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Abstract

Background and Objectives: Anhedonia, a core symptom of major depressive disorder (MDD), is a
known predictor of treatment response. It has been linked to heart rate variability (HRV), a
physiological marker implicated in both MDD and cardiovascular disease. Agomelatine, a
melatonergic antidepressant, has shown positive effects on both anhedonia and HRV. This study
investigated whether early changes in HRV predict anhedonia improvement following 8 weeks of
agomelatine monotherapy. Materials and Methods: We enrolled 84 unmedicated patients with MDD
and 143 age- and sex-matched healthy controls (HCs). Resting-state HRV, indexed by the standard
deviation of NN intervals (SDNN), was recorded at baseline for all participants and after 1, 4, and 8
weeks of agomelatine treatment in patients. Anhedonia was assessed using the Snaith-Hamilton
Pleasure Scale (SHAPS). Results: At baseline, patients exhibited significantly lower SDNN than HCs
(U =-3.63, p <0.001). After 8 weeks, SDNN levels in patients no longer differed significantly from
HCs (U = -1.07, p = 0.29). SDNN decreased after one week of treatment (Z = -7.82, p = 0.026) but
increased by week eight (Z = 3.60, p < 0.001). Notably, a smaller reduction in SDNN after one week
predicted greater improvement in anhedonia at week eight (o =-0.25, p = 0.025). Conclusions: Early
reductions in HRV may serve as a predictive biomarker for anhedonia response to agomelatine in
MDD. These findings support the potential utility of HRV monitoring to guide personalized
treatment strategies.

Keywords: heart rate variability; anhedonia; electrophysiology; major depressive disorder

1. Introduction

Anhedonia as a core symptom of major depressive disorder (MDD) is characterized by a
diminished ability to experience pleasure and a reduced responsiveness to pleasurable stimuli. It is a
frequently observed active symptom during major depressive episodes [1,2] as well as a residual
symptom after antidepressant treatment and has shown potential to serve as a predictor of treatment
response and brain reward system dysfunction [3-5]. Anhedonia also presents a barrier to
psychopharmacological interventions. For example, studies indicate that current first-line
antidepressant treatments, such as selective serotonin reuptake inhibitors (SSRIs), show
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unsatisfactory efficacy in improving difficulties associated with motivation and reward processing
[6,7]. Recent research indicates that an atypical antidepressant, agomelatine, as an agonist at
melatonergic receptors (MT1/MT2) and an antagonist at the postsynaptic serotonin receptor 5-HT2c
improves anhedonia as fast as 1-3 weeks after starting treatment [8-11]. Further investigation into the
neural correlates of anhedonia improvement during agomelatine treatment aids in deciphering the
underlying neural mechanisms of anhedonia and further developing novel treatments for depression.

Evidence indicates that MDD patients display dysfunction in the autonomic nervous system
(ANS) and may increase the risk of developing cardiovascular disease (CVD). Analysis of heart rate
variability (HRV) is widely used for measuring the ANS function and understanding associations
between the ANS and affective states/disorders [12]. HRV refers to the complex beat-to-beat variation
in heart rate produced by the interplay of sympathetic and parasympathetic neural activity at the
sinus node of the heart. Research has shown that low HRV can predict future adverse cardiovascular
events in those without known CVD history [13]. MDD is comprised of diverse symptoms from
different domains. Research indicates that specific symptoms are particularly associated with low
HRV. For example, MDD with melancholic features is associated with profoundly low HRV [14].
Research further indicates that the association between MDD and low HRV found in the literature
might be driven by melancholic features [15]. In the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5), anhedonia is further emphasized as a key item in the diagnosis of
MDD with melancholic features. A study in adolescents showed that HRV was strongly associated
with anhedonia symptoms [16]. The aforementioned findings imply that HRV is a candidate used to
explore neural correlates associated with anhedonia improvement with antidepressant treatment.

Our previous studies found that HRV in MDD patients was increased following 6-week
agomelatine monotherapy [17,18]. It remains unknown whether increases or dynamic early changes
in HRV are associated with anhedonia improvement following agomelatine monotherapy. In order
to address the existing research gap, the present study was designed with two objectives. The primary
aim was to examine whether early changes in HRV after 1-week agomelatine treatment can predict
anhedonia improvement at the end of treatment. The second was to compare the differences in HRV
between unmedicated patients with MDD and healthy controls (HCs) and between MDD patients
following 8-week agomelatine monotherapy and HCs.

2. Materials and Methods

2.1. Participants

Eighty-four unmedicated individuals diagnosed with DSM-5-defined MDD were recruited to
participate in a prospective, observational, single-center cohort study where eligible patients received
8-week monotherapy with agomelatine 25 mg per day. The study received approval from the ethics
committees of the Tri-Service General Hospital (No. of IRB: B202205019). Written informed consent
was obtained from all subjects. The current sample overlaps with the sample mentioned in our
published studies reported the data of electroencephalogram (EEG) and functional near-infrared
spectroscopy (fNIRS) where the design, methodologies, and recruitment strategies have been
detailed [19-21]. The aspects relevant to the present study are detailed here. Participants did not
receive any antidepressant medication treatment within the 2 weeks prior to inclusion. The inclusion
criteria are: 1) patients aged between 20 and 65 years, 2) being competent to consent to participate in
the study, 3) having the current major depressive episode with low suicide risk as assessed by the
Mini International Neuropsychiatric Interview (MINI) [22], and 4) the Montgomery Asberg
Depression Rating Scale (MADRS) score > 21 on the screening day. The exclusion criteria for this
study are as follows: 1) individuals with specific medical conditions, including hepatic failure (such
as cirrhosis or active liver disease), any form of transaminase abnormalities, heart failure, sepsis, renal
impairment, unstable hypertension, hypotension, and diabetes mellitus with poor glycemic control;
2) individuals with a history of bipolar disorder or schizophrenia-spectrum disorders; 3) individuals
with an active substance use disorder, excluding caffeine and tobacco; 4) individuals diagnosed with

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2322.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 July 2025 doi:10.20944/preprints202507.2322.v1

3 of 14

major neurocognitive disorders, sensory impairments, epilepsy, or brain injuries; 5) individuals who
are pregnant or breastfeeding; 6) individuals concurrently using potent CYP1A2 isoenzyme
inhibitors (e.g., fluvoxamine, ciprofloxacin); and 7) individuals exhibiting hypersensitivity to
agomelatine or its excipients. MDD participants were rated by experienced psychiatrists with the
MADRS [23] and the Hamilton Anxiety Rating Scale (HARS). Anhedonia was assessed using the
Chinese version of Snaith-Hamilton Pleasure Scale (SHAPS) [24,25]. SHAPS is a 14-item self-report
questionnaire to assess the subject’s pleasure experience in the “last few days”. It is rated from
definitely agree to definitely disagree on a 4-point Likert scale (i.e., scoring from 1 to 4) and the total
score ranges from 14 to 56. High scores indicate more severe anhedonia. The self-reported overall
severity of depression and anxiety was assessed using the Patient Health Questionnaire (PHQ-9) [26],
and Generalized Anxiety Disorder 7 (GAD-7) [27], respectively. The abovementioned clinical
outcomes were measured at baseline, at weeks 1, 4, and 8 after agomelatine treatment.

The normal control (HC) group included 143 healthy participants. Recruitment and exclusion
processes have been described elsewhere [20,28]. In summary, all healthy participants underwent a
comprehensive medical evaluation, which encompassed biochemical analyses, blood pressure
assessments, electrocardiograms, physical examinations, and thoracic radiographs. None of the
participants exhibited any organic diseases, including but not limited to renal or hepatic disorders,
cardiovascular diseases, metabolic conditions, neurological disorders, malignancies, or obesity. The
participants were determined to be free of mental disorders according to evaluations conducted with
the Chinese Version of the MINI [22] by a qualified research assistant. Furthermore, it was established
through self-reporting that none of the participants had been on any medications for a minimum of
one month prior to their enrollment in the study. The severity of depression and anxiety among the
healthy subjects was evaluated using the BDI-II and the BAIL

2.2. Heart Rate Variability (HRV) Measurement

The detailed procedures were reported in our previous studies [17,18,29]. Briefly, the
participants first sat quietly for 20 min, then a lead I electrocardiogram was recorded for 5 min. To
control for fluctuations in the autonomic nervous system over the course of a day, all
electrocardiogram recordings were carried out in a quiet and air-conditioned room between 9 and 11
a.m. HC participants were measured only once whereas MDD participants were measured at
baseline, at weeks 1, 4, and 8 after agomelatine treatment. The payment was offered to the subjects to
reimburse them for the transportation expense of each visit. An HRV analyzer acquired, stored, and
processed the electrocardiography signals. Our computer algorithm then identified each QRS
complex and rejected each ventricular premature complex or noise according to its likelihood in a
standard QRS template. Signals were recorded at a sampling rate of 512 Hz, using an 8-bit analog-to-
digital converter. Stationary R-R interval values were re-sampled and interpolated at a rate of 7.11
Hz to produce continuity in the time domain. The standard deviation of NN intervals (SDNN), a
time-domain measure of HRV, measures the standard deviation of the time between normal
heartbeats (NN intervals) over 5 min. SDNN is calculated by taking the square root of the variance
in NN intervals, reflecting all cyclic components responsible for variability during the recording
period. It is considered an estimate of overall HRV and the “gold standard” for medical stratification
of cardiac risk. A non-parametric fast Fourier transformation was used to perform power spectral
analysis. The direct current component was deleted, and a Hamming window was used to attenuate
the leakage effect. The power spectrum was subsequently quantified into standard frequency-
domain measurements, namely low-frequency power (LF, 0.04-0.15 Hz), high-frequency power (HF,
0.15-0.40 Hz), and the ratio of LF to HF power (LF/HF). Vagal control of HRYV is represented by HF,
whereas both vagal and sympathetic control of HRV are jointly represented by LF. The LF/HF ratio
could mirror sympatho-vagal balance or sympathetic modulation, with a larger LF/HF ratio
indicating a greater predominance of sympathetic activity over cardiac vagal control.
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2.3. Statistics

Statistical analyses were conducted utilizing IBM SPSS Statistics 24.0 software (IBM SPSS Inc.,
Chicago, IL, USA). All data were checked for deviations from a Gaussian distribution. For the
comparisons of continuous variables between the pre-treatment MDD group and the healthy control
(HC) group and between the post-treatment MDD group and the HC group, independent t-tests t
were used for parametric variables and the Mann-Whitney U tests for nonparametric variables. The
X2 tests were used to examine between-group differences in discrete variables. For the comparisons
of continuous variables between baseline and each post-baseline visit, paired t-tests were used for
parametric variables and the Wilcoxon Signed-Rank tests for nonparametric variables. Spearman’s
correlation analysis was used to investigate the relationship between the change in SDNN from
baseline to 1 week after treatment and the change in SHAPS score from baseline to 8 weeks after
treatment. Statistical significance was established at p < 0.05 (two-tailed) for the primary outcomes
(i.e., the change in SDNN one week after treatment and the change in SHAPS score 8 weeks after
treatment as well as their correlation coefficient). To mitigate the increased risk of Type 1 error
associated with multiple statistical tests for other secondary outcomes, Bonferroni corrections were
applied.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. Sample Characteristics

Table 1 presents a summary of the demographic and clinical characteristics of the study
participants. There were no significant differences in age, sex, body mass index, exercise levels or
smoking status between patients with MDD and HCs (all p values > 0.05). As can be seen in Figure.
1, there was a significant improvement in anhedonia one week after agomelatine monotherapy (Z =
-2.86, p = 0.004). The improvement remained 4 weeks (Z =-2.62, p = 0.009) and 8 weeks (Z=-3.9, p <
0.001) after treatment. Depression severity improvement was observed one week (Z=-7.82, p <0.001),
4 weeks (Z=-7.92, p <0.001) and 8 weeks after treatment (Z=-7.92, p <0.001).
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Table 1. Demographic and clinical features of the participants

Variables Pre-lt\:IeDatDn1ent Pastslr]:e)?ent Healthy controls t/Zory2 p-value
Numbers 84 84 143
Age, years, mean (SD) 37.42+ 12,04 - 34.97 +8.24 1.36 017
Females, n (%) 51 (60.71) - 79 (55.24) 0.65 0.42°
Education, years, mean (SD) 1555 +1.20 - 15.94 £ 1.30 -1.64  0.10°
BMI 2340 +5.05 - 2381+3.73 0.64 0.52°
Weekly regular exercise, hours 0.69+0.71 - 0.75+0.73 0.58 0.56*
Current smoker, N (%) 10 (11.90) - 12 (8.39) 0.75 0.39°
SHAPS 2945 +7.95 25.79 + 8.56 — 3.87  <0.001°
MADRS 3385 +4.98 16.68 + 572 - 2449 <0.001°
HARS 2207+6.18 6.70+4.47 - 1981 <0.001°
PHQ-9 16.90 + 5.64 11.86 + 6.88 — 7.93  <0.001°
GAD-7 14.04+513 1039 £5.79 — 735 <0.001°
BDI - - 6.46 % 5.60 - —
BAI - - 3.82+423 - —

Abbreviations: SD, standard deviation; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared):

BDI, Beck Depression Inventory-1I; BAI, Beck Anxiety Inventory; MADRS, Montgomery Asberg Depression Rating Scale; HARS,
Hamilton Anxiety Rating Scale; PHQ-9, Patient Health Questionnaire; GAD-7, Generalized Anxiety Disorder 7-item; SHAPS,
Snaith-Hamilton Pleasure Scale

Notes: P values in bold represent statistical significance.

“P values for pre-treatment MDD patients versus healthy controls

"P values for pre-treatment MDD patients versus post-treatment MDD patients
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Figure 1. The average improvement in SHAPS and MADRS scores 1 week, 4 weeks, and 8 weeks after
agomelatine monontherapy. Error bars represent 95% confidence intervals for the mean. The SHAPS and
MADRS scores at baseline versus at each post-baseline assessment were compared using Wilcoxon signed-rank

tests. * p < 0.05; ** p <0.01; ** p <0.001.

3.2. HRV Metrics Between the Pre-Treatment MDD Cohort and the HC Group

As illustrated in Figure 2, SDNN (U = -3.63, p < 0.001) and LF (t = -3.66, p < 0.001) were
significantly lower in pre-treatment patients with MDD compared to HCs. HF was lower in pre-
treatment patients with MDD compared to HCs (t =-2.07, p = 0.04); however, this difference did not
achieve the Bonferroni-adjusted threshold for significance. There was no between-group difference
in the LF/HF ratio (t =-0.96, p = 0.34).
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Figure 2. Comparisons of HRV metrics including SDNN (A), LF (B), HF (C), and LH/HF ratio (D) between pre-
treatment patients with major depressive disorder (MDD) and healthy controls (HCs) as well as between post-
treatment patients with MDD and HCs. Each circle represents the value of HRV metrics of each participant. The
cyan dot indicates the mean value of the HRV metrics. The gray box indicates standard deviations. * p <0.05; **
p <0.01; *** p <0.001.

3.3. HRV Metrics from the Baseline to the End of the Treatment

Compared to baseline, there was a significant reduction in SDNN (Z = -7.82, p = 0.026) one week
after treatment (Figure 3.). HF (t =-2.24, p = 0.028) was reduced and LF/HF ratio (Z =2.15, p = 0.032)
was increased from baseline to one week after treatment but this differences did not achieve the
Bonferroni-adjusted threshold for significance. SDNN (Z = 3.60, p < 0.001) and HF (t = 3.8, p < 0.001)
were significantly increased 8 weeks after treatment. Other results were all nonsignificant.
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Figure 3. The values of HRV metrics including SDNN (A), LF (B), HF (C), and LH/HF ratio (D) at baseline (week
0), 1 week, 4 weeks, and 8 weeks after agomelatine monotherapy. Error bars represent standard deviations for
the mean. The SDNN and LH/HF ratio at baseline versus at each post-baseline assessment were compared using

Wilcoxon signed-rank tests. LF and HF were compared using paired t tests. * p < 0.05; ** p < 0.01; ** p < 0.001.

3.4. HRV Metrics Between the Post-Treatment MDD Cohort and the HC Group

As illustrated in Figure 2, no between-group differences were identified in the SDNN (U =-1.07,
p=0.29), HF (t=-0.69, p =0.49), and LF/HF ratio (t=-0.84, p = 0.40). LF was lower in post-treatment
patients with MDD compared to HCs (t =-2.18, p = 0.03); however, this difference did not achieve the
Bonferroni-adjusted threshold for significance.

3.5. Correlation Analyses

Correlation analysis showed that the change in SDNN from baseline to 1 week after treatment
exhibited a negative correlation with the change in SHAPS score from baseline to 8 weeks after
treatment (o = - 0.25, p = 0.025, Figure 4). Specifically, a less reduction in SDNN at 1 week after
treatment predicted greater anhedonia improvement following 8-week treatment with agomelatine.
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Figure 4. The correlation between the change in SDNN from baseline to 1 week after treatment and the change
in SHAPS score from baseline to 8 weeks after treatment. Each red circle represents a single participant with
major depressive disorder. The regression line and 95% confidence intervals for the linear regression slope are
shown.

4, Discussion

In line with our primary hypothesis, we found that early HRV change at one week after
treatment onset was associated with anhedonia improvement following 8-week agomelatine
monotherapy. The study also found that unmedicated patients with MDD exhibited significantly
lower HRV (particularly LF-HRV) as compared to HCs. The difference was no longer statistically
significant following 8-week agomelatine monotherapy.

Consistent with recent research [8-11], significant anhedonia improvement was found soon after
starting agomelatine monotherapy and remained all the way to the end of the 8-week treatment.
Anhedonia symptoms in MDD patients are known to correlate with functional aberrance in the
reward circuit [30], a neural network with a compact distribution of dopaminergic neurons [31]. A
growing body of evidence supports a link between anhedonia and disorganized melatonin circadian
rhythms in MDD. For example, a recent cross-sectional study in MDD patients showed that the peak
phase of melatonin circadian rhythms was negatively correlated with anhedonia severity [32].
Depressed mice showed an increase in the expression of dopamine-related proteins after being
treated with melatonin [33]. It is speculated that normalization of circadian rhythm modulation, e.g.
by melatonin treatment, may improve anhedonia by affecting the dopaminergic system. Agomelatine
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is known for its unique mode of action of synergy between melatonergic receptor activation and 5-
HT2c receptor antagonism [34]. Its exhibition of indirect dopaminergic properties through
modulating melatonin rhythms and antagonizing neocortical postsynaptic 5-HT2c receptor plays an
important role in rapidly and effectively improving anhedonia symptoms in MDD patients.

Our study showed that HRV was reduced in unmedicated patients with MDD and was
significantly increased 8 weeks after agomelatine monotherapy. The HRV improvement mainly
derived from a significant increase in parasympathetic activity as indexed by HF-HRV. The result is
consistent with previous studies showing that HRV was lower in MDD than in healthy controls [35]
whereas agomelatine monotherapy for at least 6 weeks was associated with increased
parasympathetic activity [17,18]. Furthermore, the HRV in our depressed patients following 8-week
agomelatin monotherapy nearly returned to a normal level which is seldom observed among
depressed patients being treated with antidepressants other than agomelatine [36,37]. We expected
that the melatonergic receptor agonistic effect and 5-HT2c receptor antagonistic effect of agomelatine
would increase cardiac vagal activity and decrease sympathetic activity for some potential
explanations as below. First, a previous study in healthy men showed that cardiac vagal tone was
increased and sympathetic tone was decreased 60 minutes after administration of a single dose of 2
mg melatonin [38]. Animal research indicated that chronic melatonin treatment decreased heart rate
by inhibiting sympathetic activity [39]. Finally, basic research also indicates that activation of
serotonergic 5-HT2c receptors in the nucleus tractus solitarius neurons plays an important role in
inhibiting cardiac vagal activity whereas a selective 5-HT2c receptor antagonist prevented the
inhibition [40,41].

However, in contrary to our expectation early HRV changes were characterized by a significant
reduction one week after agomelatine monotherapy. The reduction may derive from a trend-level
reduction in parasympathetic tone as indexed by HF-HRV and a trend-level increase in sympathetic
modulation as indexed by LF/HF ratio. Evidence suggests that disorganized circadian rhythms (e.g.,
changes in melatonin levels and core body temperature) play a role in the pathophysiology of MDD
and HRV is a good indicator for estimating an individual’s circadian rhythm [34,42]. A recent study
showed that the circadian rhythm of HRV oscillation (SDNN) of drug-free MDD patients reached the
peak time in the morning around 06 a.m. and the trough time in the evening around 06 p.m. [42].
Agomelatine is known to produce a phase advance in the circadian changes in melatonin levels and
core body temperature and advance the timing of the daily decrease in heart rate [34]. Repeated
activation of melatonin receptors has been reported to phase-advance HRV indices by altering the
timing of the endogenous circadian rhythms of HRV [43]. Since it was known to take at least 6 weeks
for 25mg agomelatine per day to significantly and stably increase HRV in MDD patients [17,18], the
HRYV phase-advancing effect of agomelatine at the early stage of treatment may explain the reduction
in HRV one week after treatment as compared to baseline. Normalization of circadian rhythm
modulation by agomelatine may have a positive effect on dopaminergic neurons in the reward circuit
and thereby improve anhedonia symptoms in the short run as well as in the long run.

Earlier evidence indicated HRV as a potential biomarker for predicting response to serotonergic
antidepressant medications [44]. Our study is the first to demonstrate the early HRV change as a
biomarker to predict anhedonia improvement with the melatonergic antidepressant. HRV is
considered a valuable proxy for assessing circadian disruptions in MDD patients and previous
research has found a correlation between anhedonia and HRV (particularly vagal modulation of HRV)
[14-16]. It seems difficult to comprehend why a lower reduction in HRV at the end of one-week
treatment predicted more anhedonia improvement following 8-week agomelatine monotherapy, at
first glance. However, it is plausible that patients showing a lower reduction in HRV following one-
week treatment were those who also had a rapid and mild HRV increase in response to agomelatine’s
vagotonic effect [17,18] in addition to agomelatine’s phase-advancing effect. The early HRV increase
as a response to one-week agomelatine treatment might have mitigated the observed HRV reduction
stemming from the phase-advancing effect of agomelatine with both factors having beneficial effects
on anhedonia improvement. Taken together, we speculate that early changes and dynamics of HRV
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can serve as a biomarker to predict anhedonia improvement with agomelatine treatment in depressed
patients. To further corroborate our speculation, further experiments will be necessary to explore the
neurobiological mechanisms between circadian rhythm modulation in HRV and anhedonia in MDD
and whether circadian rhythm modulation in HRV can be a clinically useful biomarker to predict
anhedonia improvement in MDD patients.

The present study has several significant limitations. First, this is a prospective observational
cohort study where only complete HRV and clinical data were analyzed, giving rise to potential
selection bias. Second, the clinical implications of agomelatine-associated changes in HRV should be
interpreted cautiously. These changes might reflect a therapeutic process associated with
improvement in both ANS dysregulation and depression. Third, the changes over time in short-term
HRV results reported herein should be considered preliminary because they might have been
interfered with the effect of agomelatine in phase-advancing circadian rhythm modulation. Future
studies using continuous 24-H Holter electrocardiogram (ECG) recording and circadian rhythm
analyses of HRV should be carried out to confirm the effect of agomelatine on HRV in depressed
patients.

5. Conclusions

Our studies showed a reduced HRV in unmedicated patients with MDD as compared to normal
controls. The reduction in HRV was normalized and anhedonia was significantly improved after 8-
week agomelatine monotherapy. Early HRV changes at one week predicted more anhedonia
improvement following 8-week agomelatine monotherapy.
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