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Abstract

Purpose: Opioids, gabapentinoids and non-steroidal anti-inflammatory drugs (NSAIDs) may 

have adverse cardiovascular effects. We evaluated whether these medications were associated with 

incident clinically-detected atrial fibrillation (AF) or monitor-detected supraventricular ectopy 

(SVE), including premature atrial contractions (PACs) and supraventricular tachycardia (SVT).

Methods: We used data from the Multi-Ethnic Study of Atherosclerosis (MESA), a cohort study 

that enrolled 6,814 Americans without clinically-detected cardiovascular disease in 2000–2002. At 

the 2016–2018 examination, 1,557 individuals received ambulatory electrocardiographic (ECG) 

monitoring. Longitudinal analyses investigated time-varying medication exposures at the first 5 

exams (through 2011) in relation to incident clinically-detected AF through 2015 using Cox 

proportional hazards regression models. Cross-sectional analyses investigated medication 
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exposures at the 2016–2018 examination and the risk of monitor-detected SVE using linear 

regression models.

Results: The longitudinal cohort included 6,652 participants. During 12.4 years of mean follow-

up, 982 participants (14.7%) experienced incident clinically-detected AF. Use of opioids, 

gabapentinoids and NSAIDs were not associated with incident AF. The cross-sectional analysis 

included 1,435 participants with ECG monitoring. Gabapentinoid use was associated with an 84% 

greater average frequency of PACs/hour (95% CI, 25–171%) and a 44% greater average number of 

runs of SVT/day (95% CI, 3–100%). No associations were found with use of opioids or NSAIDs 

in cross-sectional analyses.

Conclusions: In this study, gabapentinoid use was associated with SVE. Given the rapid 

increase in gabapentinoid use, additional studies are needed to clarify whether these medications 

cause cardiovascular complications.
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Introduction:

In the United States, millions of people suffer chronic non-cancer pain1. Between 1999–

2010, opioid prescriptions for non-cancer pain quadrupled2. In more recent years of the 

opioid epidemic, gabapentinoid use has also increased markedly3, possibly as physicians 

seek treatment alternatives to opioids4. Non-steroidal anti-inflammatory drugs (NSAIDs) are 

also recommended as an alternative for treating chronic non-cancer pain and are among the 

most commonly prescribed medications for pain5. All of these medications may have 

unintended, adverse cardiovascular effects, but the mechanisms and the risks of specific 

cardiovascular outcomes are not well characterized.

Atrial fibrillation (AF) is a common arrhythmia associated with devastating consequences, 

including stroke, myocardial infarction, heart failure, cognitive impairment and even death6. 

Previous studies have found that opioids, gabapentinoids and NSAIDs may all be associated 

with an increased risk of AF7–12. However, our understanding of the pathophysiology of AF 

is incomplete. Recent studies have identified supraventricular ectopy (SVE) to be another 

important arrhythmia that is associated with increased risks of AF13 and stroke14,15, and 

investigation of the associations of opioids, gabapentinoids and NSAIDs with SVE may 

provide better insight into the association of AF with these drug classes.

The Multi-Ethnic Study of Atherosclerosis (MESA) is a community-based prospective 

cohort study that has assessed medication use and clinical AF events during up to 15 years 

of follow-up16. At the most recent exam, MESA also conducted extended ambulatory 

electrocardiographic (ECG) monitoring to identify arrhythmias17. Using MESA data, we 

conducted (1) longitudinal analyses to determine whether opioid, gabapentinoid and NSAID 

use are associated with incident clinically-detected AF, and (2) cross-sectional analyses to 

evaluate whether these medications are associated with the frequency of monitor-detected 

SVE.
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Methods:

Overview and setting:

The MESA has been described in detail elsewhere16. Briefly, the study recruited 6,814 

adults between 45–84 years of age who were free of clinically-recognized cardiovascular 

disease from 6 field centers across the U.S. to undergo baseline examination between 2000–

2002 (Exam 1) with follow-up exams every 2–6 years through 2016–18 (Exam 6). The study 

included Asian, Hispanic, white and African-American participants. Approval for the study 

was obtained from the institutional review board at each participating institution, and all 

participants provided written informed consent.

During Exam 6, a subset of MESA participants both with and without a history of heart 

disease or clinically-detected AF (n=1,557) were enrolled in an ancillary study that included 

ambulatory ECG monitoring. Study staff applied an ECG monitoring device and asked the 

participant to wear it for 14 days, then to return it by mail to the manufacturer for 

interpretation17. The ECG monitoring device used in this study was the Zio Patch XT 

(iRhythm Technologies, Inc, San Francisco, CA), an FDA-approved single-channel ECG 

patch monitor capable of recording up to 14 days of cardiac rhythm18. Certified technicians 

at iRhythm processed and analyzed the ECG data and all reported arrhythmias were verified 

by the Epidemiological Cardiology Reading Center at Wake Forest University School of 

Medicine, Winston-Salem, NC. The devices were purchased for the study and the device 

manufacturer had no role in the study design or statistical analysis.

In longitudinal analyses, all MESA participants who had no history of clinically-detected AF 

at Exam 1 were included with follow up through 2015. Additional exclusions were made for 

those missing baseline covariates (Figure 1). In cross-sectional analyses, MESA participants 

who contributed to the Exam 6 ECG monitoring study and underwent at least 24 hours of 

continuous monitoring were included. Additional exclusions were made for those missing 

baseline covariates (Figure 2).

Exposure:

The longitudinal analyses evaluated time-varying exposure to a) opioid, b) gabapentinoid or 

c) NSAID medications at the first five exams (Exams 1–5) compared with nonusers. At each 

study visit, MESA participants were asked to bring all prescription and over-the-counter 

medications they were currently using, and a technician recorded the medication 

information19. These medication inventory data were used to assess opiate, gabapentinoid 

and NSAID use, which were reevaluated at each subsequent exam. The cross-sectional 

analysis evaluated use of opioids, gabapentinoids or NSAIDs at Exam 6 compared with 

nonusers as the reference.

Outcome:

The outcome of interest in longitudinal analyses was incident clinically-detected AF, which 

was ascertained through December 2015 from (1) ICD-9 and ICD-10 (International 
Classification of Diseases, Ninth and Tenth Revisions) discharge diagnosis codes from 

hospitalizations during regular MESA events follow-up, and (2) for participants enrolled in 
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fee-for-service Medicare, from ICD-9 and ICD-10 inpatient discharge diagnosis codes or 

outpatient codes from Medicare claims data20.

The outcome of interest in cross-sectional analyses was monitor-detected SVE. This 

included (1) the frequency of premature atrial contractions (PACs), defined as the mean 

count of PACs per hour during the monitoring period for each patch and (2) the mean 

frequency of runs of SVT, defined as 4 or more consecutive PACs. We also examined the 

incidence of runs of supraventricular tachycardia (SVT) as a binary outcome.

Covariates:

The following potential confounders, assessed at baseline (Exam 1), were adjusted for in the 

longitudinal analysis of time-varying medication use and incident AF: site (Baltimore, MD; 

Chicago, IL; Los Angeles County, CA; New York, NY; St. Paul, MN; and Winston Salem, 

NC), age (linear), height (cm, linear), weight (lb, linear), glucose status (normal, impaired 

fasting glucose [IFG], diabetes), treated hypertension (yes-no, combining information on 

self-reported hypertension and self-reported antihypertensive medication use), systolic blood 

pressure (mmHg, linear), smoking (never, former, current) and current alcohol use (yes-no).

The cross-sectional analysis of medication use at Exam 6 and monitor-detected SVE was 

adjusted for potential confounders assessed during Exam 6. These confounders included the 

same variables that were considered in the longitudinal analyses, as well as physical activity 

(metabolic equivalent [MET]/min, linear), self-perceived health (poor-fair, good-excellent), 

self-reported pain interfering with work (moderate-extreme, little-not at all) and history of 

myocardial infarction, stroke, or heart failure.

Statistical analysis:

In longitudinal analyses, time-varying medication use and AF incidence were modeled using 

Cox proportional hazards regression models to estimate hazard ratios (HRs) and 95% 

confidence intervals (CIs). The time scale was time since baseline exam. Participants were 

censored at the earliest of date of death, an AF event, loss to follow up, or end of follow up.

In cross-sectional analyses, linear regression with log-transformed outcomes was used to 

estimate ratios of geometric means of the per-unit time rates of PACs and runs of SVT. If 

participants had zero PACs per hour or zero runs of SVT per day, we imputed a value of 

0.170 for PACs per hour (the smallest value for those with PACs recorded) and imputed a 

value of 0.071 runs of SVT per day (the smallest value for those with runs of SVT recorded) 

before log-transforming. To examine the association between medication use and the 

incidence of any runs of SVT, relative rate regression using a Poisson likelihood and an 

offset equal to the log of the monitoring time until the first run of SVT was used.

Sensitivity analyses:

We conducted sensitivity analyses that considered participants to be users of opioid, 

gabapentinoid or NSAID medications only after reported use at 2 or more consecutive 

exams for the AF incidence analysis. Once participants met this criterion, they were 

considered always exposed. This approach was used to identify participants with a greater 
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likelihood of current medication use and avoided misclassifying participants as users who 

may have used a drug for only a brief period of time before discontinuing use. We also 

conducted separate analyses for the use of the most common opioid medications 

(hydrocodone, tramadol) and the most common gabapentinoid medication (gabapentin).

Results:

From Exam 1 (2000–2002) to Exam 6 (2016–2018), the use of opioids increased gradually 

from 2.8% to 5.3%, while the use of gabapentinoids increased markedly from 0.7% to 6.1% 

(Figure 3).

The longitudinal cohort included 6,652 participants with mean age of 62, of whom 636 

(10%) used opioids, 240 (4%) used gabapentinoids and 2,282 (34%) used NSAIDs at one or 

more exams (Table 1). The most commonly used opioid medications were hydrocodone and 

tramadol (each used by 37% of those with opioid use), and the most commonly used 

gabapentinoid medication was gabapentin (used by 91% of those with gabapentinoid use). 

During 12.4 years of mean follow up, 982 participants (14.7%) experienced incident AF. 

Use of opioids, gabapentinoids, and NSAIDs were not significantly associated with the risk 

of incident AF compared to no use (Table 2). Findings from the sensitivity analysis requiring 

medication use at 2 or more exams resulted in similar null findings for all classes of 

medications (Supplemental Table 1) and findings from the sensitivity analysis investigating 

the most commonly used opioid and gabapentinoid medication types resulted in similar 

findings (Supplemental Table 2).

Among 1,435 participants included in the cross-sectional analysis, the median (interquartile 

range [IQR]) duration of cardiac monitoring) was 13.8 (12.9–14.0) days; 1,433 (99%) 

participants experienced PACs and 1,186 (83%) experienced at least one run of SVT. Among 

those experiencing PACs, the median frequency of PACs/hour was 4.1 (IQR1.3–18.4) while 

among those experiencing SVT, the median frequency of runs of SVT/day was 0.5 (0.08–

1.2). There were 78 (5%) opioid users, 86 (6%) gabapentinoid users and 198 (14%) NSAID 

users. Opioid users and gabapentinoid users had a greater comorbidity burden than nonusers, 

while NSAID users and nonusers were similar, with the exception of greater weight among 

NSAID users (Table 3). Users of any of the medications of interest self-reported more 

moderate-to-extreme pain than nonusers.

The use of opioids and NSAIDs at Exam 6 was not significantly associated with the 

frequency of PACs, or frequency of runs of SVT. Gabapentinoid use was associated with an 

84% greater frequency of PACs (95% CI, 25% to 171%) and with a 44% greater frequency 

of runs of SVT (95% CI, 3% to 100%) (Table 4). Gabapentinoid use was associated with a 

greater incidence rate of runs of SVT, but no association was found for use of opioids or 

NSAIDS (Supplemental Table 3).

Discussion:

Using extended ambulatory ECG monitoring, a sensitive and unbiased method for detecting 

arrhythmias, we found that gabapentinoid use was associated with measures of SVE, which 

may reflect pathologic changes in the atrial myocardium and represent an important 
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biomarker for AF and stroke. Several studies have reported increased risks of cardiovascular 

events among participants with a greater burden of SVE13,15,21,22. The use of opioids or 

NSAIDs was not associated with SVE, and we did not find evidence of associations between 

longitudinal opioid, gabapentinoid or NSAID use and incident clinically-detected AF, 

although the wide confidence intervals did not exclude clinically-meaningful increases in 

risk.

Our null findings for clinical AF events contrast with previously published reports. A cross-

sectional analysis in the Reasons for Geographic and Racial Differences in Stroke study 

found that opioid use was associated with a 1.35 greater odds (95%CI 1.16–1.57) of AF 

identified from a single resting 12-lead ECG or self-report11. In addition, several studies that 

used diagnosis codes from electronic health databases to identify AF events have found that 

NSAID use was associated with greater AF risk, with relative risks ranging from 1.18–

1.447–10. The confidence intervals for the drug associations with incident AF in our study 

were wide due to the limited sample size, and they overlap with estimates from previous 

studies, which may explain discordant findings. Alternatively, residual confounding, 

different methods for outcome ascertainment, and differences in the underlying study 

populations may explain differences. It is notable that neither opiates nor NSAIDs were 

associated with cross-sectional measures of SVE, which may be sensitive biomarkers of AF 

risk.

One prior study found the rate of prescriptions for AF-related medications increased 

following the start of gabapentin or pregabalin12. We did not find an increase in incidence of 

AF based on gabapentinoid use, but did detect a greater frequency of PACs and of runs of 

SVT among users of gabapentinoids. Mechanistically, the therapeutic target of 

gabapentinoids, α2δ subunits of voltage-gated calcium channels, can accentuate calcium 

influx in the heart when activated12,23, which may explain an increased risk of arrhythmias. 

During the course of the present study, there was an eight-fold increase in gabapentinoid use, 

which mirrors national trends3. With the rapid increase in gabapentinoid medication use, it is 

important to identify unintended adverse effects of these drugs, since they are considered 

safe alternatives to opioids24,25.

There are several limitations of the present study. First, while medication inventory can 

provide a valid assessment of medication use26, it was possible to assess medication use 

only five times during approximately 15 years of follow-up. This may result in 

misclassification of exposure between the study visits. Second, our power to detect small but 

clinically-important increases in the risk of clinically-detected AF was limited due to the 

relatively small number who developed incident AF and the low prevalence of medication 

use. Third, residual confounding due to unmeasured or misclassified variables is possible 

because of the observational study design. Strengths of our study include the unbiased 

methods for assessing arrhythmias, the rich data on potential confounding factors, the 

community-based study design, and the multi-ethnic study population. Furthermore, we did 

not rely on prescription records of medication use, which may misclassify patients who did 

not take their prescribed medications and fail to capture most use of NSAIDs, which are 

often purchased over the counter.
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In conclusion, given the rapid increase in gabapentinoid use, our finding of a greater burden 

of SVE associated with these medications may be of public health importance. Additional 

studies are needed to clarify whether this class of medications can cause clinically-relevant 

arrhythmias and other cardiovascular complications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points:

1. Opioids, gabapentinoids and NSAIDs may have adverse cardiovascular 

effects, including arrhythmias.

2. We conducted analyses to evaluate whether longitudinal medication use was 

associated with incident clinically-detected atrial fibrillation.

3. We also conducted analyses to evaluate whether cross-sectional medication 

use was associated with monitor-detected supraventricular ectopy.

4. We observed that gabapentinoid use was associated with an increase in 

supraventricular ectopy, which may be a sensitive biomarker of atrial 

fibrillation risk.

5. Given the rapid increase in gabapentinoid use in our study population and 

across the nation, additional studies are needed to clarify whether these 

medications cause cardiovascular complications.
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Figure 1: 
Flow chart showing inclusion criteria and exclusions for the longitudinal analysis of opioid, 

gabapentinoid and NSAID use and the risk of incident clinically-detected atrial fibrillation.
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Figure 2: 
Flow chart showing inclusion criteria and exclusions for the cross-sectional analysis of 

opioid, gabapentinoid and NSAID use and the risk of monitor-detected supraventricular 

ectopy.
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Figure 3: 
The prevalence of opioid, gabapentinoid and NSAID use from Exam 1 (2000–2002) to 

Exam 6 (2016–2018) in the Multi-Ethnic Study of Atherosclerosis.
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Table 2:

Medication use and risk of clinically-detected atrial fibrillation in longitudinal analyses

Opioid use Gabapentinoid use NSAID use

Unadjusted HR 
(95%CI) Adjusted HR

a 

(95%CI)

Unadjusted HR 
(95%CI) Adjusted HR

a 

(95%CI)

Unadjusted HR 
(95%CI) Adjusted HR

a 

(95%CI)

1.33 (1.00, 1.76) 1.17 (0.88, 1.56) 1.28 (0.83, 1.97) 1.06 (0.69, 1.64) 0.90 (0.75–1.09) 1.07 (0.89–1.30)

a
Adjusted for: age, sex, site, race, height, weight, diabetes, treated hypertension, systolic blood pressure, smoking, alcohol use.

Abbreviations: NSAID, non-steroidal anti-inflammatory drug; HR, hazard ratio; CI, confidence interval.
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m
yo

ca
rd

ia
l i

nf
ar

ct
io

n,
 s

tr
ok

e 
an

d 
he

ar
t f

ai
lu

re
, p

hy
si

ca
l a

ct
iv

ity
, 

se
lf

-r
ep

or
te

d 
he

al
th

, a
nd

 s
el

f-
re

po
rt

ed
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ai
n 

in
te

rf
er

in
g 

w
ith

 w
or

k.

A
bb

re
vi

at
io

ns
: N

SA
ID

, n
on

-s
te

ro
id

al
 a

nt
i-

in
fl

am
m

at
or

y 
dr

ug
; P

A
C

s,
 p

re
m

at
ur

e 
at

ri
al
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on

tr
ac

tio
ns

; S
V

T,
 s

up
ra

ve
nt

ri
cu

la
r 

ta
ch

yc
ar

di
a;

 C
I,
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on

fi
de

nc
e 

in
te

rv
al

.
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