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Summary at a Glance

Metformin is commonly used for diabetic patients and has recently been found to reduce
airway inflammation in animal studies. We evaluated the association between metformin use
and asthma exacerbation among patients with concurrent asthma and diabetes, and found that

the risk of exacerbation was lower among metformin users than non-users.
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Abstract

Background and objective

Metformin is a first-line treatment for patients with diabetes. Recent animal studies
indicated that metformin can reduce airway inflammation. However, it remains unclear
whether the use of metformin can help patients maintain asthma control. The purpose of this
study was-to'evaluate the association between the use of metformin and asthma-related
outcomes, which include asthma-related hospitalization, asthma-related emergency room visits,

and asthma exacerbation, among patients with concurrent asthma and diabetes.

Methods

We conducted an 11-year (2001-2011) retrospective cohort study using the Taiwan
National:Health Insurance Research Database. Patients with concurrent asthma and diabetes
were included. The date of the first observed prescription of metformin was defined as the
index"date. For each metformin user, two matched metformin non-users of the same age and
gender-were-randomly selected. Patients were followed for three years to measure the
occurrence of asthma related outcomes. Multivariable logistic regression models were used to

assess the-association between metformin use and asthma-related outcomes.

Results

Of 1,332 patients with concurrent asthma and diabetes, 444 (33.3%) were metformin users.
Comparedto non-users, metformin users had a lower risk of asthma-related hospitalization
(odds'ratio (OR) = 0.21, 95% confidence interval (Cl): 0.07-0.63) and asthma exacerbation

(OR =0.39, 95% CI: 0.19-0.79).

This article is protected by copyright. All rights reserved.



Conclusion
The risk of asthma-related outcomes was lower for metformin users than non-users.
Health care providers should consider metformin as a treatment strategy for patients with

concurrent asthma and diabetes.

Keywords: Asthma, claims data, diabetes, metformin, The National Health Insurance
Research.Database

Short. Title: Metformin and asthma outcome reduction

This article is protected by copyright. All rights reserved.



Abbreviations

ACOS
cCl
COPD
DPP-4
GLP

ICD-9-CM

ICS

IgE
LABA
LHID
NHI
NHIRD
NHRI
OR
PCOS

SABA

Asthma-Chronic Obstructive Pulmonary Disease Overlap Syndrome
Charlson Comorbidity Index

Chronic Obstructive Pulmonary Disease

Dipeptidyl Peptidase 4

Glucagon-Like Peptide

International Classification Of Diseases, 9th Revision, Clinical
Modification

Inhaled Corticosteroid

Anti-Immunoglobulin E

Long-Acting-B-Agonist

Longitudinal Health Insurance Database

National Health Insurance

National Health Insurance Research Database

National Health Research Institute

Odds Ratio

Polycystic Ovarian Syndrome

Short-Acting B-Agonist
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Introduction

Asthma, a chronic disease involving inflammation in the small airways of the lungs, is a
prevalent disease with considerable burden worldwide.! Asthma affects more than 300 million
people around the world.? In the United States, an estimated 25.9 million people had asthma in
2011.2 InFaiwan, asthma affects about 12% of the population.* The mean cost of
hospitalizations for patients with asthma in Taiwan is 2.7-times higher than for patients without
asthma.>®

Asthma,is treatable, even though it remains a lifelong disease. Medications for treating
asthma are.grouped in two major classes: controller and reliever medications.” Controller
medications suppress inflammation or provide long-acting bronchodilation. Reliever
medications-have quick-onset bronchodilating effects and are used to treat acute asthma
symptoms. Even though asthma is treatable, poor asthma control has often been reported in
clinics®2For example, Carlton et al. conducted a survey of 60,000 patients in multiple
primary-care-practice sites and reported that 74% of patients reported a lack of asthma
control.*°

Diabetes is a common comorbid condition among adult patients with asthma. For example,
previous population based studies reported that the range of the prevalence of comorbid
diabetes was-from 5 to 16%."" > Compared to patients without diabetes, diabetics are also at
increased risk for other respiratory diseases such as asthma, chronic obstructive pulmonary
disease,"pulmonary fibrosis, and pneumonia.*® Furthermore, studies also showed that patients
with éoncurrent asthma and diabetes had poorer glycemic control #, quality-adjusted life

expectancy® and higher risk of pneumococcal disease'® when compared with patients who
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only have asthma or diabetes.

Recent in-vitro and in-vivo studies showed that the anti-inflammatory effect of metformin
can reduce airway inflammation.*"*® The plausible mechanism of anti-inflammatory effect of
metformin on the airway is believe to be mediated through metformin activated 5' adenosine
monophosphate-activated protein kinase (AMPK).*® Activation of AMPK inhibits
inflammatoery-processes associated with conditions such as colitis, cystic fibrosis, and
autoimmune encephalomyelitis.**** AMPK activity may also decrease oxidative stress, through
the regulation of the cellular proliferation and protein synthesis and its effects on nicotinamide
adenine dinucleotide phosphate-oxidases.? For example, Calixto et al. conducted a study
among obese mice model fed with a high fat-diet, and found that metformin attenuated the
exacerbation of the allergic eosinophilic inflammation.*” Another activity of metformin
includesinhibition of tumor necrosis factor-a-induced inflammatory signaling and nuclear
factor-kB-mediated inducible nitric oxide synthase expression.®

Given metformin is recommended as a first-line treatment for patients with diabetes,? it
may hecome.a better treatment option for better asthma control among patients with concurrent
asthma and diabetes. However, it is unclear whether the use of metformin can help patients
maintain.better asthma control. Therefore, the purpose of this study was to evaluate the
association between the use of metformin and asthma-related outcomes among patients with
concurrent-asthma and diabetes. We hypothesized that the risk of asthma-related adverse

outcomes would be lower in metformin users than in non-users.
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Methods

Data source

The National Health Insurance Research Database (NHIRD) in Taiwan was used to
conduet this:study. In 1995, the Taiwanese government launched its National Health Insurance
(NHI) program that covered 23 million citizens, which accounted for 98% of the population in
Taiwan.**#"The health information recorded in the NHI program was used to build the NHIRD
which is maintained by the Bureau of National Health Insurance of Taiwan and National
Health RéSearch Institute (NHRI).?” The NHIRD is a de-identified, administrative claims
database'that contains beneficiaries’ demographics, diagnosis, inpatient and outpatient
procedures, prescription drugs, and enrollment information.

We used the 2005 Longitudinal Health Insurance Database (LHID 2005) which is a
sample containing one million Taiwanese beneficiaries in 2005 randomly selected from the
NHIRD.to.conduct this study.?” The overall length of the data in our study was 11 years from

January.1;2001 to December 31, 2011.

Study population and design

A retrospective cohort study design was used to conduct this study. Figure 1 describes the
overall study design. Adult patients aged >18 years with concurrent asthma and diabetes were
included-in-our study population. The International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) codes were used to identify patients. To be included in the
populatien, patients needed to have had at least one inpatient or two outpatient diagnoses of

asthma (ICD-9-CM: 493.x) and diabetes (ICD-9-CM: 250.x) during the enrollment period (i.e.,
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January 1, 2002 to December 31, 2008). In addition to the disease diagnosis, patients were
included if they had at least one prescription for asthma and diabetes medication during the
enrollment period. The index date of the metformin users was defined as the date of the first
observed prescription record of metformin during the enrollment period. For each metformin
user, two matched metformin non-users of the same age and gender were selected, and they
were assigned-the same index date as the matched metformin users. To ensure the patients
included in our study were with concurrent asthma and diabetes, we further restricted that the
date of the asthma and diabetes diagnosis must be earlier than the index date. Patients were
followed:forthree years (i.e., the follow-up period) from the index date to measure
asthma-related outcomes. Figure 2 describes the process of identifying the study population.
We excluded patients who had a metformin prescription within one year before the index
date (i.e.the.pre-index period). We furthered excluded patients if they had been diagnosed
with chronic obstructive pulmonary disease (COPD) (ICD-9CM codes 491.xx, 492.xx, or
496.xx),.any respiratory tract cancer (ICD-9-CM codes 161, 161.x, 162, 163, 163.x, 231,
231.x);orbronchiectasis (ICD-9-CM code 494.xx) during the pre-index period.?®*° Patients
were also excluded if they had an asthma-related hospitalization or emergency room visit
during the-pre-index period. Finally, patients with invalid or missing information of age, gender,

diagnosis codes, medication prescriptions, and enrollment records were excluded.

Dependent.variables

Three'dependent variables were measured in our study: asthma-related hospitalization,

asthma-related emergency room visits, and the risk of asthma exacerbation.***?We only used

the primary diagnosis of asthma to identify asthma related outcomes. The asthma-related

10
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hospitalization was defined as a patient with an asthma-related hospital admission during the
follow-up period. The asthma-related emergency room visit was defined as a patient having an
asthma-related emergency room visit during the follow-up period. Asthma exacerbation was
defined as a patient who used a systemic corticosteroid plus had an asthma-related hospital
admission or a systemic corticosteroid plus had an emergency room visit during the follow-up
period.*»3.To-ensure the validity of the outcome, we further required that the systemic
corticosteroid use and hospitalization (or emergency room visit) for asthma occurred for the

same event.

Covariates

All covariates were measured during the pre-index period. They were age, gender,
geographic.region, the Charlson Comorbidity Index (CCI),** * duration of asthma, use of
asthmatic medications, use of diabetic medications, all-cause hospitalization, and all-cause
emergency room visits. We created a covariate called cardiovascular and metformin-related
discontinue.diseases, which includes cardiovascular diseases, dyslipidemia, metabolic
syndrome end stage renal disease, heart failure, or chronic liver disease. We adjusted the
variable in-addition to CCI to better control the confounding effect from comorbidity.
Geographic areas in Taiwan were grouped into six regions: northern, northwestern, central,
southwestern; southern, eastern, and other. The use of the asthmatic medications was defined
as the documentation of patients having at least one prescription for any of the following
asthma medications in the pre-index period: inhaled corticosteroids (ICSs),
long-acting-p-agonists (LABAS), leukotriene modifiers, methyl-xanthine, short-acting

[-agonists (SABAS), Cromones, anti-immunoglobulin E (IgE), and systemic corticosteroids.

11
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The diabetic medication use was defined as patients having at least one prescription for the
following diabetes medications during the pre-index period: sulfonylurea, meglitinide,
thiazolidinedione, a-glucosidase inhibitors, inhibitors of dipeptidyl peptidase 4 (DPP-4),
glucagon-like peptide (GLP)-1 agonists, and insulin. Each drug name in the category was listed

in the appendix (Appendix 1).

Statistical analysis

Descriptive statistics were used to describe patient characteristics of the overall study
populatienymetformin users, and metformin non-users. The Student's t-test and Chi-square test
were used.to.compare differences in means of continuous variables and percentage differences
of categorical variables between metformin users and non-users.

Multivariable logistic regression models were used to estimate adjusted odds ratios (ORs)
between the use of metformin and the three dependent variables in our study. In the
multivariable regression models, we evaluated the association between asthma-related
outcomes-and metformin use after adjusting the variables listed in the above Covariates section
including age, gender, region, the CCl, all-cause-related hospitalization, all-cause-related
emergency-room visit, duration of asthma, medications for asthma, and medications for
diabetes.

Thewasthma exacerbation measurement in our main analysis was patients using systemic
corticosteroids plus asthma related hospitalization or patients using systemic corticosteroids
plus asthma'related ER visit. In addition to the main analysis, we further conducted a
sensitivity'analysis to define the asthma exacerbation as a composite outcome of the

occurrence of systemic corticosteroids use, asthma related hospitalization, or asthma related

12
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ER visit.

SAS® Proprietary Software, Release 9.3 (SAS Institute, Cary, NC) was used for data
management and statistical analyses. A p value with two-tailed significance level was set to
0.05. This study was reviewed and approved by the Taipei Medical University Joint

Institutional Review Board.

13
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Results

Table 1 shows characteristics of the study population. The mean age was 64 years, and
more than half were females (60.4%). The mean score of the CCI was 1.3. About 23.7% and
28.6% had a hospital admission and emergency room visit, respectively, during the one year
pre-index=period. About 14.2% took a LABA, 26.1% took a short-acting $-agonist, and 20.4%
took a systemic corticosteroid. More than one-third (38.5%) of the study population took
sulfonylurea during the pre-index period.

Table2:presents the comparison of the patient characteristics between metformin users
and non-users. Metformin users took more short-acting f2-agonist (30.2% vs. 24.1%, p < 0.05),
and methyl-xanthine (42.8% vs. 32.8%, p < 0.01). The use rate of insulin was lower among
metformin.users (6.1% vs. 13.5%, p < 0.01). Metformin users had fewer asthma-related
hospital admissions (0.9% vs. 3.3%, p < 0.01) than metformin non-users during the follow-up
period.

Table-3:shows the results of the adjusted multivariable logistic regression models. Results
showed that metformin users were less likely to have asthma-related adverse outcomes.
Compared-to metformin non-users, metformin users had a lower risk of asthma related
hospitalization (OR =0.21, 95% CI: 0.07-0.63) and asthma exacerbation (OR = 0.39, 95% CI:
0.19-0:79);-but not emergency room visits for asthma (OR=0.62, 95%CI 0.26-1.44)

Results from the sensitivity analysis showed that the risk of asthma exacerbation was not

significantly different between metformin users and non-users (OR = 0.68, 95% CI: 0.45-1.02).

14
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Discussion

In this retrospective cohort study, we found a significant association between metformin
use and asthma-related outcomes among patients with concurrent asthma and diabetes.
Metformin users were less likely to have an asthma-related hospitalization and an asthma
exacerbation than metformin non-users. Our findings confirmed that the anti-inflammatory
effect of metformin may be associated with a reduced risk of airway inflammation, which was
reported in previous animal studies.*” '8

Although the plausible mechanism remains unclear, previous in-vitro and in-vivo studies
showed that. metformin could have anti-inflammatory effect.” *® Through the activation of the
AMPK, metformin attenuates the exacerbation of the allergic eosinophilic inflammation, which
reduces.the-airway inflammatory.'® The activation of the AMPK could also inhibit the
inflammatory process in several other diseases such as colitis,”® cystic fibrosis,** autoimmune
encephalomyelitis®* and LPS-induced lung inflammation.* Therefore, a lower risk of asthma
exacerbation-among metformin users that we observed in the study could result from this
anti-inflammatory effect.

Thissstudy has several strengths. To our knowledge, this is the first study to evaluate the
association between metformin use and asthma-related outcomes in a large, population-based
cohort=Then; we used both the disease diagnoses and medication records, which can prevent
the misclassification that was commonly reported in studies using administrative claims data,
to ensure'the accuracy and validity of identifying our study population.®” Furthermore, we
adoptéd.the new user design® to prevent the immortal bias that was commonly reported in the

observational studies.®® “° Furthermore, we identified asthma-related medication use which
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This article is protected by copyright. All rights reserved.



included the use of ICS, LABA, and short-acting 3-agonists, and adjusted the medication use in
the regression model. The model allowed us to obtain a more comprehensive finding because
the management of asthma-related medication was highly associated with the asthma outcomes.
Finally, we also adjusted for diabetic patients’ medication use including insulin in our
regression analysis. Including diabetic medication use can potentially serve as a proxy of the
severity-of-the-diabetic condition. The adjustment ensured that we obtained comprehensive and
objective findings.

Mareover, we used asthma exacerbation because it is a more comprehensive and clinically
meaningfulreutcome. We found that the risk of asthma exacerbation was lower among
metformin users than non-users. Metformin is a first-line medication treatment that is widely
used for patients with diabetes. Physicians may consider prescribing metformin or adding
metformin.to.current diabetic medicines as a treatment strategy for patients with concurrent
asthma and diabetes.

Previous studies indicated that metformin can reduce the risk of cancer, HIV
lipodystrophy syndrome, polycystic ovarian syndrome (PCOS), and several chronic
inflammatory diseases through its anti-inflammatory effect.*> ** The association between
metforminsuse and the reduced risk of the asthma exacerbation that we found in this study
needs further investigation. Several ongoing randomized control trials may provide more
evideneertorsupport our findings.**

There are several limitations to this study. First, several risk factors, which can impact
asthma control including obesity, allergens, infections, occupational sensitizers, smoking, air
pollution, and dietary habits, were not available in the administration claims data." Second, the

NHIRD does not have information regarding the socioeconomic status such as education,
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family income, race/ethnicity, marital status, etc., which are confounders for asthma
exacerbation. The residual confounding effect can still exist. In addition, the NHRID did not
provide the laboratory data or other clinical measures such as body mass index (BMI), which
were potential confounders in this study. Third, symptom overlaps could exist between patients
with chronic COPD and asthma.*® *® We potentially eliminated patients with severe asthma
when werexcluded patients with COPD. This exclusion criterion would have lowered the
generalizability and validity of our study. Fourth, bias created from confounding by indication
may exist because the number of comorbid conditions and medication use were higher for
metforminsusers than non-users. Fifth, actual medication adherence in the study population was
unknown because a record of prescriptions filled might not mean a prescription taken by the
patient. Finally, asthma is a heterogeneous disease,*’ and information regarding the phenotypes
or severity.of asthma was not available in the claims data.

In summary, metformin use is potentially associated with improvements in asthma control
among patients with concurrent asthma and diabetes. From a clinical perspective, metformin
can becomea priority selection among patients with diabetes and asthma. Future studies can
continue to investigate the underlying anti-inflammatory mechanism of metformin, and clinical

trials are.necessary to further confirm the effect of metformin on asthma control.

17

This article is protected by copyright. All rights reserved.



Acknowledgements

This study was funded, in part, by a research grant from the National Science Council
Taiwan (NSC102-2314-B-038-001 to C-HW), and a young investigator grant from Taipei
Medical University (TMU 101-AE1-B26 to C-HW). The funders had no role in the study
design, data‘collection and analysis, result interpretation, publication decision, or manuscript
preparation..This study was based in part on data from the National Health Insurance Research
Database provided by the National Health Insurance Administration, Ministry of Health and
Welfareyand.managed by the National Health Research Institutes. The interpretation and
conclusions.contained herein do not represent those of the National Health Insurance

Administration, Ministry of Health and Welfare, or the National Health Research Institutes.

Disclosure statement

The.study was from a part of C-YL Master's thesis at the Taipei Medical University,

Taipei, Taiwan.

18

This article is protected by copyright. All rights reserved.



REFERENCES

1  Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention.
http://www.ginasthma.org. 2014.

2  Masoli M, Fabian D, Holt S, Beasley R. The global burden of asthma: executive summary
of the’GINA Dissemination Committee report. Allergy. 2004; 59: 469-78.

3 American Lung Association. Trends in Asthma Morbidity and Mortality. 2012.

4 Hwang CY, Chen YJ, Lin MW, Chen TJ, Chu SY, Chen CC, Lee DD, Chang YT, Wang
WJ, Liu.HN. Prevalence of atopic dermatitis, allergic rhinitis and asthma in Taiwan: a national
study 2000 to 2007. Acta Derm Venereol. 2010; 90: 589-94.

5 Wu LS, Sjakste T, Sakalauskas R, Sitkauskiene B, Paramonova N, Gasiuniene E, Jan RL,
Wang JY. The burden of allergic asthma in children: a landscape comparison based on data
from Lithuanian, Latvian, and Taiwanese populations. Pediatr Neonatol. 2012; 53: 276-82.

6  SunHL; Lue KH. Health care utilization and costs of adult asthma in Taiwan. Allergy
Asthma-Proc. 2008; 29: 177-81.

7  Elward'KS, Pollart SM. Medical Therapy for Asthma: Updates from the NAEPP
Guidelines:Am Fam Physician. 2010; 82: 1242-51.

8 Barnes CB, Ulrik CS. Asthma and Adherence to Inhaled Corticosteroids: Current Status
and Future Perspectives. Respir Care. 2014.

9  Weehsler ME. Getting control of uncontrolled asthma. Am J Med. 2014; 127: 1049-59.
10 Carlton BG, Lucas DO, Ellis EF, Conboy-Ellis K, Shoheiber O, Stempel DA. The status
of asthma control and asthma prescribing practices in the United States: results of a large
prospective asthma control survey of primary care practices. J Asthma. 2005; 42: 529-35.

11 Adams RJ, Wilson DH, Taylor AW, Daly A, Tursan d'Espaignet E, Dal Grande E, Ruffin
RE. Coexistent chronic conditions and asthma quality of life: a population-based study. Chest.
2006; 129: 285-91.

12 Caughey GE, Vitry Al, Gilbert AL, Roughead EE. Prevalence of comorbidity of chronic
diseases.in.Australia. BMC public health. 2008; 8: 221.

13 Ehrlich.SF, Quesenberry CP, Jr., Van Den Eeden SK, Shan J, Ferrara A. Patients diagnosed
with diabetes are at increased risk for asthma, chronic obstructive pulmonary disease,
pulmonary-fibrosis, and pneumonia but not lung cancer. Diabetes care. 2010; 33: 55-60.

14 Black MH, Anderson A, Bell RA, Dabelea D, Pihoker C, Saydah S, Seid M, Standiford
DA, Waitzfelder B, Marcovina SM, Lawrence JM. Prevalence of asthma and its association
with glycemic control among youth with diabetes. Pediatrics. 2011; 128: e839-47.

19

This article is protected by copyright. All rights reserved.



15 Jia H, Zack MM, Thompson WW. The effects of diabetes, hypertension, asthma, heart
disease, and stroke on quality-adjusted life expectancy. Value in health : the journal of the
International Society for Pharmacoeconomics and Outcomes Research. 2013; 16: 140-7.

16 Torres A, Blasi F, Dartois N, Akova M. Which individuals are at increased risk of
pneumococcal disease and why? Impact of COPD, asthma, smoking, diabetes, and/or chronic
heart disease on community-acquired pneumonia and invasive pneumococcal disease. Thorax.
2015;70:984-9.

17 Calixto'MC, Lintomen L, Andre DM, Leiria LO, Ferreira D, Lellis-Santos C, Anhe GF,
Bordin S, Landgraf RG, Antunes E. Metformin attenuates the exacerbation of the allergic
eosinophilic inflammation in high fat-diet-induced obesity in mice. PLoS One. 2013; 8:
e76786.

18 Park CS, Bang BR, Kwon HS, Moon KA, Kim TB, Lee KY, Moon HB, Cho YS.
Metformin reduces airway inflammation and remodeling via activation of AMP-activated
protein kinase. Biochemical pharmacology. 2012; 84: 1660-70.

19 SaltIP;Palmer TM. Exploiting the anti-inflammatory effects of AMP-activated protein
kinase aetivation. Expert opinion on investigational drugs. 2012; 21: 1155-67.

20 Bai’A,'MaAG, Yong M, Weiss CR, Ma'Y, Guan Q, Bernstein CN, Peng Z. AMPK agonist
downregulates innate and adaptive immune responses in TNBS-induced murine acute and
relapsing colitis. Biochemical pharmacology. 2010; 80: 1708-17.

21 Myerburg MM, King JD, Jr., Oyster NM, Fitch AC, Magill A, Baty CJ, Watkins SC, Kolls
JK, Pilewski JM, Hallows KR. AMPK agonists ameliorate sodium and fluid transport and
inflammation in cystic fibrosis airway epithelial cells. American journal of respiratory cell and
molecular biology. 2010; 42: 676-84.

22 Nath N, Khan M, Paintlia MK, Singh I, Hoda MN, Giri S. Metformin attenuated the
autoimmune disease of the central nervous system in animal models of multiple sclerosis.
Journal’of immunology (Baltimore, Md : 1950). 2009; 182: 8005-14.

23 Song.P, Zou MH. Regulation of NAD(P)H oxidases by AMPK in cardiovascular systems.
Free radical biology & medicine. 2012; 52: 1607-109.

24  Association AD. Executive summary: Standards of medical care in diabetes--2013.
Diabetes.care. 2013; 36 Suppl 1: S4-10.

25 Wang.JY, Liu LF, Chen CY, Huang YW, Hsiung CA, Tsai HJ. Acetaminophen and/or
antibiotic.use in early life and the development of childhood allergic diseases. Int J Epidemiol.
2013; 42:.1087-99.

26 Chen CY, Liu CY, SuWC, Huang SL, Lin KM. Factors associated with the diagnosis of
neurodevelopmental disorders: a population-based longitudinal study. Pediatrics. 2007; 119:

20

This article is protected by copyright. All rights reserved.



e435-43.

27 Fitch K, Pyenson BS, Iwasaki K. Medical claim cost impact of improved diabetes control
for medicare and commercially insured patients with type 2 diabetes. J Manag Care Pharm.
2013; 19: 609-20, 20a-20d.

28 Stanford RH, Blanchette CM, Roberts MH, Petersen H, Fuhlbrigge AL. Effect of
combination fluticasone propionate and salmeterol or inhaled corticosteroids on asthma-related
outcomes in‘a Medicare-eligible population. Am J Geriatr Pharmacother. 2012; 10: 343-51.

29 Hagiwara M, Delea TE, Stanford RH. Retrospective comparison of early versus late
treatment with fluticasone propionate/salmeterol after an asthma exacerbation. J Asthma. 2011;
48: 721-8.

30 Hagiwara M, Delea TE, Stanford RH. Risk of asthma exacerbation, asthma-related health
care utilization and costs, and adherence to controller therapy in patients with asthma receiving
fluticasone propionate/salmeterol inhalation powder 100 mug/50 mug versus mometasone
furoate inhalation powder. J Asthma. 2013; 50: 287-95.

31 Lafeuille MH, Gravel J, Zhang J, Gorsh B, Figliomeni M, Lefebvre P. Association
between-eonsistent omalizumab treatment and asthma control. J Allergy Clin Immunol Pract.
2013; 151-7.

32 Lane'SJ, Petersen H, Seltzer JM, Blanchette CM, Navaratnam P, Allen-Ramey F,
Fuhlbrigge A. Moderate symptom-based exacerbations as predictors of severe claims-based
exacerbations in asthma. J Asthma. 2013; 50: 642-8.

33 Reddel HK, Taylor DR, Bateman ED, Boulet LP, Boushey HA, Busse WW, Casale TB,
ChanezP, Enright PL, Gibson PG, de Jongste JC, Kerstjens HA, Lazarus SC, Levy ML,
O'Byrne PM, Partridge MR, Pavord ID, Sears MR, Sterk PJ, Stoloff SW, Sullivan SD, Szefler
SJ, Thomas MD, Wenzel SE. An official American Thoracic Society/European Respiratory
Society statement: asthma control and exacerbations: standardizing endpoints for clinical
asthma trials'and clinical practice. Am J Respir Crit Care Med. 2009; 180: 59-99.

34 Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, Saunders LD, Beck CA,
Feashy TE, Ghali WA. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10
administrative data. Med Care. 2005; 43: 1130-9.

35 Quan.H, Li B, Couris CM, Fushimi K, Graham P, Hider P, Januel JM, Sundararajan V.
Updating.and validating the Charlson comorbidity index and score for risk adjustment in
hospital discharge abstracts using data from 6 countries. Am J Epidemiol. 2011; 173: 676-82.
36 Zhae X, Zmijewski JW, Lorne E, Liu G, Park YJ, Tsuruta Y, Abraham E. Activation of
AMPK attenuates neutrophil proinflammatory activity and decreases the severity of acute lung
injury. American journal of physiology Lung cellular and molecular physiology. 2008; 295:

21

This article is protected by copyright. All rights reserved.



L497-504.

37 Lin CC, Lai MS, Syu CY, Chang SC, Tseng FY. Accuracy of diabetes diagnosis in health
insurance claims data in Taiwan. J Formos Med Assoc. 2005; 104: 157-63.

38 Ray WA. Evaluating medication effects outside of clinical trials: new-user designs. Am J
Epidemiol. 2003; 158: 915-20.

39 Suissa S. Immortal time bias in observational studies of drug effects. Pharmacoepidemiol
Drug Saf.2007; 16: 241-9.

40 Suissa S. Immortal time bias in pharmaco-epidemiology. Am J Epidemiol. 2008; 167:
492-9.

41 Bost F, Sahra IB, Le Marchand-Brustel Y, Tanti JF. Metformin and cancer therapy. Curr
Opin Oncol. 2012; 24: 103-8.

42 Mahmood K, Naeem M, Rahimnajjad NA. Metformin: the hidden chronicles of a magic
drug. Eur J_Intern Med. 2013; 24: 20-6.

43  Saif W,.Impact of Pretreatment With Metformin on Colorectal Cancer Stem Cells (CCSC)
and Related-Pharmacodynamic Markers; ClinicalTrials.gov
[https://elinicaltrials.gov/ct2/show/NCT01440127]: National Library of Medicine (US). 2000-
[2015/06/17]. NCT01440127.

44  Lynch;P. An Open-Labeled Pilot Study of Biomarker Response Following Short-Term
Exposure to Metformin; ClinicalTrials.gov [https://clinicaltrials.gov/ct2/show/NCT01816659]:
National Library of Medicine (US). 2000- [2015/06/17]. NCT01816659.

45 Papaiwannou A, Zarogoulidis P, Porpodis K, Spyratos D, Kioumis I, Pitsiou G, Pataka A,
Tsakiridis K, Arikas S, Mpakas A, Tsiouda T, Katsikogiannis N, Kougioumtzi I, Machairiotis N,
Siminelakis S, Kolettas A, Kessis G, Beleveslis T, Zarogoulidis K. Asthma-chronic obstructive
pulmonary disease overlap syndrome (ACOS): current literature review. J Thorac Dis. 2014; 6:
S146-S51,

46 Louie S, Zeki AA, Schivo M, Chan AL, Yoneda KY, Avdalovic M, Morrissey BM,
Albertson TE. The asthma-chronic obstructive pulmonary disease overlap syndrome:
pharmacotherapeutic considerations. Expert Rev Clin Pharmacol. 2013; 6: 197-219.

47 Moore WC, Meyers DA, Wenzel SE, Teague WG, Li H, Li X, D'Agostino R, Jr., Castro M,
Curran-Everett D, Fitzpatrick AM, Gaston B, Jarjour NN, Sorkness R, Calhoun WJ, Chung KF,
Combhair.SA; Dweik RA, Israel E, Peters SP, Busse WW, Erzurum SC, Bleecker ER.
Identification of asthma phenotypes using cluster analysis in the Severe Asthma Research
Program=Am J Respir Crit Care Med. 2010; 181: 315-23.

22

This article is protected by copyright. All rights reserved.



Table 1 Baseline characteristics of the study population*

Overall population

(N=1,332)
Characteristics Estimated population Percentage
Age (mean, SD)? 64 10.1
Age®
18+ 39 24 1.8%
40 - 59 402 30.2%
60 =79 906 68.0%
Gender
Female 804 60.4%
Male 528 39.6%
Region®
Northern 342 25.7%
Northwest 202 15.2%
Central 247 18.5%
Southwestern 204 15.3%
Southern 213 16.0%
Eastern and other 124 9.3%
Charlson-Gemorbidity-Index (mean, SD)° 1.3 1.8
Duratien.of asthma (mean of months, SD)* 41.9 21.2
All cause events”
Hospital admission
Yes 316 23.7%
Emergency room visit
Yes 381 28.6%
Cardiovascular disease®
Yes 76 5.7%
Metformin=related discontinue diseases®
Yes 90 6.7%
Medication‘for asthma”
Inhaled.corticosteroid
Yes 93 7.0%
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Long-acting -agonist

Yes 189 14.2%
Short-acting 32-agonist

Yes 348 26.1%
Leukotriene modifiers

Yes 20 1.5%
Methyl=xanthine

Yes 481 36.1%
Systemic corticosteroid

Yes 272 20.4%
Anticholinergics

Yes 49 3.7%

Medication for diabetes®
Sulfonylurea

Yes 513 38.5%
Meglitinide

Yes 72 5.4%
Thiazolidinedione

Yes 77 5.8%
a-glucosidase inhibitor

Yes 111 8.3%
Insulin

Yes 147 11.0%

Asthma-related outcome variables’

Hospital admission

Yes 33 2.5%
Emergency room visit

Yes 30 2.3%
Exacerbation

Yes 133 10.0%

# Calculated.on the index date

> Calculated'during the pre-index period

“ Duration.between the date of first diagnosis with asthma and the index date in the enrollment
period
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% Including cardiovascular disease, dyslipidemia or metabolic syndrome
® Including end stage renal disease, heart failure or chronic liver disease
" Calculated during the follow-up time
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Table 2. Comparisons of patient characteristics between metformin users and non-users*

Metformin users

Metformin non-users

(N=444) (N=888)
o Estimated Estimated
Characteristics . Percentage . Percentage P-value*
population population
Age (mean, SD)? 64 10.1 64 10.1 0.98
Age® 1.00
18- 39 8 1.8% 16 1.8%
40 - 59 134 30.2% 268  30.2%
60-79 302 68.0% 604  68.0%
Gender 1.00
Female 268  60.4% 536  60.4%
Male 176 39.6% 352  39.6%
Region® 0.05
Northern 97 21.9% 245  27.6%
Northwest 82 18.0% 120 13.5%
Central 7% 17.1% 171 19.3%
Southwestern 69 15.5% 135 15.2%
Southern 72 16.2% 141 15.9%
Eastern and other 48  10.8% 76 8.6%
26
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Charlson-Comorbidity-Index (mean, SD)°
Duration of asthma (mean of months, SD)*
All cause events”
Hospital admission
Yes
Emergency room visit
Yes
Cardiovascular disease®
Yes
Metformin-related discontinue diseases®
Yes
Inhaled corticosteroid
Yes
Long-acting -agonist
Yes
Short-acting 32-agonist
Yes
Leukotriene modifiers
Yes
Methyl-xanthine
Yes

13

39.7

103

124

31

31

38

64

134

190

27

10.81

21.95

23.2%

27.9%

7.0%

7.0%

8.6%

14.4%

30.2%

1.4%

42.8%

14

43.0

213

257

45

59

55

125

214

14

291
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1.86 0.46
20.73 <0.01*
0.74

24.0%
0.69

28.9%
0.15

5.1%
0.81

6.6%
0.11

6.2%
0.86

14.1%
0.02

24.1%
0.75

1.6%
<0.01*

32.8%



Systemic corticosteroid
Yes
Anticholinergics
Yes
Medication for diabetes”
Sulfonylurea
Yes
Meglitinide
Yes
Thiazolidinedione
Yes
a-glucosidase inhibitor
Yes
Insulin
Yes
Asthma-related outcome variables’
Hospital admission
Yes
Emergency room visit
Yes
Exacerbation

107

11

184

15

20

39

27

28

24.1%

2.5%

41.4%

3.4%

4.5%

8.8%

6.1%

0.9%

1.8%

165

38

329

57

57

72

120

29

22

This article is protected by copyright. All rights reserved.

18.6%

4.3%

37.1%

6.4%

6.4%

8.1%

13.5%

3.3%

2.5%

0.02

0.09

0.12

<0.01*

0.16

0.67

<0.01*

<0.01*

0.43

0.02



Yes 10 2.3% 44 5.0%

*Difference of the covariates between metformin users and non-metformin users, using student-t test and
chi-square test. P-value with two-tailed significance level was set to 0.05

& Calculated on the index date

> Calculated during the pre-index period

“ Duration between the date of first diagnosis with asthma and the index date in the enrollment period

% Including cardiovascular disease, dyslipidemia or metabolic syndrome

® Including end stage renal disease, heart failure or chronic liver disease

" Calculated during the follow-up time
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Table 3:"The associations between metformin use and asthma outcomes (hospitalization, emergency room visit and exacerbation):

results from multivariable logistic regression models®

Asthma hospitalization

Asthma emergency room visit

Asthma exacerbation

Adjusted model

Adjusted model

Adjusted model

Variable Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)
Use of metformin

Yes 0.21 (0.07-0.63) 0.62 (0.26-1.44) 0.39 (0.19-0.79)

No Reference Reference Reference Reference Reference Reference
Age 1.02 (0.99-1.06) 0.98 (094-1.01) 1.01 (0.98-1.03)
Gender”

Female 1.91 (0.83-4.37) 0.96 (0.45-2.04) 1.46 (0.79-2.69)
Region®

Northwest 3.80 (1.23-11.73) 2.08 (0.72-5.97) 1.83 (0.81-4.11)

Central 1.58 (0.46-5.38) 1.12 (0.37-3.46) 1.07 (0.45-251)

Southwestern 1.56 (0.44-559) 0.67 (0.17-2.67) 0.98 (0.40-2.45)

Southern 1.48 (0.41-5.37) 0.74 (0.21-2.69) 0.79 (0.30-2.07)

Eastern and other 0.88 (0.16-4.81) 0.66 (0.13-3.29) 0.55 (0.15-2.03)
Charlson Comorbidity Index 0.86 (0.66-1.13) 1.01 (0.81-1.27) 0.91 (0.75-1.11)
Duration of asthma® 1.00 (0.99-1.02) 1.00 (0.98-1.02) 1.00 (0.99-1.01)
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Cardiovascular and metformin-related
discontintie disease”’
Yes
Medication for asthma
Inhaled corticosteroid®
Yes
Long-acting p-agonist”
Yes
Short-aeting p2-agonist”
Yes
Systemic-corticosteroid”
Yes
Other medication®*
Yes
Medications for diabetes”’
Yes

0.27

1.89

2.21

1.87

2.21

1.05

0.85

(0.03-2.16)

(0.64-5.60 )

(0.90-5.41)

(0.84-4.19)

(0.87-4.72)

(0.44-2.52)

(0.41-1.77)

1.30

3.74

0.60

1.44

1.86

1.10

1.28

(0.41-4.18)

(1.34-10.4)

(0.20-1.80)

(0.62-3.32)

(0.79 - 4.37)

(0.46 - 2.65)

(0.6-2.77)

1.06

1.22

1.91

1.77

1.64

1.26

1.13

(0.41-2.74)

(0.49 - 3.05)

(0.95-3.85)

(0.95-3.28)

(0.85-3.17)

(0.66 - 2.41)

(0.64-2.00)

% Adjusted variables including age, gender, region, Charlson Comorbidity Index, duration of asthma, medications for asthma, medication for

diabetes
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> Reference groups: gender (male), region (northern), cardiovascular and metformin-related discontinue disease (No), inhaled corticosteroid (No),
long-acting B-agonist (No), short-acting p2-agonist (No), systemic corticosteroid (No), other medications (No), and medications for diabetes (No)

“ Duration between the date of first diagnosis with asthma and the index date in the enrollment period
% Including cardiovascular disease, dyslipidemia, metabolic syndrome, end stage renal disease, heart failure or chronic liver disease

¢ Other medications including leukotriene modifier, methyl-xanthine and anti-cholinergic agent

" Medication for diabetes including sulfonylurea, meglitinide, thiazolidinedione, a-glucosidase inhibitor and insulin
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Figure legends

Figure 1 Description of the study design

Figure 2 Flow chart: the identification process of the study population
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