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Background: In addition to the metabolic effects in diabetes, glucagon-like peptide 1 receptor (GLP-1R) agonists lead to a small
but substantial increase in heart rate (HR). However, the GLP-1R actions on the autonomic nervous system (ANS) in diabetes re-
main debated. Therefore, this meta-analysis evaluates the effect of GLP-1R agonist on measures of ANS function in diabetes.
Methods: According to the Cochrane Collaboration and Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statement, we conducted a meta-analysis considering clinical trials in which the autonomic function was evaluated in
diabetic subjects chronically treated with GLP-1R agonists. The outcomes were the change of ANS function measured by heart
rate variability (HRV) and cardiac autonomic reflex tests (CARTS).

Results: In the studies enrolled, HR significantly increased after treatment (P<0.001), whereas low frequency/high frequency ra-
tio did not differ (P=0.410); no changes in other measures of HRV were detected. Considering CARTS, only the 30:15 value de-
rived from lying-to-standing test was significantly lower after treatment (P=0.002), but only two studies reported this measure-
ment. No differences in other CARTs outcome were observed.

Conclusion: The meta-analysis confirms the HR increase but seems to exclude an alteration of the sympatho-vagal balance due
to chronic treatment with GLP-1R agonists in diabetes, considering the available measures of ANS function.
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INTRODUCTION

The diabetic autonomic neuropathy is defined as a heteroge-
neous category of disorders of the autonomic nervous system
(ANS) in individuals with either diabetes mellitus or metabolic
derangements of pre-diabetes, when other potential causes
have been excluded [1]. In particular, the cardiac autonomic
neuropathy (CAN) is the manifestation of an ANS imbalance,
due to the impairment of autonomic control of the cardiovas-
cular system [1,2]. CAN affects at least 20% of unselected pa-
tients, and this incidence raises up to 65% of subjects with ei-

ther increasing age or long diabetes duration [2-4]. However,
the actual CAN prevalence varies, depending upon diagnostic
criteria, patient cohort, and testing modality [2,5]. According
to standard cardiac autonomic reflex tests (CARTs), the CAN
prevalence is reported about 7% in type 2 diabetes mellitus
(T2DM) and increases with diabetes duration by 4.6% to 6%
per year [2,5]. It is well known that CAN incidence is influ-
enced by diabetic disease duration, patient age, glycaemic con-
trol, and concomitant metabolic syndrome features [6,7]. The
CAN diagnosis in people with diabetes is extremely relevant,
influencing the prognosis for cardiovascular morbidity and
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predicting the overall cardiovascular risk [8]. Indeed, CAN is
related to silent myocardial ischemia, stroke, postural hypoten-
sion, exercise intolerance and enhanced intraoperative insta-
bility [9]. Therefore, from a clinical perspective, an individual
with diabetes and CAN is at higher risk of mortality and of
cardiovascular complications with heavy impact on morbidity
and prognosis.

Glucagon-like peptide 1 receptor (GLP-1R) agonists repre-
sent a relatively new class of anti-hyperglycemic agents, ad-
dressing most of the pathophysiological mechanisms involved
in the development of T2DM. The main GLP-1R agonist ac-
tions are the stimulation of insulin secretion, the inhibition of
glucagon secretion, the delay of the gastric emptying time and
the stimulation of neogenesis of insulin-secreting cells [10].
Moreover, GLP-1R agonists show favourable effects on body
weight and metabolic profile, with a lower risk of hypoglycae-
mia. Moreover, the favourable metabolic effects, together with
a reduction in blood pressure (BP), contribute to reduce the
cardiovascular risk. For all these reasons, the GLP1-R agonist
use is constantly increasing to treat T2DM.

Among beneficial GLP-1R agonist effects, heart rate (HR)
increase has been observed. Despite the resting HR increase
could be considered a safety concern [11], GLP-1R agonist ad-
ministration is associated to major adverse cardiovascular
events reduction, including stroke, cardiovascular and all-
cause mortality, as suggested by the cardiovascular outcome
trials (Supplementary Table 1) [12-18]. This GLP-1R agonist
favourable effect on cardio-metabolic health is becoming in-
creasingly evident, although the underlying mechanisms re-
main largely unknown. Improvement of hypertension [19],
endothelial function [20] and a natriuretic GLP-1R agonist-re-
lated effect [21] have been proposed. However, while a small
but substantial increase in HR by about 3 bpm has been re-
ported by the majority of the available trials [22], the action of
GLP-1R agonists on autonomic function in diabetes remains
still debated. With this in mind, it is clear that the GLP-1R ago-
nist effects on HR and on ANS need to be reconciled with the
favourable cardiovascular outcomes in clinical trials. Thus, we
performed this meta-analysis with the main aim to highlight
the GLP-1R agonist actions on available measures of autonom-
ic function in diabetic people.

METHODS

This meta-analysis was performed according to the Cochrane
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Collaboration and Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement. To ensure
originality and transparency of the review process, the meta-
analysis was a priori registered in the International Prospective
Register of Systematic Reviews (PROSPERO; registration
number CRD42020218063). The literature search was per-
formed until October 10th, 2021 considering the following
string: (((autonomic function)) OR ((autonomic dysfunction))
OR (cardiac autonomic neuropathy) AND ((((((((GLP-1 re-
ceptor agonist)) OR (GLP-1R agonist)) OR (semaglutide)) OR
(liraglutide)) OR (exenatide)) OR (lixisenatide) OR (dulaglu-
tide)) OR (albiglutide). Medline, Embase, and Cochrane data-
bases were considered.

All available GLP-1R agonists were considered potentially eli-
gible, whether applied in clinical trial aiming at evaluating auto-
nomic function before and after chronic administration in par-
ticipants with diabetes. Thus, each parameter of autonomic
function was considered before and after chronic treatment in
the study groups. Moreover, when available, mean parameters
were compared between study and control groups after treat-
ment.

Endpoints

CARTs represent the gold standard in autonomic testing [2,
23]. CARTs involve measuring autonomic responses through
changes in HR and BP to provocative physiological manoeu-
vres. The standard CARTs recommended for diagnosis of CAN
include: the deep breathing (DB) test (expiration/inspiration
[E/I] ratio), the lying-to-standing (LS) test (30:15), the Valsalva
manoeuvre (VM) and the BP response to standing [2]. E/I in-
dex from DB test represents the ratio between the 3 maximum
and the 3 minimum RR intervals (the intervals between two
consecutive eletrocardiogram R waves) in a cycle of expiration
and inspiration. In LS test the maximum/minimum 30:15 val-
ue is the ratio of the longest RR interval measured between the
25th and 35th beat after the change of posture and the shortest
RR interval measured between the 10th and 20th beat. The
VM test indicates the ratio between the longest RR interval af-
ter exhalation and the shortest RR interval during exhalation.
Other approaches in clinical research are currently available to
evaluate CAN such as heart rate variability (HRV), baroreflex
sensitivity, muscle sympathetic nerve activity, heart sympa-
thetic imaging [24]. Non-invasive and widely used in clinical
research, HRV provides key information about autonomic—
parasympathetic and sympathetic—modulation of the cardio-
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vascular system. The measurement of HRV includes two do-
mains. In the frequency domain, the components of the HRV
obtained by spectral analysis consist of low frequency (LF) and
high frequency (HF) indices. These indices provide informa-
tion about both the sympathetic and parasympathetic influ-
ences on heart. Thus, the LF/HF ratio is the index of sympa-
thetic-parasympathetic balance. Time domain measures of the
normal RR intervals mainly include differences between the
longest and the shortest RR intervals, the standard deviations
of RR interval (SDNN), and the square root of the mean
squared difference of successive RR intervals (RMSSD) [24].

Study selection and inclusion criteria

The literature search evaluated all clinical trials with the fol-
lowing inclusion criteria: (1) either interventional or observa-
tional; (2) in which the autonomic function was evaluated; (3)
in people with diabetes; (4) treated with GLP-1R agonists. In
particular, change of ANS function before and after chronic
GLP-1R agonist treatment using measures of HRV was consid-
ered the main outcome. Treatment was considered chronic
when GLP-1R agonist was administered for more than 4
weeks. Both participants with type 1 diabetes mellitus (T1DM)
and T2DM were considered eligible. Randomization and pres-
ence of controls were not considered as inclusion criteria.

Data collection process and quality

Two authors (C.G. and D.S.) separately performed the litera-
ture search, collecting abstracts of each study. Each abstract
was evaluated for inclusion criteria and data were extracted
from each study considered eligible. C.G. and D.S. performed
quality control checks on extracted data. For the literature
search, the primary endpoint was the LF/HF ratio after chronic
GLP-1R agonist administration. Secondary endpoints extract-
ed were: HR, SDNN, and RSMSSD as measures of HRV and E/
I ratio, 30:15, VM as parameters of CARTS.

The risk of bias was assessed independently by two investiga-
tors (C.G. and D.S.), using Cochrane risk-of-bias algorithm. In
particular, the following criteria were considered for each in-
cluded trial, (1) randomization method, (2) concealment of al-
location, (3) presence or absence of blinding to treatment alloca-
tion, (4) presence or absence of blinding of outcome assessment,
(5) potential incomplete data biases, and (6) reporting biases.

Data synthesis and analysis
Using the Review Manager (RevMan) 5.4 Software (version
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5.4.1, The Nordic Cochrane Centre, The Cochrane Collabora-
tion, Copenhagen, Denmark; 2014), continuous variables were
comprehensively evaluated as inverse variance of mean vari-
ables. When data were reported in the original manuscript as
median or logarithm, they were transformed in mean +stan-
dard deviation. Indeed, mean +standard deviation is required
for the meta-analytic approach. However, since these parame-
ters could be obtained using different approaches, the meta-
analyses were performed using standard mean difference.
Considering that studies included in the meta-analysis report-
ed different treatment durations and different time-points in
which endpoints were evaluated, we considered the last avail-
able time point for each trial (median 24 weeks; range, 12 to
72). The degree of heterogeneity among the studies included in
each analysis was examined by inspecting both the scatter in
the data points and the overlap in their confidence intervals
(Cls), and by performing I statistics. The inverse variance with
the fixed model was initially chosen, whereas the random ef-
fect model was preferred in case of I* higher than 60%. Sensi-
tivity analyses were performed, considering the type of diabe-
tes and the GLP-1R agonist used, when possible. Values of
P<0.05 were considered statistically significant.

Data availability statement
All data generated or analyzed during this study are included
in this published article.

RESULTS

Manuscripts (n=>596) were identified by the literature search
(Fig. 1). After abstract evaluations, 16 studies were considered
for the full text analysis (Fig. 1). Among these, ten studies were
excluded (reasons reported in Fig. 1) and six studies were en-
rolled [25-30] in the final analysis (Fig. 1). Table 1 summarizes
the characteristics of the studies included in the meta-analysis.
Moreover, Table 2 shows the characteristics of the patient co-
horts included in the analysis: a total of 182 individuals with
diabetes were enrolled (110 men and 72 women), with a mean
age of 54.68+10.7 years. Only two studies enrolled patients
with type 1 diabetes mellitus.

Primary outcome

The LF/HF ratio did not differ after treatment in the entire sam-
ple evaluated (P=0.410), as well as considering exenatide (P=
0.290) or liraglutide (P=0.930) treatment, separately (Fig. 2).
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Fig. 1. Flowchart of the study search and selection process.

This lack of LF/HF ratio difference after treatment was main-
tained also dividing studies according to the type of diabetes
considered (standard mean difference, —0.03; 95% CI, —0.26 to
0.20; I*=0%; P=0.080) (Supplementary Fig. 1). Thus, chronic
treatment with GLP-1R agonists seems not to affect LF/HF ra-
tio, also after sensitivity analyses. This was further confirmed
comparing study and control groups, showing no differences
in the LF/HF ratio after treatment (mean difference, 0.18; 95%
CI, -0.66 to 1.01; I*=0%; P=0.680) (Supplementary Fig. 2).

Secondary outcomes

HR was reported in all trials, for a total of 182 patients, evalu-
ated before and after chronic treatment. The HR significantly
increased after treatment (P<0.001), with a low heterogeneity
rate (6%) (Fig. 3). This significant improvement remained con-
sidering the use of liraglutide or exenatide separately (Fig. 3).
Since Cacciatori et al. [26] did not report a control group, this
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study was excluded when study and control groups were com-
pared post-treatment. In this analysis, HR was not significantly
different between study and control groups (mean difference,
-0.86; 95% CI, -3.26 to 1.55; I*=16%; P=0.480) (Supplemen-
tary Fig. 3).

After chronic treatment, SDNN did not significantly change
(standard mean difference, 0.08; 95% CI, —-0.65 to 0.81; P=
0.830) (Supplementary Fig. 4). Considering the study-control
comparison, significantly lower SDNN values were detected in
the study-compared to control groups (P=0.040) (Fig. 4).

RSMSSD was evaluated in six studies, showing no difference
after treatment (standard mean difference, 0.57; 95% CI, -0.41
to 1.55; I*=94%; P=0.250) (Supplementary Fig. 5). Similarly,
no difference between study and control groups were detected
(standard mean difference, —0.38; 95% CI, —1.20 to 0.44; P=
0.360) (Supplementary Fig. 6).

The E/I ratio did not change after chronic GLP-1R agonist
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Before After Mean Difference Mean Difference
Study or Subgroup  Mean SD lotal Mean SD lotal Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.5.1 Exenatide
Jaiswal 2006 45 38 22 49 5.7 22 14.7% -0.40 [-2.26, 2.46] 2006 —
Cacclatori 2018 4.56 04 28 238 04 28 32.4% 218[1.97.2.39] 2018 -
Subtotal (95% CI) 50 50 47.1% 1.30 [-1.10,3.70] R
Heterogeneity: Tau®= 226;ChF=3.10, df=1 (P = 0.08), F=68%
Testior cverall effect. Z=1.06 (P =0.29)
15.2 Liragheide
Kumarathurai 2017 74 389 30 759 501 30 185% 018245 2.09] 2017 s
Brock 2019 3585 2386 19 3.2 29047 19 229% 0.351.34, 2.04] 2019 -
Hansen 2013 35 5.6855 50 415 10732 50 11.5% -0.65 415 2.85) 2019 -
Subtotal (95% CI) 99 99 52.9% 0.06 [-1.21,1.32] _l
Heterogeneiy: Tau®= 000; ChF= 0.31, df= 2(P = 0.85):F=0%
Test for cverall effect Z=0.09 P =0.93)
Total (95% CI) 149 149 100.0%  0.62[-0.86,2.10] ?

0

Hoterogeneiy: Tau?= 175, Chf=13.94 of= 4 (P=0.008), F= 71%
Test for overall effect Z= 032 P = 0.41)
Testfor subgroup differences: Chi*=0.81, df=1 (P=0.37), 7= 0%

—-t
o
hte
(=3

-5
After Defore

Fig. 2. Low frequency/high frequency (LF/HF) ratio mean difference after the chronic administration of glucagon-like peptide 1
receptor agonists. LF/HF ratio mean difference after treatment in the entire sample (P=0.410) and considering only exenatide
(P=0.290) or only liraglutide (P=0.930) treatment. SD, standard deviation; IV, inverse variance; CI, confidence interval.

Before After Mean Difference Mean Diference
Studv or Subgroup  Mean  SD Total Mean  SD Total Weight . Fixed. 95% CI_Year IV, Fixed. 95% CI
1.1.1 Exenatide
Jaiswal 2006 70 12 22 70 g 22 3.2% 0.00 [6.27,6.27]) 2006 —_—
Catcciatori 2018 836 22 18 867 26 28 786% -310[-4.36,-1.84) 2018 . 3
Subtotal (95% CI) 50 50 81.7% -298[-4.22,-1.74] .
Hetarogeneity: Chi*= 0.90, df=1 (P=0.34), F=0%
Testror cverall emect Z=4.72 (P < 0.00001)
1.1.2 Liraghutide
Kumarathurai 2017 7403 12.09 30 8093 1061 30 38% -6.90[12.66,-1.14] 2017 _—
Brock 2019 79.2 12 19 817 | 19 27% -250[9.33,4.33] 2019 —
Nystrom 2019 71.2 98 3 78 94 33 58% -6.80[11.46,-2.14] 2019
Hansen 2019 72 115 S0 769 117 50 6.0% -490[-3.45-0.35 2019
Subtotal (95% CI) 132 132 18.3% -556(-8.18,.2.94) -
Hetarogeneity: Chi*=1.33, df=3 (P=0.72), F=0%
Test for cverall effect Z=4.17 (P < 0.0001)
Total (95% Cl) 182 182 100.0% -345][-4.57,-2.33] =
Hetzrogeneity: Chi*= 5.29, df=5 (P = 0.38); F= 6% _1?0 55 3 } 1=U
Testror overall effect Z=6.05 (P < 0.00001) After Before

Test for subgroup dfferences: Chi*= 3.06, df=1 (P = 0.08), F=67.3%

Fig. 3. Heart rate (HR) mean difference before and after treatment. HR significantly increases after treatment (P<0.001), with a
low heterogeneity rate (6%). SD, standard deviation; IV, inverse variance; CI, confidence interval.

administration (mean difference, —1.13; 95% CI, —-3.64 to 1.38;
I?=95%; P=0.380) (Supplementary Fig. 7). In the study vs.
control group comparison, the E/I ratio was not significantly
different (mean difference, 0.0; 95% CI, -0.004 to 0.004; P=
0.999) (Supplementary Fig. 8).

The 30:15 value was significantly lower after treatment (stan-
dard mean difference, 0.50; 95% CI, 0.18 to 0.83; P=0.002), al-
though this result was obtained considering only two studies
(Fig. 5). Only Hansen et al. [27] reported LS mean difference
in the comparison between study and control groups; thus, this
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analysis was not feasible.

The VM did not significantly change after treatment (mean
difference, 0.04; 95% CI, -0.08 to 0.15; P=0.520) (Supplemen-
tary Fig. 9).

Finally, the risk of bias was evaluated (Supplementary Fig.
10), showing a good quality of the included studies, in terms of
reporting and incomplete biases. On the contrary, a variable
quality in terms of blinding was detected, reflecting the diffi-
culty to perform a completely randomized, double-blind clini-
cal trial in this setting.
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Experimental Control Mecan Difference Mean Difference
Study or Subgroup  Moan SD Total Moan SD Total Woeight IV, Random, 95% CI Yoar IV, Random, 95% CI
2.4.1 Exenatide
Jaicwal 2006 40 % 22 38 24 24 186% 200[-12.50,1650] 2005 i
Subtotal (95% Ch 2 21 18.6%  2.00 |-12.50, 16.50)
Heterngeneity Not applicable
Testfor ovarall efect: 7= 027 (P=073)
2.4.2 Liraglutide
Kumzrathurai 2017 9559 27.04 30 12537 32 30 18.0% -2978[4477 -1479) 2017 ——
Nystrom 2019 362 34 0 3301 1.9 29 36.7% -319[-936,-702) 2013 =
Erock2019 94 456446 323 1035 565222 20 7.4% -950(-30.20,1980] 2013 —
Hanzon 201€ 243 115776 10 2885 358962 40 104% 235(-16.28,11 88) 2010 — —
Subtotal (95% Ch 132 128 81.4% -1186[-22.45,-1.25] e
Heterngeneity Tau*= 68 71, ChF =863, df=3 (F= 003), F=65%
Testroroverall efect Z= 219 (F=003)
Total (95% CI) 154 152 100.0%  -9.14[-18.03,-0.26] B
Heterogeneity: Tau™= 55.62, Ch® = 1055, df=4 = 0.00), P = 52% 5 3 5 25 %

Testfor overall effect: Z= 2.02 (P = 0.04)
Testfor subgroup differences: Ch®= 220, df=1 (P=0.13), @=£6.2%

Favours [expenmental] Favours [confrol]

Fig. 4. Standard deviations of RR interval (SDNN) mean difference after the glucagon-like peptide 1 receptor chronic administra-
tion comparing study and control groups. Significantly lower SDNN values were detected in the study-compared to control
groups (P=0.040). SD, standard deviation; IV, inverse variance; CI, confidence interval.

Before After Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SO Total Mean SD_Total Weight IV, Fixed, 95% CI__ Year IV, Fixed, 95% CI
1.3.1 Exenatide
Cacciatori 2018 112 002 28 11 0002 8 308% 1.39(0.80,1.98] 2018 ——
Subtotal (95% C 28 28  308% 1.39[0.80, 1.98) -

Heterogeneity. Not applicadle
Testior overall eflect Z= 4.63 (P =< 0.00001)

1.3.2 Liraghatide

Hansen 2019 115 05278 50 11 03519 50 69.2%
Subtotal (95% CD 50 50 69.2%
Heterogeneity. Not applicadle

Testior overall eflect Z=0.55 (P = 0.589)

Total (95% CI) 78 78 100.0%

Heterogeneity. Chi*= 1254 df= 1 (P=00004) P=92%
Testfor overall effect Z= 303 (F=0.002)
Testfor subgroup differences: Chi*= 1254, df=1 (P=0.0004), P = 220%

0.11 [-0.28,0.50) 2019
0.11[-0.28, 0.50]

s

*

-4 -2 0 2
Aner Before
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Fig. 5. A 30:15 value standard mean difference after chronic glucagon-like peptide 1 receptor agonists treatment. SD, standard de-

viation; IV, inverse variance; CI, confidence interval.

DISCUSSION

Here, we confirm that chronic GLP-1R agonist administration
increases HR, according to a previously available meta-analysis
[22]. Systematically, the HR increase after chronic GLP-1R ag-
onist administration is evident in five of six included trials. In-
deed, only one study found no significant changes in HR after
GLP-1R agonist administration, but, differently from the oth-
ers, authors used a short-acting GLP-1R agonist, such as ex-
enatide, for much longer time [28]. Thus, we could speculate
that the GLP-1R agonist effect on HR could depend on the
molecule used and the duration of the administration. More-
over, together with the HR increase, no significant change in
other ANS-related parameters is evident in our meta-analysis.
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This result suggests that the chronic GLP-1R agonist adminis-
tration may not influence the sympathetic and parasympathet-
ic functions. Thus, we could speculate that the HR modifica-
tions induced by GLP-1R agonist is not consequence of sym-
pathetic or parasympathetic stimulation, but other mecha-
nisms should be involved.

GLP-1R agonists are increasingly used in clinical practice in
diabetes, considering the wide range of positive effects on glu-
cose homeostasis, body weight, BP, and the low risk of hypo-
glycaemia. However, an overall GLP-1R agonist effect on ANS
is far from being elucidated, even with the meta-analytic ap-
proach. Considering each study separately, interesting results
could be extracted. Jaiswal et al. [28] did not detect any change
in autonomic function after 18 months of treatment with the
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short-acting GLP-1R agonist exenatide in patients with T2DM,
evaluating either the gold-standard CARTSs, such as DB and
VM or measures of HRV, such as HR, LF/HE, SDNN, RMSSD.
In particular, that study was characterized by different follow-
up length (18 months) than other studies included in the anal-
ysis (range, 12 to 26 weeks). Therefore, we could not exclude
that this difference represents a confounding factor, or a deter-
minant of a kind of mitigation of HR increase over time. On
the contrary, Kumarathurai et al. [31] reported detrimental re-
ductions in several HRV indices in T2DM patients treated with
liraglutide for 12 weeks. In particular, liraglutide decreased
SDNN, RMSSD, and HF without changes in LF/HF ratio com-
pared to placebo [31]. This SDNN decrease persisted despite
body weight loss and metabolic parameter improvement, sug-
gesting an impairment in vagal activity after treatment [31].
Moreover, in order to elucidate the role of the cardiac sympa-
tho-vagal balance as a possible mediator of the reported HR
increase in GLP-1R agonist treatment, Cacciatori et al. [26]
performed CARTs and power spectral analysis of HRV in 28
T2DM patients after exenatide extended-release administra-
tion. The main result of this study is an expected HR increase
together with an unexpected LF/HF decrease, suggesting the
existence of a compensatory mechanism [26]. This phenome-
non is characterized by a “shift” of the sympatho-vagal balance
with reduction of the LF component and no change in para-
sympathetic tone (HF) [26]. In contrast, Nystrom et al. [30]
demonstrated the absence of changes in sympathetic or para-
sympathetic activity evaluated by HRV in 62 T2DM individu-
als receiving 1.8 mg liraglutide once daily in comparison with 4
mg glimepiride once daily. Similarly, in the context of TIDM,
changes neither in the HRV domains, nor in cardiac vagal tone
and cardiac sensitivity to the baroreflex were observed in 19
patients treated with liraglutide for 26 weeks [25]. This result
was confirmed by the post-hoc analysis of Hansen et al. [27],
showing no changes in CAN measures after liraglutide 1.8 mg
once-daily for 24 weeks. In this study, the E/I ratio declined
significantly in both liraglutide and placebo groups.
Accordingly, our findings show no difference in the LF/HF
ratio after treatment, considering both different molecules (ex-
enatide and/or liraglutide) and both type of diabetes (T1IDM
and/or T2DM). Moreover, others HRV measures, such as
SDNN and RSMSSD, do not change after chronic GLP-1R ag-
onist administration. These results are confirmed considering
liraglutide and exenatide separately, suggesting no differences
between molecules. LF/HF ratio represents an index widely
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used in clinical practice for CAN evaluation in diabetic pa-
tients, providing information about autonomic—parasympa-
thetic and sympathetic—modulation of the cardiovascular
system. Even if considered among the methods of investigation
for cardiac autonomic dysfunction in human research studies
[24], LF/HF ratio from HRV study confirms to be a measure
not accurate and not directly related to sympatho-vagal bal-
ance, according to previous studies [32,33]. Among CARTs
measurements, representing the gold standard for the diagno-
sis of CAN, the only parameter that seems to be influenced by
GLP-1R agonist administration is the 30:15 ratio, which de-
creases after treatment. However, the strength of this result is
limited by the small number of trials reporting this parameter.
Thus, our meta-analysis suggests that chronic GLP-1R agonist
treatment does not influence the sympatho-vagal balance in
people with diabetes. Hence, the HR increase could depend on
different mechanisms.

In animal models, GLP-1 engages GLP-1R in central, pe-
ripheral, and ANSs, enhancing the sympathetic nervous sys-
tem activity, and reducing the parasympathetic nervous system
activity [34]. In this regard, Baggio et al. [34] suggested that the
GLP-1R agonist-related HR increase is the final effect of direct
chronotropic action, which is attenuated by propanolol but not
by atropine. Moreover, the in vivo GLP-1R agonist administra-
tion induces ¢-fos expression—a marker of neuronal activity—
in the adrenal medulla, activates neurons involved in auto-
nomic control in the brain, and activates tyrosine hydroxylase
transcription in brainstem catecholamine neurons [35]. These
findings suggest that the central GLP-1 action could be in-
volved in the regulation of the sympathetic pathway [35].
However, the identification of GLP-1R expression in mouse
atria [36] and in monkey sinoatrial node [37] raised the addi-
tional possibility that GLP-1 may directly modulate HR
through the cardiac GLP-1R. Moreover, Berkelaar et al. [38]
evaluated 130 healthy participants undergoing hyperglycaemic
clamps and acute exposure to GLP-1 during hyperglycaemia,
showing a small acute HR increase without an acute decrease
in cardiac vagal control, measured by HRV. In this setting, se-
rum insulin was positively associated with HR [38], suggesting
that GLP-1 effect could be mediated by GLP1-driven increase
in endogenous insulin [39]. Again, other experimental trials
suggested the sympathetic nervous system activation after
GLP-1R agonist infusion in healthy individuals [40,41]. All
these examples demonstrate that the action of GLP-1R agonist
on the sympathetic and parasympathetic systems must be both
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direct and indirect but this should be further studied with
properly designed clinical and experimental trials. Indeed, the
present meta-analytic approach is not able to reach strong con-
clusive results, due to the limited number of studies available.
In particular, the scarcity of studies on the topic does not allow
to perform further subgroup analyses, representing an impor-
tant limit intrinsic to the meta-analysis itself. Thus, the lack of
significant effects of GLP-1R agonist chronic administration
on ANS should be considered in light with the limited amount
of data available.

In conclusion, the present meta-analysis confirms the HR
increase but seems to exclude an alteration of the sympatho-
vagal balance due to chronic treatment with GLP-1R agonists
in people with diabetes. Indeed, despite the accumulating data
linking GLP-1R signalling to autonomic and neuroendocrine
responses, the neural pathways underlying these actions are
not fully understood. Furthermore, considering some discrep-
ancies in the available preclinical and clinical findings, it is
conceivable to suggest possible species-specific patterns of
GLP-1R, as well as differences among GLP-1R agonists. More
information is needed on the mechanisms through which the
GLP-1R agonists administration may affect autonomic activity
in individuals with diabetes.
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