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Abstract

Background —Type 2 diabetes (DMZ2) is one of the most common chronic disorders
worldwide and is an important cause of cardiovascular disease. Studies investigating the risk of
atrial and ventricular arrhythmias in diabetic patients taking different oral diabetes medications are
sparse.

Methods —We used IBM MarketScan® Medicare Supplemental Database to examine the risk
of arrhythmias for patients on different oral diabetes medications by propensity score matching.

Results —We found that patients on metformin monotherapy had significantly reduced risk of
atrial arrhythmias, including atrial fibrillation, compared to monotherapy with DPP4 or TZD
medications. Patients on metformin monotherapy had significantly reduced risk of atrial
arrhythmias, ventricular arrhythmias, and bradycardia compared to monotherapy with
sulfonylureas. Combination therapy with sulfonylureas and metformin had an increased risk of
atrial arrhythmias compared to some other combinations.

Conclusions —Different oral diabetes medications have significantly different long-term risk
of arrhythmia. Specifically, metformin is associated with reduced risk of atrial fibrillation and
ventricular arrhythmias compared to sulfonylureas.
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Hazard Ratios of New Onset Arrhythmias After Metformin vs Other Anti-
Diabetic Medication Prescribed as Monotherapy
Odds Ratios and 95% Confidence Intervals (log)
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Introduction

Type 2 diabetes (DM2) is one of the most prevalent chronic disorders worldwide and is
associated with increased mortality and disability. It affects more than 34 million people in
the US with 88 million adults having pre-diabetic states 1. DM2 is associated with many
serious complications, including cardiovascular disorders 2. Among the latter, atrial and
ventricular arrhythmias are associated with poor clinical outcomes 34, The effects of
antidiabetic medications on cardiovascular comorbidities have been studied extensively 5.
American Diabetes Association (ADA) and American Association of Clinical
Endocrinologists (AACE) treatment recommendations are based on long-term
macrovascular benefits observed in the United Kingdom Prospective Diabetes Study
(UKPDS) and other clinical studies ’. Nevertheless, studies investigating the risk of atrial
and ventricular arrhythmias in diabetic patients on different medications are sparse.

Metformin monotherapy is the recommended first-line antidiabetic treatment by the ADA
and other international guidelines 8. Human data is limited, but a cohort study examined the
risk of atrial fibrillation (AF) in diabetic patients on metformin and showed a reduced risk of
new incidence AF, independent of co-morbidities and other medications °. However, this
study was limited to patients in Taiwan, which may not be generalizable to other
populations. Moreover, the impact of different DM2 medications on the risk of other
arrhythmias was not studied. There is some prior research on the impact of metformin on
decreasing the risk of ischemic ventricular fibrillation (VF) in animal models 10, The current
study aimed to cover this knowledge gap by studying the risk of atrial and ventricular
arrhythmias in patients on metformin and other classes of antidiabetic medications.
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Data source

We used IBM MarketScan® Medicare Supplemental Database, which includes adjudicated
health insurance claims for more than 8 million US patients from 2010 to 2018. IBM
MarketScan® Medicare Supplemental Database (MDCR) represents health services of
retirees in the United States with employer-sponsored Medicare supplemental coverage
through privately insured fee-for-service, point-of-service, or capitated health plans. These
data include adjudicated health insurance claims (e.g. inpatient, outpatient, and outpatient
pharmacy) covering a full continuum of care. Employer-provided data allowed tracking of
patients across multiple plans using their unique identifiers assigned in MarketScan. The
major data elements contained within this database are outpatient pharmacy dispensing
claims (coded with National Drug Codes (NDC), inpatient and outpatient medical claims
which provide procedure codes (CPT-4, HCPCS, ICD-9-CM or ICD-10-PCS), and diagnosis
codes (ICD-9-CM or ICD-10-CM). The database underwent extensive validation 11 and was
subsequently standardized to Observational Health Data Sciences and Informatics (OHDSI)
Observational Medical Outcomes Partnership Common Data Model (OMOP CDM) version
5. OHDSI is an international multi-stakeholder initiative that uses common statistical
approaches, data models, and standardized vocabularies to enable large-scale observational
research 12,

The study used de-identified data and did not constitute human subjects research or require
informed consent. The detailed analytic methods have been made available to other
researchers for purposes of reproducing the results or replicating the procedure (https://
github.com/aostropolets/MetforminStudy).

Study design

Our main hypothesis was that metformin prevents cardiac arrhythmias compared to
sulfonylureas, thiazolidinediones (TZD), dipeptidyl peptidase 4 inhibitors (DPP4) or
glucagon-like peptide-1 receptor agonists (GLP-1). We did not include patients on insulin
since they are more likely to have late-stage diabetes with more complications. Our study
also included several secondary hypotheses, which concerned pairwise effectiveness for
preventing cardiac arrhythmias in patients on a combination therapy with metformin and
each of the drug groups mentioned above.

Comparing metformin and other oral antidiabetic drugs (sulfonylureas, thiazolidinediones,
dipeptidyl peptidase 4 inhibitors, glucagon-like peptide-1 receptor agonists)

We followed a comparative retrospective new-user cohort design. We compared new users of
metformin and new users of other oral antidiabetic drugs who were observed in a database
for at least a year prior. For this study, we compared metformin with other oral antidiabetic
medications, including sulfonylureas, TZD, DPP4, and GLP-1 13, Patients were required to
have a DM2 diagnosis prior to treatment. We excluded patients with prior atrial fibrillation,
ventricular tachycardia (VT), or ventricular fibrillation (VF). We also excluded patients with
previously recorded type 1 or gestational diabetes within a year prior to ensure that the
patients were not misclassified.
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We defined our exposures similarly to Hripcsak et al. 14 with limiting minimal required
exposure to be one year (Figure 1). The cohort entry is an exposure to metformin (target
group) or an exposure to other antidiabetic drugs (comparator group). We excluded patients
with prior metformin exposure from the comparator group and censored patients in the
comparator group if they initiated metformin treatment.

Pairwise comparison of antidiabetic combination therapies with metformin

Outcomes

To examine the differences in antiarrhythmic effect among combinations of metformin with
other anti-diabetic drugs, we constructed the second design comparing patients on a
combination of (1) metformin and sulfonylurea, (2) metformin and DPP4 inhibitors, (3)
metformin and TZD, and (4) metformin and GLP-1 receptor agonists. We followed the same
rules to define our exposure (Figure 2), where an additional censoring event was initiation of
another anti-diabetic drug (TZD, GLP-1 receptor agonists or DPP4 inhibitors for the target
cohort; sulfonylureas, GLP-1 receptor agonists or TZD for the comparator cohort # 1;
sulfonylureas, GLP-1 receptor agonists or TZD for the comparator cohort # 2; and
sulfonylureas, TZD or DPP4 inhibitors for the comparator cohort # 3).

We studied the occurrence of (a) atrial fibrillation (AF), (b) atrial flutter (AFL) and
supraventricular arrhythmia, and (c) ventricular tachycardia (VT) or ventricular fibrillation
(VF), and (d) clinically significant bradycardia. We defined the outcomes as an occurrence
of diagnosis codes in patient record. The full list of codes used to define exposures and
outcomes is in the supplemental materials (Supplementary Table I). We defined our time-at-
risk as on-treatment analysis, which starts at the index date and continues until the
medication is discontinued, an outcome occurs, or patient record ends.

Statistical analysis

To mitigate potential confounding we used propensity score matching with a ratio of up to 5
subjects from a control group to one subject in the target group. To calculate propensity
scores, we used baseline covariates including demographic data, prior conditions, drug
exposures, and procedures. The number of covariates varied across target and comparator
drug pairs, ranging from 18,989 for a comparison of sulfonylureas and thiazolidinediones to
39,079 for a comparison of metformin and sulfonylureas. We matched patients by propensity
score and used Cox proportional hazard model to estimate hazard ratios for the risk of
outcomes in target and comparator cohorts 1°. We characterized patients before and after
propensity score matching to assess cohort balance. We also applied diagnostic tests for our
propensity score models, which included examining preference score distributions and
empirical equipoise using the Cyclops R package. To reduce residual study bias we
additionally constructed forty-four negative controls 6. Such controls were not known to be
associated with the exposure and were constructed similarly to Vashitsht et al. 17 with
additional controls (e.g. rhinitis, hereditary disorders, Supplemental Table I1). We used
empirical null distributions to empirically calibrate hazard ratios, their confidence intervals
and p-values similarly to Suchard et al. 18, We also used negative control calibration plots to
evaluate potential residual bias.
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In addition to following patients as long as they were on treatment, we carried out a separate
analysis that is referred to in observational research as “intent-to-treat.” In this analysis, we
follow the patient until an outcome occurs or until the patient record ends, regardless of
whether treatment ends. We look for the secondary intent-to-treat analysis to match the
primary on-treatment results, with deviation potentially pointing to missed biases.

Comparing metformin to other oral antidiabetic drugs (sulfonylureas, thiazolidinediones,
dipeptidyl peptidase 4 inhibitors, glucagon-like peptide-1 receptor agonists) as
monotherapy

We identified 190,180 patients on metformin monotherapy, 241,917 on sulfonylureas,
99,050 on DPP4 inhibitors, 88,258 on TZD, and 26,380 on GLP-1 receptor agonists
(Supplemental Table I1). Patient baseline characteristics before and after propensity score
matching for the target and comparators are presented in Supplemental Table IV.
Supplemental Table I11 shows the total number of patients in the target (metformin
monotherapy) and comparator groups before and after propensity score matching, as well as
the mean follow-up time and the number of outcome events in each group. After matching,
all of the 39,079 measured covariates achieved the standard criterion of balance with a
standardized difference of the mean less than 0.1 (Supplemental Figure I). Before matching,
we saw differences in sex, age, hypertension, coronary artery disease, valvular heart
disorder, thyroid disorders, heart failure, asthma, chronic obstructive lung disorder, and
medications like beta blockers, calcium channel blockers, and anticoagulants, but these
differences were successfully addressed with matching (Supplemental Table V).

After propensity score adjustment, we found that patients on metformin monotherapy had
significantly decreased risk for all types of arrhythmia compared to those on sulfonylureas
(Table 1). The largest treatment effect of metformin compared to sulfonylureas was a 34%
reduction in occurrence of VT/VF (p=0.01). When compared with DPP4, metformin was
associated with significantly lowered risk of AF, AFL or other supraventricular arrhythmia,
and bradycardia, with a reduction in occurrence of about 10% for each (p<0.01 for all three
categories). When compared with TZD, metformin was associated with significantly
lowered risk of AF and AFL or supraventricular arrhythmia, with reductions in occurrence
of 14% and 9% respectively (p<0.01 for both categories).

Metformin was not associated with a significant difference in risk of VT/VF compared to
either DPP4 or TZD. In contrast with the other types of medication, there were no
significant difference in risk for any types of arrhythmia comparing metformin and GLP-1
receptor agonists. Notably, the sample size of patients on GLP-1 monotherapy was smaller
than that of the other comparators, so these comparisons could be relatively underpowered to
detect small differences in risk. In summary, metformin monotherapy was associated with
significantly lowered risk for atrial arrhythmias, including atrial fibrillation, compared to
three out of the four comparators. Metformin monotherapy also had a large reduction in
ventricular arrhythmias compared to sulfonylureas. The uncalibrated and calibrated with
negative contols p-values were close (Supplemental Figure 11) indicating that negative
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controls showed little evidence of residual confounding in the study. Kaplan-Meier plots are
shown in Supplementary Figure IlI.

Intent-to-treat analysis (Supplemental Table V — VI and Supplemental Figure 1V - V)
showed similar results in direction of estimates and statistical significance of hazard ratios.
Eleven estimates out of sixteen did not statistically differ compared to on-treatment analysis,
while five estimates confidence intervals that were different compared to on-treatment
analysis.

Pairwise comparison of antidiabetic combination therapies using metformin

We then examined risk of arrhythmia on diabetic medical therapy containing metformin and
another medication (combination therapy). We identified 24,772 patients who were on
metformin and sulfonylurea therapy, 30,176 patients on metformin and DPP4 therapy,
26,389 patients on metformin and GLP-1 therapy and 9,793 patients on metformin and TZD
therapy (Supplemental Table VII). Baseline characteristics of these patients are presented in
Supplemental Table VIII.

Propensity score matching achieved balance on 25,871 measured covariates (Supplementary
Figure VI). Before propensity matching, we saw differences in sex, age, hypertensive
disorder, coronary heart disease, valvular heart disorder, hypothyroidism, chronic kidney
disorder, chronic obstructive lung disorder, asthma, and medications like beta blockers and
statins, but these differences were successfully addressed with matching (Supplemental
Table VIII and Supplemental Figure VII).

After propensity score adjustment, we found no significant differences in risk of any
arrhythmias when comparing combination treatment with metformin plus the second agent
as DPP4, TZD or GLP-1. However, treatment with sulfonylureas plus metformin was
associated with statistically higher risk of AF (OR 1.2, 95% CI 1.1-1.4, p=0.008, Table 2)
and AFL or supraventricular arrhythmia (OR 1.2, 95% CI 1-1.3, p=0.012) when compared
with metformin plus DPP4. Kaplan-Meier plots are presented in Supplemental Figure VIII.
In summary, most combinations of oral diabetes medications did not show significant
differences in risk of arrhythmia but treatment with sulfonylureas in combination with
metformin is associated with higher risk for atrial arrhythmias compared to treatment with
metformin and DPP4.

Discussion

Metformin is recommended as the first-line anti-diabetic medication by most international
guidelines. Although it has been shown to reduce cardiovascular complications in DM2
patients, there are few studies investigating risk for atrial and ventricular arrhythmias. The
results of our study address this knowledge gap. This observational retrospective cohort
study found that metformin was associated with significantly lowered risk of AF, AFL, and
supraventricular arrhythmia compared to sulfonylureas, DPP4 inhibitors, and TZD.
Metformin monotherapy also showed a significantly lowered risk for bradycardia when
compared with sulfonylurea monotherapy and DPP4 monotherapy. In clinical practice,
severe sinus bradycardia often co-exists with AF and it is thought that both problems can be
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caused by diffuse fibrosis of the atrial tissue. Medications that prevent atrial fibrosis could
reduce the risk of both AF and bradycardia. In contrast, we found no significant differences
in risk for arrhythmias between metformin and GLP-1 monotherapy, though the sample size
for GLP-1 was smaller than the other groups. Further, this study found that sulfonylureas, as
part of combination therapy with metformin, are associated with higher risk of atrial
arrhythmia compared to metformin combination therapy with DPPA4.

A database study of Taiwanese patients with DM2 found that metformin reduced the risk of
new-onset AF 9, Notably, this protective effect was diminished within two years,
underscoring the significance of our study, which examines the efficacy of metformin in
combination with different second-line medications, since a second agent is often required
after a few years of monotherapy. A more recent study of the Taiwanese population found
that both metformin and TZD were associated with lowered risk of new-onset AF 19, In
contrast with our study design, both of these studies considered metformin only as
monotherapy and did not investigate the risk for other types of arrhythmias. Our study
examines the impact of choice of medication on the risk of not only AF, but other types of
arrhythmias. Furthermore, our study takes into account the real-world dynamics of
antidiabetic treatment, wherein healthcare providers often change first-line therapy, combine
different antidiabetic drugs, or proceed with a second-line treatment.

Apart from metformin, a few prior studies have examined other antidiabetic medications
with regards to arrhythmic risk. One study investigated the risk of AF among DM2 patients
on second-line treatment with TZD 20, The authors found that TZD was associated with
fewer new diagnoses of AF compared to other second-line medications. The authors used a
Danish database (perhaps not applicable the multi-ethnic population of the USA) and
included patients who received both metformin and sulfonylurea as first-line treatment. A
study that drew data from the DECLARE-TIMI 58 trial reported that dapagliflozin, a
sodium-glucose cotransporter 2 (SGLT2) inhibitor, reduced the risk of AF/AFL in DM2
patients with multiple risk factors for atherosclerotic cardiovascular disease 21, SGLT2
inhibitors were not examined in the current study because these medications were not
present in this database in sufficient numbers to allow for meaningful statistical
comparisons.

An additional provocative finding is that metformin monotherapy was associated with
significantly lowered risk for VT/VF when compared with sulfonylurea monotherapy.
Although nonsustained VT or VF is not necessarily fatal, this risk reduction could lead to
decreased mortality. Interestingly, there are prior publications from large clinical cohorts
finding lower mortality with metformin compared to sulfonylureas or other anti-diabetic
medications 2223, A prior study comparing only metformin and sulfonylureas found that
metformin was associated with lower risk of all-cause mortality and cardiovascular events in
DM2 patients with chronic kidney disease 24. Patients with heart failure may also have a
reduction in mortality on metformin 25, These prior findings, together with our work,
indicate that an anti-arrhythmic effect from metformin compared to sulfonylureas could have
a positive effect on mortality.
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Although this is an observational study based on large database analyses, there is a
substantial body of prior research on the molecular mechanisms of metformin, particularly
in modulating metabolism. Increased volume of epicardial adipose tissue (EAT) in diabetic
and/or obese patients has been associated with the development of severe cardiovascular
disorders via paracrine signaling 28. A study of patients who underwent AF ablation found
pronounced electroanatomic remodeling in regions adjacent to EAT deposits 27. A study in
which rat cardiomyocytes were treated with conditioned media from EAT explants of DM2
patients showed decreased sarcomere shortening, cytosolic calcium fluxes, and SERCA2
expression (which is critical for regulating intracellular myocyte calcium) 28, It is possible
that metformin influences arrhythmia risk via effects on adipose tissue, or by direct effects
on the myocardium. Our group has shown that mice fed a high saturated fat diet for four
weeks develop ventricular ectopy, long QT, and inducible VT/VF, which is caused by
increased oxidative stress and abnormal intracellular calcium handling in cardiac myocytes
29 These findings, in accordance with epidemiologic data, suggest that metabolic
dysregulation in cardiomyocytes is an important cause of arrhythmias 30.

Prior clinical studies provide convincing evidence that metformin can improve metabolic
pathways during obesity or diabetes. One study found that in subcutaneous adipose tissue
explanted from non-DM patients, metformin treatment increased expression and secretion of
adiponectin, an insulin-sensitizing hormone released by adipocytes that reduces hepatic
glucose regulation while increasing fatty acid oxidation 3132, In vivo data from the same
study showed that the blood of obese patients prescribed metformin and lifestyle changes
also had higher levels of adiponectin, as well as the macrophage activation marker CD68,
elucidating the possible role of metformin in anti-inflammatory pathways. In a study of DM
patients transplanted with non-DM hearts, metformin decreased cardiac lipid accumulation
compared to those that did not receive the drug 33,

A few animal studies have examined how modulation of lipid metabolism by metformin can
prevent the development of arrhythmias. In a non-diabetic swine model of ischemia, a
clinically relevant dose of metformin reduced mortality from VF, which was associated with
an increase in AMPK activation and preserved myocardial ATP concentration in atrial tissue
10, A canine model of acute AF also showed an increase in AMPK activation, which
prevented fatty acid deposition in the left atrial appendage by promoting the transcription of
the metabolic proteins PPARa, carnitine palmitoyl transferase CPT-1, and VLCAD 34, One
study found that in rats with DM2, metformin inhibits the PKC/ERK signaling pathway and
prevents the downregulation of small conductance calcium-activated potassium channels
(SK channels), decreased transcription of which is associated with AF 35(P3), Animal models
of obesity also indicate metformin has an anti-fibrotic effect 36. Thus, there is prior literature
supporting the biologic plausibility of metformin reducing the risk of arrhythmia. Previous
work examining the molecular and cellular mechanisms of metformin indicates complex
modulation of metabolism in different tissues (Figure 3, Central Illustration).

Our nationwide study of DM2 patients is the largest of its kind to compare metformin to
other antidiabetic medications with respect to arrhythmia risk. The large number of subjects
is an advantage. Our findings support the growing evidence that metformin can decrease the
risk of AF and other types of arrhythmia in DM2 patients. This work does have limitations
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in that it is a retrospective cohort analyses using a database that is derived from claims data.
Asymtomatic arrhythmias would not be captured very often by standard-of-care testing, for
example. However, we have no reason to think that these diabetes medications would have
an effect on symptoms from arrhythmias.

This study has several limitations. First, administrative claims data sources lack data
elements, which were not used in this study either (for example, laboratory test results).
Although we adjusted for age, gender, all medications taken, diagnoses, and procedure
records in the data source, we can not adjust our analysis to race or socio-economic status as
the data source lacks this information. While it is possible that residual study bias may
persist, we observed balance on all covariates after propensity score matching, which
reduces the risk of such bias, and negative controls did not show evidence of residual bias.
Second, we did not study dose-dependent effects of metformin. These results would not
necessarily apply to people who do not have diabetes mellitus type II.

Conclusion

In this observational retrospective cohort study, metformin therapy was associated with a
decreased risk of atrial arrhythmias in patients with diabetes mellitus type Il including atrial
fibrillation as compared with several other antidiabetic medications. Furthermore, there was
a decreased risk of ventricular arrhythmias for patients on metformin monotherapy
compared to sulfonylureas monotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Nonstandard Abbreviations and Acronyms

AF atrial fibrillation

DPP4 dipeptidyl peptidase 4 inhibitors

GLP-1 glucagon-like peptide-1 receptor agonists
TZD thiazolidinediones

DM2 type 2 diabetes

VF ventricular fibrillation

VT ventricular tachycardia
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What is Known?

. Type 2 diabetes is a common disease with a variety of pharmacologic
therapies.
. Studies investigating the risk of atrial and ventricular arrhythmias in diabetic

patients on different medications are sparse.
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What the Study Adds?

. We found that different oral diabetes medications have significantly different
long-term risk of arrhythmia using a large clinical database.

. Metformin is associated with reduced risk of atrial fibrillation and ventricular
arrhythmias compared to sulfonylureas.
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Figure 1.
Scheme of study design, comparing antidiabetic drug monotherapies
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Figure 2.

Scheme of study design, pairwise comparison of antidiabetic combo-therapies with

metformin
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Estimated hazard ratios of arrhythmias for different combination therapy with metformin. The drug in the first
column in combination with metformin is compared to the drug in the second column in combination with

metformin.
Target group | Comparator group | HR (Cl 95%) | P-value
Atrial fibrillation
GLP1 DPP4 11(1-12) 0.225
Sulfonylureas | DPP4 1.2(1.1-1.4) | 0.008
Sulfonylureas | GLP1 1.1(0.9-12) | 0.402
Sulfonylureas | TZD 1.2(1-15) 0.085
TZD DPP4 1(08-1.2) 0.893
TZD GLP1 0.9(0.8-1.1) | 0.357
Atrial flutter and supraventricular arrhythmia
GLP1 DPP4 1(09-1.2) 0.533
Sulfonylureas | DPP4 12(1-1.3) 0.012
Sulfonylureas | GLP1 11(1-12) 0.153
Sulfonylureas | TZD 11(0.9-13) | 0.241
TZD DPP4 1.1(0.9-13) | 0.279
TZD GLP1 1(09-1.2) 0.736
Bradycardia
GLP1 DPP4 1(09-1.2) 0.795
Sulfonylureas | DPP4 12(1-14) 0.087
Sulfonylureas | GLP1 12(1-14) 0.131
Sulfonylureas | TZD 1.2(09-16) | 0.176
TZD DPP4 1.2(1-1.6) 0.075
TZD GLP1 1.1(09-14) | 0372
Ventricular Tachycardia and Ventricular Fibrillation
GLP1 DPP4 2(0.5-9.9) 0.368
Sulfonylureas | DPP4 4(0.6-78.2) 0.266
Sulfonylureas | GLP1 0.7(0.1-27) | 0.616
TZD GLP1 0.7 (0.2-2.8) | 0.686
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