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Heart rate variability (HRV) monitoring is increasingly applied in the realm of mental disorders; however, it remains a subject of
controversy. This umbrella review summarizes HRV differences between individuals with mental disorders and healthy controls
(HCs), as well as changes in HRV before and after treatment in patients with mental disorders. A literature search was conducted
using Medline, PubMed, Embase, and the Cochrane Database. Meta-analyses on HRV changes in patients with mental disorders, as
well as meta-analyses comparing HCs and patients with mental disorders were included. We computed the summary effect size
using random effects models, along with 95% confidence and prediction intervals. We assessed heterogeneity, p value of the
largest study, excess significance bias, and small-study effects. Evidence levels were classified as convincing, highly suggestive,
suggestive, weak, or not significant. Twenty-one systematic reviews on HRV, covering 19 mental disorders (53 meta-analyses) and 8
treatment modalities (18 meta-analyses), included 442 primary studies and 34,625. For differences between mental disorders and
HCs, evidence was suggestive for 7 (13.2%) pooled analyses, indicating decreased HRV in dementia, PTSD, somatic symptom
disorders, functional somatic syndromes, and schizophrenia. For other disorders, including autism spectrum disorder, alcohol use
disorder, bipolar disorder, generalized anxiety disorder, insomnia, and major depressive disorder, the evidence was weaker and
below the suggestive level. For treatment effects, 5 pooled analyses (27.8%) had weak evidence, indicating altered HRV before and
after antipsychotic treatment, repetitive transcranial magnetic stimulation treatment, physiotherapy, and psychotherapy. The
credibility of HRV evidence in mental disorders varied across HRV variables and diseases. No two diseases exhibited identical altered
HRV patterns, highlighting the potential significance of overall HRV profiles in delineating distinct disorders.
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INTRODUCTION
Mental disorders, including conditions like depression, anxiety
disorders, schizophrenia, and bipolar disorder among others,
impose a substantial burden on global health [1]. These conditions
impact individuals across various aspects of their lives, posing
challenges for both patients and healthcare systems worldwide
[1, 2]. Individuals with mental disorders often exhibit dysregula-
tion in autonomic nervous system activity, with changes in the
balance between sympathetic and parasympathetic nervous
system functions [3–6]. For instance, in patients with anxiety
disorders, common emotional and physiological responses may
lead to overactivation of the sympathetic nervous system, which is
manifested by changes in physiological indicators such as
increased heart rate and elevated blood pressure [3, 6]. On the
other hand, in certain mental illnesses like depression, activity of
the parasympathetic nervous system may be diminished, resulting
in symptoms such as sleep disturbances and digestive issues [4].
Heart Rate Variability (HRV) refers to the changes in the time

intervals between heartbeats. Under normal circumstances, the
heart rate does not remain completely steady; rather, it fluctuates
to a certain extent, and this variability is what HRV represents. HRV
reflects the regulatory capacity of the autonomic nervous system
(ANS) over the heart rhythm, including the interaction between

the sympathetic nervous system and the parasympathetic nervous
system [7]. Higher levels of HRV, particularly those associated with
parasympathetic-dominated indices, are typically regarded as a
sign of good health, as they reflect the flexibility and adaptability
of the autonomic nervous system [8]. Conversely, decreased HRV
may be linked to cardiovascular diseases, psychological stress,
anxiety, depression, and other issues [8, 9]. Psychological stress
and emotional states can directly impact the activity of the
autonomic nervous system, thus influencing HRV levels [10].
Additionally, certain medications can affect the activity of the
autonomic nervous system, and the HRV levels of individuals with
mental illnesses may change after receiving treatment [11, 12].
Therefore, studying the changes of HRV in mental disorders may
reveal the neurobiological mechanisms of specific conditions,
revealing neural commonalities and differences. This could
potentially enhance diagnostic classifications and may offer
insights for improving clinical management.
Numerous case-control and longitudinal studies have docu-

mented varied changes in HRV across various mental disorder
[13, 14], with some disorders having undergone meta-analytic
scrutiny [15]. However, meta-analyses can be limited by metho-
dological rigor and are vulnerable to reporting bias, publication
bias, residual confounding, and other issues [16–19], which may

Received: 11 October 2024 Revised: 21 February 2025 Accepted: 19 March 2025

1Sichuan Provincial Center for Mental Health, Sichuan Provincial People’s Hospital, University of Electronic Science and Technology of China, Chengdu, China. 2These authors
contributed equally: Zuxing Wang, Yazhu Zou. ✉email: zou_zhili@163.com

www.nature.com/tpTranslational Psychiatry

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41398-025-03339-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41398-025-03339-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41398-025-03339-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41398-025-03339-x&domain=pdf
http://orcid.org/0000-0002-5004-9422
http://orcid.org/0000-0002-5004-9422
http://orcid.org/0000-0002-5004-9422
http://orcid.org/0000-0002-5004-9422
http://orcid.org/0000-0002-5004-9422
http://orcid.org/0000-0003-1973-5923
http://orcid.org/0000-0003-1973-5923
http://orcid.org/0000-0003-1973-5923
http://orcid.org/0000-0003-1973-5923
http://orcid.org/0000-0003-1973-5923
https://doi.org/10.1038/s41398-025-03339-x
mailto:zou_zhili@163.com
www.nature.com/tp


obscure the true relationship between HRV and mental disorders.
This underscores the need for more robust evidence synthesis to
accurately assess the neurobiological mechanisms underlying HRV
alterations in mental health [20]. Umbrella reviews offer a more
comprehensive and systematic approach to evaluating evidence
by consolidating findings from multiple meta-analyses [21, 22].
Unlike traditional meta-analyses, which focus on singular topics,
umbrella reviews offer the advantage of examining evidence
across a broad, high-quality database, providing a comprehensive
overview [23]. Given the growing complexity of psychiatric
research, umbrella reviews provide an essential tool for navigating
large volumes of evidence on HRV alterations in mental disorders,
ensuring a more accurate and nuanced understanding of the
findings [24].
To our knowledge, no umbrella review has explored HRV

changes in mental disorders. Given the involvement of the ANS in
these diseases, such a review could offer unique insights. Thus, we
conducted the first umbrella review of relevant meta-analyses of
longitudinal and case-control studies, aiming to offer a thorough
evaluation of evidence strength, estimate precision, presence of
bias, and HRV alterations in patients with mental disorders
compared to healthy controls (HCs), as well as patients before
and after treatment for psychiatric conditions.

METHODS
The systematic umbrella review protocol has been prospectively
registered on PROSPERO and the outcomes are presented in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [25] (PROSPERO
ID: CRD42023430149).

Literature search
We searched MEDLINE, PubMed, Embase, and the Cochrane
Database from inception through May 2023 to identify meta-
analyses of both observational and interventional studies explor-
ing HRV in patients with mental disorders compared with HCs or
HRV changes after treatment modalities for mental disorders.
Designated search terms were searched in title and abstract:
(heart rate variability OR HRV) AND (meta-analysis or metaanaly*
or meta-analy* or meta analy*). Supplementary Table S1 contains
the specific search strategies employed for each literature
database. Two authors (ZXW and YZZ) separately conducted
electronic searches to screen the titles and abstracts retrieved
from the databases and selected potential eligible meta-analyses.
Eligible articles were identified through manual screening of the
references in relevant studies. Any discrepancies in the literature
screening between the two reviewers were resolved by a third
author (ZLZ). Furthermore, we conducted an updated literature
search utilizing the same search strategies on April 1, 2024, to
identify any newly published meta-analyses.

Eligibility criteria
We included systematic reviews and meta-analyses following
these eligibility criteria: (1) meta- analyses exploring differences in
HRV parameters (i.e., HRV in hierarchical order, high-frequency
(HF), low-frequency (LF), root mean square of the successive
differences between normal heartbeats (RMSSD), standard devia-
tion of NN intervals (SDNN), LF/HF) between patients with mental
disorders and healthy controls as well as before and after
receiving common treatments for mental illnesses; (2) patients
were diagnosed with mental disorders based on criteria from any
edition of the Diagnostic and Statistical Manual (DSM), or the
International Classification of Diseases (ICD), or through structured
psychiatric diagnostic interviews; (3) Eligible meta-analyses were
published in English peer-reviewed journals. In cases where
multiple meta-analyses on the same topic were encountered, we
included the most recent one containing the largest number of

studies. Exclusions comprised articles that did not examine HRV in
mental disorders, those lacking a meta-analysis, and those lacking
sufficient data for re-analysis (such as individual study estimates or
necessary data for calculations). Additionally, we excluded non-
human studies, genetic studies, primary studies, and conference
abstracts. It should be noted that many meta-analyses combine
various individual HRV indices into a single composite HRV
measure following a hierarchical order, including: respiratory sinus
arrhythmia, HF (absolute, logarithmically transformed, and normal-
ized values), RMSSD, total power (absolute and logarithmically
transformed values), and SDNN [26–28]. In this paper, all HRV
indices mentioned refer to the composite HRV measure con-
structed using this method.

Data extraction and quality assessment
Two reviewers (ZXW and YZZ) independently extracted the
following information from each eligible study: the first author’s
name, publication year, number of included studies, population
demographics (children, adolescents, adults, or elderly indivi-
duals), and primary outcome. Additionally, we extracted the
number of cases and HCs, the study-specific estimated effect sizes
of HRV parameters, and their corresponding 95% confidence
intervals (CIs) in each study. In cases where the eligible article only
provided pooled effect sizes without reporting the study-specific
effect size, we extracted this information from the individual
component studies within each eligible article and recalculated
the effect sizes. Any discrepancies in the extracted data between
the two researchers were resolved by a third author (ZLZ).
The methodological quality of the included meta-analyses

underwent critical appraisal using AMSTAR 2 (A Measurement Tool
to Assess Systematic Reviews), a 16-item rating scale known for its
strong interrater reliability and usability [29]. Unlike traditional
scoring systems, AMSTAR 2 does not produce an overall score;
rather, it categorizes the confidence in systematic reviews into
four broad classifications (high, moderate, low, and critically low)
based on various criteria,
including review design, literature screening, data extraction,

and assessment of individual study quality. All detailed quality
assessments of the included meta-analyses, as well as the
evaluation criteria of AMSTAR 2, are presented in Supplementary
Table S2.

Data analysis
All meta-analyses included in our study reported effect sizes as
standardized mean differences (SMDs), consistent with the
standard practice in HRV studies. We re-estimated these SMDs
with 95% CI using common metric random effects methods.
Heterogeneity between studies was assessed through Cochran’s Q
test and the I2 statistic (I2 > 50% suggests high heterogeneity).
Furthermore, we calculated the 95% prediction interval to
anticipate HRV differences between groups in future studies. We
identified instances where prediction intervals, excluding the null
value (0 for SMDs), suggest persistent statistically significant HRV
changes in patients with mental disorders across future studies.
We examined evidence for small-study effects using Egger’s
regression asymmetry test. A p-value below 0.1, along with more
conservative effect sizes in larger researches relative to those in
random effects meta-analysis, indicated small-study effects.
Excess significance was assessed to determine if the observed

number of studies (O) with nominally statistically significant
results (p < 0.05) exceeded the expected number (E) [27]. The
expected number of significant studies for each meta-analysis was
estimated based on the sum of statistical power estimates for
individual studies, utilizing an algorithm from a noncentral t
distribution. The effect size of the largest study in each meta-
analysis served as the plausible power for the tested association.
The significance threshold for excess significance bias was set at
p < 0.10. Excess significance for a single meta-analysis was
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confirmed at p < 0.10 (1-sided p < 0.05 with O > E, as previously
proposed) [30]. All statistical analyses were conducted using R
version 4.3.0 and the p values were all 2-tailed.

Credibility of evidence
Consistent with prior umbrella reviews [24], we categorized the
eligible meta-analyses based on the strength of evidence
regarding the HRV difference between mental illness patients
and HCs as well as the HRV difference before and after psychiatric
treatment modalities into five classes: convincing (class I), highly
suggestive (class II), suggestive (class III), weak (class IV), and not
significant (NS). Criteria for each level of evidence included
p values under a random effects model, the number of patients
with mental disorder, the statistical significance of the largest
study, small study effects, the I² statistic, random effects summary
estimate under a 10% credibility ceiling, the 95% prediction
interval, and the excess significance bias. The detailed information
and rating criteria are shown in Table 1.

RESULTS
Our systematic database search identified 757 records. After
removing duplicates and the inspection of titles and abstracts, 92
full-text articles were assessed for eligibility. Twenty-one systema-
tic reviews investigating HRV, involving 19 mental disorders (53
meta-analyses) and 8 treatment modalities (18 meta-analyses)
related to mental disorders, comprising 71 meta-analyses, met the
inclusion criteria for the umbrella review and were included for
reanalysis (Fig. 1).
Details of the excluded reviews with the reasons for exclusion

were provided in Supplementary Table S3. Overall, 21 systematic
reviews were included, comprising 442 primary studies and 34,625
participants [11, 12, 14, 15, 26–28, 31–44]. From the included
systematic reviews, we extracted information regarding the role of
assessed HRV in mental disorders of interest (Tables 2 and 3).
Among these 71 pooled analyses of different indicators of HRV,
there were 1 on attention-deficit/hyperactivity disorder (ADHD), 4
on autism spectrum disorders (ASD), 3 on alcohol use disorders
(AUD), 1 on bulimia nervosa (BN), 4 on bipolar disorder (BP), 1 on
borderline personality disorder (BPD), 6 on dementia or neuro-
cognitive disorders, 4 on generalized anxiety disorder (GAD), 1 on
insomnia disorders, 5 on major depressive disorder (MDD), 1 on
children and adolescents MDD, 1 on late-life MDD, 1 on obsessive
compulsive disorder (OCD), 4 on panic disorder (PD), 1 on
problematic internet use, 4 on post-traumatic stress disorder
(PTSD), 4 on social anxiety disorder (SAD), 5 on somatic symptom
disorders and functional somatic syndromes, 2 on schizophrenia, 1
on the impact of antidepressants, 1 on the impact of antipsycho-
tics, 1 on the impact of mindfulness, 4 on the impact of repetitive
transcranial magnetic stimulation (rTMS), 1 on the impact of virtual
reality biofeedback, 3 on the impact of physiotherapy, 4 on the
impact of psychotherapy, and 3 on the impact of
pharmacotherapy.

Difference in HRV between patients with mental disorders
and HCs
In the meta-analyses comparing HRV between patients with
mental disorders and HCs, 25 out of 53 pooled analyses (47.17%)
yielded statistically significant results with p-values < 0.05, 12
(22.6%) with p < 0.001, and 3 (5.7%) with p < 10-6. Among the 12
pooled analyses involving cases of mental disorders with case
sample sizes exceeding 1000, one (8.3%) were non-significant,
four (33.3%) had p-values less than 0.05, five (41.7%) had p-values
less than 0.001, and two (16.7%) had p-values less than 10-6. In 24
out of the 53 (45.3%) comparisons, the effect sizes of the largest
study were nominally statistically significant at p < 0.05. Further-
more, 42 out of 53 pooled analyses (79.2%) exhibited substantial
heterogeneity (I2 > 50%). The 95% prediction interval excluded
the null in only 9 out of 53 (17.0%) included comparisons. Small-
study effects were observed in 28 pooled analyses (52.8%), and we
did not detect excess significance bias in all 53 meta-analyses
(Table 2).
As shown in Fig. 2, none of the 53 pooled analyses

demonstrated convincing or highly suggestive efficacy according
to the quantitative umbrella review criteria. Additionally, the
credibility of the evidence was suggestive for seven (13.2%)
pooled analyses, indicating decreased HRV in dementia or
neurocognitive disorders and PTSD, as well as decreased HRV,

Table 1. Level of evidence for grading levels.

Convincing
(class I)

Highly suggestive
(class II)

Suggestive
(class III)

Weak
(class IV)

Not significant
(NS)

Random effects p value <0.000001 <0.000001 <0.001 <0.05 >0.05

Number of patients with
mental disorder

>1000 >1000 >1000 — —

p value of the largest study <0.05 <0.05 — — —

Heterogeneity (I²) <50% — — — —

Small study effects Not detected — — — —

Excess significance bias Not detected — — — —

95% prediction interval Excludes the null — — — —

Fig. 1 Flow chart of literature search.
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RMSSD, and HF in somatic symptom disorders and functional
somatic syndromes, along with decreased RMSSD and HF in
schizophrenia. Thirty-three (62.3%) were supported by weak
evidence, showing decreased task-related HRV in ADHD, resting
state HRV, social stress HRV, and social debriefing HRV in ASD,
decreased HRV and RMSSD in AUD, decreased HF in BN, decreased
HRV in BP, decreased HRV in BPD, decreased HF, LF, and SDNN in
dementia or neurocognitive disorders, decreased HRV in GAD,
decreased HRV in insomnia, decreased HF, RMSSD, and SDNN, and
increased LF/HF in adult MDD, decreased HRV in children and
adolescents and late-life MDD, decreased HRV, HF, and RMSSD in
PD, decreased HRV in problematic internet use, decreased HF,
RMSSD, and increased LF/HF in PTSD, decreased HRV, HF, RMSSD,
and increased LF/HF in SAD, and decreased SDNN and increased
LF/HF in somatic symptom disorders and functional somatic
syndromes. Additionally, fifteen (26.4%) meta-analyses showed no
significant differences in HRV parameters in mental disorders
compared with HCs.

Alterations in HRV following treatment modalities for mental
disorders
For the pooled analyses of HRV-associated indicators following
treatment modalities for mental disorders, 5 out of 18 pooled
analyses (16.7%) yielded statistically significant results with p-
values < 0.05; the remaining analyses were not significant.
Additionally, only one meta-analysis included a sample size
exceeding 1000, and the statistical results were not significant.
In 12 out of the 18 (66.7%) comparisons, the effect sizes of the
largest study were nominally statistically significant at p < 0.05.
Furthermore, 8 out of 18 pooled analyses (44.4%) exhibited
substantial heterogeneity (I2 > 50%). The 95% prediction interval
excluded the null in only 2 out of 18 (11.1%) included
comparisons. Small-study effects were observed in 3 pooled
analyses (16.7%), and we did not detect excess significance bias in
all 18 meta-analyses (Table 3).
As presented in Fig. 2, none of the 18 pooled analyses

demonstrated convincing, highly suggestive or suggestive

evidence according to the quantitative umbrella review criteria.
There were 5 pooled analyses (27.8%) supported by week
evidence, suggesting decreased HRV after antipsychotic treat-
ment, decreased LF/HF and increased RMSSD after rTMS
treatment, decreased LF after physiotherapy for MDD, and
increased HF after psychotherapy for MDD. Furthermore, 13
(72.2%) pooled analyses showed no significant changes in HRV
parameters before and after treatment.

DISCUSSION
To the best of our knowledge, this represents the first umbrella
review of alterations in HRV parameters within mental disorders. A
notable strength of our umbrella review lies in its comprehensive
hierarchical classification of published evidence. We examined 21
systematic reviews comprising 71 pooled analyses of HRV
alterations across various mental disorders. Overall, the existing
experimental evidence suggests that individuals with mental
disorders demonstrate altered HRV patterns compared to those
without such conditions. Additionally, many patients undergoing
various treatments for mental disorders, such as medication,
physical therapy, and psychological interventions, also exhibit
significant alterations in HRV and its related parameters. Moreover,
the robustness of these significant findings varied considerably.
Among the 44 statistically significant meta-analyses, only 7 were
supported by suggestive evidence, lacking highly suggestive or
convincing evidence.
The mechanisms underlying HRV alterations in mental disorders

are complex and multifactorial. Reduced HRV is often associated
with an imbalance between the sympathetic and parasympathetic
branches of the autonomic nervous system, reflecting a dysregu-
lated stress response [45]. Chronic stress, a common feature in
many mental disorders, can lead to prolonged activation of the
sympathetic nervous system, suppressing parasympathetic activ-
ity and resulting in lower HRV [46]. Furthermore, neuroinflamma-
tion and changes in brain structure, particularly in regions like the
prefrontal cortex and amygdala, have been implicated in HRV

Fig. 2 Credibility of heart rate variability alterations in mental disorders. HRV heart rate variability, HF high-frequency, LF low-frequency,
RMSSD, root mean square of the successive differences between normal heartbeats, SDNN standard deviation of NN intervals, Tr-HRV task-
related HRV, Rs-HRV resting state HRV, Ss-HRV social stress HRV, Sb-HRV social debriefing HRV, Ct-HRV cognitive tasks HRV.
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dysfunction [45, 47, 48]. These brain areas are critical in regulating
emotional responses and autonomic functions, and their dysfunc-
tion may contribute to both the development and progression of
mental disorders [49]. Additionally, treatments such as psycho-
tropic medications, psychotherapy, and physical therapies may
influence HRV through their effects on autonomic regulation and
stress pathways [11, 12, 36, 39, 44]. However, the exact
mechanisms by which these treatments alter HRV remain under-
explored, warranting further investigation to elucidate potential
therapeutic targets.
Aligned with umbrella review criteria, several factors commonly

downgraded the overall confidence of published meta-analyses,
including non-significant p-values of the largest study, random
effects p value > 10-6, small sample sizes (<1000 cases), high
between-study heterogeneity, prediction intervals encompassing
the null value, and biases due to small-study effects [24, 50, 51].
Our umbrella review indicates that random effects p value > 10-6,
and small sample sizes in meta-analyses constitute the primary
factors attenuating HRV findings in mental disorders. This
phenomenon may stem from the relatively low incidence rates
of certain diseases (e.g., bulimia nervosa, borderline personality
disorder, and social anxiety disorder) in the general population.
Additionally, the limited clinical application of HRV assessment in
mental disorders, possibly owing to limited awareness or
perceived insignificance of HRV disturbances compared to
recognized differential diagnostic examination such as endocrine
dysregulation [52], metabolic disorders [53], or structural brain
abnormalities [54], may further contribute to the underutilization
of HRV examinations among patients with mental disorders. For
prevalent instances of random effects with p-values > 10-6, the
primary culprit often lies in small sample sizes. Moreover,
variations in HRV measurement methods (e.g., 5 min-HRV and
24h-HRV) and calculation techniques (e.g., absolute, logarithmic
transformation, and normalized values) [55], as well as uncon-
trolled confounding variables or covariates in HRV studies of
mental disorders (e.g., age, gender, severity of symptoms) [56],
may introduce additional noise, potentially affecting detection of
effects and significance outcomes.
Nevertheless, from a clinical standpoint, exploring HRV char-

acteristics in mental disorders can offer valuable insights. HRV
serves as a reliable indicator of autonomic nervous system
balance, offering insights into the status and interaction of the
sympathetic and parasympathetic nervous systems [57]. Our
umbrella review identified decreased HRV in dementia or
neurocognitive disorders and PTSD, as well as decreased HRV,
RMSSD, and HF in somatic symptom disorders and functional
somatic syndromes, as suggestive evidence. These findings were
also observed in other mental disorders (e.g., MDD, GAD, and
schizophrenia), albeit with lower levels of evidence credibility. It is
important to note that the ability of individual HRV indices to
distinguish between mental disorders is limited, as these indices
often overlap across conditions [42]. For example, indices like
RMSSD and HF, typically linked to parasympathetic activity [57],
are reduced in various mental disorders [15, 42]. This reduction in
parasympathetic activity, reflected by lower HRV values, seems to
be a common feature across psychiatric conditions, suggesting
that specific single HRV alteration may indicate a general
autonomic dysfunction rather than a disorder-specific signature.
Therefore, individual HRV indices should be viewed more as
markers of autonomic dysregulation than as diagnostic tools for
specific mental disorders. However, different HRV-related indices
demonstrate significant differences when comparing disease and
health statuses, as well as pre- and post-treatment evaluations,
suggesting their potential utility as objective biomarkers for
distinguishing disease and health statuses and assessing treat-
ment efficacy. Crucially, by comparison, examining various HRV
variables highlights the uniqueness of HRV profiles across different
mental disorders (Fig. 2). This suggests that a combination of

specific HRV indices may provide more accurate differentiation
between distinct mental disorders than relying on a single HRV
measure. Given the multifaceted nature of autonomic regulation,
integrating various HRV parameters could capture a broader, more
nuanced picture of autonomic dysfunction, allowing for more
precise identification of psychiatric conditions and their responses
to treatment. Thus, using a multi-index approach could enhance
diagnostic accuracy and treatment monitoring, ultimately sup-
porting the clinical utility of HRV as a diagnostic tool.
Extensive research has explored genes, proteins, and brain

imaging in the quest for biomarkers capable of identifying or
predicting mental disorders [58]. Nevertheless, as of now, no
singular marker has been discovered that confidently discrimi-
nates between different mental disorders. Particularly concerning
cognition, mood, behavior, and psychotic symptoms—elements
traditionally regarded as fundamental dimensions of mental
disorders—psychiatrists can only glean insights from clinical
interviews and observations [59]. Our findings indicate that the
overall patterns of change in parameters related to HRV should be
comprehensively evaluated as significant fundamental dimensions
and potential disease-specific biomarkers for mental disorders.
However, the umbrella review method we employed precluded
statistical analysis aimed at assessing the efficacy of overall HRV
profiles in identifying or distinguishing different mental disorders.
This hypothesis could potentially be investigated further through
machine learning methodologies in large-scale research encom-
passing diverse mental disorders.
Our research indicates that following various treatments for

mental disorders, some meta-analyses exhibit significant changes
in HRV-related metrics, although the evidence is somewhat limited
due to constraints posed by sample size [39]. Nevertheless,
integrating findings from other disciplines yields practical insights.
Numerous studies suggest that reduced HRV serves as an adverse
prognostic factor for cardiovascular diseases such as myocardial
infarction, chronic heart failure, unstable angina, hypertension,
and diabetes [8, 60, 61]. Moreover, individuals with mental
disorders who chronically use antipsychotic medications are at a
heightened risk for cardiovascular and metabolic diseases [62].
Our findings reveal a significant decrease in HF associated with
antipsychotic medication use, underscoring the importance of
HRV in monitoring medication side effects and preventing
cardiovascular events in patients using antipsychotic medications.
Additionally, after receiving rTMS treatment, patients show
significant improvements in RMSSD and LF/HF indices alongside
symptom amelioration, potentially providing objective biomarkers
for treatment efficacy prediction. In the treatment of MDD
patients, both psychological and physical therapies significantly
enhance HRV. From the perspective of improving HRV metrics,
traditional pharmacological and psychosocial interventions exhibit
characteristics of transdiagnostic treatments, capable of improving
HRV disturbances across patients with various mental diagnoses.
Transdiagnostic therapy approaches could alleviate the burden on
clinicians, who required to learn numerous specific therapy
approaches sharing common theoretical underpinnings and
components [63]. However, given the diverse HRV patterns across
different mental disorders identified in our review, a ‘one size fits
all’ method to therapy approaches may be inadequate for
improving HRV across all conditions. Instead, targeted therapy
protocols should focus on disease-specific modified HRV profiles
when devising intervention protocols for different mental
disorders. This implies that new intervention protocols should
incorporate fundamental therapeutic components delivered
irrespective of diagnosis, alongside optional modules addressing
disorder-specific symptoms.
Our umbrella review encounters several limitations. First, we

refrained from evaluating the quality of individual researches
within every meta-analysis, as it fell outside the scope of our
review. Second, the biases potentially stemming from individual
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study characteristics, such as sex, age, race/ethnicity, socio-
economic status, and genetic factors, were not comprehensively
assessed due to inadequate information provided in the majority
of studies. Third, our review omitted certain mental disorders, such
as intellectual developmental disorders, tic disorders, and brief
psychotic disorders, as corresponding meta-analyses were absent
from the literature search. Consequently, the evidence map for
HRV characteristics remains partial. Fourth, during our research
selection process, we came across several meta-analyses addres-
sing the same topic, though not necessarily containing identical
studies. We prioritized the most recent meta-analysis with the
largest sample size in such cases. It’s noteworthy that different
meta-analyses on identical topics may employ distinct eligibility
criteria and search terms, leading to variations in the included
researches. This discrepancy implies that some pertinent data
from meta-analytic studies may have been overlooked. Although
this issue has been acknowledged in prior literature and may be
addressed as umbrella review methodologies evolve, no definitive
solution is currently available [64, 65]. Furthermore, the use of LF/
HF as an HRV measure remains controversial due to its ambiguous
interpretation and limited ability to reliably reflect autonomic
balance, suggesting the need for further research to clarify its
physiological significance. Finally, the quality assessment revealed
that only five [12, 27, 33, 39, 43] of the 21 included studies met
high-quality standards based on AMSTAR 2, raising concerns
about the reliability of the findings. Low-quality studies may
introduce biases, distort effect sizes, and weaken the overall
strength of the evidence, potentially limiting the generalizability
of the results [29]. Specifically, the reported effect sizes, while
useful, may be influenced by the methodological limitations of the
included studies. Distortions in effect sizes could occur due to
factors such as study heterogeneity, varying measurement
techniques, and small sample sizes, further complicating the
interpretation of the results. Future meta-analyses should
incorporate sensitivity analyses, such as excluding low-quality
studies, to evaluate the robustness of the findings. Upholding
higher methodological standards in future research is essential to
ensure more reliable and generalizable evidence.
In summary, our umbrella review thoroughly examined HRV

characteristics across 19 mental disorders and 8 treatment
modalities. Among the 71 identified HRV comparisons, pooled
analyses provided suggestive evidence for reduced HRV in
dementia or neurocognitive disorders and PTSD, decreased HRV,
RMSSD, and HF in somatic symptom disorders and functional
somatic syndromes, as well as decreased RMSSD and HF in
schizophrenia. While we cannot disregard other HRV comparisons
supported by weak evidence, they do entail uncertainties
requiring resolution. The credibility of HRV characteristics evi-
dence in mental disorders varied across different HRV variables
and diseases. Nonetheless, these findings serve as a foundation for
advancing research on HRV in mental disorders, fostering a better
understanding of these features. Importantly, no two diseases
exhibited identical altered HRV patterns, underscoring the
potential significance of overall HRV profiles in delineating distinct
disorders. In the future, meticulously designed studies with robust
sample sizes and thorough evaluations of potential biases are
essential to validate and expand upon these findings.
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