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Abstract

Background: Obesity and metabolic dysregulation can lead to adverse outcomes in people with 

asthma. We hypothesized that pharmacological treatment of metabolic conditions in youth with 

asthma is associated with lowered risk of severe asthma exacerbations.

Research Question: Is metabolic pharmacotherapy associated with a lower risk of severe 

asthma exacerbations among children and young adults with metabolic dysregulation?

Study Design and Methods: This retrospective, quasi-experimental, longitudinal study 

examined severe asthma exacerbations (those requiring hospitalization or an emergency 

department [ED] visit) among youth aged 5-25 years with asthma and a history of a 

metabolic condition (obesity, diabetes, or hypertension). Definitions and diagnoses were based 
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on documented international classification of diseases (ICD) codes. We compared the odds of 

severe asthma exacerbations before and after the initiation of metabolic pharmocotheraphy using 

adjusted piecewise generalized linear mixed models.

Results: The cohort consisted of 783 patients, predominantly female (73.7%), white (71.6%), 

and non-Hispanic (90.4%). Metformin was the most frequently prescribed metabolic medication 

(75.4%). Before initiating metabolic pharmocotheraphy, the odds of severe asthma exacerbations 

increased by 29% per year (OR=1.29, 95%CI = 1.12-1.49). Conversely, following the 

commencement of metabolic pharmacotherapy, the odds of severe asthma exacerbations decreased 

by 66% per year (OR=0.34, 95%CI = 0.23-0.50), showing a statistically significant and marked 

difference between the pre- and post-treatment periods.

Interpretation: Our findings show that the odds of severe asthma excerbations are substantially 

lower after the initiation of metabolic pharmacotheraphy, highlighting the positive impact that 

treatment of metabolic syndromes could have in reducing the risk of severe asthma exacerbations. 

This underscores the interconnectedness of metabolic and respiratory health and the need for 

further research into effective treatment strategies for individuals with asthma and obesity-related 

metabolic conditions.
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INTRODUCTION

Asthma, a chronic inflammatory disease of the airways, affects 25 million people in 

the U.S., including ~7.5 million children and young adults (ages 18-25 years).1 2 Many 

observational and epidemiological studies have identified an the association between 

metabolic conditions, such as obesity and metabolic syndrome, and asthma.3–8 Overweight 

and obesity, which affect 35-60% of the U.S. population, are associated with a higher 

risk of incident asthma.9 Moreover, among individuals with asthma, obesity is associated 

with increased asthma severity and morbidity, including more frequent and prolonged 

hospitalizations.10 “Obesity-related asthma” is a complex, likely multifactorial phenotype 

with various underlying mechanisms, including alterations in respiratory physiology and 

airway resistance, insulin resistance, low-grade systemic inflammation, and production of 

bioactive molecules that may alter immune responses.10–13

Standard asthma management typically includes the use of bronchodilators, inhaled 

corticosteroids (ICS), and, in severe asthma, including both allergic and non-allergic 

phenotypes, monoclonal antibodies (often called “biologics”).14 Despite these treatments, 

many children with moderate-to-severe asthma experience frequent exacerbations and 

hospitalizations.15 In children with asthma, obesity has been associated with decreased 

response to bronchodilators and ICS.4,16 Although lifestyle interventions, such as a 

healthy diet and exercise, remain central to managing overall health as well as obesity-

related asthma, sustained adherence is extremely difficult. Pharmacological interventions 

involving antidiabetic or “metabolic” medications have shown promise for reducing 

systemic inflammation, promoting weight loss, and improving metabolic health.7,17,18 Some 
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medications –metformin, statins, and thiazolidinediones– have shown anti-inflammatory 

effects in lab studies and some clinical improvements in studies in adults.19,20 However, 

their effects on asthma-related outcomes remain unclear, particularly in children and young 

adults. Metformin, a biguanide used to treat type 2 diabetes,21,22 has anti-inflammatory 

properties and has been shown to improve airway inflammation in mouse models of obesity-

related asthma.19,20 However, there is limited evidence to support the use of metformin as 

a treatment for patients with an asthma-metabolic syndrome comorbidity, particularly in the 

pediatric population.23–25 Yet, such pharmacological treatments for metabolic dysregulation 

may provide additional management options for youth with obesity-related asthma.

In this study, we aimed to investigate whether initiation of metabolic pharmacotherapy 

among children and young adults with asthma is associated with reduced risk of severe 

asthma exacerbations.

STUDY DESIGN AND METHODS

Study design

A retrospective, quasi-experimental, longitudinal design was used to evaluate changes in 

annualized asthma-related hospitalization and ED rates before and after the initiation of 

metabolic medications. This design was selected to allow for the observation of patients 

over a significant period of time before and after drug initiation, enabling us to assess the 

long-term impact of metabolism-related medications on asthma outcomes.

Study setting and data sources: We extracted patient data from the Cerner electronic 

health record system (EHR) data warehouse used by [X] system affliatied institutions. [XH} 

is a comprehensive healthcare system that includes provides primary and subspecialty care 

for over 1.2M residents in our state.

Participants: Study data were extracted from the EHR of patients who sought healthcare 

at the [X] System between January 1st 2010 and December 31st 2023. We used international 

classification of diseases 9/10 (ICD-9/10) codes to identify diagnoses of asthma, obesity, 

type 2 diabetes, metabolic syndrome, and hypertension. A full list of codes is available in 

Supplemental e-Table 1 Inclusion criteria required patients to be between 5 and 25 years of 

age at the time of metabolic medication initiation (index date).The patient cohort included 

children and young adults, and aged 5-25 years, who had a documented diagnosis of asthma 

(ICD-10 J45.XX; ICD-9 493.XX) and at least one of the following metabolic conditions: 

obesity (ICD-10 E66.XXX; ICD-9 278.XX), metabolic syndrome (ICD-10 E88.81; ICD-9 

277.7X), or type 2 diabetes (ICD-10 E11.XXX; ICD-9 250.XX) prior to their index date 

(i.e., date of first metabolic medication prescription). Individuals with secondary diabetes 

(i.e., due to another disease or condition e.g., ICD-10 E08.xx, E09.xx, E10.xx, E13.xx, 

250.81) were excluded. We restricted our analysis sample to only patients who sought 

routine outpatient care at least once each of the 6 years prior to their index date and 3 

years after their index date (Figure 1). This longer pre-treatment duration was selected to 

establish a stable baseline trend. Three years post-treatment were included due to recency 

of some medications and follow-up data constraints. We excluded patients who had an 

ICS prescription before their first documented asthma diagnosis (ICD-10 J45.xx, 493.xx) 
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to rule out prevalent asthma cases that might have received asthma-related care outside 

IUH. Patients with asthma medications preceding their asthma diagnosis were excluded 

to focus on incident asthma cases and reduce the potential for prevalence-incidence bias 

(i.e., . Similarly, patients with a metabolic-related medication before any metabolic condition 

diagnosis were excluded.The final study cohort consisted of 783 children and young adults 

(Figure 2).

Outcome measure: Our primary outcome was the occurrence of at least one severe 

asthma exacerbation per patient per year (i.e., 12-month intervals) prior to and after the 

index date. A severe asthma exacerbation was defined as an asthma exacerbation that 

resulted in a hospitalization or ED visit.26 Asthma-related ED visits and hospitalizations 

were included only if the encounter listed asthma as a primary or secondary diagnosis 

(ICD-10 J45.xx).

Covariates: The main exposure variable of interest was prescription of metabolic-

related medications as identified in the EHR. Metabolic medications included biguanides, 

sulfonylureas, SGLT2 inhibitors, DPP4 inhibitors, and glucagon-like peptide-1 (GLP1) 

receptor agonists (e-Table 2). Other covariates, considered as potential effect moderators 

and confounders (in the absence of statistically significant moderator effects), included sex, 

race, ethnicity, age at first metabolic medication exposure (i.e., prescription), age of first 

asthma diagnosis, history of antidiabetic (or type II diabetes diagnosi), hypertension, ICS, 

and biologic medication prescriptions prior to the study index date.

Statistical Methods: We used piecewise generalized linear mixed-effects models to 

estimate the rate of change in the annualized rate of severe asthma exacerbations pre-post 

metabolic medication initiation. We selected these models for their ability to handle the 

complexity of longitudinal data with repeated measures while accounting for within-subject 

correlations over time.

We examined the mean profile of the annualized severe exacerbations before and after 

the critical time point (index year = 0, i.e., the year the first metabolic medication 

was prescribed) including the pairwise interaction term effects and additive effects of 

investigated covariates. We included a random intercept for each patient to account for 

the non-independence of repeated outcome measures (i.e., annualized occurrence of a severe 

exacerbation). Model fit statistics AIC (Akaike Information Criterion) and BIC (Bayesian 

Information Criterion) were compared to inform model selection.

To further characterize the mean profile of severe asthma exacerbations pre-post metabolic 

medication exposure, we performed a priori planned subgroup analyses by sex, race, 

history of antidiabetic medication, and ICS exposure prior to the index date. We used 

a linear combination of coefficients to test for statistical significance on slopes before 

and after the index date, including a test for the difference in pre-post slopes. Formal 

corrections for multiple tests were not applied for the exploratory subgroup analyses, and 

results are interpreted as hypothesis-generating. P-values <0.05 were considered statistically 

significant. All data analyses were conducted using R version 4.2.2.
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RESULTS

Participant Characteristics

Demographic and baseline characteristics of the EHR-based study cohort are shown in 

Table 1. The cohort comprised 783 youth aged 2-25 years; 73.7% were female and 26.3% 

were male. Patients were predominantly white (71.6%), followed by non-Hispanic Black 

or African American (24.5%); other racial groups, such as Asian, Native Hawaiians or 

other Pacific Islanders, and individuals identified as two or more races made up a smaller 

percentage. In terms of ethnicity, 6.8% identified as Hispanic/Latinos. The average age at the 

patient’s first asthma diagnosis was 14 (standard deviation (SD)=7) years. Prior to the index 

year, 51.5% and 2.6% of the patients had prescriptions for ICS and biologics, respectively. 

At the index date, majority (50.8%) of the patients were 12-18 years old, 40.1% were 19-25 

years old, and only only 9.1% were 5-11 years old. The majority (96%) of the patients were 

categorized as having obesity, 3% as having overweight, and 1% had healthy weight. Most 

patients (75.4%) were prescribed metformin as their first metabolic medication, followed by 

semaglutide (15.2%).

Severe asthma exacerbations before vs after metabolic medication initiation

Table 2 summarizes the overall and strata-specific odds of severe exacerbations pre-post 

metabolic medication start. Before metabolic medications were started, the odds of severe 

asthma exacerbations were 29% higher per year (odds ratio (OR) = 1.29, 95% confidence 

Interval (CI) = 1.12–1.49, p < 0.001); however, after metabolic medication were started, 

the odds of severe exacerbations were 66% lower per year (OR = 0.34, 95% CI = 0.23–

0.50, p < 0.001) adjusted for sex, race, and age differences at the index date. None of the 

pairwise interaction terms (involving sex, race, age at first asthma diagnosis and age at index 

date) examined at baseline, pre and post-metabolic medication exposure were statistically 

significant (p>0.05). The overall rate of change in the odds of severe asthma exacerbations 

before and after medication initiation is also depicted in Figure 3. Sex-stratified analyses 

(Table 2 and Figure 4) revealed that male patients had a 15% higher pre-exposure odds 

of severe asthma exacerbations per year (OR=1.15, 95%CI=0.86 -1.54) and 62% lower 

post-exposure odds (OR= 0.38, 95%CI: 0.18, 0.79). Female participants had slightly higher 

pre-exposure odds (OR = 1.33, 95% CI = 1.14–1.57) and lower post-exposure odds (OR 

= 0.33, 95% CI = 0.22–0.51). White patients had higher pre-exposure odds of severe 

exacerbations (OR = 1.40, 95% CI = 1.15–1.69) but Black patients did not (OR = 1.16, 

95% CI = 0.95–1.42). However, both White (OR = 0.31, 95%CI: 0.19–0.51) and Black (OR 

= 0.39, 95%CI: 0.23–0.66) patients had lower post-exposure odds of severe exacerbations 

adjusted for sex and age differences at the index date (Table 2 and Supplemental Figure S1).

To evaluate the effect of metabolic medication exposure by asthma severity, we performed 

an analysis stratified by prior ICS medication exposure (Table 2 and Figure 4). Patients 

with prior ICS exposure had higher odds of severe exacerbations pre-metabolic medication 

exposure (OR=1.29, 95%CI: 1.09–1.53) and 66% lower odds of severe exacerbations post-

exposure (OR = 0.34, 95%CI: 0.22–0.54). Similar trends were observed among patients 

without prior ICS exposure with a slightly lower pre-exposure odds of severe exacerbations 

and better post-exposure odds ratios.
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Furthermore, to assess the effect of baseline diabetes (Type 2) disease, we performed an 

analysis stratified by prior antidiabetic medication exposure. Having prior anti-diabetic 

medication exposure was associated with higher odds of severe exacerbation pre-metabolic 

medication exposure(OR=1.50, 95%CI: 1.09–2.05) but lower odds post-exposure (OR=0.42, 

95%CI: 0.24–0.75). Among patients without prior antidiabetic medication exposure, the 

magnitude of pre and post-exposure odds ratios of severe exacerbations was lower and 

followed a similar trend to that observed among patients with prior antidiabetic medication 

exposure (Table 2 and Supplemental Figure S2). Similarly, patients with a history of 

hypertension had higher pre-metabolic exposure odds of severe exacerbations per year 

(OR=1.34, 95%CI: 1.34 – 1.35); conversely, the pre-metabolic odds of severe exacerbations 

per year did not change among patients without a history of hypertension. Post-metabolic 

exposure, patients without (vs with) a history of hypertension had a more pronounced 

reduction in the odds of severe exacerbations (Table 2).

DISCUSSION

This is the first long-term longitudinal, retrospective, quasi-experimental study of metabolic 

pharmacotherapy and severe asthma exacerbations that necessitate hospitalization or ED 

visit. Our main finding was that patients with an obesity-related asthma phenotype who 

initiated metabolic pharmacotherapy, experienced a significant reduction in severe asthma 

exacerbations. Prior to the initiation of metabolic medication, we observed increasing odds 

of asthma exacerbations, which may indicate worsening asthma symptoms that would 

require a change in a patient’s usual asthma treatment plan. In contrast, the odds of 

severe exacerbations were markedly decreased post-metabolic medication exposure; this 

considerable reduction underscores the potential benefits of metabolic pharmacotherapy 

to substantially improve asthma sysmptom control. Notably, the lower odds of severe 

exacerbations were observed across adjusted models, suggesting effectiveness may be 

independent of demographic factors such as sex, race, and age. Future studies should 

explore whether anti-inflammatory, insulin-sensitizing, or immunomodulatory properties of 

medications such as metformin underlie the observed reduction in exacerbation risk.

The relatively high pre-metabolic medication exposure odds of severe exacerbations among 

patients with (vs without) prior ICS suggests that, for patients who are overweight or 

obese, asthma targeted treatment alone may not be enough to avert excess acute healthcare 

utilization. Moreover, the benefits of initiating metabolic pharmacotherapy seem to be 

slightly attenuated among patients with (vs without) prior ICS exposure. A similar pattern 

of pre-post odds of severe exacerbations was observed for prior exposure to antidiabetic 

medications. The relatively high odds of severe exacerbations and attenuated benefit of 

initiating metabolic pharmacotherapy among patients with (vs without) prior exposure to 

antidiabetic medications may be linked to poorly controlled diabetes. Having diabetes has 

been shown to significantly increase the risk of developing severe asthma; this is likely 

due to shared mechanisms like chronic inflammation and insulin resistance present in 

both diseases.27. However, because our study analyses did not detect such moderation 

effects (i.e., the pairwise interaction terms involving prior exposure to antidiabetic x ICS 

medications were not statistically significant), replication of our findings in other study 

cohorts is warranted.
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The non-significant hypothesis tests involving pairwise interaction terms (time by sex, 

age, or race) suggest that the effects of initiating metabolic pharmacotherapy may not 

vary depending on a patient’s demographic characteristics. However, the consistent and 

marked increase in the odds severe exacerbations pre-metabolic medication exposure in our 

subgroup analyses support the hypothesis that metabolic dysregulation, which is common 

in conditions such as obesity and diabetes, may indeed be associated with worse asthma 

control.7,28,29 Conversely, the initiation of metabolic pharmacotherapy may lead to improved 

asthma symptom control resulting in reduced risk of severe exacerbations.

Our study findings are consistent with existing research that shows a strong association 

between obesity, metabolic dysregulation, and asthma.4,10,30–32 Moreover, with the longer 

follow-up pre and post metabolic exposure, our findings suggest the risk of severe asthma 

exacerbations is not transient, nor are the benefits of initiating metabolic pharmacotherapy. 

These findings in youth may mirror similar trends seen in adult populations, which 

have been explored in prior studies using administrative or cohort data. Our findings are 

supported by prior research in adult populations that demonstrate a consistent association 

between metabolic medications and improved asthma outcomes. For instance,a study using 

data from the Genetic Epidemiology of Chronic Obstructive Pulmonary Disease (COPD) 

(COPDGene), a multicenter U.S. cohort designed to explore genetic factors in COPD, 

reported that metformin use was associated with improved respiratory outcomes in adults 

with asthma-COPD overlap.18 Similarly, a retrospective cohort study based on the Taiwan 

National Health Insurance Research Database reported that metformin users with both 

asthma and diabetes had better asthma control and fewer exacerbations compared to non-

users.7 In a large Taiwanese cohort, it observed that insulin use increased asthma risk, while 

metformin use significantly reduced it.8 Together, these studies reinforce the hypothesis that 

metabolic pharmacotherapy may improve asthma outcomes through anti-inflammatory or 

metabolic regulatory mechanisms. Our study builds on this body of evidence, extending 

these findings to a younger population, and suggests that the respiratory benefits of 

metabolic medications may manifest early in the disease course.These findings suggest that 

incorporating metabolic-related medications into treatment regimens for patients with the 

obesity asthma phenotype could have substantial benefits in reducing healthcare utilization, 

attenuating severe exacerbations, and improving asthma control.

Implications for Clinical Practice

Our findings underscore the importance of managing metabolic conditions in children and 

youth with asthma. Demonstrating a significant decrease in severe asthma exacerbations 

after initiation of metabolic medications emphasizes the importance of an integrated care 

approach addressing both respiratory and metabolic health. This approach could involve 

routine screening for metabolic disorders in pediatric patients with asthma, ensuring early 

identification and management of comorbid conditions. Implementing routine screening 

protocols for metabolic disorders in youth with asthma can facilitate the early detection 

of conditions, such as obesity, insulin resistance, and type 2 diabetes, which are known to 

exacerbate asthma symptoms. 27,33,34 The incorporation of pharmacological treatments for 

these metabolic conditions into asthma management plans may yield substantial benefits. 
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Healthcare providers may be able improve patient outcomes by adopting a holistic approach 

to address underlying metabolic disturbances that contribute to asthma severity.

Limitations and Strengths

This study had some limitations that should be considered when interpreting its findings. 

One key limitation was the lack of a concurrent control group and therefore the possibility 

that effects observed were due to other reasons, such as changes in institution-specific 

asthma management practices, cannot be ruled out. Moreover, the reliance on data from 

a single healthcare system may restrict the generalizability of the results. However, our 

health system emcompases a large population of the state which makes out findings 

more likely representative. Additionally, the relatively small sample size, especially when 

divided into subgroups, may have reduced the statistical power to detect potential moderated 

associations (i.e., tested as statistical interactions). Adjusting for multiple variables may 

introduce collider bias, and this risk was considered in the final model specification. 

Odds ratios do not directly translate into risk reductions; interpretations should be made 

with caution, especially given the quasi-experimental design. Because this was a quasi-

experimental study without randomization, causal inferences cannot be made.35 Despite 

rigorous adjustments, there is still potential for residual confounding from unmeasured 

factors, such as socioeconomic status or environmental exposures, which may have 

influenced the results. Finally, recent changes in asthma guidelines (e.g., NAEPP 2020 

focused updates, Global Initiative for Asthma (GINA) 2020 and later) may have had an 

effect in asthma outcomes; however, it is important to note that a large proportion of subjects 

had index dates that did not coincide with those guideline changes, and the impact of 

guidelines is likely not immediate nor homogeneous in clinical practice.

This study also had notable strengths. There is a notable lack of large, prospective 

randomized clinical trials specifically addressing asthma in the context of obesity;23 

while studies on antidiabetic medications show promise, they have been predominantly 

observational with a focus on adult populations, making this one of the few studies 

focused on children and young adults.36 The use of comprehensive healthcare system 

data ensured that all relevant healthcare interactions were captured, leading to a more 

accurate analysis of the impact of metabolism-related medications on asthma outcomes. 

This study was enhanced by using long-term longitudinal data to track asthma related 

hospitalization or ER visits before and after initiation of metabolic pharmacotherapy in the 

same patients. Furthermore, we minimized potential confounding factors by adjusting for 

multiple covariates, including demographic factors, pre-index date exposure to antidiabetic 

medications, and inhaled corticosteroids. This careful adjustment ensured that the observed 

changes in the odds of severe exacerbations were more likely to be due to initiation of 

metabolic pharmacotherapy.

Conclusions

Our results demonstrate a substantial reduction (60-70%) in severe asthma exacerbations 

that require hospitalizations or emergency department visits after initiation of metabolic 

medications. This study provides important insights into the potential benefits of metabolic-

related medications for patients with asthma and an obesity-related phenotype.
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Future Research Directions

Our findings suggest several key directions for future research. First, larger multicenter 

studies in more diverse populations will be necessary to confirm the generalizability of our 

results and expand our understanding of how metabolic medications may improve asthma 

control. If these findings are consistently replicated, future research should include carefully 

designed, controlled, randomized clinical trials, before any clinical recommendations can 

be made. Future investigations should explore the biological mechanisms linking metabolic 

dysfunction and asthma outcomes, ideally through mechanistic or biomarker-based studies. 

Randomized controlled trials are also necessary to confirm these observational findings and 

to better understand causal pathways. Further research on the biological mechanisms linking 

metabolic dysregulation and asthma is crucial. Exploring combined therapeutic strategies 

that integrate metabolic medications with other treatments, such as biologics and lifestyle 

interventions, could improve outcomes in patients with severe asthma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Study Design Schematic
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Figure 2: 
Flowchart of the study participants selection
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Figure 3: 
Severe Asthma Exacerbations Before and After Metablic-Related Medication Initiation

Figure shows the observed proportion (and 95% confidence interval) of subjects with an 

asthma-related hospitalization / ED visit before and after starting a metabolic medication 

(time 0).
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Figure 4: 
Severe Asthma Exacerbations, Subgroup Analysis by Sex and ICS

Figure shows the observed proportions (and 95% confidence interval) of subjects with an 

asthma-related hospitalization / ED visit before and after starting a metabolic medication 

(time 0), stratified by sex (top) and by ICS use (bottom)
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Table 1.
Baseline characteristics of Study Participants

Characteristic 1 N = 783

Sex

 Female 577 (73.7%)

 Male 206 (26.3%)

Race

 White 561 (71.6%)

 Black/African American 192 (24.5%)

 Others 2 18 (2.3%)

 Missing 12 (1.5%)

Ethnicity

 Non-Hispanic/Latino 708 (90.4%)

 Hispanic/Latino 53 (6.8%)

 Others 3 22 (2.8%)

Age at Time of Asthma Diagnosis (years)

 Mean (SD) 14 (7)

 Median [Q1, Q3] 15 [9, 20]

 Min–Max 0–25

Age Group at Asthma Diagnosis

 0-4 Years 88 (11.2%)

 5-11 Years 173 (22.1%)

 12-18 Years 270 (34.5%)

 19-25 Years 252 (32.2%)

Age at Time of Metabolic Medication Prescription (years)

 Mean (SD) 18 (4)

 Median [Q1, Q3] 19 [15, 22]

 Min–Max 6–25

Age Group at Metabolic Medication Prescription

 5-11 Years 71 (9.1%)

 12-18 Years 314 (40.1%)

 19-25 Years 398 (50.8%)

Inhaled Corticosteroids (ICS)

 No 380 (48.5%)

 Yes 403 (51.5%)

Biologic(s) for Asthma

 No 763 (97.4%)

 Yes 20 (2.6%)

First Metabolic Medication Prescribed

 Metformin 590 (75.4%)

 Semaglutide 119 (15.2%)

 Others 4 74 (9.5%)
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1
Table shows n(%) for categorical variables, or mean (SD) for continuous variables, unless otherwise specified.

2
Category included Asian: 8 (1.0%); Native Hawaiian or Other Pacific Islande 1 (0.1%); two or more races 9 (1.1%)

3
Category included missing or other ethnicity.

4
Category included liraglutide 35 (4.5%); tirzepatide 24 (3.1%); canagliflozin 1 (0.1%); dulaglutide 5 (0.6%); empagliflozin 5 (0.6%); glipizide 1 

(0.1%); saxagliptin 2 (0.3%); and sitagliptin 1 (0.1%)
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Table 2.
Piecewise GLMM Result Asthma Exacerbations Pre-post Metabolic Medication Exposure

Characteristic Strata Variables Crude Model * Adjusted Model

Overall1 - Pre-slope 1.29 (1.14-1.47) 1.29 (1.12-1.49)

- Post-slope 0.34 (0.24-0.47) 0.34 (0.23-0.50)

By Sex2 Male Pre-slope γ 1.15 (1.15,−1.16) 1.15 (0.86-1.54)

Post-slope γ 0.37 (0.36-0.37) 0.38 (0.18-0.79)

Female Pre-slope 1.33 (1.16-1.54) 1.33 (1.14-1.57)

Post-slope 0.33 (0.23-0.48) 0.33 (0.22-0.51)

By Race3 White Pre-slope 1.40 (1.18-1.66) 1.40 (1.15-1.69)

Post-slope 0.31 (0.19-0.48) 0.31 (0.19-0.51)

Black Pre-slope 1.16 (0.96-1.41) 1.16 (0.95-1.42)

Post-slope 0.39 (0.24-0.64) 0.39 (0.23-0.66)

By prior ICS medication exposure5 No Pre-slope 1.32 (1.03-1.70) 1.32(0.99-1.76)

Post-slope 0.33 (0.18-0.62) 0.33 (0.16-0.69)

Yes Pre-slope 1.29 (1.11, 1.49) 1.29 (1.09-1.53)

Post-slope 0.34 (0.23-0.51) 0.34 (0.22-0.54)

By prior antidiabetic medication exposure4 No Pre-slope 1.24 (1.08-1.43) 1.24 (1.05-1.46)

Post-slope 0.30 (0.19-0.46) 0.30 (0.18-0.50)

Yes Pre-slope 1.50 (1.14-1.97) 1.50 (1.09-2.05)

Post-slope 0.42 (0.25-0.69) 0.42 (0.24-0.75)

By prior history of hypertension4 No Pre-slope 1.16 (0.99 - 1.35) 1.16 (0.98 - 1.36)

Post-slope 0.19 (0.09 - 0.41) 0.19 (0.09 - 0.43)

Yes Pre-slope 1.34 (1.34 - 1.34) 1.34 (1.34 - 1.35)

Post-slope 0.38 (0.38 - 0.38) 0.38 (0.38 - 0.38)

*
The crude model includes only time-related variables for estimating pre- and post-slopes, with no covariate adjustments.

γ
CIs include the point estimate due to rounding to 2 decimal places and provide an example

1
The adjusted models for all subjects include sex, race, and age of first metabolic medication exposure.

2
Models stratified by sex include race, and age of first metabolic medication exposure as covariates.

3
Models stratified by race include sex, and age of first metabolic medication exposure as covariates.

4
Models stratified by prior antidiabetic medication exposure/type II diabetes diagnosis or hypertension diagnoses include sex, race, and age of first 

metabolic medication exposure as covariates.

5
Models stratified by prior ICS medication exposure include sex, race, and age of first metabolic medication exposure as covariates.
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