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Abstract
Background  Chronic musculoskeletal pain (CMP) is a prevalent condition associated with significant disability. 
Emerging evidence suggests that autonomic dysfunction, reflected by heart rate variability (HRV), may play a role 
in the pathophysiology of CMP and could be responsive to exercise interventions. This systematic review aims to 
evaluate the effects of exercise on HRV in persons with CMP.

Methods  A comprehensive search was performed in PubMed, Web of Science, and Cochrane databases from 
database inception until June 15, 2024. Eligible studies included those examining exercise interventions of 
≥ four weeks in adults aged 18 to 65 with CMP, where HRV was assessed both before and after the intervention. 
Non-experimental study designs and studies focusing exclusively on acute exercise effects were excluded. Two 
independent reviewers performed data extraction and assessed the risk of bias using the Cochrane RoB-2 and 
ROBINS-I tools. The CERT was used for reporting, and effect sizes for exercise interventions were calculated. Certainty 
of evidence was assessed using the GRADE framework.

Results  Five randomized and five non-randomized controlled trials were included, involving 277 persons with 
CMP. There was considerable variability in HRV measurement protocols. The exercise interventions, which included 
resistance, aerobic, and multi-component training, lasted four to 24 weeks. Significant within-group improvements 
were found in several HRV measures, especially in linear analyses linked to vagal modulation at rest.

Conclusions  While evidence suggests the positive influence of exercise on autonomic function in CMP, as indicated 
by HRV changes, the limited number of high-quality studies warrants cautious interpretation. To better understand 
the impact of different exercise modalities on HRV and address existing data gaps, future research should implement 
strict protocols for HRV measurements and consistently adhere to established reporting criteria for exercise 
interventions.
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Background
Chronic musculoskeletal pain (CMP) represents a major 
global health challenge. It exerts a significant burden on 
public health systems and contributes substantially to 
disability worldwide [1–3]. Predictions suggest an expo-
nential increase in CMP’s prevalence and socioeconomic 
burden, underscoring the urgent need for effective inter-
ventions to mitigate its impact on healthcare systems, 
quality of life, and global economic costs [4].

The intricate pathophysiology of CMP underscores its 
multifactorial nature, implicating a complex interplay of 
physiological, psychological, and social factors in both 
its onset and evolution [5–7]. Recent research has shown 
a clear association between CMP and autonomic func-
tion, referring to the involuntary regulation and control 
of bodily functions, including heart rate (HR). These 
functions are crucial for maintaining optimal physiologi-
cal function and facilitating adaptation to environmen-
tal changes [8–10]. Thus, elucidating the relationship 
between CMP and autonomic control is vital for advanc-
ing our understanding of this complex condition.

Evidence has demonstrated a clear relationship 
between CMP and alterations in brain activity, particu-
larly an upsurge in the activation of cognitive-emotional 
neural networks such as the amygdala and prefrontal cor-
tex [11–13]. Importantly, these brain regions are closely 
linked to autonomic regulation through central auto-
nomic pathways, including the vagus nerve, which serves 
as a major conduit between the brain and the autonomic 
nervous system [14]. In persons with CMP (PwCMP), 
interactions between these brain regions and autonomic 
function, specifically HRV (i.e., widely recognized as 
a non-invasive marker of cardiac autonomic nervous 
system function reflecting the variation in time inter-
vals between consecutive heartbeats [15]), have been 
observed, suggesting that vagally mediated HRV may be 
a key marker of organism adaptability and health in this 

population [14, 16, 17]. These findings indicate that HRV 
captures essential organism functions (i.e., autonomic 
flexibility, homeostatic regulation) associated with overall 
health and adaptability in PwCMP, highlighting the role 
of the vagus nerve in connecting neural and autonomic 
processes. In fact, according to most clinical trials [14, 
18, 19], chronic pain relates to a reduction in HRV, which 
primarily reflects decreased parasympathetic (vagal) 
modulation. While reduced HRV has sometimes been 
interpreted as a shift toward sympathetic dominance 
related to endogenous pain modulation [20], it is impor-
tant to note that HRV is not a direct measure of sym-
pathetic nervous system activity [21]. Ultimately, HRV 
represents a relevant factor in chronic pain follow-up 
[22], as these findings highlight the complex relationship 
between the autonomic nervous system and pain regula-
tion [10, 23, 24].

Physical activity (PA) and exercise (i.e., structured PA) 
are currently considered primary therapeutic options for 
CMP due to their efficacy in improving pain and disabil-
ity, affordability, and safety profile without the adverse 
effects commonly associated with pharmacological inter-
ventions or invasive procedures [25, 26]. Studies provide 
compelling evidence supporting the beneficial effects 
of various exercise modalities, including aerobic, resis-
tance, and multi-component exercise (i.e., mind-body, 
flexibility, and combined aerobic and resistance exer-
cises), on cardiac autonomic functioning, as evidenced 
by increased HRV in healthy individuals [27–29] and 
PwCMP (i.e., neck and low back pain) [10, 30].

Despite these benefits, the effects of various exercise 
modalities on cardiac autonomic functioning require 
further clarification, with particular emphasis on the 
potential mediating role of exercise mode and dosage in 
modulating HRV outcomes. For instance, aerobic exer-
cise predominantly enhances cardiac autonomic func-
tion among healthy adults, yet resistance training, when 
appropriately dosed in frequency and intensity, can 

Key Points
1. Exercise should be rigorously investigated and considered as a therapeutic strategy for enhancing heart rate 
variability (HRV) in persons with chronic musculoskeletal pain (PwCMP), potentially improving both symptom 
management and overall clinical outcomes.
2. Although comprehensive standards for HRV measurement, including protocols for data acquisition, processing, 
and analysis, have been published and endorsed, adherence in research practice remains inconsistent. Future 
studies should prioritize not only adoption but also transparent use to ensure data reliability, reproducibility, and 
comparability across studies. This will enhance the robustness of conclusions regarding the effects of exercise on 
autonomic function in PwCMP.
3. To advance our understanding of how exercise influences HRV and autonomic function in PwCMP, future 
research must rigorously adhere to established exercise reporting guidelines, such as the Consensus on Exercise 
Reporting Template (CERT).

Keywords  Chronic musculoskeletal pain, Autonomic function, Heart rate variability, Vagal modulation, 
Parasympathetic activity
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similarly enhance HRV [27, 31]. However, current evi-
dence [32] supports the superiority of high-intensity 
training (HIT) in improving HRV in healthy people and 
athletes, necessitating further investigation to determine 
if this also applies to PwCMP.

Thus, there is an urgent need for more comprehensive 
data regarding the effects of various exercise modalities 
and their dosage on HRV parameters within this popu-
lation to design more efficient exercise interventions. 
Therefore, the primary objective of this review was to 
thoroughly investigate and analyze the impact of different 
exercise modalities on HRV in PwCMP. In line with this 
aim, the hypothesis of this systematic review was that 
structured PA and specific exercise modalities positively 
influence HRV in PwCMP, potentially improving auto-
nomic function and contributing to pain modulation.

Methods
This review was registered in the international Prospec-
tive Register of Systematic Reviews (CRD42024542629) 
and performed following the Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA) 
guidelines (see Appendix I) [33].

Eligibility Criteria
Inclusion and exclusion criteria are listed in Table 1.

Search Strategy and Information Sources
Searches were performed on the following electronic 
databases: PubMed, Scopus, Web of Science, and 
Cochrane Library from database inception until June 15, 
2024. Search terms were tailored for each database, and 
no limitations were applied regarding publication date or 
language. Two authors (T.M. and J.V.E.) conducted the 
screening and literature search, with the search strategy 
details provided in Appendix II.

Selection Process
Search results were exported, organized, and de-dupli-
cated within EndNote [34] and Rayyan [35]. Two inde-
pendent reviewers (T.M. and J.V.E.) selected the studies 
based on the eligibility criteria. First, articles were con-
sidered based on title and abstract, and when potentially 
compliant with eligibility criteria, chosen to be read in 
full. Disagreements between the reviewers (T.M. and 
J.V.E.) were resolved through discussion or by the opin-
ion of a third reviewer (I.M.).

Data Collection Process and Data Items
The data from each study were separately extracted 
and categorized in an agreed-upon template by both 
researchers (T.M. and J.V.E.). First, an overview table 
with study characteristics as the reference, the year of 
publication, the study design, and participant character-
istics (age, sex, body mass index (BMI), symptom dura-
tion, pain intensity, and clinical diagnosis) was set up. 
Second, HRV measures (device specifications, instruc-
tions, body positioning, HRV indexes, data collection 
duration, and prerequisite conditions) were extracted. 
Last, intervention details were categorized based on the 
recognized consensus on exercise reporting template 
(CERT), which features seven categories: information 
regarding the materials, provider, delivery, location, dos-
age, tailoring, and planning [36]. Where means and SDs 
were not provided, the respective authors of the articles 
were contacted by e-mail to request the missing data. If 
no data were received within eight weeks, the articles 
were excluded from the analysis, and no effect sizes were 
calculated.

Study Risk of Bias Assessment
Two independent researchers (T.M. and J.V.E.) utilized 
the Cochrane risk-of-bias tool for randomized trials 
(RoB-2 tool) [37] and Cochrane risk-of-bias in non-ran-
domized studies (ROBINS-I) tool [38] to determine 

Table 1  Inclusion and exclusion criteria for study selection
Criteria Description
Inclusion criteria 1. Studies primarily including persons with CMP, which is persistent or recurring and lasting more than three months

2. Studies including participants aged between 18 and 65 years
3. Studies involving active exercise interventions, where participants engage in endurance training, resistance training, 
coordinative exercise, or multimodal exercise.
  3.1. Studies with minimum intervention duration of four weeks, including at least two exercise sessions per week
4. Studies using HRV as an outcome measure and employing HRV measures derived from linear (time- and frequency-
domain) and/or non-linear analyses, with at least one resting measurement taken before and after the intervention

Exclusion criteria 1. Studies involving participants with known cardiovascular, respiratory, infectious, metabolic, neurological, autoimmune, 
or cancerous diseases
2. Studies including combination therapies with passive interventions
3. Studies measuring the effects of an acute bout of exercise on HRV, not embedded in an exercise regimen with follow-up
4. Studies not designed as comparative experimental research such as (randomized) controlled trials, pragmatic trials or 
quasi-experimental trials.

Abbreviations: CMP, chronic musculoskeletal pain; HRV, heart rate variability
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the risk of bias per outcome. The RoB-2 tool assesses 
various domains, including the randomization pro-
cess, deviations from intended interventions, missing 
data, measurement of the outcome, and selection of the 
reported result, supporting the critical evaluation of ran-
domized controlled trials (RCTs) by identifying potential 
biases that could impact study validity. The ROBINS-
I tool is tailored for assessing bias in non-randomized 
studies of interventions, evaluating domains such as 
confounding sources, participant selection, intervention 
classification, deviations from intended interventions, 
missing data, outcome measurement, and selection of the 
reported result. It offers a structured approach for assess-
ing bias in observational, quasi-experimental, and other 
non-randomized study designs, facilitating a thorough 
evaluation of bias. Both authors (T.M. and J.V.E.) com-
pared the results, resolving disagreements or conflicts 
through discussion or seeking a third opinion (I.M.). To 
quantify agreement between reviewers, interrater reli-
ability was calculated using Cohen’s kappa statistic. Risk-
of-bias assessments were categorized as low, moderate, 
or serious risk-of-bias. Low risk indicated reliable find-
ings, moderate suggested some concerns, and serious 
denoted significant methodological flaws.

Synthesis Methods and Effect Measures
Data synthesis and analysis for this review involved quali-
tative and quantitative statistical techniques using JMP® 
Version 16 (SAS Institute Inc., 1989–2024) to clarify the 
impact of exercise on HRV outcomes. Given the het-
erogeneous nature of HRV measures, both linear and 
non-linear HRV measures were utilized to allow for a 
comprehensive assessment of autonomic functioning. To 
evaluate the effect of exercise on HRV within the CMP 
groups, mean values, and SDs from each group (pre- and 
post-exercise) were utilized to compute the standardized 
mean difference (SMD). The SMD for HRV measures was 
determined using Cohen’s d, employing the pooled stan-
dard deviation from pre- and post-exercise assessments 
(Cohen’s drm, pooled) [39]. An intercorrelation coefficient of 
0.5 was used to standardize the correction due to missing 
data. Results from studies were excluded from the quan-
titative analysis if the mean and SD were not reported. 
Effect size interpretations adhered to Cohen’s bench-
marks, where an SMD of 0.20 indicates a small effect, 
0.50 is a moderate effect, and ≥ 0.80 is a large effect, fol-
lowing established references [39, 40]. The threshold for 
statistical significance was set at α = 0.05.

Certainty Assessment
The Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) approach was used to 
assess and update the certainty of the evidence, ranging 
from very low (⨁◯◯◯) to high (⨁⨁⨁⨁) [41, 42]. 

Evidence from RCTs started at high certainty, whereas 
evidence from NRCTs started at low certainty. Certainty 
of the evidence was downgraded by one level based on 
the following criteria: [1] risk of bias (reported from low 
to high risk) [37, 38]; [2] inconsistency (results were con-
sidered consistent when > 50% of the studies observed a 
significant difference in the same direction) [43]; [3] indi-
rectness (lack of direct comparison of the intervention 
in the population of interest) [44]; [4] imprecision (< 400 
participants included in the studies, the width of the 
confidence interval, and whether it excludes a clinically 
unimportant effect) [45]; [5] publication bias (e.g., studies 
funded by industry) [46].

Results
Study Selection
The study selection process is illustrated in Fig. 1 [47]. A 
total of 3,538 potential articles were initially identified 
through the search process. After removing duplicates, 
2,911 studies remained. Based on screening titles and 
abstracts, 18 articles were selected for full-text reading.

After assessing the full texts, ten articles met the eligi-
bility criteria and were included in the final review; five 
were non-randomized controlled trials (NRCTs), and five 
were RCTs.

Risk of Bias in Studies
An overview of the risk of bias assessment using the 
RoB-2 and ROBINS-I tools is presented in Appendix 
III-VI. The two reviewers agreed on 52 out of 60 items, 
yielding a Kappa score of 0.80, confirming substantial 
agreement [48]. The studies included in this review had 
an overall risk of bias categorized as ‘some concerns’ 
(N = 9) or ‘serious concerns’ (N = 1). For five RCTs, the 
‘some concerns’ judgments were attributed to bias arising 
from the randomization process [49], bias due to devia-
tions from the intended interventions [10, 49, 50], and 
bias due to missing data [51, 52]. In the case of NRCTs, 
‘some concerns’ or ‘serious concerns’ were identified in 
the domains of bias due to confounding [53], bias in the 
selection of participants [53–55], bias due to deviations 
from intended interventions [53], bias due to missing 
data [53, 54, 56, 57], and bias in the measurement of out-
comes [57]. Overall, the risk of bias was assessed as low 
to moderate for all included studies except one, which 
was deemed to have a serious risk of bias [53].

Study Characteristics
Table  2 provides a comprehensive overview of patient 
characteristics. The included studies, conducted between 
2008 and 2022, encompassed 277 PwCMP, comprising 
7.2% males and 92.8% females, with a mean age rang-
ing from 34.6 to 55 years. PwCMP were diagnosed with 
either fibromyalgia (FM) (N = 8; 65.7%) [49–52, 54–57] or 
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chronic low back pain (CLBP) (N = 2; 34.3%) [10, 53]. The 
studies spanned several countries, including the United 
States [50, 54, 55], Brazil [51, 57], Spain [49, 52, 53], India 
[10], and Norway [56]. None of the studies provided 
information regarding the ethnicity of the participants.

Results of Individual Studies
HRV Analyses
An overview of the HRV characteristics is summarized in 
Table 3. Within the reviewed studies, HRV measurements 
were conducted via a HR monitor [49, 52, 57] or electro-
cardiogram (ECG) [10, 50, 51, 53–56] with participants 

in supine [50–52, 54, 56, 57] or seated [10, 49, 55] posi-
tions. The duration of the data collection spanned from 
five to 30 min across all studies. HRV assessments were 
conducted under various controlled laboratory condi-
tions, including (1) ambient temperature [10, 49–52, 54, 
56, 57], (2) time of day [10, 49, 52, 55, 57], (3) humid-
ity [57], (4) ambient noise levels [10, 50–52, 56], and (5) 
lighting conditions [56].

Before HRV assessments, participants received instruc-
tions regarding [1] beverage consumption [2, 10, 52, 54, 
55, 57] food intake [3, 52, 54, 55, 57] alcohol consump-
tion [4, 10, 54, 57] PA levels [5, 52, 54, 55, 57] lifestyle 

Fig. 1  PRISMA study identification and selection flow chart
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modifications [6, 50, 55] menstrual cycle considerations 
[50], and [7] medication usage [54, 55]. During the HRV 
assessments, guidelines were provided concerning [1] 
breathing patterns [2, 10] sleep status [3, 56] verbal com-
munication [57], and [4] physical movement [57]. One 
study [53] did not report on specific instructions, data 
collection duration, participant positioning, or prerequi-
site conditions.

HRV Measures
Table  4 provides an overview of how the analysis of 
HRV is divided into linear and non-linear methods. 
Linear analysis includes time-domain measures such 
as the time between two R-wave peaks (RR), root mean 
square of successive differences (RMSSD), and standard 
deviation of normal to normal intervals (SDNN), pre-
dominantly reflecting parasympathetic (vagal) modu-
lation, and frequency-domain measures such as very 
low-frequency (VLF), low-frequency (LF) power, and 
LF to high-frequency (LF/HF) ratio which further differ-
entiate autonomic influences, and assess the power and 
distribution of these intervals across different frequen-
cies [15, 58]. Non-linear methods, on the other hand, 
evaluate the complexity and unpredictability of HRV, 
providing deeper insights into cardiac autonomic func-
tion. Importantly, there are major limitations when using 
frequency-domain methods of HRV (VLF, LF, and LF/HF 
specifically), as their physiological interpretation remains 
controversial and context-dependent [59, 60]. This con-
text is essential for interpreting HRV findings, as it high-
lights which indices are most closely associated with 
sympathetic or parasympathetic activity and informs the 
reader before delving into the actual results, where two 
studies incorporated linear and non-linear analysis [49, 
57], while eight focused exclusively on linear analysis of 
HRV [10, 50–56].

Exercise Intervention Characteristics
A comprehensive overview of the intervention charac-
teristics is detailed in Table 5. The interventions encom-
passed a total duration ranging from four [53] to 24 [52] 
weeks. These interventions were diverse and classified as 
resistance [51, 54, 55], aerobic [52, 56], or multi-compo-
nent training [10, 49, 53, 57, 61].

Resistance training targeted upper- and lower-limb 
exercises, with an overall volume of two to three sessions 
per week and included volumes ranging from one set of 
eight to three sets of twelve repetitions. Exercise intensity 
varied from 45 to 85% of the one-repetition maximum 
(1RM) [51, 54, 55].

Aerobic training comprised steady-state exercises 
and interval training, with a frequency of two sessions 
per week. Target exercise intensities were defined as 
between the first and second ventilatory thresholds [56] 
or 60–80% of the predicted maximum HR (HRmax) [52].

Multi-component interventions included a diverse 
combination of exercise types: [1] pool exercises com-
bining aerobic and resistance training, performed twice 
weekly at 50 to 80% of HRmax [2, 57] Tai-chi exercises 
three times per week, at 40 to 50% of the HR reserve 
(HRR) [3, 50] exergames focusing on postural control, 
aerobic, mobility, and coordination exercises, held twice 
weekly without specified exercise intensity [4, 49] yoga 
exercises incorporating specific postures and relaxation 
exercises, conducted twice weekly without prescribed 
exercise intensity [10], and [5] a technology-supported 
exercise intervention featuring pain education alongside 
a 50-minute exercise regimen that included strength, 
mobility, motor control, relaxation, and self-massage 
exercises [53].

Results of Syntheses and Certainty of Evidence
HRV and Exercise
Table  6 provides a comprehensive overview of the pre-
post effects of long-term exercise regimens on HRV, with 

Table 2  Demographic and clinical characteristics
Study Age: y (mean ± SD), Sex: n 

(F/M)
BMI: Kg/m2 (mean ± SD) Pain duration: y 

(mean ± SD)
Pain intensity 
(VAS) (mean ± SD), 
Clinical diagnosis

Zamunér et al. (2015) [57] 48.0 ± 7.0, 20/0 24.7 ± 3.0 8.0 ± 4.6 NR (FM)
Wong et al. (2018) [50] 51.0 ± 2.0, 17/0 23.1 ± 0.5 8.0 ± 1.0 7.5 ± 0.4 (FM)
Villafaina et al. (2020) [49] 54.0 ± 10.0, 28/0 NR NR NR (FM)
Telles et al. (2016) [10] 34.6 ± 6.5, 12/10 NR NR NR (CLBP)
Sitges et al. (2022) [53] 45.0 ± 9.1, 13/10 NR 8.1 ± 8.7 8.8 ± 5.9 (CLBP)
Sañudo et al. (2015) [52] 55.0 ± 2.0, 16/0 29.6 ± 1.1 NR 7.4 ± 2.2 (FM)
Kingsley et al. (2010) [55] 42.0 ± 5.0, 9/0 30.4 ± 3.4 7 ± 3 NR (FM)
Gavi et al. (2014) [51] 44.3 ± 7.9, 35/0 NR NR 7.81 ± 1.59 (FM)
Figueroa et al. (2008) [54] 50.0 ± 10.0, 10/0 29.2 ± 5.8 NR NR (FM)
Bardal et al. (2015) [56] 54.0 ± 7.3, 16/0 28.1 ± 3.4 8.3 ± 6.5 NR (FM)
Abbreviations: USA, United States of America; n, number of participants; SD, standard deviation; BMI, body mass index; NR, not reported; FM, fibromyalgia; CLBP, 
chronic low back pain; y, years; F/M, female/male; VAS, visual analogue scale
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the summarized findings detailed in Table  7. Because 
measures such as RMSSD and HF are most strongly asso-
ciated with parasympathetic nervous system (PNS) activ-
ity, particular attention was paid to these indices when 
interpreting the effects of exercise.

HRV and Resistance Training  Three studies [51, 54, 
55] investigated the effects of resistance training on lin-
ear HRV analysis in both time and frequency-domains in 
persons with FM before and after the training period. One 
study [54], which followed a 16-week resistance training 
regimen, reported a significant increase in total power 
(TP) from 869.00 (± 768.00) to 1256.00 (± 938.00), with 
a small effect size of 0.45 (95% CI -0.44 to 1.34). Impor-
tantly, the natural logarithm of HF power (LnHF), a key 
marker of PNS activity, also increased from 5.10 (± 1.60) 
to 5.64 (± 1.87), yielding a small effect size of 0.31 (95% 
CI -0.57 to 1.19). In the time-domain analysis, the natu-
ral logarithm of the RMSSD (LnRMSSD), another robust 
indicator of PNS modulation, increased from 2.90 (± 0.80) 
to 3.08 (± 0.88), with a small effect size of 0.21 (95% CI 
-0.67 to 1.09).

These increases in both HF and RMSSD suggest a 
trend toward enhanced parasympathetic activity follow-
ing resistance training. However, two other studies [51, 
55] reported no significant changes in HRV parameters, 
including those most closely related to PNS activity, after 
12 to 16 weeks of resistance training. The certainty of evi-
dence for this cluster was very low and conflicting, mainly 
due to some concerns about the risk of bias assessments, 
imprecision, and the inconsistency of the results.

HRV and Aerobic Training  Two studies [52, 56] inves-
tigated the effects of aerobic training on HRV in persons 
with FM before and after the training period. In one study 
[52], a 24-week intervention involving aerobic steady-
state and interval training revealed notable changes in the 
frequency-domain analysis of HRV. The LnTP increased 
from 4.80 (± 0.20) to 5.20 (± 0.20), showing a large effect 
size of 2.00 (95% CI 1.15–2.85). Likewise, LnLF rose from 
3.90 (± 0.20) to 4.40 (± 0.30) with a large effect size of 
1.89 (95% CI 0.97–2.82). Of particular interest, the LnHF 
increased from 3.10 (± 0.20) to 3.80 (± 0.20), with a large 
effect size of 3.50 (95% CI 2.40–4.60), and HF normalized 
unit (HFnu) also increased from 30.80 (± 12.90) to 36.90 
(± 14.80), exhibiting a small effect size of 0.44 (95% CI 
-0.27–1.14), both reflecting greater PNS activity. In the 
time-domain analysis, LnRMMSD increased from 2.70 
(± 0.10) to 2.90 (± 0.10) with a large effect estimate of 2.00 
(95% CI 1.15–2.85), further supporting improved para-
sympathetic modulation.

A significant decrease, characterized by a large effect 
size, was reported in the LnLF/HF ratio, which shifted 
from 1.30 (± 0.10) to 1.10 (± 0.10), reflecting a large effect St
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estimate of -2.00 (95% CI -2.85 - -1.15). LFnu decreased 
from 69.20 (± 12.80) to 59.80 (± 14.70), with a small effect 
estimate of -0.68 (95% CI -1.40–0.04). Similarly, LF/HFnu 
reduced from 2.70 (± 1.40) to 2.00 (± 1.00), with a small 
effect estimate of -0.56 (95% CI -1.26–0.14). Conversely, 
in another study [56], a 12-week aerobic interval training 
intervention showed no significant alterations in the time 
and frequency-domain analysis of HRV. The overall cer-
tainty for this cluster was judged to be low, primarily due 
to concerns about the risk of bias, imprecision, and incon-
sistent results across studies.

HRV and Multi-Component Training  Five studies [10, 
49, 50, 53, 57] investigated the effects of multi-component 
training on HRV analysis in persons with FM and CLBP 
before and after the training period. Multi-component 
interventions were particularly notable for their consis-
tent effects on PNS-related HRV measures. For instance, 
pool exercises, incorporating aerobic, resistance, stretch-
ing, and relaxation exercises, changed time-domain HRV 
analysis. The mean of RR increased from 805.4 (± 23.2) to 
872.5 ± 2 (2.3), displaying a large effect size of 2.95 (95% 
CI 2.06–3.83), while the variance of RR shifted from 475.4 
(± 113.2) to 689.0 (± 105.4), with a large effect size of 1.95 
(95% CI 1.21–2.70), both of which are associated with 
greater vagal (parasympathetic) tone [57].

Similarly, app-supported exercise, comprising strength 
training, postural control exercises, aerobic exercises, 
mobility drills, and coordination exercises, demonstrated 
significant increases in the SDNN from 23.59 (± 8.38) to 
28.37 (± 13.83), showing a small effect estimate of 0.40 
(95% CI -0.16–0.95). SDNN, while reflecting overall HRV, 
is partly influenced by PNS activity; thus, its increase 
suggests a shift toward improved autonomic balance and 
greater vagal modulation. The standard deviation of the 
Poincaré plot (SD2), another variability measure, also 
increased from 29.37 (± 9.73) to 35.86 (± 16.36), with a 
small effect size estimate of 0.46 (95% CI -0.10–1.01) [49].

Yoga-based interventions, which included medita-
tion, relaxation techniques, mild aerobic activity, and 
controlled breathing, produced changes that further 
highlight enhanced PNS activity. For example, frequency-
domain analysis showed a decrease in LFnu from 57.80 
(± 14.20) to 50.80 (± 12.00), showing a small effect size of 
-0.53 (95% CI -1.13–0.07) and an increase in HFnu from 
42.20 (± 14.20) to 49.2 (± 12.00), indicating a moderate 
effect size of 0.53 (95% CI -0.07–1.13). Because HFnu is 
strongly linked to parasympathetic activity, this increase 
indicates meaningful enhancement of PNS activity. In the 
time-domain, the percentage of successive RR-intervals 
(pNN50), another marker of vagal tone, increased from 
7.75 (± 11.64) to 13.40 (± 13.27), with a small effect size of 
0.45 (95% CI -0.15–1.05) [10].

Ta
bl

e 
4 

O
ve

rv
ie

w
 o

f t
he

 H
RV

 m
ea

su
re

s u
se

d
St

ud
y

Li
ne

ar
 a

na
ly

si
s:

 T
D

Li
ne

ar
 a

na
ly

si
s:

 F
D

N
on

-li
ne

ar
 a

na
ly

si
s

µ 
RR

Va
r. 

of
 R

R
RM

SS
D

SD
N

N
(p

)N
N

50
VL

F
LF

H
F

LF
/H

F
TP

PL
V

SE
CI

SD
1

SD
2

SD
1/

SD
2

Za
m

un
ér

 e
t a

l. 
(2

01
5)

 [5
7]

X
X

X
X

X
X

X
X

W
on

g 
et

 a
l. 

(2
01

8)
 [5

0]
X

X
X

X
Vi

lla
fa

in
a 

et
 a

l. 
(2

02
0)

 [4
9]

X
X

X
X

X
Te

lle
s e

t a
l. 

(2
01

6)
 [1

0]
X

X
X

X
X

X
Si

tg
es

 e
t a

l. 
(2

02
2)

 [5
3]

X
X

X
X

X
Sa

ñu
do

 e
t a

l. 
(2

01
5)

 [5
2]

X
X

X
X

X
Ki

ng
sle

y 
et

 a
l. 

(2
01

0)
 [5

5]
X

X
X

X
G

av
i e

t a
l. 

(2
01

4)
 [5

1]
X

X
X

X
X

X
Fi

gu
er

oa
 e

t a
l. 

(2
00

8)
 [5

4]
X

X
X

X
X

Ba
rd

al
 e

t a
l. 

(2
01

5)
 [5

6]
X

X
X

To
ta

l
2

1
7

3
2

1
8

8
8

5
1

1
1

1
1

1
A

bb
re

vi
at

io
ns

: H
RV

, h
ea

rt
 ra

te
 v

ar
ia

bi
lit

y;
 T

P,
 to

ta
l p

ow
er

; L
F,

 lo
w

 fr
eq

ue
nc

y 
po

w
er

; H
F,

 h
ig

h 
fr

eq
ue

nc
y 

po
w

er
; L

F/
H

F,
 ra

tio
 o

f L
F-

to
-H

F 
po

w
er

; P
LV

, p
at

te
rn

 li
ke

 v
ar

ia
tio

ns
; S

E,
 S

ha
nn

on
 e

nt
ro

py
; C

I, 
co

m
pl

ex
it

y 
in

de
x;

 S
D

N
N

, 
st

an
da

rd
 d

ev
ia

tio
n 

of
 N

N
 in

te
rv

al
s;

 R
M

SS
D

, r
oo

t m
ea

n 
sq

ua
re

 o
f s

uc
ce

ss
iv

e 
di

ffe
re

nc
es

; S
D

1,
 P

oi
nc

ar
é 

pl
ot

 s
ta

nd
ar

d 
de

vi
at

io
n 

pe
rp

en
di

cu
la

r t
o 

th
e 

lin
e 

of
 id

en
tit

y;
 S

D
2,

 P
oi

nc
ar

é 
pl

ot
 s

ta
nd

ar
d 

de
vi

at
io

n 
al

on
g 

th
e 

lin
e 

of
 

id
en

tit
y;

 S
D

1/
SD

2,
 ra

tio
 o

f S
D

1-
to

-S
D

2;
 N

N
50

, s
uc

ce
ss

iv
e 

RR
-in

te
rv

al
s 

th
at

 d
iff

er
 b

y 
m

or
e 

th
an

 5
0 

m
s;

 p
N

N
50

, p
er

ce
nt

ag
e 

of
 s

uc
ce

ss
iv

e 
RR

-in
te

rv
al

s 
th

at
 d

iff
er

 b
y 

m
or

e 
th

an
 5

0 
m

s;
 F

D
, f

re
qu

en
cy

-d
om

ai
n;

 T
D

, t
im

e-
do

m
ai

n;
 

Va
r.,

 V
ar

ia
nc

e



Page 10 of 21Meus et al. Sports Medicine - Open          (2025) 11:109 

St
ud

y
M

at
er

ia
ls

/lo
ca

tio
n

Pr
ov

id
er

D
el

iv
er

y
In

te
rv

en
tio

n 
ty

pe
D

os
ag

e
Ta

ilo
ri

ng
Za

m
un

ér
 e

t a
l. 

(2
01

5)
, B

ra
zi

l [
57

]
W

ar
m

 p
oo

l (
30

 °C
)

Q
ua

lifi
ed

 p
hy

sic
al

 
th

er
ap

ist
Su

pe
rv

ise
d

H
yd

ro
th

er
ap

y:
 re

sis
ta

nc
e/

ae
ro

bi
c 

ex
er

ci
se

s
D

ur
at

io
n:

 4
5 

m
in

In
di

vi
du

al
 

pr
og

re
s-

sio
n:

 y
es

G
ym

 c
lu

b:
 c

lo
se

d 
(p

oo
l) 

ro
om

Pe
rio

d:
 1

6 
w

ee
ks

Ex
er

ci
se

 
ta

ilo
rin

g:
 

Ye
s

Fr
eq

ue
nc

y:
 2

X/
w

ee
k

In
te

ns
ity

: 5
0–

80
%

 H
Rp

ea
k

W
on

g 
et

 a
l. 

(2
01

8)
, 

U
SA

 [5
0]

N
R

Tr
ai

ne
d 

Ta
i-c

hi
 

in
st

ru
ct

or
Su

pe
rv

ise
d

Ta
i-c

hi
D

ur
at

io
n:

 5
5 

m
in

N
R

N
R

Pe
rio

d:
 1

2 
w

ee
ks

N
R

3X
/w

ee
k

In
te

ns
ity

: 4
0–

50
%

 H
RR

Vi
lla

fa
in

a 
et

 a
l. 

(2
02

0)
, S

pa
in

 [4
9]

Vi
rs

tu
al

Ex
-F

M
 p

ro
gr

am
N

A
Su

pe
rv

ise
d

Ex
er

ga
m

e-
ba

se
d 

ex
er

ci
se

s: 
re

sis
ta

nc
e,

 p
os

tu
ra

l c
on

tr
ol

, 
ae

ro
bi

c,
 m

ob
ili

ty
, c

oo
rd

in
a-

tio
n 

ex
er

ci
se

s

D
ur

at
io

n:
 6

0 
m

in
N

R

U
ni

ve
rs

ity
 fa

ci
lit

ie
s

Pe
rio

d:
 2

4 
w

ee
ks

Ex
er

ci
se

 
ta

ilo
rin

g:
Ye

s
2X

/w
ee

k
N

R
Te

lle
s e

t a
l. 

(2
01

6)
, 

In
di

a 
[1

0]
N

R
Tr

ai
ne

d 
yo

ga
 

in
st

ru
ct

or
Su

pe
rv

ise
d

Yo
ga

: b
re

at
hi

ng
, y

og
a,

 re
la

x-
at

io
n 

ex
er

ci
se

s
D

ur
at

io
n:

 6
0 

m
in

N
R

N
R

Pe
rio

d:
 1

2 
w

ee
ks

Ex
er

ci
se

 
ta

ilo
rin

g:
 

Ye
s

3X
/w

ee
k

N
R

Si
tg

es
 e

t a
l. 

(2
02

2)
, 

Sp
ai

n 
[5

3]
Ru

bb
er

 m
as

sa
ge

 b
al

l, 
fo

am
 

ro
lle

r, 
Ba

ck
Fi

t a
pp

U
ni

ve
rs

ity
 su

pe
rv

iso
r

Su
pe

rv
ise

d
Ap

p-
su

pp
or

te
d 

ex
er

ci
se

s: 
re

sis
ta

nc
e,

 m
ot

or
 c

on
tr

ol
, 

re
la

xa
tio

n,
 fl

ex
ib

ili
ty

, s
el

f-
m

as
sa

ge
 e

xe
rc

ise
s

D
ur

at
io

n:
 5

0 
m

in
N

R

U
ni

ve
rs

ity
 la

b:
 R

oo
m

 e
qu

ip
pe

d 
fo

r p
hy

sic
al

 e
xe

rc
ise

Pe
rio

d:
 4

 w
ee

ks
Ex

er
ci

se
 

ta
ilo

rin
g:

 
Ye

s
2X

/w
ee

k
N

R
Sa

ñu
do

 e
t a

l. 
(2

01
5)

, S
pa

in
 [5

2]
N

R
N

R
Su

pe
rv

ise
d

Ae
ro

bi
c 

tr
ai

ni
ng

: s
te

ad
y-

st
at

e 
an

d 
in

te
rv

al
 e

xe
rc

ise
s

D
ur

at
io

n:
 4

5–
60

 m
in

In
di

vi
du

al
 

pr
og

re
s-

sio
n:

 Y
es

N
R

Pe
rio

d:
 2

4 
w

ee
ks

Ex
er

ci
se

 
ta

ilo
rin

g:
 

Ye
s

2X
/w

ee
k

In
te

ns
ity

 st
ea

dy
- s

ta
te

: 6
0–

65
%

 H
Rm

ax
 (1

5–
20

’)
In

te
ns

ity
 in

te
rv

al
: 7

5–
80

%
 H

Rm
ax

 (6
 ×

 1
.5

’)
Ki

ng
sle

y 
et

 a
l. 

(2
01

0)
, U

SA
 [5

5]
M

ed
X 

m
ac

hi
ne

s
N

R
Su

pe
rv

ise
d

Re
sis

ta
nc

e 
ex

er
ci

se
 tr

ai
ni

ng
D

ur
at

io
n:

 3
0 

m
in

In
di

vi
du

al
 

pr
og

re
s-

sio
n:

 Y
es

N
R

Pe
rio

d:
 1

2 
w

ee
ks

Ex
er

ci
se

 
ta

ilo
rin

g:
 

Ye
s

2X
/w

ee
k

In
te

ns
ity

: 5
0–

85
%

 o
f 1

RM
 (3

 ×
 8

–1
2 

re
pe

tit
io

ns
)

Ta
bl

e 
5 

Ex
er

ci
se

 in
te

rv
en

tio
n 

ch
ar

ac
te

ris
tic

s b
as

ed
 o

n 
co

nc
en

su
s o

n 
ex

er
ci

se
 re

po
rt

in
g 

te
m

pl
at

e 
(C

ER
T)

 c
at

eg
or

ie
s



Page 11 of 21Meus et al. Sports Medicine - Open          (2025) 11:109 

St
ud

y
M

at
er

ia
ls

/lo
ca

tio
n

Pr
ov

id
er

D
el

iv
er

y
In

te
rv

en
tio

n 
ty

pe
D

os
ag

e
Ta

ilo
ri

ng
G

av
i e

t a
l. 

(2
01

4)
, 

Br
az

il 
[5

1]
N

R
N

R
Su

pe
rv

ise
d

Re
sis

ta
nc

e 
ex

er
ci

se
 tr

ai
ni

ng
D

ur
at

io
n:

 4
5 

m
in

In
di

vi
du

al
 

pr
og

re
s-

sio
n:

 Y
es

N
R

Pe
rio

d:
 1

6 
w

ee
ks

Ex
er

ci
se

 
ta

ilo
rin

g:
 

Ye
s

2X
/w

ee
k

In
te

ns
ity

: 4
5%

 o
f 1

RM
 (1

 ×
 1

2 
re

pe
tit

io
ns

)
Fi

gu
er

oa
 e

t a
l. 

(2
00

8)
, U

SA
 [5

4]
M

ed
X 

m
ac

hi
ne

s
N

R
Su

pe
rv

ise
d

Re
sis

ta
nc

e 
ex

er
ci

se
 tr

ai
ni

ng
D

ur
at

io
n:

 4
0 

m
in

In
di

vi
du

al
 

pr
og

re
s-

sio
n:

 Y
es

N
R

Pe
rio

d:
 1

6 
w

ee
ks

Ex
er

ci
se

 
ta

ilo
rin

g:
 

Ye
s

2X
/w

ee
k

In
te

ns
ity

: 5
0–

80
%

 o
f 1

RM
 (8

–1
2 

re
pe

tit
io

ns
Ba

rd
al

 e
t a

l. 
(2

01
5)

, 
N

or
w

ay
 [5

6]
N

R
N

R
Su

pe
rv

ise
d

Ae
ro

bi
c 

in
te

rv
al

 tr
ai

ni
ng

D
ur

at
io

n:
 4

5–
60

 m
in

In
di

vi
du

al
 

pr
og

re
s-

sio
n:

 Y
es

N
R

Pe
rio

d:
 1

2 
w

ee
ks

Ex
er

ci
se

 
ta

ilo
rin

g:
 

Ye
s

2X
/w

ee
k

In
te

ns
ity

 in
te

rv
al

: B
et

w
ee

n 
VT

1-
VT

2
In

te
ns

ity
 a

ct
iv

e 
re

st
: b

el
ow

 V
T1

A
bb

re
vi

at
io

ns
: H

Rp
ea

k,
 h

ea
rt

 ra
te

 p
ea

k;
 N

R,
 n

ot
 re

co
rd

ed
; N

A
, n

ot
 a

pp
lic

ab
le

; H
RR

, h
ea

rt
 ra

te
 re

se
rv

e;
 H

Rm
ax

, h
ea

rt
 ra

te
 m

ax
; 1

RM
, 1

 re
pe

tit
io

n 
m

ax
im

um
; V

T1
, fi

rs
t v

en
til

at
or

y 
th

re
sh

ol
d;

 V
T2

, s
ec

on
d 

ve
nt

ila
to

ry
 th

re
sh

ol
d

Ta
bl

e 
5 

(c
on

tin
ue

d)

 



Page 12 of 21Meus et al. Sports Medicine - Open          (2025) 11:109 

St
ud

y
D

is
or

de
r

In
te

rv
en

tio
n 

ty
pe

H
RV

 in
de

x
Pr

e,
 m

ea
n 

± 
SD

Po
st

, m
ea

n 
± 

SD
Co

he
n’

s D
RM

, p
oo

le
d 

[9
5%

 C
I]

Za
m

un
ér

 e
t a

l. 
(2

01
5)

 
[5

7]
FM

H
yd

ro
th

er
ap

y:
 re

sis
ta

nc
e,

 
ae

ro
bi

c 
ex

er
ci

se
Li

ne
ar

 a
na

ly
sis

 
M

ea
n 

of
 R

R
80

5.
40

 ±
 2

3.
20

87
2.

50
 ±

 2
2.

30
*

2.
95

 [2
.0

6–
3.

83
]

 
Va

ria
nc

e 
of

 R
R

47
5.

40
 ±

 1
13

.2
0

68
9.

00
 ±

 1
05

.4
0*

1.
95

 [1
.2

1–
2.

70
]

 
H

F 
po

w
er

89
.2

0 
±

 1
9.

10
19

5.
40

 ±
 4

6.
30

*
2.

64
 [1

.2
7–

4.
01

]
 

H
Fn

u
43

.0
0 

±
 3

.8
0

59
.6

0 
±

 3
.4

0
4.

59
 [3

.4
5–

5.
73

]
 

LF
/H

F 
ra

tio
1.

83
 ±

 0
.3

1
0.

82
 ±

 0
.1

3
-3

.7
5 

[-4
.6

9 
- -

2.
80

]
N

on
-li

ne
ar

 a
na

ly
sis

: s
ym

bo
lic

 a
na

ly
sis

 
0 

V
22

.5
0 

±
 2

.9
0

8.
10

 ±
 1

.2
0

-5
.7

1 
[-6

.9
6 

- -
4.

45
]

 
1 

V
48

.8
0 

±
 1

.3
0

47
.8

0 
±

 1
.5

0
-0

.7
1 

[-1
.3

5 
- -

0.
07

]
 

2L
V

10
.1

0 
±

 1
.1

0
15

.9
0 

±
 1

.2
0

5.
03

 [3
.7

2–
6.

34
]

 
2U

V
18

.7
0 

±
 2

.0
0

28
.3

0 
±

 2
.4

0
4.

31
 [3

.0
9–

5.
53

]
 

SE
3.

40
 ±

 0
.1

0
3.

81
 ±

 0
.0

6
4.

70
 [3

.6
1–

5.
76

]
 

CI
1.

01
 ±

 0
.0

4
1.

14
 ±

 0
.0

4
3.

25
 [2

.3
1–

4.
19

]
W

on
g 

et
 a

l. 
(2

01
8)

 
[5

0]
FM

Ta
i-c

hi
Li

ne
ar

 a
na

ly
sis

 
Ln

TP
6.

20
 ±

 0
.3

0
6.

10
 ±

 0
.2

0
-0

.3
8 

[-1
.0

4–
0.

28
]

 
nL

F
64

.9
0 

±
 5

.0
0

55
.1

0 
±

 5
.2

0*
*

-1
.9

4 
[-2

.7
4 

- -
1.

15
]

 
nH

F
35

.1
0 

±
 5

.1
0

44
.8

0 
±

 5
.1

0*
*

1.
90

 [1
.1

2–
2.

69
]

 
Ln

LF
4.

80
 ±

 0
.2

0
4.

00
 ±

 0
.3

0
-3

.0
2 

[-4
.1

6 
- -

1.
89

]
 

Ln
H

F
3.

80
 ±

 0
.2

0
4.

50
 ±

 0
.3

0
2.

65
 [1

.6
1–

3.
69

]
 

Ln
LF

/L
nH

F 
ra

tio
1.

30
 ±

 0
.1

0
0.

90
 ±

 0
.1

0
-4

.0
0 

[-5
.1

3 
- -

2.
87

]
Vi

lla
fa

in
a 

et
 a

l. 
(2

02
0)

 
[4

9]
FM

Ex
er

ga
m

e-
ba

se
d 

ex
er

ci
se

s: 
re

sis
ta

nc
e,

 p
os

tu
ra

l c
on

tr
ol

, 
ae

ro
bi

c,
 m

ob
ili

ty
, c

oo
rd

in
a-

tio
n 

ex
er

ci
se

s

Li
ne

ar
 a

na
ly

sis
 

SD
N

N
23

.5
9 

±
 8

.3
8

28
.3

7 
±

 1
3.

83
*

0.
40

 [-
0.

16
–0

.9
5]

 
RM

SS
D

21
.5

6 
±

 1
1.

06
24

.2
8 

±
 1

6.
97

0.
18

 [-
0.

36
–0

.7
3]

N
on

-li
ne

ar
 a

na
ly

sis
 

SD
1

15
.2

7 
±

 7
.8

3
17

.2
0 

±
 1

2.
01

0.
18

 [-
0.

36
–0

.7
3]

 
SD

2
29

.3
7 

±
 9

.7
3

35
.8

6 
±

 1
6.

36
*

0.
46

 [-
0.

10
–1

.0
1]

 
SD

1/
SD

2 
ra

tio
0.

52
 ±

 0
.1

6
0.

46
 ±

 0
.1

7
-0

.3
6 

[-0
.9

1–
0.

19
]

 
H

FD
1.

33
 ±

 0
.1

2
1.

34
 ±

 0
.1

5
0.

07
 [-

0.
47

–0
.6

2]
Te

lle
s e

t a
l. 

(2
01

6)
 

[1
0]

CL
BP

Yo
ga

: b
re

at
hi

ng
, r

el
ax

at
io

n,
 

yo
ga

 e
xe

rc
ise

s
Li

ne
ar

 a
na

ly
sis

 
LF

nu
57

.8
 ±

 1
4.

20
50

.8
 ±

 1
2.

0*
-0

.5
3 

[-1
.1

3–
0.

07
]

 
H

Fn
u

42
.2

 ±
 1

4.
20

49
.2

 ±
 1

2.
0*

0.
53

 [-
0.

07
–1

.1
3]

 
LF

/H
F 

ra
tio

1.
71

 ±
 1

.2
4

1.
15

 ±
 1

.5
3

-0
.4

0 
[-1

.0
0–

0.
20

]
 

M
ea

n 
of

 R
R

0.
76

 ±
 0

.0
9

0.
79

 ±
 0

.1
0

0.
31

 [-
0.

28
–0

.9
1]

 
RM

SS
D

56
.4

7 
±

 4
9.

44
79

.1
4 

±
 5

0.
68

0.
45

 [-
0.

15
–1

.0
5]

 
N

N
50

28
.1

4 
±

 3
9.

13
43

.8
8 

±
 3

8.
41

0.
41

 [-
0.

19
–1

.0
0]

 
pN

N
50

7.
75

 ±
 1

1.
64

13
.4

0 
±

 1
3.

27
*

0.
45

 [-
0.

15
–1

.0
5]

Ta
bl

e 
6 

Eff
ec

ts
 o

f e
xe

rc
ise

 o
n 

H
RV

 m
ea

su
re

s i
n 

pe
rs

on
s w

ith
 c

hr
on

ic
 m

us
cu

lo
sk

el
et

al
 p

ai
n



Page 13 of 21Meus et al. Sports Medicine - Open          (2025) 11:109 

St
ud

y
D

is
or

de
r

In
te

rv
en

tio
n 

ty
pe

H
RV

 in
de

x
Pr

e,
 m

ea
n 

± 
SD

Po
st

, m
ea

n 
± 

SD
Co

he
n’

s D
RM

, p
oo

le
d 

[9
5%

 C
I]

Si
tg

es
 e

t a
l. 

(2
02

2)
 

[5
3]

CL
BP

Ap
p-

su
pp

or
te

d 
ex

er
ci

se
s: 

re
sis

ta
nc

e,
 m

ot
or

 c
on

tr
ol

, 
re

la
xa

tio
n,

 fl
ex

ib
ili

ty
, s

el
f-

m
as

sa
ge

 e
xe

rc
ise

s

Li
ne

ar
 a

na
ly

sis
 (N

ap
Lo

g)
 

SD
N

N
3.

51
 ±

 0
.6

5
3.

62
 ±

 0
.6

6
0.

16
 [-

0.
44

–0
.7

5]
 

RM
SS

D
3.

42
 ±

 0
.7

5
3.

48
 ±

 0
.8

9
0.

07
 [-

0.
52

–0
.6

6]
 

VL
F

4.
03

 ±
 1

.2
2

4.
32

 ±
 1

.2
2

0.
24

 [-
0.

36
–0

.8
3]

 
LF

6.
19

 ±
 1

.4
0

6.
52

 ±
 1

.2
6

0.
25

 [-
0.

35
–0

.8
4]

 
H

F
5.

81
 ±

 1
.3

9
5.

84
 ±

 1
.7

7
0.

02
 [-

0.
57

–0
.6

1]
Sa

ñu
do

 e
t a

l. 
(2

01
5)

 
[5

2]
FM

Ae
ro

bi
c 

ex
er

ci
se

 tr
ai

n-
in

g:
 st

ea
dy

-s
ta

te
, i

nt
er

va
l 

ex
er

ci
se

s

Li
ne

ar
 a

na
ly

sis
 

Ln
TP

4.
80

 ±
 0

.2
0

5.
20

 ±
 0

.2
0*

*
2.

00
 [1

.1
5–

2.
85

]
 

Ln
LF

3.
90

 ±
 0

.2
0

4.
40

 ±
 0

.3
0*

1.
89

 [0
.9

7–
2.

82
]

 
Ln

H
F

3.
10

 ±
 0

.2
0

3.
80

 ±
 0

.2
0*

*
3.

50
 [2

.4
0–

4.
60

]
 

Ln
LF

/H
F 

ra
tio

1.
30

 ±
 0

.1
0

1.
10

 ±
 0

.1
0*

*
-2

.0
0 

[-2
.8

5 
- -

1.
15

]
 

Ln
RM

SS
D

2.
70

 ±
 0

.1
0

2.
90

 ±
 0

.1
0*

*
2.

00
 [1

.1
5–

2.
85

]
 

LF
nu

69
.2

0 
±

 1
2.

80
59

.8
0 

±
 1

4.
70

**
-0

.6
8 

[-1
.4

0–
0.

04
]

 
H

Fn
u

30
.8

0 
±

 1
2.

90
36

.9
0 

±
 1

4.
80

**
0.

44
 [-

0.
27

–1
.1

4]
 

LF
/H

Fn
u

2.
70

 ±
 1

.4
0

2.
00

 ±
 1

.0
0*

*
-0

.5
6 

[-1
.2

6–
0.

14
]

Ki
ng

sle
y 

et
 a

l. 
(2

01
0)

 
[5

5]
FM

Re
sis

ta
nc

e 
ex

er
ci

se
 tr

ai
ni

ng
Li

ne
ar

 a
na

ly
sis

 
Ln

TP
6.

20
 ±

 0
.6

0
6.

60
 ±

 1
.2

0
0.

39
 [-

0.
56

–1
.3

3]
 

Ln
LF

4.
30

 ±
 0

.9
0

4.
90

 ±
 1

.0
0

0.
63

 [-
0.

39
–1

.0
1]

 
Ln

H
F

4.
90

 ±
 0

.6
0

5.
30

 ±
 1

.0
0

0.
46

 [-
0.

49
–1

.4
1]

 
Ln

LF
/L

nH
F 

ra
tio

0.
93

 ±
 0

.1
5

0.
92

 ±
 0

.1
9

-0
.0

6 
[-0

.9
8–

0.
87

]
G

av
i e

t a
l. 

(2
01

5)
 [5

1]
FM

Re
sis

ta
nc

e 
ex

er
ci

se
 tr

ai
ni

ng
Li

ne
ar

 a
na

ly
sis

 
TP

40
95

.8
1 

±
 1

72
3.

52
28

84
.5

2 
±

 1
32

6.
38

-0
.7

8 
[-1

.2
6 

- -
0.

29
]

 
pN

N
50

12
.5

9 
±

 2
.7

9
6.

66
 ±

 1
.6

0
-2

.4
5 

[-3
.0

3 
- -

1.
86

]
 

RM
SS

D
48

.4
0 

±
 1

0.
31

39
.1

6 
±

 8
.6

2
-0

.9
7 

[-1
.4

6 
- -

0.
47

]
 

LF
10

07
.3

7 
±

 4
95

.2
7

78
8.

54
 ±

 4
24

.7
0

-0
.4

7 
[-0

.9
5–

0.
01

]
 

H
F

16
80

.6
0 

±
 7

97
.2

5
10

90
.2

5 
±

 5
74

.7
1

-0
.8

3 
[-1

.3
1 

- -
0.

34
]

 
LF

nu
42

.8
0 

±
 3

.0
3

43
.4

2 
±

 3
.5

3
0.

19
 [-

0.
28

–0
.6

6]
 

H
Fn

u
47

.2
4 

±
 2

.9
2

47
.8

3 
±

 3
.4

0
0.

18
 [-

0.
29

–0
.6

6]
 

LF
/H

F 
ra

tio
1.

36
 ±

 0
.2

3
1.

88
 ±

 0
.5

6
1.

07
 [-

0.
47

–1
.6

7]
Fi

gu
er

oa
 e

t a
l. 

(2
00

8)
 

[5
4]

FM
Re

sis
ta

nc
e 

ex
er

ci
se

 tr
ai

ni
ng

Li
ne

ar
 a

na
ly

sis
 

M
ea

n 
of

 R
R

84
9.

00
 ±

 1
11

.0
0

N
R

N
A

 
TP

86
9.

00
 ±

 7
68

.0
0

12
56

.0
0 

±
 9

38
.0

0*
0.

45
 [-

0.
44

–1
.3

4]
 

Ln
RM

SS
D

2.
90

 ±
 0

.8
0

3.
08

 ±
 0

.8
8*

0.
21

 [-
0.

67
–1

.0
9]

 
Ln

LF
4.

20
 ±

 1
.2

0
N

R
N

A
 

Ln
H

F
5.

10
 ±

 1
.6

0
5.

64
 ±

 1
.8

7*
0.

31
 [-

0.
57

4–
1.

19
1]

 
LF

/H
F 

ra
tio

0.
84

 ±
 0

.1
0

N
R

N
A

Ta
bl

e 
6 

(c
on

tin
ue

d)

 



Page 14 of 21Meus et al. Sports Medicine - Open          (2025) 11:109 

Tai-chi exercises, which emphasized slow, controlled 
movements and breath regulation, also resulted in robust 
improvements in PNS-related HRV measures. Specifi-
cally nLF decreased from 64.9 (± 5.0) to 55.1 (± 5.2) with a 
large effect size of -1.94 (95% CI -2.74 - -1.15), while nHF, 
a direct indicator of parasympathetic activity, increased 
from 35.1 (± 5.1) to 44.8 (± 5.1) with a large effect size 
of 1.90 (95% CI 1.12–2.69) [50]. These changes point to 
a pronounced shift toward parasympathetic dominance 
and improved autonomic regulation. Despite the consis-
tency in significant changes reported, the certainty of evi-
dence for this cluster was low. This was primarily driven 
by imprecision and some concerns about the risk of bias. 
Given these limitations, our confidence in the effect esti-
mates is limited.

Discussion
The primary objective of this systematic review was to 
thoroughly evaluate and synthesize the current evidence 
regarding the effects of different exercise modalities on 
HRV in PwCMP. By systematically analyzing RCTs and 
NRCTs, we aimed to determine whether structured exer-
cise interventions, specifically resistance, aerobic, and 
multi-component regimens, can improve autonomic 
function, as measured by HRV, in this population. The 
overall evidence suggests that multi-component regi-
mens improve HRV and autonomic function in persons 
with FM and CLBP. However, the magnitude and direc-
tion of these effects are likely influenced by the specific 
type of exercise intervention and the characteristics of 
the studied population. In contrast, definitive conclu-
sions regarding the effects of resistance and aerobic exer-
cise regimens on HRV remain elusive due to the limited 
data, inconsistent findings, and limited evidence cer-
tainty. These findings highlight the need for further high-
quality studies to robustly elucidate the effects of exercise 
interventions on HRV among PwCMP.

Changes in HRV after Exercise
Resistance Training and HRV
The reviewed evidence on resistance training and HRV in 
CMP populations is inconsistent. For example, Figueroa 
et al. [54] reported increased PNS-related HRV indices 
in persons with FM, including LnRMSSD and LnHF, 
after a 16-week supervised resistance training regimen, 
suggesting an increase in PNS activity. Conversely, Gavi 
et al. [51] also observed changes in HRV after a similar 
16-week intervention in FM patients. However, these 
changes reflected a decrease in PNS-related (RMSSD, 
HF) modulation of HRV.

Several methodological differences may explain these 
contrasting findings. For instance, Figueroa et al. [54] 
controlled for medication, PA, and consumption of food, 
caffeine, and alcohol, while Gavi et al. [51] lacked such St
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controls. Neither study standardized breathing during 
HRV measurement, a critical component given its known 
influence on HRV outcomes [62].

In contrast to the inconsistent findings observed in 
PwCMP, evidence from healthy adults indicates that 
resistance training generally does not significantly alter 
HRV [63–65]. However, studies involving persons with 
chronic conditions marked by autonomic dysfunction 
(i.e., coronary artery disease, chronic heart failure, FM) 
have reported improvements in autonomic function fol-
lowing resistance training [19, 66, 67]. This discrepancy 
suggests that the presence of underlying autonomic dys-
function may be a key factor influencing HRV respon-
siveness to resistance training. Nevertheless, given the 
heterogeneity in study design, participant character-
istics, and training protocols, the overall effect of resis-
tance training in PwCMP remains inconclusive. This 
inconclusiveness is not entirely consistent with evidence 
from healthy populations, where null findings are more 
uniformly observed despite variations in intensity and 
duration [51, 55]. It is plausible that specific features of 
resistance training, such as total volume, may modulate 
autonomic adaptations through effects on aerobic metab-
olism [68]. However, the volume threshold required to 
induce such changes has yet to be clearly defined.

Overall, future research should aim to standardize 
HRV measurement protocols [60, 69], carefully consider 
population characteristics (including diagnostic criteria), 
and provide detailed descriptions of resistance training 
interventions to clarify the relationship between resis-
tance training and HRV in healthy adults and PwCMP.

Aerobic Training and HRV
Evidence on aerobic exercise and HRV in PwCMP is sim-
ilarly mixed in PwCMP. For instance, Sanudo et al. [52] 
reported significant changes in HRV, both in frequency 
(TP, LF, HF, LF/HF ratio) and time-domain (RMSSD) 
measures, after a 24-week exercise intervention in per-
sons with CLBP. Despite the increase in LF, generally 
not considered a direct marker of vagal modulation, the 
elevation in PNS-related indices like RMSSD and HF 
suggests improved parasympathetic modulation. In con-
trast, Bardal et al. [56] found no HRV changes follow-
ing a 12-week interval training in persons with FM. This 
result may reflect the regimen’s insufficient intensity or 
duration, and differing pathophysiology when comparing 
both populations.

While aerobic training is generally associated with 
improved HRV in healthy adults [70–72], findings in 
PwCMP remain inconsistent. This inconsistency may be 
partly attributed to methodological limitations in existing 
studies. For instance, Sanudo et al. [52] did not determine 
individual metabolic thresholds and provided insufficient 
reporting of exercise dosage, whereas Bardal et al. [56] 

employed predominantly moderate-intensity protocols. 
The generally moderate-intensity and potentially insuffi-
cient training load used in both studies may also explain 
the limited changes observed in HRV. Supported by evi-
dence from healthy adults, where HIT has demonstrated 
more robust effects on HRV compared to moderate-
intensity continuous training [73–76]. Collectively, these 
findings underscore the need for future research to apply 
individualized, well-controlled exercise prescriptions in 
order to better explain the relationship between aerobic 
training and autonomic function in PwCMP.

Importantly, variability in HRV collection proto-
cols between studies may have further influenced the 
observed discrepancies. Sanudo et al. [52], for example, 
did not control for respiratory rate during HRV mea-
surement. In fact, neither study implemented standard-
ized procedures for breathing control, which is known to 
significantly influence frequency-related HRV outcomes 
[62]. Additionally, Sanudo et al.’s [52] laboratory condi-
tions were poorly reported or inadequately controlled, 
introducing further uncertainty into the data. However, 
they did provide relatively comprehensive documentation 
of pre-assessment confounders such as caffeine intake, 
food consumption, and PA. In contrast, Bardal et al. [56] 
applied more rigorous environmental controls, standard-
izing factors such as temperature, noise, and lighting, but 
offered limited reporting on pre-measurement behav-
iors. These methodological inconsistencies, particularly 
regarding HRV data acquisition and pre-measurement 
standardization, underscore the critical need for harmo-
nized research protocols to improve the interpretability 
and comparability of HRV outcomes in PwCMP.

Multi-Component Training and HRV
Our review suggests that multi-component training 
interventions, combining aerobic and resistance exer-
cises, significantly enhance the mean and variance of 
RR-intervals and HF power following a 16-week training 
regimen in PwCMP [57]. These results align with previ-
ous research demonstrating significant improvements in 
HRV measures like SDNN, coefficient of variation (CV), 
and HF power in healthy adults following similar train-
ing regimens [77, 78]. Collectively, these findings suggest 
that multi-component training, encompassing aerobic 
and resistance training components, effectively enhances 
PNS activity in both healthy adults and those with CMP, 
making it a promising intervention for improving cardiac 
autonomic function in PwCMP.

Our findings also show that mind-body exercises, like 
yoga and Tai-chi, lead to increased PNS activity, reflected 
in changes in HF and pNN50 in PwCMP [10, 50]. Com-
parable shifts in HF power have been observed in healthy 
adults [79–81] and persons with chronic cancer-related 
pain [29]. These consistent findings across diverse 
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populations suggest that mind-body exercises effectively 
improve cardiac autonomic function in individuals with 
and without CMP.

In contrast, our results show that a four-week app-sup-
ported rehabilitation regimen did not change HRV, likely 
due to the high risk of bias and the intervention’s short 
duration, wherein the minimum effective frequency dose 
is not yet clearly defined. Still, studies report the benefits 
of exercise on HRV in healthy adults ranging from two to 
six weeks, but longer interventions (> 12 weeks) may be 
more effective [82].

Taken together, the results underscore the potential 
of multi-component exercise, encompassing aerobic 
and mind-body modalities, to enhance HRV. However, 
the low-certainty evidence and limited studies require 
cautious interpretation, emphasizing the need for well-
designed studies to investigate exercise effects on HRV 
and ensure standardized reporting and implementation 
of HRV measurements.

HRV Measures Considerations
Given the diverse HRV protocols and measures, a 
detailed implementation analysis is warranted. Many 
HRV measures, particularly stationary time and fre-
quency-domain measures, are mathematically and physi-
ologically interrelated [15]. Among these, vagal-related 
parameters, especially RMSSD and HF power, are exten-
sively used and regarded as the most robust indicators of 
PNS activity. Based on all HRV indices considered in this 
review and existing recommendations, RMSSD remains 
one of the most frequently used parameters and a reliable 
marker of vagally mediated changes in HRV, making it a 
crucial tool for assessing vagal influence following exer-
cise interventions [58]. Its sensitivity to parasympathetic 
activity, responsiveness to exercise, consistency across 
studies, ease of interpretation, and reliability contribute 
to its widespread use in research and clinical settings [83, 
84]. Still, it remains unclear if including both frequency 
and time-domain metrics, as in many studies [10, 51–54, 
56, 57], improves the diagnosis and interpretation of car-
diac autonomic adaptations following exercise.

With regard to non-linear analysis of HRV, such as 
Poincaré plots employed in PwCMP studies, their inter-
pretative and diagnostic potential remains underuti-
lized and insufficiently validated in clinical practice. 
These methods, as supported by Tulppo et al. [72], offer 
complementary insights into cardiac autonomic regu-
lation beyond conventional linear metrics. However, 
standardization in acquisition and interpretation is lack-
ing, and no significant clinical breakthroughs have been 
achieved to date [85–87]. Furthermore, it remains pos-
sible that complexity measures are inadequate for analyz-
ing biological systems and are too insensitive to detect 
non-linear changes in RR-intervals of physiological and 

practical importance. For now, non-linear methods rep-
resent promise but lack standardization for implementa-
tion. Notably, only two of the ten studies [49, 57] included 
in this review employed non-linear analysis of HRV, and 
both consistently integrated it with linear HRV analysis.

A critical consideration in HRV analysis is the duration 
of recordings and the reliability of outcomes. While short 
recordings (< 4 min) can reliably capture parasympathetic 
markers like RMSSD, pNN50, and HF power [88]. How-
ever, the robustness of these metrics, particularly in the 
context of limited data, remains a limitation [89]. Recent 
reviews emphasize that short recordings may not capture 
the full spectrum of autonomic activity and may lead to 
reduced reliability and increased variability of HRV indi-
ces, especially and mainly so for frequency-domain mea-
sures such as LF power, which generally require at least 
five-minute recordings [60, 89, 90]. Moreover, the num-
ber of data points also impacts the validity of non-lin-
ear analyses, which are especially sensitive to recording 
length and data quality [60, 89].

Equally underexplored are the effects of data prepro-
cessing techniques, such as artifact correction algo-
rithms, filtering strategies, and detrending procedures, 
on HRV outcomes. These technical factors can introduce 
significant variability, particularly in short recordings, yet 
are often insufficiently reported or inconsistently applied 
across studies [91, 92].

In conclusion, although HRV remains a valuable and 
non-invasive index of autonomic function, its application 
continues to be hindered by methodological heteroge-
neity, limited standardization, and unresolved questions 
about the validity and reliability of certain metrics. Future 
research should prioritize adhering to developed, stan-
dardized, and evidence-based guidelines that account for 
these nuances of HRV analysis across different domains 
(i.e., time, frequency, and non-linear) and optimize its 
translational potential in both research and clinical set-
tings [15, 93].

Strengths and Limitations of the Review
This systematic review identifies several limitations 
inherent to the included studies and the present review 
in examining the effects of exercise on HRV in PwCMP. 
First, including NRCTs aimed to provide a comprehen-
sive perspective of the existing literature. However, future 
studies should strive to implement well-designed RCTs 
when assessing exercise effects on HRV in CMP popula-
tions. Second, the heterogeneous exercise protocols and 
HRV analysis methodologies currently limit the feasibil-
ity of a meta-analysis, necessitating a combined qualita-
tive and quantitative approach. Third, the study’s sample 
pool of persons with FM and CLBP restricts generaliz-
ability to other chronic pain conditions. Fourth, despite 
not imposing sex-specific restrictions on the search 
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strategy, only 7.2% of the 277 participants were male, 
indicating a notable sex disparity in the literature. To pro-
vide more balanced insights, future studies could aim to 
increase the number of male participants, ensuring appli-
cability across sexes. Lastly, a notable limitation is the 
small number of included studies, restricting the general-
izability and robustness of the findings.

Implications for Practice and Research
This review underscores the potential of various exercise 
interventions, particularly multi-component exercise, 
including aerobic, resistance, or mind-body exercises, 
to enhance HRV in persons with FM and CLBP. How-
ever, the optimal exercise modality, protocol, and dose 
for enhancing HRV remains unclear, requiring further 
research. Future studies should provide detailed descrip-
tions of exercise protocols, including frequency, volume, 
intensity, and recovery, to allow replication and a bet-
ter understanding of exercise’s impact on CMP auto-
nomic function. Currently, resting HRV is a benchmark 
for monitoring changes following exercise interventions 
[94]. Future research could explore HRV during recov-
ery, orthostatic testing, and responsiveness to physical 
loading to refine exercise intensity prescriptions [95]. 
Clarifying these nuances may support the development 
of personalized exercise prescriptions aimed at improv-
ing autonomic function and reducing pain, ultimately 
informing therapeutic strategies that enhance functional 
outcomes and long-term health in this population.

Conclusions
The findings of this systematic review suggest that multi-
component exercise interventions, particularly those 
incorporating an aerobic component, may positively 
influence autonomic function in PwCMP. To advance our 
understanding of how different exercise modalities affect 
HRV and to address existing data gaps, future research 
should adopt already developed, rigorous, standardized 
checklists and protocols for HRV measurements and 
consistently adhere to established reporting criteria for 
exercise interventions.
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