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Abstract

Objective: To systematically review and meta-analyze the long-term effects of isometric training on h
eart rate variability (HRV), update previous research on isometric training's impact on HRV, explore a
nd validate potential mechanisms and pathways underlying its blood pressure-lowering effects, and pr
ovide neurophysiological evidence for optimizing exercise prescriptions for hypertension. Methods:
We retrieved randomized controlled trials (RCTs) on the long-term effects of isometric training on HR
V from PubMed, Web of Science, CNKI, VIP, and Wanfang databases from their inception to May 8,
2025, for controlled trials examining the long-term effects of isometric training on HRV. Main effects
were pooled using a random-effects model in R 4.3.3 software. Results: Ten studies involving 310 par

ticipants (70% hypertensive) aged 24 — 66 years were included. The meta-analysis revealed no signific

ant differences between isometric training and non-exercise control groups in time-domain indicators (
SDNN, RMSSD, pNN50) or frequency-domain indicators (LF, HF, LF/HF) of HRV (p > 0.05). Howe
ver, marginal effects were observed for LF (Hedge’ s g =-0.26 [-0.53, 0.01]) and LF/HF (Hedge’ s g

=-0.22 [-0.46, 0.01]) (p < 0.1). Conclusion: Isometric training has not yet demonstrated significant a
dvantages in improving heart rate variability. However, the marginal significance of related indicators
suggests that isometric training may attenuate sympathetic nervous system function by reducing LF an
d LF/HF, thereby reshaping autonomic nervous system balance. This offers a potential exercise interve
ntion pathway for autonomic dysfunction caused by abnormal sympathetic activation commonly obser
ved in hypertensive patients. Future studies should validate the potential benefits of isometric training
on autonomic function through larger sample sizes, standardized intervention protocols, and long-term

follow-up.
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Introduction

Isometric training is a form of resistance training characterized by sustained muscle contraction
(i.e., increased tension) without any change in the length of the involved muscle group [1]. Its remarka
ble efficacy in lowering blood pressure has been consistently demonstrated [2-5]. Compared to the aer
obic endurance training and dynamic resistance training previously recommended by the American Co
llege of Sports Medicine [6], a recent network meta-analysis concluded that isometric training is curre
ntly the most effective exercise modality for lowering blood pressure [7]. Its high efficiency, low barri
er to entry, low incidence of adverse events, and diverse implementation formats have driven extensiv
e research and application [8-9].

Beyond its positive impact on blood pressure, studies have also examined isometric training's effe
cts on the autonomic nervous system [10-14]. This system plays a crucial role in regulating the cardiov
ascular system, maintaining homeostasis through the dynamic balance of sympathetic and parasympat
hetic activity. Increased cardiac sympathetic activity and decreased parasympathetic activity are associ
ated with cardiovascular events [15-16]. Heart rate variability (HRV) is currently one of the most opti
mal and widely applied methods for quantitatively assessing autonomic nervous system activity [17].
This non-invasive technique assesses cardiac autonomic regulation by analyzing variations in heartbea
t intervals [18-19]. Previous studies attempted to elucidate the neuromodulatory mechanisms of isomet
ric training using HRV time-domain/frequency-domain indicators. However, relevant research and me
ta-analyses [10,20-22] failed to identify significant HRV changes comparable to those observed in blo
od pressure following isometric training. However, existing evidence has clear limitations: previous m
eta-analyses included a small number of studies [21-22], lacked assessment of bias risk, and exhibited
poor reliability of results. Therefore, this meta-analysis summarizes the long-term effects of isometric
training on HRV, updates previous research on its impact, enhances methodological rigor using the Co
chrane risk of bias assessment tool, and explores potential mechanisms and pathways underlying its bl

ood pressure-lowering effects.

1 Method

1.1 Data Sources and Retrieval

Systematic searches were conducted in databases including PubMed, Web of Science, CNKI, VI
P, and Wanfang. Included studies were full-text journal articles. Supplementary references were drawn
from previously included studies in relevant reviews and meta-analyses. The final search date for this

study was May 8, 2025. Search terms were developed based on the PICOS framework (Population, Int



ervention, Comparison, Outcome): population ( “adults” ), intervention ( “isometric training,” etc.)
, comparison ( “non-exercise interventions” ), and outcome ( “heart rate variability,” etc.).
1.2 Literature Processing and Screening

Two researchers independently performed machine and manual deduplication of retrieved literatu
re using EndNote X9, followed by independent review of titles, abstracts, and full texts to screen the li
terature. A third researcher was introduced to conduct the final literature screening. In case of disagree
ment, the three researchers would convene a meeting to confirm inclusion/exclusion criteria and discus
s until consensus was reached, after which they would review and screen the literature again.
1.3 Inclusion and Exclusion Criteria

Inclusion and exclusion criteria were determined based on the PICOS framework. Inclusion criter
ia were as follows: (1) study type was a controlled trial; (2) subjects were adults aged 18 years or older
; (3) the intervention group received isometric training without additional interventions such as aerobic
exercise, while the control group received non-exercise intervention or sham intervention; (4) Outcom
e measures included: Time-domain indicators of heart rate variability: Standard deviation of normal-to
-normal RR intervals (SDNN), root mean square of successive RR interval differences (RMSSD), and
proportion of successive RR intervals differing by >50 ms relative to total RR intervals. (root mean sq
uare of successive differences, RMSSD), and the proportion of successive RR interval differences >50
ms relative to total RR intervals (pNN50); Frequency domain indicators of HRV: low-frequency pow
er (LF), high-frequency power (HF), and LF/HF ratio. Exclusion criteria were as follows: (1) Literatur
e with inconsistent text and figure information; (2) Literature lacking complete outcome measure data;
(3) Literature with total intervention duration <2 weeks.
1.4 Data Extraction and Transformation

Data extraction will be conducted independently by two researchers responsible for the screening
phase. Two reviewers will independently extract participant information, isometric training protocols,
and heart rate variability-related metrics from the literature. A third researcher will perform a round of
checks. In case of disagreement, the three reviewers will self-check and reconvene until a final consen
sus is reached. For missing data or data presented only graphically, authors will first be contacted to re
guest the information. If contact fails and corresponding graphs are available, data will be extracted usi
ng GetData Graph Digitizer.

If the study provides standard errors (SE), convert them to standard deviations (SD) [23]::

SD =N x SE (1)

When comparing the difference in change values between the intervention group and the control

group, use the following formula to calculate the mean difference:



Mchange=Mpost—Mpre 2

Mpost represents the post-test mean scores for both the intervention and control groups; Mpre de
notes the pre-test mean scores for both groups. The change in SD for each group is calculated using th

e following formula:

SDchange=SDpre2+SDpost2—(2xRxSDprexSDpost) 3)

SDpre denotes the pretest standard deviation for both the intervention and control groups; SDpost
denotes the posttest standard deviation for both groups; R represents the correlation coefficient betwe
en pretest and posttest scores. Following recommendations in the Cochrane Handbook [24], R is set to
0.5 in this study.

The formula for combining subgroups is as follows:

Assume subgroup A has a sample size N1, mean M1, and standard deviation SD1; Subgroup B ha
s a sample size of N2, mean of M2, and standard deviation of SD2. The combined sample size N is N
= N1 + N2, and the combined mean M is calculated as M = (N1IM1 + N2M2) / (N1 + N2). The formul

a for the combined standard deviation is:

Ny N.
j(Nl — 1)SD? + (N, — 1)SD? + m (M2 + M2 —2M,M,)
SD =

N+ N, —1 4

1.5 Assessment of Bias Risk

Risk of bias was assessed independently by two researchers. Disagreements were resolved throug
h discussion; if unresolved, a third researcher served as arbitrator. The Cochrane Collaboration's Risk
of Bias 2 tool was used for assessment, evaluating risk of bias across the following domains: randomiz
ation process, deviation from the specified intervention, missing outcome data, outcome measurement,
and selective reporting of results [25].
1.6 Statistical Methods

This meta-analysis employed the inverse variance method based on the DerSimonian-Laird appro
ach [26] and used a random-effects model for combining main effects. The Jackson method was applie
d to calculate tau®, tau, and their confidence intervals [26]. Mean values, standardized mean difference
s (SMD), mean differences (MD), and 95% confidence intervals (95% CI) were extracted from individ
ual studies to calculate the pooled main effect. Effect sizes were expressed as Hedge's g, categorized a
s follows: 0.2 indicates a small effect, 0.5 indicates a moderate effect, and 0.8 indicates a large effect [
27]. This study defines I* as follows: low heterogeneity: 0%-30%; moderate heterogeneity: 30%-50%;
high heterogeneity: 50%-75%; very high heterogeneity: 75%-100%][28]. To assess the robustness of
meta-analysis results and the potential impact of individual studies on the pooled effect size, sensitivit
y analysis was conducted using the leave-one-out method. From the original included studies, one stud

y was sequentially excluded at a time. The pooled effect size and its 95% confidence interval were rec
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alculated based on the remaining studies. The magnitude of change in the effect size and whether the s
tatistical significance underwent substantive alteration after excluding each study were compared. Publ
ication bias was assessed using funnel plots combined with Egger's test [29-30], with p > 0.05 indicati

ng no risk of publication bias. Statistical analyses and graphing were performed using the “meta” an

d “metafor” packages in R software (version 4.3.3). Statistical significance was set at p < 0.05.

2 Result

2.1 Literature Search Results
Preliminary searches across databases yielded a total of 1,068 articles, with 10 studies ultimately i
ncluded in the meta-analysis. The workflow and corresponding screening results are shown in Figure 1

[ Identification of studies via databases ]
= . )
o Records identified from:
E Pubmed (n =275)
% \(/:VNeEI((); ic:esl;ce Core Collection(n = 732) o | Records removed before screening:
= Bl i =
g VIP Database(n = 22) Duplicate records removed(n =210)
- Wanfang Database(n = 24)
— Initial records identified: (n=1068)
' !
g’ Records screened:(n = 858) P] Records excluded:(n =830)
3
o
7}
) A 4
Reports excluded:
Reports assessed for eligibility:(n = 28) P Inappropriate outcomes(n = 2)
Inappropriate intervention period (n =16)
SR
-
% A 4
=
H Studies included in review:(n = 10)
—

Figure 1. Flow Chart of Literature Retrieval

2.2 Included in the literature characteristics

This review included 10 studies (9 randomized controlled trials), with sample sizes ranging from
17 to 102 participants per study. A total of 310 participants were included, with an average age range o
f 24 - 66 years. Participants' health statuses were categorized as healthy (42 participants, 14%), hypert
ensive (198 participants, 64%), and peripheral arterial disease (70 participants, 23%); Weight categorie
s included normal weight (22 participants, 9%), overweight (113 participants, 49%), and obese (97 par
ticipants, 42%). Intervention durations ranged from 4 to 12 weeks. Isometric exercise modalities comp

rised isometric grip strength training (266 participants, 86%) and wall sit (44 participants, 14%).



Table 1. The Basic Information of the Included Literatures

Subject Information
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Correia et al. 202034

Decaux et al. 202232

Farah et al. 201814

Javidi et al.20221!

Millar et al.2013124

Sa
mp
le

sSiz

22

70

20

48

39

23

A
ge

Weight, H
ealth Stat

us

Normal, he
althy

Overweigh

t, periphera

| artery dis
ease

Overweigh
t, Health

Obesity, h
ypertensio

n

NA. Hyp

ertension

Overweigh
t, Hyperten

sion

Inter
venti
on Cy

cle

week

week

week

wee

ks

8week

week

Interv

ention

freque
ncy

3to5ti
mes per

week

3 times

a week

3 times

a week

3 times

a week

3to5ti
mes per

week

3 times

a week

Type

Isometr

ic Grip

Strengt
h

Isometr

ic Grip

Strengt
h

Wall sq

uat

Isometr

ic Grip

Strengt
h

Isometr

ic Grip

Strengt
h

Isometr

ic Grip

Strengt
h

Int
erv

al

adm

adm

4dm

4m

Outco
me In
dicato

r

0@
&)@
®®

O
®®

@G

e
&
®®

06
@6

O
&/
®®



Isometr
Obesity, h Ve

] 5 ) wee 3times icGrip 1m
Palmeira et al. 202134 31 ypertensio _ S0
3 ks aweek Strengt in
n 6@
h
. Isometr
Obesity, h o
) 6 ] week 3times icGrip 1m
Stiller-Moldovan et al. 2012131 18 ypertensio . ©®
1 S aweek Strengt in
n
h
Isometr
6 NA. Hyp wee 3times icGrip 1m
Taylor et al.2003!14 15 _ ©®
6  ertension ks aweek Strengt in
h

4 NA. Hyp week 3times Wallsq 2m @G
Taylor et al.20195! 24

I

ertension S a week uat in ®

Note: NA: Not Applicable. DSDNN@RMSSD@pNN50@LFGHF@LF/HF

2.3 Literature Bias Risk Assessment Results
The risk of bias in the included studies was concentrated in the randomization process,deviation f

rom the specified intervention, and outcome measurement, all of which may carry a certain risk of bias

Author Year Dl D2 D3 D4 D5 Overall

Badrov 0€3 @ @ ® ©@ & ©

Correia 2020 @ @ @ @ @ @ @ Low risk

Decaux 202 @ @ ©® @ ® @ |@® someconcerns

Farah 208 @ @ ©® ®© ©®© @ |@ Highrisk

Javidi 200 [@ @ ©® & 6 @

Millar 2013 ‘ ‘ @ ‘ @ ‘ D1 Biasin the randomization process

Palmeira 2021 . . @ @ @ . D2 Deviation bias from established interventions|
Stiller-Moldovan 2012 @ . @ . @ . D3 Outcome Data Missing Bias

Taylor 2003 . . @ . @ . D4 Outcome measurement bias

Taylor 2019 . . @ . @ . D5 _ Selective reporting bias

Figure 2. The Risk Assessment of Bias in the Included Literature



2.4 Meta-analysis results

2.4.1 Time-domain indicators

A EXM CON Std. Mean Diffarence Std. Mean Difference
Study Mean SD Total Mean SD Total Weight |V, Random, 95% CI IV, Random, 95% CI

2013 Badrova 0.70 21.4075 -1.80 30.6705 3 42% 0.10[-1.21,1.41]
2013 Badrovb 4.30 39.1694 -1.80 30.6705 3 39% 0.15[-1.21,1.50] 4
2020 Correia 1090 35.0902 256 -0.80 23.3026 45 29.7% 0.41[-0.08,0.91]

=l ©

2018 Faraha -1.00 14.9700 14 1.00 20.7846 8 9.6% -0.11[-0.98, 0.78]

2018 Farah b 2.00 16.9700 18 1.00 20.7846 8 10.4% 0.05 [-0.78, 0.89]

2022 Javidia  6.50 19.0979 12 4.00 10.7335 7 8.3% 0.14[-0.79, 1.08]

2022 Javidi b 1.00 26.1641 13 4.00 10.7335 7 86% -0.13[1.05 0.79] L

2013 Millar 0.50 22.5439 13 -4.50 17.9151 10 10.6% 0.23 [-0.59, 1.06]

2021 Palmeira  0.80 19.90490 15 040 12.4772 16 14.6% 0.02[-0.68, 0.73] - .

Total (95% Cl) 126 107 100.0%  0.16 [-0.11, 0.43] -
Prediction interval [-0.16, 0.47] ——
Heterogeneity: Tau® = 0; Chi* = 2.01, df = 8 (P = 0.9808); I° = 0% f T T r J 1
Test for averall effect: 2 = 1.14 (P = 0.2547) 15 -1 05 0 05 1 1.5
B EXM CON Std. Mean Difference Std. Mean Difference
Study Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

2013 Badrova 1.30 24.0830 9 1.80 43.1000 3 51% -0.02[-1.32,1.29]
2013 Badrovh 5.70 38.8891 7 1.80 43.1000 3 48% 0.09[-1.27,1.44]
2020 Correia 7.90 30.7317 25 -440 254000 45 358%  0.44[-0.05, 0.94]
2018 Farah a 1.00 17.1487 14 -3.00 27.7128 a8 11.6% 0.18[-0.69, 1.05]
2018 Farahb  6.00 16.9700 18 -3.00 27.7128 8 12.3% 0.42[-0.42,1.26]
2013 Millar -3.20 15.3288 13 0.30 12.3300 10 12.8% -0.24 [-1.07, 0.59]
2021 Palmeira  3.20 31.8642 15 1.90 12.7185 16 17.6%  0.05[-0.65, 0.76]

Total (35% CI) 101 93 100.0%  0.21 [-0.08, 0.51]
Prediction interval [-0.16, 0.58]
Heterageneity: Tau® = 0; Chi® = 2.57, df = 6 (P = 0.8604); I = 0%

Test for overall effect: Z = 1.42 (P = 0.1568)
C EXM CON Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Tetal Weight 1V, Random, 95% CI IV, Randam, 95% CI

2013 Badrova 1.10 12.6428 9 270 23.7622
2013 Badrov b -4.20 21.3570 7 270 237622

4.2% -0.10 [-1.40, 1.21]

3
3 39% -028[165 1.08] -

2020 Correia 1.60 15.3977 25 -0.80 13.0572 45 30.1% 0.17 [-0.32, 0.66] ——
2018 Faraha  1.00 17.1487 14 0.00 14.4222 8 9.6% 0.06 [-0.81,0.93] -
2018 Farah b 4.00 15.2972 18 0.00 14,4222 8 10.3%  0.26 [-0.58, 1.09] —_—
2022 Javidi a 2.00 5.0409 12 3.00 3.8248 7 83% -0.21[1.14,0.73] —_——
2022 Javidi b 0.00 7.6018 13 3.00 3.3248 7  83% -0.44[-1.37,0.50] — ]
2013 Millar 0.90 4.4315 13 0.60 4.8708 10 10.6%  0.08 [-0.76, 0.89] —_—
2021 Palmeira 2.60 18.0082 16 1.10 10.0955 16 14.6% 0.10 [-0.80, 0.81] ——
Total (95% CI) 126 107 100.0% 0.04 [-0.23, 0.31] ;
Pradiction interval [-D.28, 0.35]
Heterogeneity: Tau® = 0; Chi’ = 2.09, df = 8 (P = 0.8781); I = 0% f T T T
Test for overall effect: Z = 0.27 (P = 0.7899) 1.5 -1 -05 0 05 1 1.5

Figure 3. Meta-analysis results of time-domain analysis indicators
Note: A: SDNN; B: RMSSD; C: pNN50

The meta-analysis results for time-domain indicators indicated no significant differences between
isometric training and the control group regarding the effects on SDNN (p=0.25), RMSSD (p=0.16), a
nd pNN50 (p=0.79). The standardized mean differences and their 95% confidence intervals were as fol
lows: SDNN: SMD = 0.16 (95% CI: -0.11, 0.43); ; RMSSD: SMD = 0.21 (95% Cl: -0.08, 0.51); pNN
50: SMD = 0.04 (95% CI: -0.23, 0.31). The pooled results exhibited low heterogeneity (1> = 0%). Sens

itivity analyses confirmed the stability of the pooled results.



2.4.2 Frequency domain indicators

D EXM CON Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2013 Badrova -3.70 15.2588 9 -3.00 16.8383 3 43% -0.04[-1.35, 1.27]

2013 Badrovb -4.80 18.9008 7 -3.00 16.8383 3 4.0% -0.09[-1.44, 1.27]

2022 Decaux -11.70 17.0880 10 7.70 14.7309 10 7.8% -1.16[-2.13,-0.20]

2018 Farah a 4.00 24.5347 14 0.00 12.0000 8 9.6% 0.18[-0.69, 1.05]

2018 Farah b -7.00 21.2100 18 0.00 12.0000 8 10.4% -0.36[-1.20, 0.48]

2022 Javidia -48.50 821.2956 12 -6.50 471.1598 7 84% -0.06[-0.99, 0.88]

2022 Javidi b -8.00 780.2218 13 -6.50 471.1598 7 8.6% -0.00[-0.92, 0.92]

2013 Millar -2.20 15.8171 13 0.80 16.3474 10 10.7% -0.18[-1.01, 0.65]

2021 Palmeira  2.10 20.1727 15 -0.80 20.0120 16 14.7% 0.14 [-0.56, 0.85]

2019 Taylor -11.90 19.9840 24 0.70 17.6519 24 21.5% -0.66 [-1.24, -0.08]

Total (95% Cl) 135 96 100.0% -0.26 [-0.53, 0.01]

Prediction interval [-0.57, 0.05]

Heterogeneity: Tau? = 0; Chi’ = 8.14, df = 9 (P = 0.5196); I = 0%

Test for overall effect: Z = -1.89 (P = 0.0583)

E EXM CON Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2013 Badrova 3.70 15.2588 9 290 16.8021 3 43% 0.05[-1.26, 1.35]

2013 Badrovb 4.50 19.0000 7 290 16.8021 3 41% 0.08 [-1.27, 1.43]

2022 Decaux 11.70 17.0880 10 -7.70 14.7309 10 7.9% 1.16[0.20, 2.13]

2018 Faraha -4.00 24.5347 14 0.00 12.0000 8 97% -0.18[-1.05,0.69] i

2018 Farah b 7.00 21.2100 18 0.00 12.0000 8 10.4%  0.36 [-0.48, 1.20] —

2022 Javidia -31.50 355.9767 12 37.00 155.7937 7 84% -0.22[-1.15,0.72] —

2022 Javidib -19.00 431.1176 13 37.00 155.7937 7 87% -0.15[-1.07,0.77] —

2013 Millar 2.30 16.0574 13 -0.80 16.3474 10 10.7% 0.18 [-0.64, 1.01] —1i

2021 Palmeira -1.50 20.1727 15 0.80 20.0120 16 14.6% -0.11[-0.82, 0.59] ———
2019 Taylor 11.90 19.9840 24 -0.70 17.6519 24 21.1% 0.66 [ 0.08, 1.24]

Total (95% ClI) 135 96 100.0%  0.23 [-0.05, 0.50]

Prediction interval [-0.12, 0.58]
Heterogeneity: Tau® = 0.004; Chi® = 9.19, df = 9 (P = 0.4199); I = 2% I J T !

Test for overall effect: Z = 1.63 (P = 0.1024) -2 -1 0 1 2
F EXM CON Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2013 Badrov a -0.11 0.5196 9 -0.21 0.6245 3 3.1% 0.17[-1.14, 1.48] —

2013 Badrov b -0.24 0.9849 7 -0.21 0.6245 3 29% -0.03[-1.38, 1.32] —

2020 Correia 0.54 3.3605 25 0.40 2.8202 45 19.8% 0.05[-0.44, 0.53] —

2022 Decaux -0.41 0.6010 10 0.36 0.6874 10 5.6% -1.14[-2.10,-0.18] ———%—

2018 Farah a 0.26 2.4815 14 0.14 0.9060 8 6.9% 0.06[-0.81, 0.92]

2018 Farah b -0.72 1.8377 18 0.14 0.9060 8 7.2% -0.51[-1.36, 0.33] L

2022 Javidi a -0.40 2.0528 12 -0.05 1.8824 7 6.0% -0.17[-1.10, 0.77]

2022 Javidi b 0.10 2.5486 13 -0.05 1.8824 7 6.2% 0.06[-0.86, 0.98]

2013 Millar -0.49 1.6497 13 0.05 1.5800 10 7.5% -0.32[-1.15, 0.51]

2021 Palmeira 0.27 1.0440 15 0.25 2.6330 16 10.2% 0.01[-0.69, 0.71] —

2012 Stiller-Moldovan  1.10 4.9029 9 -1.44 5.3523 9 59% 0.47[-047, 1.41]

2003 Taylor -1.20 1.7059 9 0.00 0.6557 6 45% -0.81[-1.89, 0.28]

2019 Taylor -1.86 2.7431 24 0.23 3.0817 24 144% -0.70[-1.29,-0.12] ——

Total (95% ClI) 178 156 100.0% -0.22 [-0.46, 0.01] >

Prediction interval [-0.55, 0.11] —_—

Heterogeneity: Tau? = 0.009; Chi® = 12,61, df = 12 (P = 0.3978); I° = 5% f T T 1
Test for overall effect: Z = -1.88 (P = 0.0603) -2 -1 0 1 2

Figure 4. Meta-analysis results of time-domain analysis indicators
Note: D: LF; E: HF; F: LF/HF
Meta-analysis results for frequency domain indicators indicate that isometric training showed no
significant differences compared to the control group in LF (p=0.06), HF (p=0.10), and LF/HF (p=0.0
6). However, LF (Hedge’ s g=-0.26 [-0.53, 0.01]) and LF/HF (Hedge’ s g =-0.22 [-0.46, 0.01]) sho
wed borderline significant effects (p < 0.1). Heterogeneity in pooled results was low (I> = 0%, 2%, an

d 5%, respectively), and sensitivity analyses confirmed stable pooled results.
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2.5 Risk of Publication Bias
Based on Egger's test, the combined results of the main effects for SDNN (p=0.08), RMSSD (p=0
.20), pNN50 (p=0.06), LF (p=0.53), HF (p=0.92), and LF/HF (p=0.46) may not be at risk for publicati
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Figure 5. Publishing Bias Funnel Plots
Note: A.SDNN; B.RMSSD; C.pNN50; D.LF; E.HF; F.LF/HF;

3 Discussion

The autonomic nervous system primarily consists of the sympathetic and parasympathetic nervou
s systems, which maintain stability through mutual balance. Hypertensive patients exhibit autonomic d
ysfunction, with the predominant developmental mechanism widely recognized as autonomic imbalan
ce—manifesting as abnormal sympathetic activation [36] and weakened parasympathetic function. Co
nsequently, current therapeutic approaches for rebalancing the autonomic nervous system in hypertens
ive patients primarily focus on two aspects: reducing sympathetic activity and enhancing parasympath
etic function [37].
3.1 Effects of Isometric Training on Time-Domain Indicators

SDNN reflects overall autonomic nervous system activity, with elevated values indicating increas
ed parasympathetic activity; RMSSD reflects parasympathetic activity, with elevated values indicating
increased parasympathetic activity [17]. SDNN < 70 ms has been demonstrated as an independent risk
factor for cardiovascular mortality. A meta-analysis revealed that compared to cardiovascular disease
patients with high HRV, those with low HRV exhibited a 121% increased risk of all-cause mortality a
nd a 46% increased risk of cardiovascular events [33]. SDNN, RMSSD, and pNN50 negatively correla
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te with the Gensini score for coronary artery lesions [39]. Improvements in time-domain indicators ne
gatively correlate with cardiovascular factors such as arrhythmia, heart failure, and coronary artery dis
ease [17]. Research findings indicate that although effect estimates suggest positive trends in time-do
main HRV indicators following isometric training, improvements in SDNN, RMSSD, and pNN50 wer
e not statistically significant (p > 0.05).
3.2 Effects of Isometric Training on Frequency Domain Indicators

LF reflects the synergistic interaction between the sympathetic and parasympathetic nervous syst
ems, though sympathetic dominance prevails. Elevated LF indicates increased sympathetic nervous sy
stem activity. HF reflects parasympathetic nervous system activity; elevated HF indicates increased pa
rasympathetic nervous system activity. The LF/HF ratio represents the balance between sympathetic a
nd parasympathetic nervous systems, with an elevated ratio indicating predominant sympathetic nervo
us system activity [37][40]. Hypertensive patients commonly exhibit lower HF [41] and higher LF and
LF/HF ratios. A 4-week isometric intervention significantly reduced normalized LF (in %) and increa
sed normalized HF in physically inactive individuals, though absolute LF (in ms*) and HF showed no
significant difference compared to the control group [32]. suggesting that the choice of measurement u
nits may influence the interpretation of final conclusions. Improvements in HRV observed after isomet
ric training in non-hypertensive populations also indicate the universality of isometric training in enha
ncing autonomic nervous function. Taylor et al.[35] noted that supervised isometric grip training signif
icantly improved LF in uncontrolled hypertensive patients. Collectively, these findings may suggest th
at isometric grip training can improve cardiovascular parameters in patients with poorly controlled blo
od pressure.

The present study found that isometric training did not significantly affect the frequency domain i
ndicators of HRV (LF, HF, and LF/HF). However, a trend toward improvement in LF and LF/HF was
observed, showing borderline significance (0.05 < p < 0.1). To some extent, this suggests that isometri
¢ training may improve certain aspects of HRV. The effects on the autonomic nervous system primaril
y manifest as a reduction in sympathetic function. There is also a possibility of enhanced parasympath
etic activity through improved HF (Hedge’ s g=0.23 [-0.05,0.50], p=0.1). Future studies are needed to

further investigate HRV changes following isometric training.
4 Research Limitations

This study focused solely on the long-term effects of isometric training on heart rate variability th
rough experimental interventions, without examining its short-term impact on heart rate variability. Th
e intervention periods across included studies varied considerably (4 to 12 weeks), which may have inf
luenced the observed effects on blood pressure reduction. Furthermore, some included studies did not f
ully report participants' baseline characteristics (such as gender and BMI), limiting the feasibility of co

nducting subgroup analyses in subsequent research.
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5 Conclusion

Isometric training did not significantly affect SDNN, RMSSD, or pNN50 in the time-domain indi
cators of heart rate variability (HRV). However, it showed a trend toward improvement in the frequenc
y-domain parameters LF and LF/HF (0.05 < p < 0.1). Although the effect estimates indicated a trend t
oward improvement in HRV-related parameters with isometric training, their confidence intervals spa
nned zero, suggesting insufficient evidence to support statistical significance. This finding may be con
strained by the small sample sizes of included studies or variability in measurement methods. Future re
search should validate the potential benefits of isometric training on autonomic nervous system functio

n through larger samples, standardized intervention protocols, and long-term follow-up.

Disclosure

Author Contributions: Conceptualization:XiongZhuang Xu; methodology: XiongZhuang

XU; check: Li Peng; datacuration: XiongZhuang Xu; supervision: Li Peng
Authors have read and agreed with the published version of the manuscript.
Funding Statement: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflict of Interest Statement: The authors deny any conflict of interest.

References:

[1] Mitchell J H, Wildenthal K, Static (isometric) exercise and the heart: physiological and clinic
al considerations[J].Annu Rev Med, 1974. 25: 369-81.

[2] Edwards J, De Caux A, Donaldson J, et al., Isometric exercise versus high-intensity interval tr
aining for the management of blood pressure: a systematic review and meta-analysis[J]. Br J
Sports Med, 2022.56(9): 506-514.

[3] Loaiza-Betancur A F, Pérez Bedoya E, Montoya Davila J, et al., Effect of Isometric Resistanc

13



e Training on Blood Pressure Values in a Group of Normotensive Participants: A Systematic
Review and Meta-analysis[J]. Sports Health, 2020. 12(3): 256-262.

[4] Hansford H J, Parmenter B J, Mcleod K A, et al., The effectiveness and safety of isometric re
sistance training for adults with high blood pressure: a systematic review and meta-analysis[J]
. Hypertens Res, 2021. 44(11): 1373-1384.

[5] Jiang Yang, Peng Hao, Song Yanping, et al., Isometric exercise reduces resting blood pressur
e: a meta-analysis of moderating factors and dose effects[J].Chinese Journal of Tissue Engine
ering Research,2026,30(04):975-986.

[6] Pescatello L S, Macdonald H V, Lamberti L, et al., Exercise for Hypertension: A Prescription
Update Integrating Existing Recommendations with Emerging Research[J].Current hyperten
sion reports, 2015. 17 (11): 87.

[7] EdwardsJJ, Coleman D A, Ritti-Dias R M, et al., Isometric Exercise Training and Arterial H
ypertension: An Updated Review[J]. Sports Med, 2024. 54(6): 1459-1497.

[8] Millar P J, Mcgowan C L, Cornelissen V A, et al., Evidence for the role of isometric exercise
training in reducing blood pressure: potential mechanisms and future directions[J]. Sports Me
d, 2014. 44(3): 345-56.

[9] Edwards JJ, Deenmamode A H P, Griffiths M, et al., Exercise training and resting blood pres
sure: a large-scale pairwise and network meta-analysis of randomised controlled trials[J]. Br J
Sports Med, 2023. 57(20): 1317-1326.

[10] Badrov MB, Bartol CL, DiBartolomeo MA, et al. Effects of isometric handgrip training dose
on resting blood pressure and resistance vessel endothelial function in normotensive women.
Eur J Appl Physiol. 2013; 113: 2091-2100.

[11] Farah BQ, Rodrigues SLC, Silva GO, et al. Supervised, but Not Home-Based, Isometric Train
ing Improves Brachial and Central Blood Pressure in Medicated Hypertensive Patients: A Ra
ndomized Controlled Trial. Front Physiol. 2018; 9: 961.

[12] Millar PJ, Levy AS, McGowan CL, et al. Isometric handgrip training lowers blood pressure a
nd increases heart rate complexity in medicated hypertensive patients. Scand J Med Sci Sport
s.2013; 23: 620-626.

[13] Stiller-Moldovan C, Kenno K and McGowan CL. Effects of isometric handgrip training on bl
ood pressure (resting and 24 h ambulatory) and heart rate variability in medicated hypertensiv
e patients. Blood Press Monit. 2012; 17: 55-61.

[14] Taylor AC, McCartney N, Kamath MV, et al. Isometric training lowers resting blood pressure
and modulates autonomic control. Med Sci Sports Exerc .2003; 35: 251-256.

[15] Dekker JM, Schouten EG, Klootwijk P, et al. Heart rate variability from short electrocardiogr
aphic recordings predicts mortality from all causes in middle-aged and elderly men. The Zutp
hen Study. Am J Epidemiol .1997; 145: 899-908.

[16] Tsuji H, Venditti FJ, Jr., Manders ES, et al. Reduced heart rate variability and mortality risk i

14



n an elderly cohort. The Framingham Heart Study. Circulation .1994; 90: 878-883.

[17] Cao Wenjing, Zhang Jinping, Ma Jianxin, et al.Research progress in clinical application of
heart rate variability [J].Practical Electrocardiology and Clinical Treatment.2022, 31(02):137
-143.

[18] Farah BQ, Lima AH, Cavalcante BR, et al. Intra-individuals and inter- and intra-observer reli
ability of short-term heart rate variability in adolescents. Clin Physiol Funct Imaging .2016; 3
6: 33-39.

[19] Task Force of the European Society of Cardiology & the North American Society of Pacing &

Electrophysiology. Heart rate variability: standards of measurement, physiological interpretat
ion and clinical use. Task Force of the European Society of Cardiology and the North Americ
an Society of Pacing and Electrophysiology. Circulation.1996; 93: 1043-1065.

[20] Ray C A, Carrasco D 1. Isometric handgrip training reduces arterial pressure at rest without ch
anges in sympathetic nerve activity[J]. Am J Physiol Heart Circ Physiol, 2000. 279(1): H245-
9.

[21] Almeida J, Bessa M, Lopes L T P, et al., Isometric handgrip exercise training reduces resting
systolic blood pressure but does not interfere with diastolic blood pressure and heart rate varia
bility in hypertensive subjects: a systematic review and meta-analysis of randomized clinical t
rials[J]. Hypertens Res, 2021. 44(9): 1205-1212.

[22] Farah B Q, Christofaro D G D, Correia M A, et al., Effects of isometric handgrip training on ¢
ardiac autonomic profile: A systematic review and meta-analysis study[J]. Clin Physiol Funct

Imaging, 2020. 40(3): 141-147.

[23] Cumpston M, Li T, Page M J, et al., Updated guidance for trusted systematic reviews: a new e
dition of the Cochrane Handbook for Systematic Reviews of Interventions[J]. Cochrane Data
base Syst Rev, 2019. 10(10): Ed000142.

[24] Higgins Jpt, Thomas J, Chandler J, et al. Cochrane Handbook for Systematic Reviews of Inter
ventions. 2nd Edition[M]. 2019. Chichester (UK): John Wiley & Sons.

[25] LIU Jinchi, LIU Chang, HUA Chengge,Risk bias assessment tool RoB2 (revised version 201
9) for randomized controlled trial : an interpretation[J]Chinese Journal of Evidence-Based Me
dicine, 2021.21(6): 8.

[26] Dersimonian R, Laird N. Meta-analysis in clinical trials[J]. Control Clin Trials, 1986. 7(3): 17
7-88.

[27] Cohen J. Statistical power analysis for the behavioral sciences (2nd ed[M]. Statistical power a
nalysis for the behavioral sciences, 1988.

[28] Nakagawa S, Noble D W, Senior A M, et al., Meta-evaluation of meta-analysis: ten appraisal
questions for biologists[J]. 2017. BMC Biol, 15(1): 18.

[29] Egger M, Davey Smith G, Schneider M, et al., Bias in meta-analysis detected by a simple, gra

15



phical test[J]. Bmj, 1997. 315(7109): 629-34.

[30] Peters J L, Sutton A J, Jones D R, et al., Contour-enhanced meta-analysis funnel plots help di
stinguish publication bias from other causes of asymmetry[J]. J Clin Epidemiol, 2008.61(10):
991-6.

[31] A Correia, M., Oliveira, P. L., Farah, B. Q., Vianna, L. C., Wolosker, N., Puech-Leao, P., Gre
en, D. J., Cucato, G. G., & Ritti-Dias, R. M. (2020). Effects of Isometric Handgrip Training in
Patients With Peripheral Artery Disease: A Randomized Controlled Trial. Journal of the Am
erican Heart Association, 9(4), e013596.

[32] Decaux, A., Edwards, J. J., Swift, H. T., Hurst, P., Hopkins, J., Wiles, J. D., & O'Driscoll, J.
M. (2022). Blood pressure and cardiac autonomic adaptations to isometric exercise training:
A randomized sham-controlled study. Physiological reports, 10(2), e15112.

[33] Javidi, M., Ahmadizad, S., Argani, H., Najafi, A., Ebrahim, K., Salehi, N., Javidi, Y., Pescate
llo, L. S., Jowhari, A., & Hackett, D. A. (2022). Effect of Lower- versus Higher-Intensity Iso
metric Handgrip Training in Adults with Hypertension: A Randomized Controlled Trial. Jour
nal of cardiovascular development and disease, 9(9), 287.

[34] Palmeira, A. C., Farah, B. Q., Silva, G. O. D., Moreira, S. R., Barros, M. V. G., Correia, M. A
., Cucato, G. G., & Ritti-Dias, R. M. (2021). Effects of isometric handgrip training on blood p
ressure among hypertensive patients seen within public primary healthcare: a randomized con
trolled trial. Sao Paulo medical journal = Revista paulista de medicina, 139(6), 648-656.

[35] Taylor, K. A., Wiles, J. D., Coleman, D. A., Leeson, P., Sharma, R., & O'Driscoll, J. M. (201
9). Neurohumoral and ambulatory haemodynamic adaptations following isometric exercise tr
aining in unmedicated hypertensive patients. Journal of hypertension, 37(4), 827-836.

[36] Grassi, G., Mark, A., & Esler, M. The sympathetic nervous system alterations in human hyper
tension[J]. Circulation research, 2015. 116(6), 976-990.

[37] Tang Ruotian, Yin Yuehui. Rebalancing the Autonomic Nervous System: A Target for Devic
e-Based Hypertension Therapy. [J].Chinese Journal of Hypertension 2021, 29(09):880-885.

[38] Fang, S. C., Wu, Y. L., & Tsai, P. S. Heart Rate Variability and Risk of All-Cause Death and
Cardiovascular Events in Patients With Cardiovascular Disease: A Meta-Analysis of Cohort S
tudies[J].Biological research for nursing, 2020. 22(1), 45-56.

[39] Peng, X., Peng, D., Hu, Y., Gang, H., Yu, Y., & Tang, S. Correlation of heart rate and blood p
ressure variability as well as hs-CRP with the burden of stable coronary artery disease[J].Min
erva cardioangiologica, 2020. 68(5), 376-382.

[40] He Aixin, Zhao Lihua, Zou Zhuocheng, et al. Exploratory study of Yisui Yangxin moxibustio
n in prevention and treatment of prehypertension in perimenopausal women[J/OL].Chinese A
cupuncture & Moxibustion, [2025-05-19].1-18.

[41] Montano N, Porta A, Cogliati C, et al.Heart rate variability explored in the frequency domain:

A tool to investigate the link between heart and behavior[J].Neuroscience & Biobehavioral R

16



eviews,2009, 33 (2): 71-80.

17



