30 0.02 ± 0.15 0.02 ± 0.12 <.001 <.001 

Length of stay per non-asthma-related admission,  

days, mean ± SD 
0.22 ± 1.07 0.04 ± 0.45 0.04 ± 0.84 <.001 .90 

≥1 all-cause ED visit, n (%) 380 (38.5) 5,348 (23.3) 3,642 (15.2) <.001 <.001 

≥1 asthma-related ED visit, n (%) 257 (26.1) 2,787 (12.2) 1,485 (6.2) <.001 <.001 

≥1 non-asthma-related ED visit, n (%) 192 (19.5) 3,125 (13.6) 2,511 (10.5) <.001 <.001 

All-cause ED visits, mean ± SD 0.68 ± 0.13 0.32 ± 0.68 0.21 ± 0.63 <.001 <.001 

Asthma-related ED visits, mean ± SD 0.42 ± 0.86 0.15 ± 0.43 0.08 ± 0.34 <.001 <.001 

Non-asthma-related ED visits, mean ± SD 0.26 ± 0.62 0.17 ± 0.49 0.13 ± 0.48 <.001 <.001 

≥1 all-cause OP office visit, n (%) 974 (98.8) 22,338 (97.5) 22,790 (95.4) <.001 <.001 

≥1 asthma-related OP office visit, n (%) 844 (85.6) 16,319 (71.2) 12,227 (51.2) <.001 <.001 

≥1 non-asthma-related OP office visit, n (%) 932 (94.5) 20,919 (91.3) 21,430 (89.7) <.001 <.001 
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All-cause OP office visits, mean ± SD 12.7 ± 11.3 8.1 ± 9.4 6.8 ± 9.5 <.001 <.001 

Asthma-related OP office visits, mean ± SD  4.1 ± 4.2 1.9 ± 2.7 1.2 ± 2.6 <.001 <.001 

Non-asthma-related OP office visits, mean ± SD 8.5 ± 10.7 6.2 ± 8.9 5.6 ± 8.9 <.001 <.001 

≥7 SABA prescriptions, n (%) 173 (17.5) 1,622 (7.1%) 1,260 (5.3) <.001 <.001 

All-cause prescriptions, mean ± SD  24.3 ± 12.3 14.8 ± 8.6 12.2 ± 8.3 <.001 <.001 

Asthma-related prescriptions, mean ± SD  15.1 ± 7.0 9.0 ± 5.2 7.4 ± 4.7 <.001 <.001 

Non-asthma related prescriptions, mean ± SD 9.2 ± 8.6 5.8 ± 6.0 4.8 ± 6.0 <.001 <.001 

ED, emergency department; IP, inpatient; OP, outpatient; SABA, short-acting beta agonist; SCS, systemic corticosteroids; SD, standard deviation. 459 
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FIGURE LEGENDS 460 

FIGURE 1. Odds ratios of complications associated with SCS use in children and adolescents with 461 

persistent asthma 462 

 463 

Data presented based on random-effects (fixed-time effects) regression controlled for the number of chronic 464 

conditions (non-complications) age, gender, region, type of health insurance, urban Metropolitan Statistical 465 

Area, and years of follow-up. CI, confidence interval; OR, odds ratio; SCS, systemic corticosteroids. 466 

  467 
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FIGURE 2. Incidence rate ratios of (A) asthma-related and (B) all-cause HCRU associated with SCS use 468 

in children and adolescents with persistent asthma 469 

 470 

Data presented based on random-effects (fixed-time effects) negative binomial regression controlled for the 471 

number of chronic conditions (non-complications), age, gender, region, urban Metropolitan Statistical Area, 472 

type of health insurance, and years of follow-up.  473 

CI, confidence interval; ED, emergency department; HCRU, healthcare resource utilization; IP, inpatient; IRR, 474 

incidence rate ratio; OP, outpatient; SCS, systemic corticosteroids. 475 

 476 

 477 

 478 
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ONLINE REPOSITORY – SUPPLEMENTARY MATERIAL 

 

SUPPL. TABLE E1. Adverse events and associated ICD-9 and ICD-10 codes 

 ICD-10 Codes ICD-9 Codes 

Gastrointestinal 

Vomiting R11 78702 

Nausea R11 78702 

Diarrhea R19.7, K59.1, 

K52.9, K58.0 

78791,5645,5589,5641 

Heartburn R12 7871 

Increased appetite: 

polyphagia 

R63.2 7836 

dysphagia     

Gastrointestinal upset R10, R13, R15 78900,78909,78901,78902,78906,6089,6259,78909,78909,7

8903,78904,78905,78961,78962,78963,78964,78965,78966,

78967,78960,78969,78961,78962,78963,78964,78965,7896

6,78967,78960,78969,7897,78907,78900,78720,78720,7872

1,78722,78723,78724,78729,78761,78762,78763,78760 

Gastric wall abnormality R93.3 7934 

Anorexia R63.0 7830 

Abnormal weight loss R63.4 78321 

Abnormal weight gain R63.5 7831 

Gastrointestinal ulcers/bleeds K25.9, K92.2,  

K27*, K25.0, 

K25.3 

53190,53190,5789,53300,53100,53130 

Abdominal pain R10* 78900,78900,78909,78901,78902,78906,6089,6259,78909,7

8909,78903,78904,78905,78961,78962,78963,78964,78965,

78966,78967,78960,78969,78961,78962,78963,78964,7896

5,78966,78967,78960,78969,7897,78907,78900 

Infection 

Tuberculosis A15* - A19* 1190,1210,1130,1220,1230,1200,1090,1280,1280,1300,131

0,1320,1330,1340,1350,1360,1362,1790,1380,1790,1500,15

00,1500,1500,1500,71148,72081,73088,73740,1510,1510,1

520,1520,1580,1580,1590,71145,71146,71148,1560,1570,1

570,73088,1590,1690,1600,1620,1610,1630,1650,1650,601

4,1650,1670,1660,1670,1670,1720,1400,1480,1480,1700,17

10,1730,1730,1730,37909,1730,1730,1730,37031,37059,17

30,1730,36313,1730,1730,36411,1730,1740,1760,1750,179

0,1480,1790,1790,4200,4220,42491,4258,1770,1780,1790,1

800,1800,1800,1880,1890 

Pancreatitis K85*, K86.1 5770,5778 

Fever R50* 78060 

Herpes Zoster B02* 5319 

Sepsis A41* 3811 

Influenza J09*-J18* 48801,48881,48802,48882,48809,48889,48809,48819,4888

9,4870,4870,4870,48811,4871,48812,4878,4878,4878,4878,

4878,4870,4870,4871,4878,4878,4878,4878,4878,4800,480

1,4802,4808,4803,4808,4809,4870,481,4822,4820,4821,482
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40,48241,48242,48249,48232,48231,48239,48282,48283,48

30,48281,48289,4829,4831,4838,4847,4848,5171,485,481,5

14,486,486 

Pneumonia and influenza J09*-J18* See above 

Candidiasis, including 

laryngeal and esophageal 

B37.0, B37.81-83   1120,11284,11285,1120 

Metabolic 

Peripheral edema R60, R60.9 7823 

Hypertension I10-I16 4010,4011,4019,40201,40211,40291,40200,40210,40290,40

301,40311,40391,40300,40310,40390,40401,40411,40491,4

0400,40410,40490,40402,40412,40492,40403,40413,40493,

40501,40511,40591,40591,40599,40509,40519,40599,4059

9 

Hyperglycemia R73* 79021,79022,79029,79029 

Hypernatremia E87.0 2760 

Hypokalemia E87.6 2768 

Hypercholesterolemia  E78.00  2720,2721,2722,2723,2724,2724,2725,2729,75989,75989,2

728,2728,2728,2729 

Metabolic syndrome E88* 2734,2738,2726,2728,27788,27787,27787,27787,27787,277

7,2728,27789,2779 

Obesity and overweight E65*-E68* 2781,27801,27800,27800,27803,27802,27800,27800,2782,2

783,2788,2784,2788,2788 

Type 2 diabetes mellitus E11* 25020,25020,25040,25040,25040,25050,36201,36207,2505

0,36201,25050,36204,36207,25050,36204,25050,36205,362

07,25050,36205,25050,36206,36207,25050,36206,25050,36

202,36207,25050,36202,25050,36641,25050,25060,25060,3

572,25060,3559,25060,3572,25060,5363,25060,3535,25060

,25060,34989,25070,44381,25070,44381,7854,25070,25060

,7135,25080,71680,25080,25080,25080,25080,25080,5238,

25080,25030,25080,25080,25080,25090,25000 

Dyslipidemia E78* 2720,2721,2722,2723,2724,2724,2725,2729,75989,75989,2

728,2728,2728,2729 

Chronic kidney disease N18*, I15.0, 

I15.1, E08.22, 

E09.22, E10.22, 

E11.22, E13.22 

5851,5852,5853,5854,5855,5856,5859,40501,40511,40591,

40591,24940,58181,24940,58181,58381,25041,25040,2494

0,25040 

Bone 

Fracture S00-T14 S02.xx,S12.xxx,S22.xx,S32.xx,S42.xx,S52.xx,S62.xx,S72.xx,S8

2.xx,S92.xx 

Decreased bone density M85.9 73390 

Osteoporosis M80*, M81* 73310,V5429,V5429,73382,73381,9055,73319,V5421,V5421

,73382,73381,9052,73319,V5421,V5421,73382,73381,9052,

73319,V5421,V5421,73382,73381,9052,73311,V5421,V5421

,73382,73381,9052,73311,V5421,V5421,73382,73381,9052,

73311,V5421,V5421,73382,73381,9052,73312,V5422,V5422

,73382,73381,9052,73312,V5422,V5422,73382,73381,9052,

73312,V5422,V5422,73382,73381,9052,73319,V5422,V5422

,73382,73381,9052,73319,V5422,V5422,73382,73381,9052,

73319,V5422,V5422,73382,73381,9052,73314,73315,V5423

,V5423,73382,73381,9053,73314,73315,V5423,V5423,7338

2,73381,9053,73314,73315,V5423,V5423,73382,73381 

Avascular necrosis M87* 73340,73341,73341,73341,73341,73341,73341,73349,7334

9,73349,73349,73349,73349,73349,73349,73349,73349,733

49,73349,73349,73349,73349,73349,73342,73343,73342,73

343,73342,73343,73349,73349,73349,73349,73349,73349,7
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3349,73349,73349,73344,73344,73344,73349,73349,73349,

73349,73349,73340,73349,73349,73349,73341,73341,7334

1,73349,73349,73349,73349,73349,73349,73349,73349,733

49,73349,73349,73349,73349,73349,73349,73342,73343,73

342,73343,73342,73343,73342,73343,73349,73349,73349,7

3349,73349,73349,73349,73349,73349,73344,73344,73344,

73349,73349,73349,73345,73349,73349,73340,73349,7334

9,73349 

Osteopenia M85.80 73399 

Psychological 

Depression F32*, F33* see below 

Anxiety F40*-F48*, F06.4 29383,30022,30021,30022,30023,30023,30029,30029,3002

9,30029,30029,30029,30029,30029,30029,30029,30029,300

29,30029,30029,30029,30029,30029,30020,30001,30002,30

009,30009,30000,3003,3089,30981,30981,30981,3099,3090

,3091,30924,30928,3093,3094,30929,30989,3099,30012,30

013,30019,30011,30011,30011,30011,30014,2982,30016,30

015,30081,30082,3007,3007,3007,3007,30780,30789,30089

,3060,3061,3062,3063,3064,30650,30652,30653,30659,306

7,3068,30082,3069,3006,31081,3005,30089,3009,V402,V40

9 

Other psychological AEs Z91.49, F43.8 30989 

Behavioral changes F98.9, R46.89 3139,79989 

Schizophrenia disorders F20*-F29* 29530,29510,29520,29590,29560,29540,29580,29590,3012

2,2970,2971,2972,2983,2984,2988,2973,29570,29570,2957

0,29570, 

Affective disorders F30*-F39*, 

F06.30 

29384, 

2989,2989,29600,29601,29602,29603,29604,29605,29606,2

9681,29600,29640,29640,29641,29642,29643,29644,29650,

29651,29652,29653,29654,29660,29661,29662,29663,2966

4,2967,2967,2967,29645,29646,29655,29656,29665,29666,

29689,29640,29680,29621,29622,29623,29624,2980,29625,

29626,29682,29620,311,29631,29632,29633,29634,2980,29

630,29635,29636,29699,29630,30110,30113,3004,30112,29

699,29699,29690 

Autism spectrum disorders F84* 29900,29901,3308,29910,29980,29981,29980,29981,29990 

HPA suppression 

Growth retardation R62.52 78343 

Buffalo hump (fat pad/fat 

redistribution on back of neck 

as indication of 

hypercorticism) 

E65 2781,27801,27800,27800,27803,27802,27800,27800,2782,2

783,2788,2784,2788,2788 

Cushing's syndrome  E24.9, E24.0 2550,2550 

Cushingoid features as listed 

below: 

   

Hirsutism L68.0 7041 

Acne L70* 7061 

Skin atrophy L90* 7010 

Rash   

Skinstriae L90.6 7013 

Hair loss L65* 70402 

Bruising easily R23.3, R23.9 7827,7829 

Hypopigmentation/disease of L81.9 70900 
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pigmentation 

Facial erythema   

Facial swelling, flushing R23.2 78262 

Eyes 

Cataracts H26* (H26.3* = 

drug induced) 

36600,36600,36600,36600,36603,36603,36603,36603,3660

4,36604,36604,36604,36601,36601,36601,36601,36602,366

02,36602,36602,36609,36609,36609,36609,36609 

Glaucoma H40* 36500,36500,36500,36500,36504,36504,36504,36504 

Myopathy of ocular muscles H05.829 37682 

Ocular hypertension H40.05* 36500,36500,36500,36500,36504,36504,36504,36504 

Other 

Myopathy non-ocular G72*, G73.7 3594,3595 

Short stature due to 

endocrine 

E34.3 2594 

Insomnia F51.09, 51.01, 

G47.00 

30741,30742,78052 

Headache R51, G44*   7840,33900 

Fatigue R53* 78079 

Dysphonia R49*, J38.3 78442,4785 

Cough R05 7862 

Drowsiness/somnolence R40.0  78009 

Throat irritation R07.0 7841 

Excessive urination/polyuria R35* 78841 

AE, adverse event; HPA, hypothalamic-pituitary-adrenal axis; ICD, International Classification of Diseases (9
th

 

and 10
th

 revisions). 
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SUPPL. TABLE E2. List of conditions in exclusion criteria 

Excluded conditions: Autoimmune-related conditions 

Crohn’s disease  Tuberculosis 

Ulcerative colitis  Cancer of respiratory and intrathoracic system 

Autoimmune hepatitis  Lupus 

Rheumatoid arthritis  Multiple sclerosis 

Polymyalgia rheumatica  Autoimmune disease 

Chronic obstructive pulmonary disease  Organ transplant 

Bronchiectasis  Polyarteritis 

Cystic fibrosis  Eosinophilic cancers 

Interstitial pulmonary fibrosis Hypereosinophilic syndromes (eosinophilic granulomatosis 

with polyangiitis or eosinophilic esophagitis) 

Excluded conditions: Also considered complications 

Abnormal weight loss Osteopenia 

Abnormal weight gain Growth retardation 

Gastrointestinal ulcers/bleeds Buffalo hump (fat pad/fat redistribution on back of neck as 

indication of hypercorticism). 

Tuberculosis Cushing's syndrome  

Pancreatitis Cushingoid features as listed below: 

Sepsis Hirsutism 

Peripheral edema Skinstriae 

Hypertension Bruising easily 

Hyperglycemia Hypopigmentation/disease of pigmentation 

Hypernatremia Facial flushing 

Hypokalemia Cataracts 

Hypercholesterolemia Glaucoma 

Metabolic syndrome Myopathy of ocular muscles 

Type 2 diabetes mellitus Ocular hypertension 

Dyslipidemia Myopathy non-ocular 

Chronic kidney disease Short stature due to endocrine 

Decreased bone density Growth retardation 

Osteoporosis Excessive urination/polyuria 

Avascular necrosis  
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SUPPL. TABLE E3. Odds ratios for complications associated with 1–3 and ≥4 annual SCS prescriptions 

in children and adolescents with persistent asthma  

 Odds ratio P value 95% CI 

≥4 SCS per year vs no SCS 2.85 <.001 2.51, 3.24 

1–3 SCS per year vs no SCS 1.63 <.001 1.59, 1.68 

Number of years' prior SCS use vs no SCS 1.04 <.001 1.02, 1.06 

CI, confidence interval; SCS, systemic corticosteroids. 

 

SUPPL. TABLE E4. Incidence rate ratios for asthma-related and all-cause HCRU associated with 1–3 

and ≥4 annual SCS prescriptions in children and adolescents with persistent asthma 

 Incidence rate 

ratio  

P value 95% CI 

ASTHMA-RELATED  

OP visits for ≥4 SCS per year vs no SCS 2.25 <.01 2.15, 2.34 

ED visits for ≥4 SCS per year vs no SCS 4.96 <.01 4.41, 5.56 

IP admission for ≥4 SCS per year vs no SCS 6.93 <.01 5.60, 8.57 

Prescriptions for ≥4 SCS per year vs no SCS 2.86 <.01 2.78, 2.95 

OP visits for 1–3 SCS per year vs no SCS 1.86 <.01 1.84, 1.89 

ED visits for 1–3 SCS per year vs no SCS 2.86 <.01 2.73, 2.98 

IP admission for 1–3 SCS per year vs no SCS 3.06 <.01 2.77, 3.39 

Prescriptions for 1–3 SCS per year vs no SCS 2.06 <.01 2.04, 2.08 

ALL-CAUSE 

OP visits for ≥4 SCS per year vs no SCS 1.35 <.01 1.31, 1.39 

ED visits for ≥4 SCS per year vs no SCS 2.78 <.01 2.55, 3.02 

IP admission for ≥4 SCS per year vs no SCS 4.36  <.01 3.64, 5.21 

Prescriptions for ≥4 SCS per year vs no SCS 2.21 <.01 2.16, 2.27 

OP visits for 1–3 SCS per year vs no SCS 1.24 <.01 1.22, 1.25 

ED visits for 1–3 SCS per year vs no SCS 1.73 <.01 1.68, 1.78 

IP admission for 1–3 SCS per year vs no SCS 1.92 <.01 1.78, 2.07 

Prescriptions for 1–3 SCS per year vs no SCS 1.70 <.01 1.68, 1.71 

CI, confidence interval; ED, emergency department; HCRU, healthcare resource utilization; IP, inpatient; OP, 

outpatient; SCS, systemic corticosteroids. 
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A.

B.

1–3 SCS 
per year 
vs no SCS 3.06

2.85

2.06

2.77, 3.39

2.73, 2.98

2.04, 2.08

<.01

<.01

1.86 1.84, 1.89 <.01

IRR 95% CI P value

<.01

Asthma-related

≥4 SCS 
per year 
vs no SCS

4.96

2.25

6.93

4.41, 5.56

2.15, 2.34

5.60, 8.57

<.01

<.01

<.01

IP admission

ED visit

Prescription

OP visit

ED visit

OP visit

IP admission

Prescription 2.86 2.78, 2.95 <.01

1–3 SCS 
per year 
vs no SCS 1.92

1.73

1.70

1.78, 2.07

1.68, 1.78

1.68, 1.71

<.01

<.01

1.24 1.22, 1.25 <.01

IRR 95% CI P value

<.01

All-cause

≥4 SCS 
per year 
vs no SCS

2.78

1.35

4.36

2.55, 3.02

1.31, 1.39

3.64, 5.21

<.01

<.01

<.01

IP admission

ED visit

Prescription

OP visit

ED visit

OP visit

IP admission

Prescription 2.21 2.16, 2.27 <.01

0.1 1
Incidence rate ratio (95% CI)
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Incidence rate ratio (95% CI)
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