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Abstract

Background: Diabetes is associated with worse asthma morbidity. Metformin, which treats 

diabetes, may have a role among patients with asthma and glycemic dysfunction.

Objective: To determine the association between metformin use and asthma exacerbations 

among patients with diabetes.

Methods: We queried the Johns Hopkins EHR from April 1, 2013 to May 31, 2018. Adults 

with asthma and diabetes were followed from first hemoglobin A1c (HbA1c) test to an asthma-

related systemic corticosteroid prescription, emergency department (ED) visit, or hospitalization. 

Multivariable Cox models estimated time to each outcome associated with metformin use, 

modeled as either time-invariant (status at HbA1c testing) or time-dependent (based on fill data). 

Mediation of results by HbA1c was assessed. Sensitivity analysis was performed by propensity 

score matching.

Results: The cohort comprised of 1,749 adults with asthma and diabetes. Metformin use at 

entry was associated with a lower hazard of asthma-related ED visits (adjusted hazard ratio 

[aHR] 0.40, 95% confidence interval [CI] 0.22–0.75) but not steroid prescription (aHR 0.89; 

95% CI 0.70–1.13) or hospitalization (aHR 0.38, 95% CI 0.13–1.12). HbA1c did not mediate the 

association with ED visits. With metformin exposure modeled as time-dependent, metformin use 
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was additionally associated with lower hazard of asthma-related hospitalization (aHR 0.30, 95% 

CI 0.09–0.93). Results were consistent within a sub-cohort of 698 metformin users matched 1:1 to 

non-users by propensity score.

Conclusion: Metformin use, independent of glycemic control and obesity, was associated with 

lower hazard of asthma-related ED visits and hospitalizations. Metformin may have benefit in 

patients with asthma and glycemic dysfunction.
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INTRODUCTION

Asthma can be precipitated and exacerbated by both allergic and non-allergic factors. 

Glycemic dysfunction, encompassing insulin resistance, prediabetes, and diabetes, has been 

suggested as one such non-allergic factor1. Multiple clinical and epidemiological cohorts 

of asthma have consistently reported positive associations of glycemic dysfunction and 

asthma morbidity independent of the presence of obesity2–5. Glycemic dysfunction may 

worsen asthma control through effects of insulin on airway smooth muscle remodeling and 

contractility and increased susceptibility to infection. Thus, it is possible that medications 

which improve glycemic dysfunction could improve asthma in some individuals.

Metformin is an oral medication that is indicated for the initial treatment of type 2 

diabetes mellitus6. It improves insulin resistance and glycemic control and has direct 

anti-inflammatory effects. Translational studies have reported benefits of metformin 

administration in asthma models, including inhibition of airway smooth muscle remodeling 

and amelioration of eosinophilic infiltration and allergic inflammation7,8. Yet, evidence of 

clinical benefit in human subjects is limited. An inverse relationship between metformin 

use and adverse asthma-related outcomes has been reported in studies within administrative 

databases from the United States and Taiwan9,10. However, these studies have been limited 

by an inability to measure critical confounders, chiefly concurrent glycemic control, body 

mass index (BMI), smoking, and race.

To address these limitations, we sought to determine the association of metformin use and 

asthma exacerbation in an electronic health record (EHR)-based cohort of individuals with 

asthma and diabetes. We hypothesized that metformin use would be associated with lower 

risks of asthma-related steroid prescription, emergency department visit, and hospitalization.

METHODS

Cohort derivation

We queried the EHR of the Johns Hopkins Health System from April 1, 2013 to May 

31, 2018. This source population represents patients seen in Johns Hopkins community 

outpatient clinics and all hospitals within the Baltimore-Washington, D.C. area (Johns 

Hopkin Hospital, Johns Hopkins Bayview Medical Center, Suburban Hospital, Sibley 

Memorial Hospital, and Howard County General Hospital).
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We isolated a cohort of patients with asthma and diabetes. First, we identified adult 

(age>18 years) patients with asthma on the basis of two separate outpatient or one 

inpatient International Classification of Diseases (ICD) diagnostic code for asthma recorded 

in any encounter position during the sampling period11. From this group, we identified 

patients who had HbA1c testing, requiring that this test occurred after identification of 

asthma. Patients with an HbA1c ≥6.5 or were taking diabetes medications on the date 

of measurement were identified as having diabetes12. Patients with pre-diabetes were not 

included as metformin treatment is controversial for this group.

The index date for both metformin and non-metformin users was set to the time of 

HbA1c testing. Included patients were required to have at least one active outpatient 

medication at the index date, to ensure some intensity of outpatient surveillance, at least 

one additional contact with the healthcare system afterwards, to ensure that they were still 

eligible to observe outcomes, and a body mass index recorded within the prior year, as 

this was considered a critical confounder and also reflected a recent physical examination. 

We excluded patients with chronic kidney disease and type 1 diabetes which are both 

contraindications to metformin treatment. We also excluded individuals with chronic lung 

disease other than asthma (chronic obstructive pulmonary disease, interstitial lung disease, 

and bronchiectasis) or an active order for a systemic corticosteroid during their index date. A 

diagram of cohort derivation (Figure E2) and ICD codes utilized in this study (Table E1) are 

included in the online supplement.

This study was approved by the Institutional Review Board of the Johns Hopkins School 

of Medicine and the Research and Projects Committee of Johns Hopkins Community 

Physicians. Data handling and chart validation activities were performed in compliance with 

institutional guidelines.

Exposure and covariate assessment

We assessed metformin exposure as time-independent or time-dependent (Figure E1). In 

the time-independent approach, individuals were classified as metformin users or non-users 

if they were taking this medication on their index date, thus assuming persistent use or 

non-use through the follow-up period. This approach requires less assumptions regarding 

the timing or duration of possible benefit of metformin at the expense of greater exposure 

misclassification13.

In the time-dependent approach, individuals were free to switch between use and non-use. 

Exposure periods were constructed based on medication lists which were updated at each 

clinical encounter. We allowed a 30-day grace period (treating gaps of up to this length as 

continuously exposed) to accommodate late refills, which may occur if a patient has extra 

doses from an earlier refill or skipped doses14. In the absence of contrary data, we assumed 

no carry-over effects.

Age, sex, race, smoking status, and comorbidity information were extracted at the index 

date. Comorbidity burden was represented by the Charlson Comorbidity Index (CCI), 

modified to exclude criteria for diabetes, collected over the year prior to the index date15.
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Three asthma-related outcomes were assessed: hospitalization with a principal diagnosis 

of asthma, emergency department visit with a diagnosis of asthma in the first or second 

diagnostic position, and a new outpatient order for a systemic corticosteroid within fourteen 

days of an encounter where asthma was a listed diagnosis. These outcomes mirror clinical 

trial definitions for moderate or severe asthma exacerbation16 and have been previously 

applied in database-driven studies of asthma17,18. Use of the first or second diagnostic 

position for asthma-related emergency department visits was due to the high frequency of 

symptom-based diagnoses in the first position and is a validated approach for identifying 

asthma-related ED events19. We also performed an internal validation of study outcomes.

Analytic approach

Baseline covariate distributions between metformin users and non-users were compared 

by standardized differences. The standardized difference is more appropriate than p-values 

when comparing groups with large numbers. Larger values reflect greater imbalance, with a 

standardized difference of >0.1 approximately corresponding to a p-value <0.0520.

The association of metformin use and time to first occurrence of each asthma outcome was 

estimated by a multivariable Cox proportional hazards model. Because individuals can move 

outside of the catchment area or otherwise become ineligible to experience the outcome, 

follow-up was censored at the date of their last contact with the health system within the 

sampling frame. We also performed a sensitivity analysis whereby individuals were censored 

on May 31, 2018.

Based on an analysis of assumed relationships between metformin use, study outcomes, and 

other variables (depicted in the directed acyclic graph included as Figure E3), we selected 

a set of covariates to estimate the independent metformin and asthma relationship21. We 

adjusted for age, sex, race (Black, White, other), smoking status (current, former, never), 

BMI, CCI, insurance type as a proxy for access to care and socioeconomic status (Medicaid, 

Medicare, Tricare, other), and use of thiazolidinedione (TZD) or glucagon-like peptide-1 

(GLP-1) medications. Adjustment for TZD and GLP-1 was done based on biologically 

plausible reports that these medications may modulate asthma severity independent of 

glycemic control22,23, but it was omitted from the hospitalization outcome due to insufficient 

variation across events.

We next did a traditional mediation analysis of HbA1c on the observed metformin—asthma 

association24. Because such analysis requires additional control for exposure—mediator 

confounding, among others, the number of distinct diabetes medications was added as a 

covariate as treatment intensity would affect both HbA1c and likelihood of metformin use. 

The indirect effect of metformin mediated by HbA1c was calculated as the difference in 

the metformin coefficient (natural logarithm of the hazard ratio) without and with HbA1c 

adjustment. Confidence intervals were derived through bootstrap estimation25. Mediation 

analysis was only done for time-independent estimates because there was insufficient data to 

model HbA1c as time-varying and only for outcomes that had an association with metformin 

use.
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Finally, as an exploratory analysis, we tested for effect measure modification by sex, obesity, 

race, and inhaled corticosteroid use. Statistical significance was accepted at a two-sided 

p-value of <0.05. Medication use data was extracted using SAS 9.4 (Cary, NC). All analyses 

were performed in Stata 15 (College Station, TX).

Propensity score-matched sub-cohort

As a sensitivity analysis, we ran parallel models in a sub-cohort of metformin users and 

non-users matched by propensity score. This score, representing likelihood of receiving 

metformin treatment, was estimated by a logistic regression model that included all baseline 

covariates including indicator variables for individual diabetes and asthma medications26. 

Users were matched to non-users in a 1:1 ratio without replacement by the nearest neighbor 

method. Distributions were trimmed to areas of common support. The caliper distance 

was initially set to 0.2 times the standard deviation of the propensity score logit and 

then incrementally narrowed to produce balanced groups as determined by estimation of 

standardized differences and visual inspection of propensity score distributions27. Analyses 

within this cohort included only metformin as the predictor with standard errors adjusted 

for clustering by match pair. We also analyzed the full cohort stratified by propensity score 

quintiles and weighted on the inverse probability of treatment, both modified to estimate the 

average treatment effect on treated (ATT)26.

Internal validation

For each outcome, we randomly selected 60 charts for validation, stratified by whether the 

outcome occurred (detect chart) or not (non-detect chart) and by baseline metformin use. 

Two pulmonologists (MCM, AF) independently reviewed 10% of charts and confirmed high 

concordance (kappa >0.9), and the remaining charts were singly reviewed (AF). Reviewers 

determined whether a detected event represented an asthma exacerbation or, for non-detect 

charts, whether an asthma event of that type occurred at any time during follow-up. Positive 

and negative predictive values with 95% confidence intervals were estimated. Difference in 

accuracy by metformin use was assessed by a Fisher’s exact test. We examined 151 unique 

charts due to overlap between asthma-related hospitalizations and ED visits.

RESULTS

Cohort description

A total of 1,749 individuals with concurrent asthma and diabetes were identified (Figure 

E2). Patients were under observation within the EHR for a median (interquartile range) 

of 3.2 (1.4–4.4) years. Approximately half were of Black or African American race and 

three-fourths were female. Mean age (standard deviation) was 54 (14) years. Mean BMI 

was 37 (9) kg/m2, with 78% of participants being classified as obese. With respect to 

between-group differences, metformin users were younger, had less comorbidity burden, 

and were more likely to also use sulfonylureas (Table 1). Other characteristics were similar 

between these two groups.
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Metformin use and asthma exacerbations in the primary cohort

There were 278 oral corticosteroid prescriptions over 4,583 person-years, 46 emergency 

department visits for asthma over 5,026 person-years, and 16 hospitalizations for asthma 

over 5,064 person-years of follow-up.

With metformin exposure modeled as time-independent, 861 (49%) patients had an active 

prescription for metformin at the index date. In adjusted analysis, metformin use was 

associated with lower hazard of ED visit for asthma (aHR 0.40, 95% CI 0.22, 0.75) but not 

with hospitalization for asthma (aHR 0.38, 95% CI 0.13, 1.12) or corticosteroids for asthma 

(aHR 0.89; 95% CI 0.70–1.13) (Figure 1).

After the index date, a substantial proportion of metformin non-users and users started or 

stopped metformin, respectively. For example, for asthma-related hospitalizations, 314/888 

(35%) metformin non-users subsequently started at least one prescription for metformin, and 

377/861 (44%) metformin users discontinued use at least once prior to event occurrence or 

censoring. Among those who changed their metformin use during follow-up, most switched 

once. In the time-dependent analysis, metformin use was additionally associated with a 

lower hazard of asthma-related hospitalization (aHR 0.30; 95% CI 0.09, 0.93) and continued 

to be associated with lower hazard of ED visits for asthma (aHR 0.31; 95% CI 0.16, 0.59).

These results were consistent in a sensitivity analysis extending censoring time to the end of 

the sampling frame. We also did not identify effect measure modification for any outcome 

by sex, obesity, race, or inhaled corticosteroid use (not shown).

Mediation of metformin and asthma-related ED visits by HbA1c

After confirmation that metformin use was associated with asthma-related ED visits, we 

next confirmed that metformin use was associated with a difference in HbA1c (adjusted 

mean difference −0.23%; 95% CI −0.40%, −0.06%). After additional adjustment for HbA1c, 

however, there was minimal change in the coefficient associated with metformin use in 

models estimating its relationship with asthma-related ED visits. Consequently, we found no 

statistical evidence that HbA1c was a mediator of this association (Table E2).

Metformin use and asthma exacerbations in the propensity score-matched sub-cohort

From the primary cohort, 1,396 (80%) of individuals were successfully matched on similar 

likelihood of baseline metformin treatment as estimated by the propensity score. The 

differences in characteristics within the primary cohort were not apparent after propensity 

score matching, especially with regard to comorbidity burden (Table E3). Similar to the 

primary analysis, in the propensity score-matched cohort metformin use was associated with 

lower hazard of asthma-related ED visits in the time-independent method and with both 

asthma-related ED visits and hospitalizations in the time-dependent method (Table E4). 

Results with alternative methods of applying the propensity score are also included in Table 

E4.
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Internal validation

Chart validation was performed. The positive predictive values for asthma-related 

corticosteroids, ED visits, and hospitalizations were high and ranged from 77 to 93% (Table 

E5). Interestingly, despite requiring that a steroid order be accompanied by an asthma 

diagnostic code for the steroid order to be considered asthma-related, there were numerous 

false positives where steroids were prescribed for other indications, such as musculoskeletal 

pain, nausea, and rash, within clinical encounters where asthma was a listed diagnosis. 

However, there was no evidence that accuracy was different between metformin users and 

non-users for any outcome (p-value >0.05 for all comparisons).

DISCUSSION

In this retrospective observational study of adults with asthma and diabetes, we 

report an inverse relationship between metformin use and asthma-related ED visits and 

hospitalizations. These results suggest that metformin may have a role in individuals with 

asthma and concurrent glycemic dysfunction. Prospective investigation is necessary to 

evaluate these findings.

An inverse association between metformin use and adverse asthma-related outcomes has 

been previously reported by our group and others9,10. These studies utilized cohorts 

derived from administrative databases which were vulnerable to uncontrolled confounding 

from important covariates such as BMI, glycemic control, race, and smoking. These 

limitations are better addressed in this study, where the use of clinical data permitted their 

ascertainment. The population is additionally drawn from a large academic health system 

encompassing individuals from a broad range of socioeconomic status and enriched for 

minorities, which is complementary to these previous studies. Most critically, this study is 

the first to distinguish possible actions of metformin independent of its impact on glycemic 

control, finding that HbA1c was not a mediator of the identified relationships.

Metformin is an oral anti-hyperglycemic medication that is indicated for the initial treatment 

of type 2 diabetes mellitus6. Its effects, which remain incompletely understood, extend 

beyond improvements in glycemic control28. Several mechanisms whereby metformin may 

improve asthma are possible. Insulin resistance, the metabolic derangement underlying 

diabetes and of which is improved by metformin, has been associated with worse airway 

smooth muscle hyper-reactivity and contractility in translational studies29,30. In an animal 

model of allergic obesity-associated asthma, metformin attenuated the degree of eosinophilic 

airway infiltration with improvements in TNF-a inflammatory signaling and inducible NOS 

expression7. In vitro, metformin also impaired TGF-β1-induced airway smooth muscle 

proliferation, a pathway active in airway remodeling in asthma8. Importantly, the finding 

that the metformin—asthma exacerbation association is not mediated by HbA1c suggests 

that potential mechanisms are not dependent on hyperglycemia per se. However, further 

insight is limited due to the absence of detectable effect measure modification in subgroup 

analyses.

Metformin use was associated with a lower hazard of ED visits and hospitalizations for 

asthma but not with differences in hazard of prescription for oral corticosteroids. This 
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pattern is similar to that reported by a previous study within claims data and suggests 

that metformin may be more relevant to severe forms of asthma exacerbation10. Such 

heterogeneity can reflect differential impacts on pathways that lead to worsening of asthma 

control and emphasize the need for a comprehensive prospective study of metformin among 

individuals with asthma and glycemic dysfunction.

An internal validation confirmed acceptable positive and negative predictive values for our 

outcomes. However, we note that efforts to further improve accuracy of asthma-related 

corticosteroids beyond the observed 77% in this study will likely require integration of 

additional data sources to better infer clinical intent, as false positives were often due to 

asthma being addressed in the same visit as another condition which necessitated steroids. 

We further note that the performance of these definitions is expected to vary from cohort 

to cohort31. Overall, incidence rates for events were low and consistent with estimates from 

other real-world populations.

Our results should not be interpreted as conclusive. These are three key limitations which 

prompt the need for confirmatory investigation. Due to sample size limitations, metformin 

users were prevalent rather than incident users, preventing the ability to disentangle potential 

time-dependent and dose-dependent effects of metformin use. Prevalent users by virtue of 

maintaining a chronic medication may also be more likely to engage in healthy behaviors 

such as adherence to asthma medications, as depicted by our causal diagram. However, 

all participants were required to have had their HbA1c measured with continued contact 

with the health system, used at least one outpatient medication, and underwent at least one 

examination, suggesting that these factors may be less influential. Second, our comparator 

group were individuals with an apparent indication for metformin but were not receiving 

it, which may suggest the presence of unmeasured comorbidities and health factors that 

can also worsen asthma. Because metformin is the only first-line agent for diabetes, we 

were unable to compare metformin users to users of other diabetes medications (an active 

comparator) as those using second-line diabetes medications would also be more likely to 

have worse health status13. Consistent results in time-dependent analysis and the propensity 

score-matched sub-cohort are reassuring but cannot fully discount the potential for such 

confounding especially by lifestyle factors such as physical activity and diet. Finally, 

because covariates were measured during routine clinical activity, study generalizability 

is limited by selection biases related to the seeking of healthcare attention. Indeed, our 

population was older and obese which does not reflect the overall population of individuals 

with asthma. Such biases, many of which are intrinsic to EHR studies, are reviewed in 

greater detail elsewhere32.

In conclusion, we report an inverse association between metformin use and asthma-related 

ED visits and hospitalizations in an electronic health record-derived cohort of adults with 

asthma and diabetes. This suggests that metformin may have a role in improving asthma 

morbidity among patients with glycemic dysfunction. Prospective studies are warranted to 

define potential mechanisms and to better identify target populations which may derive 

particular benefit.
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ABBREVIATIONS

BMI Body mass index

CCI Charlson Comorbidity Index

EHR Electronic health record

GLP-1 Glucagon-like peptide-1

ICD International Classification of Diseases

HbA1c Hemoglobin A1c

TZD Thiazolidinedione
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HIGHLIGHTS

1. What is already known about this topic: Metformin use has been associated 

with lower risk of asthma exacerbation in claims-based studies. Results are 

limited by unmeasured confounding, particularly by glycemic control and 

body mass index.

2. What does this article add to our knowledge: In a retrospective cohort of 

adults with asthma and diabetes derived from an electronic health record, 

metformin use was associated with lower risk of asthma-related ED visits and 

hospitalizations in a manner that was independent of glycemic control and 

obesity.

3. How does this study impact current management guidelines: Treatment 

of metabolic dysfunction with metformin may improve asthma control. 

Prospective investigation with measurement of metabolic intermediaries is 

necessary to understand potential mechanisms and sub-types of asthma which 

may benefit.
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Figure 1. 
Association of metformin use and study outcomes. Metformin use is assessed at baseline 

(time-independent) or varying over follow-up (time-dependent). Models are adjusted for 

age, sex, race, smoking status, body mass index, Charlson Comorbidity Index, insurance 

type, and use of thiazolidinedione or glucagon-like peptide-1 medications (omitted from 

hospitalization outcome); aHR: adjusted hazard ratio; CI: confidence interval.
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Table 1.

Baseline characteristics (n=1749)

Characteristic Metformin non-users Metformin users Standardized difference§

Number 888 861

Age, mean (SD) 55.1 (14.3) 53.3 (13.6) 0.13

Female sex, n (%) 650 (73) 638 (74) 0.02

Race, n (%) 0.07

 Black 456 (51) 413 (48)

 White 349 (39) 355 (41)

 Other 83 (9) 93 (11)

Smoking status 0.04

 Current 90 (10) 97 (11)

 Former 272 (31) 254 (30)

 Never 526 (59) 510 (59)

Insurance type 0.17

 Medicaid 123 (14) 106 (12)

 Medicare 287 (32) 229 (27)

 Tricare 79 (9) 107 (12)

 Private/other 399 (45) 419 (49)

Body mass index, mean (SD) 37.1 (9.1) 37.4 (8.8) 0.03

Asthma medications*

 Inhaled corticosteroid 286 (32) 298 (35) 0.05

 Long-acting beta agonist 167 (19) 167 (19) 0.02

 Leukotriene modifier 126 (14) 127 (15) 0.02

Diabetes medications*

 Sulfonylurea 106 (12) 208 (24) 0.32

 Thiazolidinedione 13 (2) 22 (3) 0.08

 Glucagon-like peptide-1 agonist 15 (2) 24 (3) 0.07

 Dipeptidyl peptidase 4 inhibitor 36 (4) 87 (10) 0.24

 Insulin 172 (19) 160 (19) 0.02

Hemoglobin A1c, %, mean (SD) 7.7 (1.7) 7.6 (2.0) 0.05

Charlson Comorbidity Index 0.36 (0.73) 0.22 (0.49) 0.21

*
medication classes with less than 1% prevalence in all groups are not listed

§
a larger standardized difference reflects a greater difference between groups, values above 0.1 are considered statistically significant

SD: standard deviation
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