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OBJECTIVE

Reduced heart rate variability (HRV) and increased heart rate (HR) have been
associated with cardiovascular mortality. Glucagon-like peptide 1 receptor ago-
nists (GLP-1 RAs) increase HR, and studies have suggested that they may reduce
HRV. We examined the effect of the GLP-1 RA liraglutide on HRV and diurnal
variation of HR in overweight patients with newly diagnosed type 2 diabetes
(T2D) and stable coronary artery disease (CAD).

RESEARCH DESIGN AND METHODS

Liraglutide or placebo was administrated to a backbone therapy of metformin in
this double-blind, placebo-controlled 12 + 12–week crossover study. SD of beat-
to-beat (NN) intervals (SDNN) was assessed by 24-h Holter monitoring as a mea-
sure of HRV. Diurnal HR variation and sympathovagal balance analyzed by root
mean square of successive differences (RMSSD) in NN intervals and high-
frequency (HF) and low-frequency (LF) power were assessed.

RESULTS

Compared with placebo, liraglutide decreased SDNN in 27 subjects (233.9 ms; P <
0.001, paired analysis); decreased RMSSD (20.3 log-ms; P = 0.025); and increased
themean HR (8.1 beats/min; P = 0.003), daytime HR (5.7; P = 0.083), and nighttime
HR (6.3; P = 0.026). In a multivariable regression analysis, the decrease in SDNN
remained significant after adjustment for metabolic and HR changes. Liraglutide
reduced HF power (20.7 log-ms2; P = 0.026) without any change in LF/HF ratio.

CONCLUSIONS

In overweight patients with CAD and newly diagnosed T2D, liraglutide increased
HR and reduced HRV despite significant weight loss and improvement in meta-
bolic parameters. The increase in nightly HR in conjunction with a decrease in
parameters of parasympathetic activity suggests that liraglutide may affect sym-
pathovagal balance.

Autonomic imbalance, characterized by increased sympathetic and decreased para-
sympathetic activity, is associated with various pathological conditions, such as
coronary artery disease (CAD) (1), cardiovascular death (2), and heart failure (3).
Heart rate variability (HRV), a measure of beat-to-beat variation in heart rate (HR),
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provides information on autonomic bal-
ance and is impaired in patients with
type 2 diabetes (T2D) (4). The SD of
beat-to-beat (NN) intervals (SDNN), de-
rived from 24-h time domain compo-
nents of Holter monitoring, is a widely
used measure of HRV and regarded as a
more-sensitive assessment method of
autonomic balance than single auto-
nomic reflex tests in subjects with T2D
(5). Both reduced SDNN and increased
HR are associated with an increased risk
of cardiovascular mortality (1,6). High-
frequency (HF) and low-frequency (LF)
powers are components of the fre-
quency domain parameters of HRV. HF
power primarily represents respiratory
variation, is mediated by parasympa-
thetic activity, and is highly correlated to
the rootmean square of successive differ-
ences (RMSSD) inR-R variability. LF power
reflects primarily the oscillatory rhythm
of the baroreceptors and is modulated
by both the parasympathetic and the
sympathetic nervous systems (7,8). Both
time and frequency domain components
provide information on the sympathova-
gal balance and have prognostic value in
various populations, such as patients with
diabetes (6,9), myocardial infarction (10),
and heart failure (11).
Glucagon-like peptide 1 receptor ag-

onists (GLP-1 RAs) have emerged as a
promising treatment option in patients
with T2D and have been shown to re-
duce glycated hemoglobin (HbA1c) and
induce weight loss (12). Although inten-
sified treatment and improvement in
glucose metabolic parameters have
been associated with HRV improvement
(13), some experimental studies have
suggested that GLP-1 and GLP-1 RAs
may reduce HRV (14–16). Furthermore,
some concerns have been raised about
the observed increased HR during GLP-1
RA therapy (17). Only a few data exist on
how GLP-1 RAs affect long-term HRV in
conjunction with changes in glucometa-
bolic parameters. Hence, this study ex-
amined the effects of 12 weeks of
treatment with the long-lasting GLP-1
RA liraglutide on HR and HRV in over-
weight patients with newly diagnosed
T2D and stable CAD.

RESEARCH DESIGN AND METHODS

Study Design and Participants
This is a randomized, double-blind, placebo-
controlled 12 + 12–week crossover study

with a 2-week washout period. The de-
tails of the study protocol have been
published previously (18). Briefly, pa-
tients with newly diagnosed T2D and
stable CAD underwent 12 weeks of lir-
aglutide and placebo treatment added
to a backbone therapy of metformin.
Patients were recruited through pa-
tient files from May 2012 to October
2014 from selected hospitals in Copen-
hagen, Denmark. Patients who were tak-
ing antidiabetic treatment before the
study underwent a minimum 2-week
washout period before the baseline visit.
Subcutaneous injections of liraglutide/
placebo and metformin tablets were ti-
trated in an identical manner in both pe-
riods. An initial dose of 0.6 mg o.d.
liraglutide/placebo + 500 mg b.i.d. met-
formin was increased after 14 days to
1.2 mg o.d. + (1,000 mg + 500 mg) daily
and to 1.8 mg o.d. + 1,000 mg b.i.d. after
28 days. Efforts were made to give sub-
jects the same dosage of study drug in
both periods and to keep the back-
ground cardiovascular medication un-
changed throughout the study. Subjects
were instructed not to perform any
tasks or physical activity that may influ-
ence the recordings. Each subject un-
derwent 48-h Holter monitoring before
and after each intervention for a total of
four times (weeks 0, 12, 14, and 26). A
computer was used to perform 1:1 ran-
domization (placebo first or liraglutide
first). Subjects, investigators, and all
caregivers were blinded to the treatment
sequence, which was concealed until the
end of the study.

Holter Monitoring
Holter monitoring for up to 48 h was
performed (Rozinn RZ 153+12; Rozinn
Electronics). All recordings were per-
formed with seven leads to create a
three-channel electrocardiogram out-
put. The sampling rate for the electro-
cardiogram recordings was 180/s. The
primary editing and analyses of Holter
recordings were performed by an expe-
rienced technician from the Holter lab-
oratory of the Copenhagen University
Hospital of Bispebjerg. If the frequency
of ectopic complexes constituted .20%
of QRS complexes in a segment, that seg-
ment was deleted. If noise implied unde-
tectable QRS complexes in all three leads,
the corresponding segment was deleted.
All HRV analyseswere based on variations
in normal complexes. Frequency domain

components of HRVwere calculated after
fast Fourier transformation of the R-R in-
terval data using Cooley-Tukey algorithm
with 300-s data segments as input. Time
domain components of HRV were ana-
lyzed and compared using recordings of
equal length (full 24 h) for each subject,
and the following parameters were iden-
tified: the mean value of all NN intervals
and SDNN, RMSSD, SD of the averages of
NN intervals in all 5-min segments
(SDANN), and SDNN for all 5-min seg-
ments of the entire recording (SDNN-index)
(7). In frequencydomain analysis, the spec-
tral results were obtained from 5-min
segments and averaged over 24 h, and
the following parameters were as-
sessed: LF power (0.04–0.15 Hz), HF
power (0.15–0.4 Hz), total power (TP)
(#0.4 Hz), and LF/HF ratio. Furthermore,
normalized units of LF and HF power
were calculated to obtain values inde-
pendent of total variability (LFnorm =
LF/TP; HFnorm = HF/TP). Changes in
SDNN-index and RMSSD were assessed
under more standardized conditions
during nighttime (2:00–3:00 A.M.). Mean
HR, minimum HR, maximum HR, and di-
urnal variation in HR were assessed. Di-
urnal HR variation was analyzed using
full recording time, and hourly HR was
calculated as the average from 2 consec-
utive days, when available. In addition,
diurnal variations of the following parame-
ters were assessed: SDNN-index, RMSSD,
LF, HF, LF/HF ratio, LFnorm, and HFnorm.
Daytimewas defined as 7:00 A.M.–10:00 P.M.

and nighttime as 11:00 P.M.–6:00 A.M.

Statistical Analysis
Distribution of data (normal or nonnormal)
was evaluated by visual assessment of
histograms and by Shapiro-Wilk test
(19,20). Log-transformation of data was
used to normalize variables with skewed
distribution (SDNN index, RMSSD,
SDANN, LF, HF, LF/HF ratio, LFnorm,
and HFnorm) (8,19). Treatment effects
of liraglutide and placebo were
compared by using the paired t test.
For nonnormally distributed data, Wil-
coxon signed rank test was used. The
association between variables of interest
was examined by using linear regression.
Intention-to-treat (ITT) population was
defined as subjects with valid Holter
recordings for a minimum of one period.
ITT analysis was performed for SDNN by
using a linear mixed model with random
effects for subjects and fixed effects for
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period and treatment. Prespecified
power analysis provided a statistical
power of 90% for 16 subjects in paired
analyses at P , 0.05 (18). A two-sided
P , 0.05 was considered statistically
significant. All statistical analyses were
performed with Stata 13.1 software
(StataCorp, College Station, TX).

Ethics and Dissemination
This trial was carried out in accordance
with the International Conference on
Harmonization Good Clinical Practice
standards and complies with the Decla-
ration of Helsinki. The Good Clinical
Practice Unit for Eastern Denmark per-
formed the monitoring. Written in-
formed consent was obtained from
each subject. This trial was approved
by the Regional Committee on Bio-
medical Research Ethics of the Capital
Region of Denmark and the DanishMed-
icines Agency.

RESULTS

In total, 41 subjects were randomly as-
signed in this study. Two subjects de-
clined participation before the baseline
visit, and nine discontinued the study.
Thus, 30 subjects underwent all study vis-
its (Fig. 1). Holter recordings from one or
more visits were not readable for three
patients due to technical problems.
Holter recordings for a minimum of

oneperiodwere available for 31 subjects
(ITT population). Pre- and post-treatment

Holter recordings were available for
27 subjects for both interventions. Holter
data were not of sufficient technical qual-
ity for frequency domain analysis for one
subject, and another did not have data on
diurnal HR variation. Thus, data for only
26 subjects were available in these
analyses.

The study population comprised
mostly men (79%). The mean age was
61.8 6 7.6 years, and the mean HbA1c
was 6.46 0.5% (46.66 5.7 mmol/mol).
All subjects were overweight, with a
mean BMI of 31.6 6 4.8 kg/m2, and
had newly diagnosed T2D and stable
CAD as defined by the inclusion criteria
(18). Baseline characteristics of the
study population are shown in Table 1.

Liraglutide treatment compared with
placebo induced a significant increase in
mean HR (6.9 6 8.6 vs. 21.2 6 7.1
beats/min [bpm]; P = 0.003) and mini-
mum HR (7.06 5.9 vs.20.76 5.2 bpm;
P, 0.001). MaximumHR increased dur-
ing liraglutide treatment but did not
reach statistical significance (3.2 6
13.4 vs. 23.1 6 11.2 bpm; P = 0.057)
(Table 2). Figure 2 shows the diurnal var-
iation in post-treatment HR, revealing a
persistently elevated HR throughout the
24 h after liraglutide treatment. How-
ever, the HR change from baseline was
only significantly higher during night-
time compared with changes during
theplaceboperiod (Table2andSupplemen-
tary Fig. 1A).

Analysis of the 24-h time domain pa-
rameters of HRV revealed a significant
decrease in SDNN after liraglutide treat-
ment compared with placebo (234.06
19.6 vs. 20.11 6 28.4 ms; P , 0.001)
(Table 2). Figure 3 visually represents
these changes in SDNN, revealing a gen-
eral decrease during the liraglutide treat-
ment period for all subjects. ITT analysis
confirmed this finding (coefficient232.5
[95% CI 245.2 to 219.8]; P , 0.001).
Mean NN was significantly reduced after
liraglutide treatment, reflecting the in-
creased HR (275.5 6 89.4 vs. 8.5 6
77.8 bpm; P = 0.003) (Table 2). Log-trans-
formed values of RMSSD, SDANN, and
SDNN-index were reduced after liraglu-
tide treatment (Table 2). The diurnal varia-
tion curves revealed a significant decrease
in RMSSD after liraglutide, mainly during
nighttime hours (Supplementary Fig. 1B).
For the SDNN-index, a decrease was ob-
served during both nighttime and morning
hours (Supplementary Fig. 1C). In sensitivity
analyses, SDNN-index andRMSSDwere sig-
nificantly reduced after liraglutide during
sleeping hours from 2:00 to 3:00 A.M.

(20.23 6 0.42 vs. 0.05 6 0.45 ms [P =
0.009] and 20.25 6 0.53 vs. 0.09 6
0.61 ms [P = 0.045], respectively).

The significant association between
liraglutide treatment and changes in
SDNN (b = 233.9; P , 0.001) was un-
changed after adjustment for mean NN
(b =228.0; P, 0.001) and after further
adjustment for other metabolic param-
eters in a multivariable analysis
(b = 232.3; P , 0.001), confirming the
independent reduction in SDNN by lira-
glutide therapy (Table 3).

Analysis of frequency domain param-
eters showed a significant reduction in
log-transformed values of LF and HF
power, which was also observed in the
diurnal variation curves (Supplementary
Fig. 1D and E). LF/HF ratio, LFnorm, and
HFnorm did not change (Table 2); how-
ever, the diurnal variation curves revealed
reductions in both LFnorm and HFnorm at
several time points (Supplementary Fig. 1F
and G). This was not evident in the diurnal
curve for the LF/HF ratio (Supplementary
Fig. 1H).

For the study population, a significant
weight loss (24.2 6 3.5 vs. 21.0 6
2.6 kg; P , 0.001) and reduction in
HbA1c (20.4 6 0.3% vs. 0.04 6 0.4%;
P, 0.001) was observed after liraglutide
treatment compared with placebo.
Resting systolic and diastolic bloodFigure 1—Screening, enrollment, and follow-up of the study population.
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pressure, fasting blood glucose, HOMA
of insulin resistance (HOMA-IR), plasma
insulin, and LDL cholesterol did not
change significantly (Supplementary
Table 1).
Regression coefficients for the as-

sociation between changes in HR and
SDNN and changes in selected vari-
ables of interest for both intervention
periods are shown in Supplementary
Table 2. No associations among changes
in blood pressure, changes in metabolic
factors, and changes in SDNN were
found during liraglutide therapy. A sig-
nificant correlation between changes in
RMSSD and changes in total HF power
and normalized HF power was found

(R2 = 0.77 [P , 0.001] and 0.62 [P ,
0.001], respectively), during the lira-
glutide period. A full list of adverse
events are provided in Supplementary
Table 3.

CONCLUSIONS

We demonstrate that 12 weeks of lira-
glutide treatment induced a significant
increase in HR and reduction in long-
term HRV in patients with newly diag-
nosed T2D and stable CAD. We show
that the reduction in HRV was not medi-
ated by the increased HR observed after
liraglutide therapy. To our knowledge,
this randomized placebo-controlled

study is the first to assess the effects
of a GLP-1 RA on long-term HRV in a clin-
ical setting.

The chronotropic effect of liraglutide
may be mediated through the GLP-1 re-
ceptor on the sinoatrial node and influ-
ence the measures of HRV. However,
the multivariable regression analysis re-
vealed no significant association be-
tween changes in mean NN and SDNN.
Furthermore, the association between
liraglutide treatment and SDNN reduc-
tionwas still significant after adjustment
for mean NN. These findings suggest
that the impaired HRV may be due to
a direct influence on sympathovagal
balance.

The time domain parameter RMSSD
decreased significantly during liraglu-
tide treatment. Of note, this decrease
was mainly during nighttime hours,
where vagal activity is considered domi-
nant. The correlation analyses showed a
relatively large R2 value for RMSSD and
HF power, thus confirming the close as-
sociation between these two parameters
(7). A significant decrease during night-
time hours was also evident for SDNN-
index. Although, the normalized values of
LF and HF power did not decrease in con-
trast to the absolute values, the diurnal
variation curve revealed a trend for de-
crease. The less-pronounced reduction in
normalized values probably reflects the
concomitant reduction in TP. The LF/HF
ratio, which is also considered reflective
of sympathovagal balance, did not
change. However, LF power is subject to
both sympathetic and vagal influences,
whereas the reduction in both LF and
HF power may be attributable to a de-
crease in mainly parasympathetic activ-
ity (7). Taken together, the increase in
nighttime HR in conjunction with the sig-
nificant decrease in SDNN and RMSSD,
suggest an impairment of parasympa-
thetic activity. The decrease in HF power
together with the trend for decrease in
diurnal HFnorm also suggest an impair-
ment of vagal activity after liraglutide
therapy.

This hypothesis is supported by find-
ings from previous studies. In a random-
ized study in 30 patients with T2D,
liraglutide induced an increase in HR in
conjunction with an increase in the LF/HF
ratio during several time points of the day
(21). Furthermore, in a small study of
seven patients with T2D, 24 weeks of lira-
glutide treatment increasedHR, decreased

Table 1—Baseline characteristics of the study population (n = 39)

Characteristic Value

Clinical characteristics
Age (year) 61.8 (7.6)
Male sex, n (%) 31 (79)
Weight (kg) 96.9 (17.1)
BMI (kg/m2) 31.6 (4.8)
Waist (cm) 110.4 (11.2)
Systolic BP (mmHg) 139.3 (19.4)
Diastolic BP (mmHg) 80.2 (10.1)
HR (bpm) 71.7 (12.1)

Risk factors, n (%)
Smoker 14 (36)
Hypertension 29 (74)
CAD
Previous MI 23 (59)
Previous CABG 13 (33)
Previous PCI 25 (64)
Coronary stenosis, medical therapy only 2 (5)

Biochemistry
Fasting blood glucose (mmol/L) 6.5 (1.4)
HbA1c (%) 6.4 (0.5)
HbA1c (mmol/mol) 46.6 (5.7)
LDL cholesterol (mmol/L) 2.3 (0.7)
eGFR (mL/min/1.73 m2) 80.5 (11)
HOMA-IR 4.02 (2.96, 7.49)
Fasting insulin (pmol/L) 93 (64, 155)

Medication, n (%)
b-Blockers 24 (62)
Calcium antagonists 21 (54)
ACE-I/ARB 26 (67)
Statins 37 (95)
Ivabradine 1 (3)
Diuretics 11 (28)
Nitrate 11 (28)
Aspirin 37 (95)

Prestudy diabetes medication, n (%)
Biguanide (metformin) 15 (38)
Sulfonylurea 1 (3)
Diet and lifestyle therapy only 24 (62)

Data are mean (SD) or median (interquartile range) unless otherwise indicated. ACE-I, ACE
inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CABG, coronary artery
bypass graft; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; PCI,
percutaneous coronary intervention.
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SDNN, and decreased LF and HF power,
and the authors concluded that this may
be due to an inhibiting effect on vagal ac-
tivity (22). Short-term infusion of exena-
tide in overweight, healthy participants
revealed an increase in HR and a concom-
itant increase in LF/HF ratio, thus in ac-
cordance with a relative increase in
sympathetic activity (15). Finally, an ex-
perimental study in mice showed an in-
hibitory effect of GLP-1 on vagal activity
because both short- and long-term cen-
tral administration of the GLP-1 RA exen-
din-4 increased HR-reduced HF and LF
powers and inhibited neurotransmission
to vagal neurons (14).

Our findings regarding HR are con-
sistent with previous findings from
short-term studies that used 24-h HR
monitoring. An HR increase ranging
from 6.5 bpm after 7weeks of liraglutide
treatment (23) and up to 9.3 bpm after
8 weeks of treatment with liraglutide as
an add-on to insulin glargine therapy has
been reported (24). However, data from
glucose-lowering trials have consis-
tently reported a lower HR increase. A
meta-analysis of six phase 3 LEAD (Lira-
glutide Effect and Action in Diabetes)
studies reported an increase of 3.2 and
3.5 bpm after 26 weeks of treatment
with liraglutide 1.2 and 1.8mg, respectively
(25). Recently, the LEADER (Liraglutide Ef-
fect and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results) study,
with a median follow-up of 3.8 years, re-
ported an elevated HR of 3.0 bpm in the
liraglutide group compared with the pla-
cebo group (26). Longer duration of treat-
ment may attenuate the HR increase, or
alternatively, 24-h ambulatory HRmonitor-
ing may provide a more accurate assess-
ment of HR because it includes changes in
nocturnal HR. HR elevation has been ob-
served for other GLP-1 RAs, and the in-
crease in HR appears to be greater with
long-acting than with short-acting agents
(27). We did not find an association be-
tween changes in resting blood pressure
and changes in HR during liraglutide treat-
ment, confirming previous findings that HR
elevation is not compensatory to a de-
crease in blood pressure or systemic vaso-
dilatation (25,28).Whether the HR increase
is due to augmented sympathetic activity
or a direct effect on GLP-1 receptors in
the sinus atrial node remains controversial
(29). The nocturnal increase in HR observed
in the current study does not appear to be
related to the maximum concentration of
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liraglutide reported to be reached after 8–
12 h (30). In the studies byMeier et al. (24)
and Nakatani et al. (21), the injection of
liraglutidewas in themorningbeforebreak-
fast. In both studies, a persistent increase in
HR during the nighttime beyond the peak
concentration for liraglutide was observed.
In previous studies, weight loss and

improvement in metabolic parameters

have been associated with an improve-
ment in HRV, such as in obese patients
after weight-reducing gastric surgery
(31), patients with and without diabetes
after an energy-restricted diet (32,33),
and patients with T2D after inten-
sive multifactorial intervention (13). In
contrast, we observed a deterioration
in HRV measures despite significant

weight loss and reduction in HbA1c after
liraglutide treatment. Hyperglycemia
and hyperinsulinemia have been sug-
gested as aggravating factors for HRV
(34,35), but we did not see significant
changes in these metabolic parameters
during liraglutide treatment. Our linear
regression analysis revealed that the re-
duction in SDNN was unaffected by
changes in weight, HbA1c, HOMA-IR, in-
sulin, and fasting glucose. These findings
suggest that liraglutide may have an ef-
fect on the autonomic nervous system
that is not mediated by an improvement
in metabolic parameters.

Although increased HR and decreased
HRV have been associated with poor
prognosis in terms of cardiovascular
mortality in several studies (5,6,36),
beneficial effects of GLP-1 RA therapy
in terms of weight loss, improvement
in metabolic parameters, and other posi-
tive effects on the cardiovascular system
are important to note (29). Accordingly,
the LEADER study demonstrated a signif-
icant reduction in cardiovascular mor-
tality after liraglutide therapy (26,37).
However, an unexpected trend toward
adverse outcomes after liraglutide therapy
was reported in a subgroupof subjectswith
heart failure and diabetes in a recent ran-
domized study (38). Because both diabetes
and heart failure are associated with re-
duced HRV (5), whether liraglutide in-
duces an additional aggravating effect
on autonomic function in patients with
both of these conditions and whether it
affects cardiovascular outcome need to
be explored.

Potential limitations in this study
should be considered. The Holter mon-
itoring was not performed under con-
trolled conditions in a laboratory; thus,
environmental and behavioral factors
may have influenced the results. How-
ever, because of the randomized cross-
over design, such factors would be
expected to affect the recordings in
both periods to a similar degree. Fur-
thermore, we performed sensitivity
analyses during the nighttime, where
influences of external factors are lim-
ited. Frequency domain analyses should
be interpreted with caution when ob-
tained from long-term recordings due
to lower stability of HR. Thus, time do-
main measures are considered ideal un-
der these conditions (7). Nevertheless,
the reporting of both these measures
is a major strength of this study and

Figure 3—SDNN changes during treatment periods. Gray lines represent SDNN values for each
patient. Bold lines represent change in mean SDNN in placebo and liraglutide period. Error bars
indicate mean 6 SE.

Figure 2—Diurnal variation in hourly mean HR. Error bars indicate mean 6 SE.
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provides a more thorough assessment
of the influence of GLP-1 RA treatment
on sympathovagal balance. The con-
founding effects of background medica-
tion are considered minimal because an
effort wasmade to not change themed-
ication during the study. However, the
use of HR-limiting medications, such as
b-blockers and ivabradine, may have at-
tenuated the chronotropic effect of liraglu-
tideand influenced theHRVmeasurements.
Sensitivity analyses based on HR-limiting
medications were not performed because
of a small and unequal distribution of pa-
tients in these subgroups. The gastrointesti-
nal adverse effects or hypoglycemia due to
liraglutide therapy may have influenced the
HRV measurements. However, the study
drug was uptitrated to a maximum dose
after 4 weeks, and because Holter monitor-
ingwasperformedat12weeks, themajority
of adverse effects are expected to be re-
duced. Furthermore, no severe hypoglyce-
mic events were observed during the
study. Nevertheless, any treatment-
related temporary or persistent adverse
effects that may influence HRV may be
clinically important. Because of the ho-
mogeneity of the cohort, we cannot ex-
trapolate the results to other patient
groups, such as those with long-standing
and poorly controlled diabetes or those
with severe CAD or heart failure. The
effect on HRV beyond 12weeks of treat-
ment was not assessed, although we
cannot exclude the possibility that
HRV changes may attenuate over time.
Thus, the effect of GLP-1 RA treatment
on HRV needs to be explored in other
patient groups and with a longer treat-
ment duration.
In conclusion, liraglutide increased

HR and reduced HRV in overweight
patients with newly diagnosed T2D
and stable CAD despite significant
weight loss and improvement in glu-
cometabolic parameters. Liraglutide
induced changes in time and frequency

domain parameters of HRV, which
suggests an effect on sympathovagal
balance.
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