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Abstract

Although estimates of the prevalence of cardiac arrhythmias in healthy volunteers exist, there is a lack of baseline data in other specific populations, such
as people living with overweight and obesity,who are increasingly involved in clinical trials.This study investigated the baseline prevalence of arrhythmias
in participants with overweight or obesity in 2 phase 1 trials of weight management medications (NCT03661879,NCT03308721).Participants aged 18–
55 years,without a history of cardiovascular disease, and with body mass index (BMI) of 25.0–39.9 kg/m2,were screened for abnormalities in vital signs,
electrocardiogram (ECG) recordings, and electrolytes. Baseline 24-hour ECG (Holter) data were collected and manually reviewed by a cardiologist.
The primary endpoint was the proportion of participants with ≥1 episode of the predefined cardiac arrhythmias. Continuous 12-lead ECG data were
obtained from 207 participants.Most arrhythmias occurred in <3% of participants.Atrioventricular blocks and other potentially malignant arrhythmias
were uncommon. There were no associations with age, sex, or BMI. Prevalence of atrioventricular blocks, nonsustained ventricular tachycardia, and
other potentially malignant arrhythmias mirrored those reported in healthy participants with normal weight. In clinical trials of weight management
medication, knowledge of the baseline prevalence of arrhythmias in people with overweight and obesity may inform trial eligibility criteria, improve
on-trial decisions, and could be useful in discussions with health authorities. Baseline Holter readings and real-time ECG telemetry monitoring should
be considered in such trials if arrhythmia risk is intrinsic to the molecule, or when signals have been observed in preclinical studies.
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In early-phase clinical trials, it is important to deter-
mine whether any cardiac arrhythmias detected among
study participants are: (1) present at baseline, (2) the
result of drug exposure, or (3) the result of an increased
susceptibility owing to disease rather than the drug.
Regulatory agencies have historically focused on ven-
tricular repolarization and the proarrhythmic potential
of agents, using the QT interval as a surrogate marker
for arrhythmia risk.1 However, with an increased focus
on cardiac safety in drug development in recent years,
regulators have encouraged sponsors, in select situa-
tions, to collect continuous 24-hour (usually postdose)
digital Holter electrocardiogram (ECG) recordings as
an adjunct to the assessment of cardiac safety in clinical
trials of new drugs.2,3

Reports addressing the prevalence of baseline ar-
rhythmias in healthy volunteers enrolled in early-phase
pharmaceutical trials have been published.4–7 These
studies provide useful baseline data in heterogeneous
groups of otherwise healthy people, but there remains
a need to describe arrhythmias in other specific popula-
tions, such as people living with overweight or obesity.

Pharmacological interventions that assist with weight
loss and weight management are an increasing focus of
research. Given some cardiovascular concerns (includ-
ing but not limited to arrhythmia) associated with early
weight management medications (eg, sibutramine,8,9

tesofensine,10 fenfluramine,11 lorcaserin12) and the po-
tential for an arrhythmogenic impact of rapid weight
loss,13 it is pertinent to study the effect of new weight
management medications on cardiac rhythm if risk
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of arrhythmia is intrinsic to the molecule or mecha-
nism of action, or when signals have been observed
in preclinical studies. To do this accurately, improved
characterization of baseline arrhythmias among people
with overweight and obesity is required.

This analysis investigated the baseline prevalence of
cardiac arrhythmias in otherwise healthy participants
with overweight or obesity in 2 phase 1 clinical trials.

Methods
Participants
This analysis included participants with overweight or
obesity in 2 phase 1 trials of weight management med-
ications (NCT03661879, NCT03308721). These trials
were conducted in accordance with the Declaration of
Helsinki and the International Conference on Harmo-
nization Good Clinical Practice Guidelines, and the
protocols were approved by the Midlands Independent
Review Board (for study NN9277-4328) andMidlands-
AWIRB Copernicus Group (for study NN9423-4393),
both at Overland Park, Kansas. All patients provided
written informed consent. Participants were men or
women, aged 18–55 years at the time of signing in-
formed consent, with a body mass index (BMI) of
25.0–39.9 kg/m2 at screening. All participants were
screened for abnormalities in vital signs, 10-second 12-
lead ECGs, and electrolytes. Participants with a history
of cardiovascular disease (CVD) or long QT syndrome
were excluded. Concomitant medications were not per-
mitted. Participants were excluded on the basis of 12-
lead ECGs if they had baseline conduction abnormal-
ities or abnormal interval measurements (PR, QRS,
heart rate, and Fridericia corrected QT interval), as
well as ambient arrhythmias, deemed by the investigator
to be clinically relevant. Nicotine or alcohol use and
pregnancy were also exclusion criteria.

Data Collection
One baseline 24-hour, 12-lead continuous ECG record-
ing (Welch Allyn H12+TM Digital Holter Recorder,
Hill-Rom, Chicago, Illinois) was collected before ran-
domization and used for predosing calculation of cor-
rected QT interval. The recordings were not part of
the eligibility assessments in the 2 trials. The recordings
were, for the purpose of this report, imported into
Celerion’s Global Instrumentation M12A system, and
analyzed retrospectively at the Celerion ECG Core
Laboratory (Tempe, Arizona). The recordings were
cleaned of artifacts and then manually reviewed by
qualified Holter technicians for the presence of any ar-
rhythmias. The Holter reports were then sent to a single
experienced and appropriately qualified cardiologist for
further review, analysis, and final adjudication.

Arrhythmias were predefined according to generally
accepted criteria from the literature (Table S1) and

Table 1. Overview of All Arrhythmias

Parameter
Participants

(n)
Proportion of Total

Cohort (%)

Supraventricular rhythms
Sinus bradycardia 70 34
Sinus tachycardia 200 97
Sinus pauses 3a 1
Sinus arrest 0 0
Ectopic atrial rhythm 2 1
Ectopic atrial tachycardia 4 2
Atrial tachycardia 0 0
Supraventricular tachycardia 7 3
Atrial fibrillation 0 0
Atrial flutter 0 0
Junctional rhythm 2 1
Junctional bradycardia 0 0
Junctional tachycardia 0 0

Ventricular rhythms
Idioventricular rhythm 0 0
Accelerated idioventricular
rhythm

2 1

Ventricular tachycardia
—nonsustained

3 1

Ventricular tachycardia
—sustained

0 0

Torsades de pointes 0 0
Ventricular flutter/fibrillation 0 0

Premature contractions
Atrial premature
contractions

130 63

PVCs 132 64
PVCs (>200/24 h) 6 3
Supraventricular premature
contractions

140 68

Multifocal PVCs 48 23
Heart block
First-degree AV block 2 1
Second-degree AV block
type I

5 2

Second-degree AV block
type II

0 0

Third-degree/complete AV
block

0 0

Conduction abnormalities
Nonspecific intraventricular
conduction delay

0 0

Right bundle branch block 0 0
Left bundle branch block 0 0

AV, atrioventricular; PVC, premature ventricular contraction.
a
Sinus pauses were seen in 3 (1.4%) participants, and all fell into a range that
would be considered physiologic as none exceeded 3.0 seconds in duration.

based on clinical judgment (specific arrhythmias are
listed in Table 1).

The primary endpoint was the proportion of partic-
ipants with at least 1 episode of the predefined cardiac
arrhythmias in baseline 24-hour continuous Holter
ECG recordings. The occurrence of at least 1 episode
of the predefined cardiac arrhythmias stratified by sex,
age, and BMI was an exploratory endpoint.
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Table 2. Arrhythmias Considered Clinically Relevant/Potentially Malignant

Parameter
Proportion of Total

Cohort (%) Participants (n)

Expected Number
With Observation in a

Population of 200
Healthy Individuals4 (n)

Supraventricular tachycardia 3 7 9
Accelerated idioventricular rhythm 1 2 2
Ventricular tachycardia—nonsustained 1 3 4
Multifocal premature ventricular contractions 23 48 17
Second-degree AV block type I 2 5 10
Premature ventricular complexes >200/24 h 3 6 10

AV, atrioventricular.

Statistical Analyses
The proportions of participants with each of the pre-
defined arrhythmias were summarized using descriptive
statistics. Mean age, BMI, and heart rate were ana-
lyzed by t-test or analysis of variance as appropriate.
Chi-square tests were performed using Prism Graph-
Pad (San Diego, California) to determine statistical
significance.

Results
Of the 626 participants who were screened for inclu-
sion in the 2 trials, a total of 326 participants were
categorized as screen failures. Reasons for screen failure
related to cardiovascular/arrhythmic risk were as fol-
lows: 37 participants due to abnormal 12-lead ECGs (as
adjudicated by the investigator); 19 participants due to
age≥40 years, with an estimated 10-year atherosclerotic
CVD risk ≥5%; 8 participants due to high blood
pressure (>159/99 mmHg); and 4 participants due to
elevated resting heart rate (>99 beats per minute). An
additional 93 participants were withdrawn prior to
ECG monitoring because of changes in medication
between screening and Holter monitoring, voluntarily
withdrawing, or being surplus to need. Thus, a total of
207 participants (133 women and 74 men) with 24-hour
Holter ECG recordings were included in the present
study. Participants’ mean age was 36 (range, 18–55)
years, BMI was 32.6 (25.4–40.3) kg/m2, and heart rate
was 75.5 (49–104) beats per minute (Table S2).

Most arrhythmias were uncommon and occurred
in ≤3% of participants, except for sinus tachycar-
dias/bradycardias and premature contractions
(Table 1). Of the arrhythmias that occurred more
frequently, sinus tachycardia was observed in 200 indi-
viduals (97%), and sinus bradycardia was recorded in
70 participants (34%). Atrial and ventricular premature
contractions were seen in 130 (63%) and 132 (64%)
participants, respectively. A total of 140 participants
(68%) recorded supraventricular premature contrac-
tions (Table 1).

Occurrence of atrioventricular (AV) blocks of any
kind, nonsustained ventricular tachycardia (NSVT),
and other potentially malignant arrhythmias were un-
common (Table 2). However, 48 participants (23%) had
multifocal premature ventricular contractions (PVCs).
There were no associations between the occurrence of
arrhythmias and age, sex, or BMI ≥25.0–≤39.9 kg/m2

(Tables S3–S5). An increase in the prevalence of pre-
mature atrial and ventricular contractions was evident
with advancing age (Table S6). Sinus bradycardia, junc-
tional rhythm, first-degree AV block, and premature
atrial contractions were more often observed in males
than females.

Discussion
Overall, in the 2 trials included in this analysis, arrhyth-
mias occurred infrequently, were benign, and would
not warrant a further cardiac evaluation in otherwise
asymptomatic individuals. The most frequent arrhyth-
mias were premature contractions of the atria and
ventricles. The prevalence of these arrhythmias, as well
as episodes of sinus bradycardia and sinus tachycardia,
were consistent with the prevalence in healthy normal-
weight populations.4,14 Although these results are gen-
eralizable to the current literature,4,14 there is a novelty
in the data obtained from these 2 phase 1 studies, as
the focus is specifically in relation to participants with
overweight or obesity as opposed to healthy, normal-
weight individuals.

No association between heart rate and arrhythmias
was found. Since patient diaries were not used (and
therefore periods of physical activity were not recorded
during this analysis), the investigators were unable
to explore whether the episodes of sinus tachycardia
reported may represent an increased heart rate, due to
a physiological response to exercise, or other external
factors such as stress, rather than pathological sinus
tachycardia events. Future studies may benefit from the
recording of data to explore this aspect.
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The prevalence of AV blocks, NSVT, and other
potentially malignant arrhythmias in the 2 trials ap-
peared lower, or similar to, that observed in the most
comprehensive data set published to date of healthy,
normal-weight individuals who volunteered to partic-
ipate in early clinical trials.4 However, in the present
study, more participants than expected from those data
had multifocal PVCs (48 vs 17 based on Hingorani et
al4). The predictive value of PVCs for further arrhyth-
mias is not well established, and other older studies
have found similar or higher incidences in healthy
participants.4,15,16 The current Cardiac Safety Research
Consortium recommendations do not suggest exclusion
of volunteers with PVCs from clinical studies (unless
the total number exceeds 200 PVCs/24 h).6 In our
cohort, there are only 6 participants meeting this more
clinically significant criterion.

As weight management medications are increasingly
developed for people living with overweight or obesity,
it is important to ascertain the proarrhythmic potential
of such new compounds. Differentiating ambient ar-
rhythmias from drug-induced proarrhythmias requires
a better characterization of arrhythmias in otherwise
healthy volunteers with normal weight, overweight,
or obesity typically included in early clinical trials.
Populations with overweight and obesity may exhibit a
wide variety of ECG abnormalities, including arrhyth-
mias (eg, an increased risk of both paroxysmal and
permanent atrial fibrillation).17–20 Many of these events
are likely to be associated with alterations in cardiac
morphology, epicardial fat, left ventricular hypertro-
phy, atrial dilatation, and fibrosis,17,19,20 but people with
uncomplicated obesity can also exhibit a prolonged cor-
rected QT interval.18 Furthermore, the metabolic con-
sequences of obesity, including elevated plasma volume,
insulin resistance, and altered release of adipokines and
chemical mediators, promote a proinflammatory and
prothrombotic state thatmay contribute to an increased
frequency of arrhythmias.19

In clinical trials of weight management medication,
a knowledge of the baseline prevalence of arrhythmias
in people with overweight and obesity could inform
eligibility criteria and improve on-trial decisions (eg,
discontinuation of a participant, dose escalations, or
determining what arrhythmias constitute an adverse
event), and could be useful in discussions with health
authorities. Baseline Holter recording, and real-time
ECG telemetry monitoring should be considered in all
early-phase trials involving people with overweight and
obesity if nonclinical signals warrant more extensive
cardiac monitoring. Published data can be used as
guidance for the estimated maximum number of par-
ticipants with specific arrhythmias in different sample
sizes. In the 2 trials, Holter recordings were not part
of eligibility assessments. However, if baseline Holter

recordings had been used as an exclusion criterion, 10%
of the participants recruited to the 2 studies would
likely have been excluded, if Cardiac Safety Research
Consortium recommendations were followed.6

One important limitation of the current analysis
was the selection of a population of otherwise healthy
US participants with normal 12-lead ECG readings
at screening. Given the subject selection criteria and
that a high number of screening failures were related
to prior CVD, electrolytes, blood pressure, and con-
comitant medication, higher numbers of arrhythmias
could be expected in trials with less stringent screening,
and these data may not represent the frequency of
abnormalities in an unselected population with obesity.
Moreover, the limited sample size and the lack of
adjustment for multiple comparisons jeopardizes the
validity of the comparisons based on age groups and
sex. As an example, a power calculation showed that a
4-fold increase inNSVT in participants with overweight
or obesity compared with the reported prevalence of
0.7% in healthy, normal-weight participants4 could be
detected with a statistical power of only 60%. Al-
though the observed prevalence of sinus tachycardia
and bradycardia is likely to be physiologically normal,
data on participants’ activity levels, meals, and other
exogenous factors were not available to correlate with
these recorded episodes.

Conclusions
In participants with overweight or obesity volunteering
to take part in a phase 1 clinical trial, arrhythmias
were uncommon and benign and would not warrant
further cardiac evaluation in otherwise asymptomatic
individuals. Overall, prevalence of AV blocks, NSVT,
and other potentially malignant arrhythmias appeared
to be similar to healthy participants with normal
weight. There was no clinically relevant association of
arrhythmias with age, sex, or BMI. Based on these
data, if baseline Holter recordings were used as an ex-
clusion criterion, 10% of participants with overweight
or obesity recruited to a clinical trial would likely be
excluded. Although potentially operationally challeng-
ing, sponsors should considerHolter prescreening prior
to randomization and its use as a criteria for inclusion
and randomization, particularly in cases where the risk
of arrhythmia is intrinsic to the molecule or mechanism
of action, or when signals have been observed in
preclinical studies.
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