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ABSTRACT 41 

Background: Hospitalization for asthma exacerbation is an opportune setting for initiating 42 

preventive efforts. However, hospital-initiated preventive asthma care remains underdeveloped 43 

and its effectiveness is uncertain. 44 

Objective: To examine the effectiveness of a hospital-initiated asthma care bundle on post-45 

hospitalization asthma care and clinical outcomes. 46 

Methods: Prospective multicenter study of adults (18-54 years) hospitalized for asthma 47 

exacerbation in 2017-2019. During the hospitalization, we implemented an asthma-care bundle 48 

(inpatient laboratory testing, asthma education, and discharge care), and prospectively measured 49 

chronic asthma care (e.g., IgE testing, specialist care) and asthma exacerbation (i.e., systemic 50 

corticosteroid use, emergency department visit, hospitalizations) outcomes. By applying a self-51 

controlled case series method, we examined within-person changes in these outcomes before (2-52 

year period) and after (1-year period) the bundle implementation. 53 

Results: Of 103 adults hospitalized for asthma exacerbation, the median age was 40 years and 54 

72% were female. Compared to the pre-implementation period, the post-implementation period 55 

had improved post-hospitalized asthma care, including serum specific IgE testing (rate ratio [RR] 56 

2.18, 95%CI 0.99-4.84; P=0.051) and evaluation by asthma specialist (RR 2.66; 95%CI 1.77-57 

4.04; P<0.001). Likewise, after care bundle implementation, patients had significantly lower 58 

annual rates of systemic corticosteroid use (4.2 vs. 2.9 per person-year; RR 0.70; 95%CI 0.61-59 

0.80; P<0.001), emergency department visits (3.2 vs. 2.7 per person-year; RR 0.83; 95%CI 0.72-60 

0.95; P=0.008), and hospitalizations (2.1 vs. 1.8 per person-year; RR 0.82; 95%CI 0.69-0.97; 61 

P=0.02). Stratified analyses by sex, race/ethnicity, and health insurance yielded consistent 62 

results. 63 
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Conclusion: After hospital-initiated care bundle implementation, patients had improved post-64 

hospitalization care and reduced rates of asthma exacerbation.   65 

Word count: 250 66 

 67 

Highlights Box 68 

What is already known about this topic? 69 

Hospitalization for asthma exacerbation is an opportune setting for initiating preventive care for 70 

high-risk patients. However, little is known about the effect of implementing an evidence-based 71 

preventive care bundle during hospitalization on subsequent risk of asthma exacerbation. 72 

 73 

What does this article add to our knowledge? 74 

In this study of adults hospitalized for asthma exacerbation, implementation of a hospital-75 

initiated care bundle not only improved the quality of post-hospitalization asthma care but also 76 

reduced the rate of severe asthma exacerbation up to 30%.  77 

 78 

How does this study impact current management guidelines? 79 

The present study underscores the importance of implementing evidence-based preventive 80 

asthma care in patients hospitalized with asthma exacerbation. 81 

 82 

Keywords: asthma exacerbation, hospitalization, quality of care, asthma management, outcomes 83 

 84 

Jo
urn

al 
Pre-

pro
of



Nanishi et al. 

 

5 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department; EPR, Expert 85 

Panel Report; ICS, inhaled corticosteroids; IgE, immunoglobulin E; IL, interleukin; MARC-41, 86 

the 41st Multicenter Airway Research Collaboration; RCT, randomized controlled trial  87 
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INTRODUCTION 88 

Asthma is a significant health problem in the U.S. In 2018, 25 million individuals had 89 

asthma,1 with an estimated direct health cost of $50 billion.2 Asthma exacerbations contribute to 90 

a substantial portion of this problem—e.g., approximately 1.7 million emergency department 91 

(ED) visits and 180,000 hospitalizations in 2016 alone.3 In this context, the U.S. government has 92 

identified improving asthma care as an objective in Healthy People 2030, with a goal to reduce 93 

asthma exacerbations, ED visits, and hospitalizations.4 94 

Despite its clinical and public health importance, recent studies have demonstrated a 95 

suboptimal quality of ED,5-9 inpatient,10-12 and transitional12, 13 care in patients with asthma 96 

exacerbation. For example, a retrospective study of hospitalized patients with asthma reported 97 

that guideline-recommended transition of care to specialists was suboptimal (only 27% of 98 

hospitalized adults received a referral to an asthma specialist at hospital discharge).10 Within the 99 

sparse literature, clinical trials of adults with asthma exacerbation have examined the effect of 100 

single or limited elements of asthma care—such as asthma education,14-16 individual action 101 

plan,17-19 or facilitated referral20—on subsequent asthma outcomes. Although hospitalization for 102 

asthma exacerbation is an opportune setting for initiating high-quality asthma care for these 103 

costly and high-risk patients, little is known about the effect of implementing an evidence-based 104 

preventive care “bundle”21 during hospitalization on subsequent risk of asthma exacerbation. 105 

To address the knowledge gap, we conducted a prospective multicenter study of adults 106 

hospitalized for asthma exacerbation to examine the effectiveness of a hospital-initiated asthma 107 

care bundle on post-hospitalization asthma care and clinical outcomes.  108 
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METHODS 109 

Study design, setting, and participant 110 

This is a multicenter, prospective, “before-after” study—the 41st Multicenter Airway 111 

Research Collaboration (MARC-41)—that investigates the effectiveness of the hospital-initiated 112 

preventive care bundle in adults hospitalized for asthma exacerbation. By applying a self-113 

controlled case series design, we compared each participant’s rate of outcomes over a 3-year 114 

period (i.e., the 2 years before vs. 1 year after the implementation of the care bundle). This 115 

design enables each participant to function as his/her own control.22 Accordingly, it has a major 116 

advantage that effects of any time-invariant covariates (e.g., the genetics, sex, race/ethnicity, site) 117 

are implicitly controlled, thereby mitigating unmeasured confounding.22-25  118 

In 2017-2019, we enrolled adults (aged 18-54 years) with a physician-diagnosis of 119 

asthma, current use of inhaled corticosteroids (ICS), and a history of frequent severe 120 

exacerbations (defined by ≥2 bursts of systemic corticosteroids [≥3 days each] in a one-year 121 

period26) who were hospitalized for asthma exacerbation at one of the five geographically-122 

diverse U.S. hospitals—Henry Ford Hospital (Detroit, MI), Massachusetts General Hospital 123 

(Boston, MA), University of Arkansas for Medical Science (Little Rock AR), University of 124 

Chicago Medical Center (Chicago, IL), and Virginia Commonwealth University Medical Center 125 

(Richmond, VA). We limited patients to be aged 18-54 years in order to minimize 126 

misspecification with chronic obstructive pulmonary disease, according to previous studies.6, 10 127 

We excluded patients with non-adherence to ICS (i.e., use of ICS ≤once a week—based on the 128 

screening interview and medical record review at enrollment) and those without a permanent 129 

address or phone number. The institutional review board at each of the participating hospitals 130 
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approved the study (as a quality improvement study). Informed consent was obtained from all 131 

study participants. 132 

 133 

Exposure—Hospital-initiated asthma care bundle 134 

 Immediately after hospital admission, the participating site implemented the inpatient 135 

asthma care bundle consisting of three major areas with a total of ten core elements (Table E1): 136 

1) laboratory testing (serum total IgE as well as complete blood count with differential [including 137 

eosinophil quantification]); 2) education (development of written action plan, education of 138 

inhaler use technique, issuing peak flow meter, and smoking cessation assistance [for smokers]); 139 

3) hospital discharge (or transitional) care (prescription of systemic corticosteroids, modification 140 

of ICS, and instruction/scheduling of follow-up by asthma specialist). In addition to these core 141 

(mandatory) elements, the sites also implemented optional elements (e.g., pharmacy, asthma care 142 

manager consult) based on the availability of resources at each site. These optional elements did 143 

not contribute to the overall bundle examined. The item selection of the care bundle was based 144 

on the national and international asthma guidelines,27, 28 systematic literature review of high-145 

quality evidence (including the Cochrane Database of Systematic Reviews and meta-analysis of 146 

clinical trials), and input from the multidisciplinary project team (e.g., allergists, emergency 147 

physicians, internists, pulmonologists). The overall goal of the bundle was to reduce the risk of 148 

severe asthma exacerbations after the index hospitalization. 149 

 150 

Outcome measures 151 

 The primary clinical outcome was severe asthma exacerbation—i.e., the use of systemic 152 

corticosteroids for ≥3 days, ED visit, or hospitalization for asthma exacerbation—during the pre- 153 

Jo
urn

al 
Pre-

pro
of



Nanishi et al. 

 

9 

and post-implementation periods, according to previous studies.29-31 The secondary (process 154 

measure) outcomes were asthma care, including laboratory testing (total and specific IgE 155 

measurement, environmental allergen skin testing), adjustment to long-term controller 156 

medications (e.g., initiation of biologic agents), and evaluation by an asthma specialist (e.g., 157 

allergist, pulmonologist). We measured these outcomes—both in the pre-implementation period 158 

(retrospectively) and post-implementation period (prospectively)—through structured interviews 159 

and medical record review by non-blinded investigators using a standardized protocol, which has 160 

been used in previous studies.6, 10, 32 Structured interviews and medical record review was 161 

conducted at enrollment and during hospitalization as well as at 1 month, 6 months, and 12 162 

months after enrollment to abstract the data on asthma care (including the electronic 163 

documentation of medication use), clinical outcomes, medical history, and laboratory testing 164 

during the pre- and post-implementation periods. All data were reviewed at the EMNet 165 

Coordinating Center at Massachusetts General Hospital (Boston, MA), and site investigators 166 

were queried about missing data and discrepancies identified by data checks. 167 

 168 

Statistical analysis 169 

 In the current study, we applied a self-controlled case series method to multicenter data. 170 

This design relies on within-individual comparisons in a study sample with both the exposure 171 

and outcomes of interest.22 Specifically, to examine the effectiveness of the care bundle on the 172 

post-hospitalization asthma care and clinical outcomes, we examined the within-individual 173 

changes for each outcome between the pre- and post-implementation periods. We fit conditional 174 

Poisson regression models to estimate rate ratios (RRs) with 95% confidence intervals 175 

(95%CIs)—with the pre-implementation period (2-year period) as the reference period—for the 176 
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post-implementation 1-year period. To account for the difference in period intervals, the model 177 

incorporated an offset term (i.e., natural logarithm of the interval). Because each patient is 178 

matched to his/her own reference period, the RRs from the conditional Poisson regression model 179 

are equivalent to having fixed effects in the model.  180 

We conducted a series of sensitivity analyses. First, in the stratified analyses that 181 

examine the potential heterogeneity in the effect of care bundle,33-36 we repeated the analysis 182 

with stratification by sex, race/ethnicity, insurance, baseline smoking status, obesity (body mass 183 

index ≥30 kg/m2), history of intubation, recent oral corticosteroid use, and initial disposition 184 

(i.e., ED observation unit, hospital ward or stepdown, and intensive care unit). Second, to 185 

minimize the potential misclassification with chronic obstructive pulmonary disease (COPD), we 186 

have conducted a subgroup analysis excluding patients with a history of COPD. Third, to address 187 

the potential effect of increased availability of biologic agents in recent years, we repeated the 188 

analysis by excluding patients who initiated anti-IL-4/IL-5 therapy after hospital discharge. 189 

Fourth, we repeated the analysis by dividing the post-implementation period into two 6-month 190 

intervals (1-6 months and 7-12 months after the index hospitalization). Lastly, to address the 191 

point that exacerbations events are recurrent and non-independent, we modeled the outcome 192 

events as binary variables. The original target sample size was 90 patients hospitalized for 193 

asthma exacerbation. We estimated that the study would have had a power of >80% to detect a 194 

30% decrease in the incidence of severe asthma exacerbation, from 2.40 per year in the pre-195 

implementation period to 1.68 per year in the post-implementation period at a two-sided 196 

significance level of 0.05. We analyzed the data using R version 4.0.1 (R Foundation for 197 

Statistical Computing, Vienna, Austria). All P-values were two-tailed, with P<0.05 considered 198 

statistically significant.   199 
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RESULTS 200 

Patient characteristics 201 

The MARC-41 study enrolled 103 adults hospitalized for asthma exacerbation at one of 202 

the five participating hospitals during 2017-2019. Data of the 12-month post-implementation 203 

period were available in 102 patients (99%), with the other patient contributing to 6-month post-204 

implementation period data due to loss to follow-up (i.e., a total of 1,230 person-month follow-205 

up). In this cohort, the median age was 40 years (interquartile range, 32-49 years); 72% were 206 

women, 67% non-Hispanic black, and 12% Hispanic (Table I). Additionally, 60% had public 207 

health insurance while 3% had no insurance. As expected, the study patients had a large asthma 208 

burden in the pre-implementation period, reflected by 93% having at least one ED visit and 77% 209 

having hospitalization for asthma exacerbation; the index hospitalization was consistent with 210 

their chronic asthma trajectory. Despite their substantial morbidity, patients reported suboptimal 211 

quality of asthma care components in the pre-implementation period, such as only 46% of 212 

patients having an asthma action plan prior to their index hospitalization. At the index 213 

hospitalization, 53% were admitted to the observation unit, 35% to the ward or stepdown unit, 214 

and 11% to the intensive care unit. 215 

 216 

Comparisons of asthma care between the pre- and post-implementation of care bundle 217 

After implementation of hospital-initiated asthma care bundle during the index 218 

hospitalization, the patients had improved quality of chronic asthma care (Figure 1). For 219 

example, after the implementation of the care bundle, there was a non-significant increase in the 220 

rate of specific IgE measurement (RR 2.18, 95%CI 0.99-4.84; P=0.051) and a significant 221 

increase in the rate both for anti-IL-4/IL-5 therapies (RR 10.1; 95%CI 1.62-192.4; P=0.04) and 222 
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asthma specialist visit (RR 2.66; 95%CI 1.77-4.04; P<0.001) with adjusting for the difference in 223 

the period interval. In the sensitivity analyses, despite their limited statistical power, the 224 

association of care bundle implementation with an increased rate of asthma specialist visits was 225 

similar across sex (Table E2), race/ethnicity (Table E3), and health insurance (Table E4) strata.  226 

 227 

Comparisons of clinical outcomes between the pre- and post-implementation of care bundle 228 

After the implementation of the in-hospital care bundle, the study patients had a 229 

significantly lower rate of severe asthma exacerbation (Figure 2). Specifically, the annualized 230 

rate of systemic corticosteroid use decreased from 4.2 per person-year in the pre-implementation 231 

period to 2.9 per person-year in the post-implementation period, with a corresponding RR 0.70 232 

(95%CI 0.61-0.80; P<0.001). Likewise, there was a significant reduction in the rate for both ED 233 

visits (3.2 vs. 2.7 per person-year; RR 0.83; 95%CI 0.72-0.95; P=0.008) and hospitalizations (2.1 234 

vs. 1.8 per person-year; RR 0.82; 95%CI 0.69-0.97; P=0.02) after implementation of the asthma 235 

care bundle.  236 

In the sensitivity analyses, despite the relatively limited sample size, the relationship 237 

between care bundle implementation and decreased rate of severe asthma exacerbation was 238 

generally consistent across the sex (Table E5), race/ethnicity (Table E6), and health insurance 239 

(Table E7) strata. For example, the rate of ED visits and hospitalizations significantly decreased 240 

in both non-Hispanic white and Hispanic individuals, while the estimated effect was not 241 

significant in non-Hispanic black individuals (Pinteraction<0.01 and Pinteraction=0.02, respectively; 242 

Table E6). With stratification by insurance, the estimated downward effects were also consistent 243 

with the main analysis in both public and private insurance strata. Likewise, similar relationships 244 

were observed in the stratified analysis by smoking status (Table E8), obesity (Table E9), 245 
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intubation history (Table E10), oral systemic corticosteroid use (Table E11),and disposition 246 

(Table E12). In the subgroup analysis of patients without COPD, the findings did not materially 247 

change (Table E13). In the sensitivity analysis excluding patients who initiated anti-IL-4/IL-5 248 

therapy during the post-implementation period, the primary inference did not change 249 

materially—e.g., the annualized rate of systemic corticosteroid use decreased, with 250 

corresponding RR 0.71 (95%CI 0.62-0.81; P<0.001; Table E14). In the analysis dividing the 251 

post-implementation into two 6-month periods, the rate reduction remained significant during the 252 

7-12 months after the index hospitalization. (Tables E15 and E16). Lastly, in the analysis 253 

modeling the outcome events as binary variables, the findings were also consistent—e.g., 254 

reduced rate of ED visits with a corresponding RR of 0.21 (95%CI 0.07-0.70; P=0.01; Table 255 

E17). 256 
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DISCUSSION 257 

 In this self-controlled case series analysis of a multicenter prospective study of 103 258 

adults hospitalized for asthma exacerbation, the implementation of a hospital-initiated care 259 

bundle was associated with a significant improvement in post-hospitalization asthma care. 260 

Specifically, our data demonstrated an increase in the rate of biologic agent use and asthma 261 

specialist visit. Furthermore, there was a significant improvement in the clinical outcomes—an 262 

approximately 20%-30% decrease in the rate of subsequent severe asthma exacerbations, defined 263 

by the use of systemic corticosteroids, ED visits, or hospitalizations. The current study 264 

demonstrated the effectiveness of an evidence-based, hospital-initiated care bundle on both 265 

chronic asthma care and clinical outcomes in adults with severe asthma exacerbation.  266 

 In agreement with our findings, previous studies—mostly focusing on individual 267 

elements of asthma care—have reported reductions in asthma disease burden.14, 37-39 For 268 

example, in a single-center randomized clinical trial (RCT) of children and adults with asthma 269 

exacerbation in the ED, Zeiger et al. found that, compared to continued management from non-270 

specialists, facilitated asthma specialist care not only increased the use of ICS but also decreased 271 

the frequency of asthma exacerbations and ED revisits.38 Furthermore, in another single-center 272 

RCT of adults hospitalized for asthma exacerbation in 1996-1999, Castro et al. reported that, 273 

compared to conventional care, multifaceted asthma care intervention (based on the 1997 EPR-2 274 

guidelines) reduced readmissions for asthma as well as healthcare (both direct and indirect) 275 

costs.39 In contrast, earlier reports have also shown no significant change in clinical outcomes.17, 276 

40-42 For example, a Cochrane systematic review of 12 RCTs of educational intervention on 277 

adults with asthma exacerbation in the ED did not show a significant reduction in ED revisits.40 278 

These apparent discrepancies may be attributable to the differences in study design, setting, 279 
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target populations, interventions of interest, or any combination of these factors. Regardless, the 280 

validity of our inference is strengthened by the self-controlled case series design. Its major 281 

advantage is that each individual serves as her/his own control, and hence mitigate any time-282 

invariant confounding, which cannot be addressed in conventional observational studies.22 283 

Additionally, the study design removes between-individual variations, thereby yielding more 284 

precise estimates despite the relatively small sample size. The current study meets the 285 

assumptions of self-controlled case series in which we modeled transient exposures (i.e., 286 

implementation of care bundle) and acute outcome events (i.e., asthma exacerbations).22 The 287 

current multicenter study builds on these prior reports, and extends them by demonstrating the 288 

effectiveness of evidence-based care bundle on both chronic asthma care and clinical outcomes 289 

in patients hospitalized with asthma exacerbation. 290 

 There are several potential explanations for the observed reductions in the frequency of 291 

severe asthma exacerbation after implementation of the hospital-initiated care bundle. First, the 292 

care “bundle” was, by definition, multifaceted (not as an isolated item) and was implemented in 293 

the inpatient setting—a time of heightened awareness and interest in health matters—reducing 294 

the outcome rates, at least partially, through an improvement in both inpatient and post-295 

hospitalization care. Indeed, our data showed that the implementation of the bundle significantly 296 

improved post-hospitalization asthma care (e.g., the modest increase in biologic agent use and 297 

improved follow-up rate by an asthma specialist). Second, it is also possible that, after the 298 

implementation of asthma education, the patients changed their health behaviors (e.g., better 299 

medication adherence) which the current study did not directly measure after the hospital 300 

discharge. Third, non-bundle elements of the study (e.g., follow-up interviews) might have had 301 

an incremental benefit while its contribution is unlikely to have been substantial. However, 302 
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despite the observed benefit of the care bundle, the morbidity burden of these patients remained 303 

large. This is partly because the implementation and effectiveness of the care bundle were 304 

imperfect in this real-world setting. Indeed, the implementation rate of some bundle elements 305 

was relatively low—e.g., 67% for instruction for a follow-up visit with an asthma specialist and 306 

31% for an appointment of a follow-up visit with an asthma specialist. Only 52% had a specialist 307 

visit during the post-implementation period while the rate significantly increased after the care 308 

bundle implementation. A prompt referral to a specialist at hospital discharge continued to be a 309 

challenge for administrative, financial, system-wide, and transportation reasons.43 Additionally, 310 

the current study did not directly intervene on post-discharge asthma care during the follow-up 311 

period (e.g., guideline-concordant use of chronic asthma medications by the primary care 312 

physician). Furthermore, the observed heterogeneity of the effect between the race/ethnicity 313 

groups also suggests the potential need for context-specific implementations;44 it also could have 314 

been due to the small subgroup sample sizes. Notwithstanding the complexity, the identification 315 

of an effective hospital-initiated preventive care bundle is an important finding. Our data, along 316 

with the previous studies, present cautious optimism that implementation of evidence-based 317 

hospital-initiated asthma care bundle can not only improve the quality of asthma care but also 318 

reduce asthma morbidity burden. 319 

 320 

Limitations 321 

 The study has several potential limitations. First, the data measurement relied, in part, 322 

on medical record review for the assessment of bundle implementation, asthma care, and 323 

outcomes; consequences of under-documentation are possible. However, a prior study 324 

demonstrated that our data ascertainment methods had a high inter-rater agreement, including 𝑘 325 
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coefficient of 0.95 (almost perfect) for clinical outcomes.6 Second, we retrospectively measured 326 

the outcomes during the pre-implementation period while we prospectively measured the 327 

outcome during the post-implementation period. This might have up- or downwardly biased the 328 

risk in the pre-implementation period. Nevertheless, the measurement for both periods was 329 

performed using a standardized protocol. Third, the implementation of the bundle was imperfect 330 

and varied across the participating sites. Identifications of the barriers to its implementation merit 331 

further investigations. Fourth, as with any observational study, the causal inference might have 332 

been confounded by time-varying factors (e.g., an increase in comorbidities over time). A 333 

randomized controlled trial—with perfect adherence to the assigned intervention, no selection 334 

bias due to a differential loss to follow-up, and no post-randomization confounding—would 335 

yield a consistent estimate for the causal effect of interest. Fifth, the secular trend in asthma 336 

management may have affected the observed improvement in the patient outcomes. However, the 337 

observed 30% reduction in the primary outcome is unlikely to be fully explained by the secular 338 

change in asthma management alone. Sixth, in this current study, the sample size was not large. 339 

Regardless, we successfully identified significant effects of the bundle on the rate of severe 340 

asthma exacerbation. Lastly, our study sample comprised patients with frequent severe 341 

exacerbations in inner-city settings and excluded those with suboptimal medication adherence. 342 

Therefore, our inference might not be generalized to patients with mild-to-moderate asthma 343 

exacerbations or those with suboptimal adherence in non-urban or non-academic hospitals. 344 

Nonetheless, our target population has a substantial asthma morbidity burden,45 and hence is the 345 

one for which targeted interventions are most urgently needed. 346 

 347 

Conclusion 348 
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 In sum, by applying a self-controlled case series method to prospective multicenter data 349 

of adults hospitalized for asthma exacerbation, we found that the implementation of an evidence-350 

based asthma care bundle during hospitalization—an important opportunity for preventive 351 

care—was associated with significantly improved quality of asthma care and reduced rate of 352 

severe asthma exacerbation over the 1-year post-implementation period. These findings support a 353 

cautious optimism that the quality of asthma care can be further improved and asthma morbidity 354 

mitigated. For researchers, our study should advance research into building more robust evidence 355 

on hospital-initiated asthma care and identifying barriers for its implementation. For clinicians 356 

and hospitals, our data underscore the importance of continued efforts on the development and 357 

implementation of high-quality asthma care, which will, in turn, improve the outcomes of this 358 

population with large morbidity burden.   359 
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Table I. Characteristics of adults hospitalized for asthma exacerbation 

Characteristics n=103 

Patient characteristics  

Demographics  

  Age (year), median (IQR)   40 (32-49) 

  Female sex  74 (72) 

  Race/ethnicity  

    Non-Hispanic white 19 (18) 

    Non-Hispanic black   69 (67) 

    Hispanic ethnicity 12 (12) 

    Others 3 (3) 

Health insurance  

  Private 38 (37) 

  Public 62 (60) 

  No insurance 3 (3) 

Household income ($), median (IQR)* 37,942 (27,540-54,164) 

Having primary care physician  95 (92) 

Current smoking† 22 (21) 

BMI (kg/m2), median (IQR)‡ 35 (28-43) 

Medical history  

History of eczema 32 (31) 

History of allergic rhinitis 66 (64) 

Coexistent illnesses§  

  COPD  13 (13) 

  Gastroesophageal reflux  12 (12) 

  Psychiatric disorder  10 (10) 

  Congestive heart failure  7 (7) 

  Pneumonia 6 (6) 

Asthma-related history  

ED visit for asthma in the pre-implementation period 96 (93) 

Hospitalized for asthma in the pre-implementation period 79 (77) 

  Frequency of hospitalizations, median (IQR) 2 (1-5) 

History of intubation for asthma 30 (29) 

Current use of oral corticosteroids 45 (44) 
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Current use of inhaled corticosteroids 103 (100) 

Current use of long-acting beta-agonist 70 (68) 

Current use of leukotriene receptor antagonists or modifiers 54 (52) 

Asthma Control Test in the past 4 weeks, median (IQR) 9 (7-12) 

Having PEF meter 76 (74) 

Having PEF measured in the past 4 weeks|| 42 (55) 

Having asthma action plan 47 (46) 

Laboratory values during hospitalization  

WBC (cells/μL), mean (SD) 10,480 (4130) 

Eosinophils (cells/μL), mean (SD) 297 (430) 

Serum total IgE level (IU/μL), mean (SD)¶ 412 (880) 

Presentation and inpatient course  

Initial hospitalization location  

  ED observation unit 55 (53) 

  Hospital ward or stepdown unit 36 (35) 

  ICU  12 (11) 

 Mechanical ventilation** 12 (12) 

Disposition  

  Discharged to home 101 (98) 

  Left against medical advice 2 (2) 

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; ED, 

emergency department; ICU, intensive care unit; IQR, interquartile range; PEF, peak expiratory 

flow; WBC, white blood cell 

Data were expressed as n (%) unless otherwise indicated.  Percentages are not equal 100 

because of missing. 

* Estimated from patient's residence ZIP code 

† Among 97 patients who have the information of the smoking status 

‡ Among 90 patients who have the information of body height and weight 

§ Including chronic obstructive pulmonary disease, pneumothorax, pneumonia, nasal polyps, 

rhinitis, sinusitis, vocal code dysfunction, significant arrhythmia, congestive heart failure, 

psychiatric disorder (e.g., schizophrenia), and gastroesophageal reflux 
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|| Among 76 patients who had a PEF meter before the index hospitalization 

¶ Among 77 patients who underwent serum total IgE measurement during the index 

hospitalization 

** Including non-invasive and invasive positive pressure ventilation 
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FIGURE LEGEND 

Figure 1. Within-individual comparisons of chronic asthma care between pre- and post-

implementation periods 

Arrow indicates that the confidence interval of the rate ratio exceeds the lower or higher limit of 

the x-axis. 

* Averaged over the 2-year period (a total of 206 person-years) before the implementation of the 

hospital-initiated care bundle 

† In the 1-year period (a total of 102.5 person-years) after the implementation of hospital-

initiated care bundle (including the index hospitalization) 

‡ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated 

by conditional Poisson regression models accounting for the difference in period intervals 

§ Serum total IgE measurement during or after the index hospitalization 

|| Serum specific IgE measurement after the index hospitalization  

¶ Including dupilumab, benralizumab, mepolizumab, and reslizumab 

Abbreviations: RR, rate ratio; CI, confidence interval; IgE, immunoglobulin E; IL-4, interleukin-

4; IL-5, interleukin-5 

 

Figure 2. Within-individual comparisons of annualized incidence of severe asthma 

exacerbations between pre- and post-implementation periods 
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* Averaged over the 2-year period (a total of 206 person-years) before the implementation of 

hospital-initiated care bundle. 

† In the 1-year period (a total of 102.5 person-years) after the implementation of hospital-

initiated care bundle. 

‡ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated 

by conditional Poisson regression models accounting for the difference in period intervals. 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 
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Table E1. Implementation of hospital-initiated care bundle by item in patients hospitalized 

for asthma exacerbation 

Bundle item % (95% CI) 

Core elements 
 

Inpatient laboratory testing* 97 (92-99) 

Serum total IgE measurement 75 (65-83) 

CBC with differential measurement 93 (87-97) 

Inpatient asthma education† 82 (73-89) 

Development of written action plan 54 (44-64) 

Education of inhaler use technique 44 (34-54) 

Provision of peak flow meter‡ 54 (33-73) 

Smoking cessation assistance§ 59 (36-79) 

Hospital discharge care|| 96 (90-99) 

Prescription of systemic corticosteroids 92 (85-97) 

Modification of inhaled corticosteroids 23 (16-33) 

Instruction for follow-up visit to asthma specialist 67 (57-76) 

Appointment of follow-up visit to asthma specialist 31 (22-41) 

Optional elements 38 (29-48) 

Pharmacy consult 15 (8-23) 

Asthma case manager consult 31 (22-41) 

Abbreviations: CBC, complete blood count; CI, confidence interval; IgE, immunoglobulin E 
* Any of the following two items 
† Any of the following four items; Asthma education was performed by the multidisciplinary 

project team (e.g., emergency physicians, internists, allergists/immunologists, pulmonologists, 

respiratory therapists, advanced practice providers, study staff) during the index hospitalization.  
‡ Among 26 patients who did not have a peak flow meter at hospitalization 
§ Among 22 patients who were current smoker 
|| Any of the following four items 
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Table E2. Within-individual comparisons of chronic asthma care between pre- and post-implementation periods, by sex 

Outcome by sex 
Rate (%) 

RR (95%CI)‡ P-value 
Pre-implementation* Post-implementation† 

Female (n=74) 
    

Serum specific IgE measurement 7 11 1.45 (0.56-3.59) 0.42 

Allergen skin testing 1 1 1.00 (0.05-10.5) 0.99 

Use of omalizumab <1 0 n/a n/a 

Use of anti-IL-4/IL-5 therapy§ <1 5.4 8.00 (0.89-71.6) 0.06 

Asthma specialist visit|| 20 54 2.76 (1.72-4.49) <0.001 

Male (n=29) 
    

Serum specific IgE measurement 2 17 10.2 (1.64-194.7) 0.03 

Allergen skin testing 0 0 n/a n/a 

Use of omalizumab 3 3 1.02 (0.05-10.6) 0.99 

Use of anti-IL-4/IL-5 therapy§ 0 3 n/a n/a 

Asthma specialist visit|| 19 45 2.41 (1.08-5.48) 0.03 

Abbreviations: RR, rate ratio; CI, confidence interval; IgE, immunoglobulin E; IL-4, interleukin-4; IL-5, interleukin-5 

n/a: Not estimated given the absence of an outcome in a period. 
* Averaged over the 2-year period (a total of 206 person-years) before the implementation of hospital-initiated care bundle 
† In the 1-year period (a total of 102.5 person-years) after the implementation of hospital-initiated care bundle (including the index 

hospitalization) 
‡ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals 
§ Including dupilumab, benralizumab, mepolizumab, and reslizumab 
|| Including allergists, pulmonologists, and asthma clinic providers 
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Table E3. Within-individual comparisons of chronic asthma care between pre- and post-implementation periods, by 

race/ethnicity 

Outcome by race/ethnicity 
Rate (%) 

RR (95%CI)‡ P-value 
Pre-implementation* Post-implementation† 

Non-Hispanic white (n=19) 
    

Serum specific IgE measurement 5 16 3.07 (0.51-23.3) 0.22 

Allergen skin testing 3 0 n/a n/a 

Use of omalizumab 3.0 0 n/a n/a 

Use of anti-IL-4/IL-5 therapy§ 0 16 n/a n/a 

Asthma specialist visit|| 32 58 1.88 (0.82-4.30) 0.13 

Non-Hispanic black (n=69) 
    

Serum specific IgE measurement 7 12 1.78 (0.67-4.65) 0.24 

Allergen skin testing <1 0 n/a n/a 

Use of omalizumab <1 0 n/a n/a 

Use of anti-IL-4/IL-5 therapy§ <1 3 4.00 (0.38-86.0) 0.26 

Asthma specialist visit|| 18 54 2.96 (1.79-4.97) <0.001 

Hispanic (n=12) 
    

Serum specific IgE measurement 4 8 2.00 (0.08-50.5) 0.62 

Allergen skin testing 0 8 n/a n/a 

Use of omalizumab 4 0 n/a n/a 

Use of anti-IL-4/IL-5 therapy§ 0 0 n/a n/a 

Asthma specialist visit|| 8 25 3.00 (0.50-22.8) 0.23 

Abbreviations: RR, rate ratio; CI, confidence interval; IgE, immunoglobulin E; IL-4, interleukin-4; IL-5, interleukin-5 

n/a: Not estimated given the absence of an outcome in a period. 

There were only 3 patients in the other race/ethnicity category; therefore, no statistical inference was made. 
* Averaged over the 2-year period (a total of 206 person-years) before the implementation of hospital-initiated care bundle 
† In the 1-year period (a total of 102.5 person-years) after the implementation of hospital-initiated care bundle (including the index 

hospitalization) 
‡ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals 
§ Including dupilumab, benralizumab, mepolizumab, and reslizumab 
|| Including allergists, pulmonologists, and asthma clinic providers 
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Table E4. Within-individual comparisons of chronic asthma care between pre- and post-implementation periods, by primary 

health insurance 

Outcome by insurance 
Rate (%) 

RR (95%CI)‡ P-value 
Pre-implementation* Post-implementation† 

Public insurance (n=62) 
    

Serum specific IgE measurement 7 11 1.76 (0.62-4.91) 0.27 

Allergen skin testing <1 2 2.02 (0.08-50.9) 0.62 

Use of omalizumab 2 2 1.01 (0.05-10.5) 0.99 

Use of anti-IL-4/IL-5 therapy§ <1 3 4.03 (0.39-86.7) 0.26 

Asthma specialist visit|| 19 47 2.44 (1.42-4.22) 0.001 

Private insurance (n=38) 
    

Serum specific IgE measurement 5 16 3.00 (0.86-11.7) 0.09 

Allergen skin testing 1 0 n/a n/a 

Use of omalizumab 1 0 n/a n/a 

Use of anti-IL-4/IL-5 therapy§ 0 8 n/a n/a 

Asthma specialist visit|| 21 58 2.75 (1.45-5.32) 0.002 

Abbreviations: RR, rate ratio; CI, confidence interval; IgE, immunoglobulin E; IL-4, interleukin-4; IL-5, interleukin-5 

n/a: Not estimated given the absence of an outcome in a period. 

There were only 3 patients with no insurance; therefore, no statistical inference was made. 
* Averaged over the 2-year period (a total of 206 person-years) before the implementation of hospital-initiated care bundle 
† In the 1-year period (a total of 102.5 person-years) after the implementation of hospital-initiated care bundle (including the index 

hospitalization) 
‡ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals 
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Table E5. Within-individual comparisons of annualized incidence of severe asthma exacerbations between pre- and post-

implementation periods, by sex 

Outcome by sex* 

Mean annualized incidence  

(per person-year) RR (95%CI) § P-value 
Pre-implementation† Post-implementation‡ 

Female (n=74) 
    

Systemic corticosteroid use 4.0 2.8 0.71 (0.60-0.83) <0.001 

ED visit 3.4 2.5 0.73 (0.62-0.86) <0.001 

Hospitalization 2.2 1.6 0.76 (0.61-0.93) 0.01 

Male (n=29) 
    

Systemic corticosteroid use 4.7 3.2 0.69 (0.54-0.87) 0.002 

ED visit 2.8 3.2 1.12 (0.87-1.45) 0.37 

Hospitalization 2.1 2.0 0.97 (0.71-1.33) 0.87 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 
* Test for the interactions between the care bundle and sex: Pinteraction=0.86 for systemic corticosteroid use, Pinteraction=0.01 for ED visit, 

and Pinteraction=0.20 for hospitalization 
† Averaged over the 2-year period (a total of 206 person-years) before the implementation of hospital-initiated care bundle 
‡ In the 1-year period (a total of 102.5 person-years) after the implementation of hospital-initiated care bundle 
§ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 
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Table E6. Within-individual comparisons of annualized incidence of severe asthma exacerbations between pre- and post-

implementation periods, by race/ethnicity 

Outcome by race/ethnicity* 

Mean annualized incidence 

(per person-year) RR (95%CI) § P-value 
Pre-implementation† Post-implementation‡ 

Non-Hispanic white (n=19) 
    

Systemic corticosteroid use 3.8 3.1 0.85 (0.63-1.15) 0.31 

ED visit 4.0 2.1 0.51 (0.35-0.72) <0.001 

Hospitalization 2.8 1.5 0.54 (0.35-0.81) 0.004 

Non-Hispanic black (n=69) 
    

Systemic corticosteroid use 4.2 3.1 0.74 (0.63-0.86) <0.001 

ED visit 3.1 3.1 0.99 (0.84-1.16) 0.87 

Hospitalization 2.2 2.1 0.96 (0.79-1.17) 0.69 

Hispanic (n=12) 
    

Systemic corticosteroid use 5.3 1.8 0.35 (0.22-0.54) <0.001 

ED visit 3.0 1.2 0.38 (0.21-0.66) 0.001 

Hospitalization 1.3 0.4 0.32 (0.11-0.76) 0.02 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 
* There were only 3 patients in the other race/ethnicity category; therefore, no statistical inference was made. Test for the interactions 

between the bundle and race/ethnicity: In non-Hispanic black patients, Pinteraction=0.39 for systemic corticosteroid use, Pinteraction<0.001 

for ED visit, and Pinteraction =0.02 for hospitalization; In Hispanic patients, Pinteraction=0.001 for systemic corticosteroid use, for 

Pinteraction=0.41 for ED visit, and Pinteraction =0.32 for hospitalization 
† Averaged over the 2-year period (a total of 206 person-years) before the implementation of hospital-initiated care bundle 
‡ In the 1-year period (a total of 102.5 person-years) after the implementation of hospital-initiated care bundle 
§ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals 
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Table E7. Within-individual comparisons of annualized incidence of severe asthma exacerbations between pre- and post-

implementation periods, by primary health insurance 

Outcome by insurance* 

Mean annualized incidence 

(per person-year) RR (95%CI) § P-value 
Pre-implementation† Post-implementation‡ 

Public insurance (n=62) 
    

Systemic corticosteroid use 4.7 3.0 0.64 (0.54-0.75) <0.001 

ED visit 3.8 3.1 0.81 (0.68-0.95) 0.01 

Hospitalization 2.8 2.4 0.85 (0.70-1.03) 0.10 

Private insurance (n=38) 
    

Systemic corticosteroid use 3.4 2.8 0.81 (0.64-1.01) 0.06 

ED visit 2.3 2.0 0.88 (0.67-1.15) 0.35 

Hospitalization 1.1 0.8 0.73 (0.48-1.09) 0.13 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 
* There were only 3 patients with no insurance; therefore, no statistical inference was made. Test for the interactions between the care 

bundle and primary health insurance: Pinteraction=0.04 for systemic corticosteroid use, Pinteraction=0.58 for ED visit, and Pinteraction=0.40 for 

hospitalization 
† Averaged over the 2-year period (a total of 206 person-years) before the implementation of hospital-initiated care bundle 
‡ In the 1-year period (a total of 102.5 person-years) after the implementation of hospital-initiated care bundle 
§ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 
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Table E8. Within-individual comparisons of annualized incidence of severe asthma exacerbations between pre- and post-

implementation periods, by smoking status 

Outcome by smoking status* 

Mean annualized incidence  

RR (95%CI) §  P-value (per person-year) 

Pre-implementation†  Post-implementation‡  

Non-smoking (n=75) 
    

  Systemic corticosteroid use 4.4 3.3 0.75 (0.65-0.86) <0.001 

  ED visit 3.4 3.0 0.89 (0.76-1.03) 0.13 

  Hospitalization 2.2 2.0 0.93 (0.76-1.12) 0.45 

Smoking (n=22) 
    

  Systemic corticosteroid use 3.3 1.7 0.52 (0.36-0.74) <0.001 

  ED visit 2.4 1.9 0.78 (0.54-1.11) 0.18 

  Hospitalization 1.9 1.2 0.62 (0.39-0.95) 0.03 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 

* Among 97 patients who had the information of smoking status. Test for the interactions between the care bundle and smoking status: 

Pinteraction=0.08 for systemic corticosteroid use, Pinteraction=0.53 for ED visit, and Pinteraction=0.10 for hospitalization 

† Averaged over the 2-year period (a total of 150 person-years in the non-smoking group and a total of 44 person-years in the smoking 

group) before the implementation of hospital-initiated care bundle. 

‡ In the 1-year period (a total of 75 person-years in the non-smoking group and a total of 21.5 person-years in the smoking group) after 

the implementation of hospital-initiated care bundle. 

§ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals.
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Table E9. Within-individual comparisons of annualized incidence of severe asthma exacerbations between pre- and post-

implementation periods, by obesity status 

Outcome by obesity status* 

Mean annualized incidence  

RR (95%CI) § P-value (per person-year) 

Pre-implementation†  Post-implementation‡  

Non-obesity (n=28) 
    

  Systemic corticosteroid use 4.8 3.6 0.75 (0.59-0.94) 0.02 

  ED visit 2.5 3.5 1.38 (1.06-1.78) 0.02 

  Hospitalization 1.9 2.0 1.04 (0.75-1.43) 0.83 

Obesity (n=62) 
    

  Systemic corticosteroid use 4.2 2.8 0.68 (0.57-0.80) <0.001 

  ED visit 3.8 2.7 0.72 (0.60-0.85) <0.001 

  Hospitalization 2.5 2.0 0.77 (0.62-0.94) 0.01 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 

* Among 90 patients who had the information of body height and weight. Obesity was defined by BMI of ≥ 30 kg/m2. Test for the 

interactions between the care bundle and obesity status: Pinteraction=0.49 for systemic corticosteroid use, Pinteraction<0.001 for ED visit, 

and Pinteraction=0.12 for hospitalization 

† Averaged over the 2-year period (a total of 56 person-years in the non-obesity group and a total of 124 person-years in the obesity 

group) before the implementation of hospital-initiated care bundle. 

‡ In the 1-year period (a total of 28 person-years in the non-obesity group and a total of 61.5 person-years in the obesity group) after 

the implementation of hospital-initiated care bundle. 

§ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals.
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Table E10. Within-individual comparisons of annualized incidence of severe asthma exacerbations between pre- and post-

implementation periods, by history of intubation for asthma 

Outcome by history of intubation for 

asthma* 

Mean annualized incidence  

RR (95%CI) § P-value 
(per person-year) 

Pre-implementation† Post-implementation‡ 

No history of intubation (n=72) 
    

  Systemic corticosteroid use 4.0 2.7 0.68 (0.57-0.79) <0.001 

  ED visit 2.6 2.2 0.88 (0.73-1.05) 0.16 

  Hospitalization 1.5 1.3 0.83 (0.65-1.06) 0.14 

History of intubation (n=30) 
    

  Systemic corticosteroid use 4.7 3.5 0.76 (0.60-0.94) 0.01 

  ED visit 4.9 3.8 0.77 (0.62-0.96) 0.02 

  Hospitalization 3.6 3.0 0.81 (0.63-1.04) 0.10 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 

* Among 102 patients who have the information of history of intubation for asthma. Test for the interactions between the care bundle 

and history of intubation for asthma: Pinteraction=0.42 for systemic corticosteroid use, Pinteraction=0.39 for ED visit, and Pinteraction=0.90 for 

hospitalization 

† Averaged over the 2-year period (a total of 144 person-years in the no-history of intubation group and a total of person-years in the 

history of intubation group) before the implementation of hospital-initiated care bundle 

‡ In the 1-year period (a total of 71.5 person-years in the no-history of intubation group and a total of 30 person-years in the history of 

intubation group) after the implementation of hospital-initiated care bundle 

§ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals
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Table E11. Within-individual comparisons of annualized incidence of severe asthma exacerbations between pre- and post-

implementation periods, by use of oral corticosteroids before index hospitalization 

Outcome by use of oral corticosteroids* 

Mean annualized incidence  

RR (95%CI)§ P-value (per person-year) 

Pre-implementation†  Post-implementation‡  

No use of oral corticosteroids (n=57) 
    

  Systemic corticosteroid use 4.7 3.1 0.67 (0.56-0.79) <0.001 

  ED visit 3.6 2.9 0.79 (0.65-0.94) 0.009 

  Hospitalization 2.4 2.0 0.85 (0.68-1.06) 0.15 

Use of oral corticosteroids (n=45) 
   

 
  Systemic corticosteroid use 3.6 2.7 0.76 (0.62-0.93) 0.01 

  ED visit 2.8 2.5 0.90(0.72-1.12) 0.34 

  Hospitalization 1.9 1.4 0.76 (0.57-1.01) 0.07 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 

* Among 102 patients who have the information of use of oral corticosteroids before the index hospitalization. Test for the interactions 

between the care bundle and use of oral corticosteroids: Pinteraction=0.35 for systemic corticosteroid use, Pinteraction=0.37 for ED visit, and 

Pinteraction=0.56 for hospitalization 

 

† Averaged over the 2-year period (a total of 114 person-years in the non-use of oral corticosteroids group and a total of 90 person-

years in the use of oral corticosteroids group) before the implementation of hospital-initiated care bundle 

‡ In the 1-year period (a total of 56.5 person-years in the non-use of oral corticosteroids group and a total of 45 person-years in the use 

of oral corticosteroids group) after the implementation of hospital-initiated care bundle 

§ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals
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Table E12. Within-individual comparisons of annualized incidence of severe asthma exacerbations between pre- and post-

implementation periods, by initial hospitalization location 

Outcome by initial hospitalization 

location* 

Mean annualized incidence  

RR (95%CI) § P-value (per person-year) 

Pre-implementation† Post-implementation‡ 

ED observation unit (n=55) 
    

  Systemic corticosteroid use 4.4 3.0 0.69 (0.57-0.82) <0.001 

  ED visit 2.6 2.4 0.92 (0.75-1.13) 0.43 

  Hospitalization 1.4 1.3 0.90 (0.68-1.18) 0.45 

Hospital ward or stepdown  

   unit (n=36) 

    

  Systemic corticosteroid use 4.1 3.0 0.73 (0.58-0.91) 0.01 

  ED visit 3.6 3.3 0.93 (0.75-1.16) 0.52 

  Hospitalization 3.0 2.4 0.80 (0.62-1.02) 0.08 

Intensive care unit (n=12) 
    

  Systemic corticosteroid use 3.4 2.3 0.69 (0.44-1.05) 0.09 

  ED visit 4.9 1.8 0.37 (0.23-0.58) <0.001 

  Hospitalization 2.7 1.8 0.68 (0.41-1.08) 0.11 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 

* Test for the interactions between the bundle and initial hospitalization location: In Hospital ward or stepdown, Pinteraction=0.66 for 

systemic corticosteroid use, Pinteraction=0.94 for ED visit, and Pinteraction =0.55 for hospitalization; In Intensive care unit, Pinteraction=0.97 

for systemic corticosteroid use, for Pinteraction<0.001 for ED visit, and Pinteraction =0.32 for hospitalization 
† Averaged over the 2-year period (a total of 110 person-years in the ED observation unit group, a total of 72 person-years in the 

hospital ward or stepdown unit group, and a total of 24 person-years in the intensive care unit group) before the implementation of 

hospital-initiated care bundle 
‡ In the 1-year period (a total of 55 person-years in the ED observation unit group, a total of 35.5 person-years in the hospital ward or 

stepdown unit group, and a total of 12 person-years in the intensive care unit group) after the implementation of hospital-initiated care 

bundle 
§ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals
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Table E13. Within-individual comparisons of the annualized incidence of severe asthma exacerbations between pre-and post-

implementation periods in patients without chronic obstructive pulmonary disease (COPD) 

  Mean annualized incidence 
 

 

Outcomes (per person-year) RR (95%CI)‡ P-value  
Pre-

implementation*  

Post- 

implementation†  

  

Systemic corticosteroid use 3.9 2.6 0.68 (0.58-0.78) <0.001 

ED visit 3.3 2.4 0.74 (0.63-0.86) <0.001 

Hospitalization 2.0 1.5 0.75 (0.62-0.92) 0.01 

Abbreviations: COPD, chronic obstructive pulmonary disease; RR, rate ratio; CI, confidence interval; ED, emergency department 

* Averaged over the 2-year period (a total of 180 person-years) before the implementation of the hospital-initiated care bundle 

† In the 1-year period (a total of 90.5 person-years) after the implementation of the hospital-initiated care bundle 

‡ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals 
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Table E14. Within-individual comparisons of annualized incidence of severe asthma exacerbations between pre- and post-

implementation periods in patients who did not initiate new biologic agents in post-implementation period* 

Outcome 

Mean annualized incidence  

RR (95%CI)§ P-value (per person-year) 

Pre-implementation†  Post-implementation‡  

Systemic corticosteroid use 4.2 2.9 0.71(0.62-0.81) <0.001 

ED visit 3.1 2.7 0.76(0.72-1.02) 0.10 

Hospitalization 2.0 1.8 0.88(0.73-1.05) 0.15 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 

* Defined as anti-IL-4/IL-5 therapy including dupilumab, benralizumab, mepolizumab, and reslizumab 

† Averaged over the 2-year period (a total of 196 person-years) before the implementation of hospital-initiated care bundle 

‡ In the 1-year period (a total of 97.5 person-years) after the implementation of hospital-initiated care bundle 

§ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals 
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Table E15. Within-individual comparisons of the annualized incidence of severe asthma exacerbations between pre-and post-

implementation (0-6 months after index hospitalization) periods 

  Mean annualized incidence 
 

 

Outcome (per person-year) RR (95%CI)‡ P-value  
Pre-

implementation*  

Post- 

implementation†  

  

Systemic corticosteroid use 4.2 3.1 0.74 (0.63-0.88) <0.001 

ED visit 3.2 2.8 0.88 (0.73-1.05) 0.15 

Hospitalization 2.1 2.0 0.93 (0.75-1.15) 0.52 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 

* Averaged over the 2-year period (a total of 206 person-years) before the implementation of the hospital-initiated care bundle 

† In the first 6-month period after the implementation of the hospital-initiated care bundle (a total of 51.5 person-years) 

‡ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals 
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Table E16. Within-individual comparisons of the annualized incidence of severe asthma exacerbations between pre-and post-

implementation (7-12 months after index hospitalization) periods 

  Mean annualized incidence 
 

 

Outcome (per person-year) RR (95%CI)‡ P-value  
Pre-

implementation*  

Post- 

implementation†  

  

Systemic corticosteroid use 4.2 2.7 0.66 (0.55-0.79) <0.001 

ED visit 3.2 2.5 0.77 (0.64-0.93) 0.007 

Hospitalization 2.1 1.5 0.70 (0.55-0.89) 0.004 

Abbreviations: RR, rate ratio; CI, confidence interval; ED, emergency department 

* Averaged over the 2-year period (a total of 206 person-years) before the implementation of the hospital-initiated care bundle 

† In the second 6-month period after the implementation of the hospital-initiated care bundle (a total of 51 person-years) 

‡ RRs are for post- vs. pre- (reference) implementation periods within individuals, as estimated by conditional Poisson regression 

models accounting for the difference in period intervals 
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Table E17. Within-individual comparisons of the proportion of severe asthma exacerbations occurrence between pre-and post-

implementation periods, modeling outcomes as binary variables 

Outcome 
Proportion (%) 

OR (95%CI)* P-value 
Pre-implementation  Post-implementation  

Systemic corticosteroid use 100 73 N.A. † N.A. † 

ED visit 93 69 0.21 (0.07-0.70) 0.01 

Hospitalization 77 58 0.59 (0.27-1.30) 0.19 

Abbreviations: OR, odds ratio; CI, confidence interval; ED, emergency department 

* ORs for the occurrence of outcome event (yes vs. no) for post- vs. pre- (reference) implementation periods within individuals, as 

estimated by conditional logistic regression models accounting for the difference in period intervals 

† Not estimated because all patients had a systemic corticosteroid use in the pre-implementation period as an inclusion criterion  
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