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ABSTRACT

Background: Wide pulse pressure (PP) is a significant predictor of cardiovascular 
events.  Isometric handgrip exercise (IHG) is a form of exercise used to manage 
blood pressure (BP). However, research on its effects in individuals with above-
normal pulse pressure remains limited.

Objectives: This study aimed to examine the impact of a home-IHG program on 
arterial stiffness and blood pressure in middle-aged individuals with prehypertension 
or stage 1 hypertension and elevated PP. 

Materials and methods: Twenty-eight participants were randomly assigned to either the 
IHG group (IHG, N=14) or the control group (CON, N=14). The IHG group performed 
IHG at 30% of their maximum voluntary contraction, using a modified mercury  
sphygmomanometer as the exercise device, 3 times/week, for 8 weeks. Brachial-ankle 
pulse wave velocity (baPWV) and BP were assessed at baseline and post-intervention.

Results: The results demonstrated an improvement in vascular function following 
IHG implementation, indicated by a significant decrease in baPWV in the IHG group 
compared with the control group (IHG: 1240±121 cm/s vs CON: 1365±159 cm/s; 
p<0.05). IHG also significantly reduced systolic blood pressure (SBP) compared 
with the control group (IHG: 119.86±5.26 mmHg vs CON: 131.21±3.64 mmHg; 
p<0.05). Moreover, changes in baPWV were positively correlated with changes in 
SBP (r=0.65, p<0.001) and PP (r=0.52, p<0.01).

Conclusion: An 8-week home-based IHG program using a mercury sphygmomanometer 
for training reduced BP and arterial stiffness in middle-aged women with elevated PP.
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Introduction
	 Elevated BP, even at a marginal level, is a significant 
clinical concern and increased cardiovascular morbidity 
and mortality.1 Therefore, appropriate BP control is 
crucial. Age-related changes in BP are characterized by an 
increase in SBP and a stable or mildly decreasing diastolic 
pressure (DBP), resulting in higher PP. Notably, elevated PP 
is related to vascular elasticity and serves as an index of 
arterial stiffness.2 The European Society of Hypertension 
also acknowledges that a widened PP is a distinct risk 
factor, independent of elevated SBP.
	 Guidelines from health organizations recommend 
at least 150 minutes/week of moderate-intensity aerobic 
exercise as a first-line non-pharmacological strategy for the 
prevention, management, and lowering of hypertension 
(HTN).3,4 A recent systematic review and meta-analysis 
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demonstrated that aerobic training reduced SBP and DBP 
by approximately 4 and 3 mmHg, respectively.5 Despite 
the established benefits of regular exercise, in Thailand, 
43% of adults do not meet recommended exercise levels.6 
Lack of time is frequently cited as a barrier to engaging in 
aerobic exercise,7 highlighting the need for time-efficient 
alternative approaches to BP management.
	 IHG has gained attention for its simplicity, short 
exercise duration, and efficacy in reducing BP.8-10 Previous 
studies have demonstrated the anti-hypertensive effects 
of IHG interventions, with durations ranging from 3 to 
12 weeks across diverse populations, with average BP 
reductions comparable to those achieved with standard 
exercise recommendations.8,10 Nevertheless, only a 
limited number of trials have explored the effect of IHG 
on vascular adaptation, yielding inconsistent results.11-13 
Prior IHG implementation typically required specialized 
equipment, potentially impeding exercise accessibility. 
Hence, to overcome this limitation, this research employed 
a modified mercury sphygmomanometer as an accessible 
tool for grip strength exercises.14-16 
	 Therefore, the aims of this study were to investigate 
the effect of an 8-week IHG intervention on vascular 
function BP in middle-aged individuals with pre-HTN and 
stage 1 HTN who exhibited elevated PP. We hypothesized 
that IHG would lead to improved vascular function, with a 
concomitant decrease in BP.

Materials and methods
 Participants
	 Women aged 40-59 years with elevated BP or stage 
1 HTN (resting SBP ≥120-139 mmHg and/or DBP ≥80-89 
mmHg) were recruited from Samliam sub-district Health 
Promoting Hospital and Nong Kung sub-district Health 
Promoting Hospital, Khon Kaen province, Thailand. The 
inclusion criteria were: 1) PP of 50-79 mmHg, 2) body 
mass index (BMI) of 18.5-24.9 kg/m², and 3) sedentary 
behavior, defined as a low level of physical activity 

assessed using the Thai version of the short-form 
International Physical Activity Questionnaire (IPAQ-SF). 
Exclusion criteria included: 1) a diagnosis of heart disease, 
diabetes mellitus, kidney disease, pulmonary disease, or 
neurological conditions;,2) use of regular medications, 
supplements, or hormone replacement therapy within the 
12 months prior to study enrollment, 3) upper extremity 
fracture within the past 6 months, 4) upper extremity 
deformity that could impair IHG, 5) moderate to severe 
pain, 6) current regular smoking or alcohol consumption, 
and 7) participation in any other exercise programs within 
12 months prior to trial enrollment.
	 The sample size was calculated based on a previous 
study17 using the formula for the comparison of two 
independent means. A sample size of 14 participants per 
group was required to achieve a statistical power of 0.80 
with an alpha (α) level of 0.05. Consequently, a total of 28 
participants were randomly assigned to the study groups.

 Modified mercury sphygmomanometer
	 This study employed a modified mercury sphygmo- 
manometer (SPIRIT, CK-101, Germany) for both measurement 
and training device (Figure 1). Previous research has 
demonstrated a correlation between grip strength 
values obtained using mercury sphygmomanometers and  
standard dynamometers in various populations. This 
evidence supports the use of modified sphygmomanometers 
as a reliable and alternative method for assessing handgrip 
strength.14-16 As previously described, the sphygmomanometer 
was adapted using the bag method, which involved folding 
the inflatable bladder cuff into a cylindrical form with an 
approximate circumference of 7 inches and encasing it in a 
soft, non-slip, non-stretch fabric.15,16 The modified mercury 
sphygmomanometer was calibrated and validation prior to 
data collection to ensure accuracy. The calibration results 
confirmed the validity for research application, with high 
measurement reliability at 95% confidence, complying 
with international standards (EA-4/02 and GUM).

Figure 1. Modified mercury sphygmomanometer.
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Procedure
	 The maximal voluntary contraction (MVC) of the
dominant hand was assessed using a modified mercury
sphygmomanometer, consistent with the recommendations 
of the American Society of Hand Therapists.18 All measurements 
were performed by a trained physiotherapist. Following 
a familiarization session, the MVC test was conducted 
with participants in a seated position, maintaining the 
shoulder in a neutral position and elbow flexion at 90°. 
Each participant performed two trials with a minimum 
rest period of 1 minute between attempts. The higher 
value of the two trials, recorded in mmHg, was used as the 
participant’s MVC.
﻿
Isometric handgrip training protocol
	 In the initial 2 weeks, participants performed exercises 
under the closed supervision of a physical therapist and 
received an instructional exercise booklet for continued 
practice. Furthermore, the participants were informed of 
the precautions and the indications for stopping exercise. 
For the subsequent 6 weeks, participants independently 
conducted home-based training. The IHG program, 
performed 3 times/week for 8 weeks, consisted of four 
sets of two-minute contractions using a modified mercury 
sphygmomanometer with the dominant hand, maintaining 
a target pressure at 30% of the participant’s MVC, with 
one-minute rest periods between each set.8 The MVC was 
reassessed every two weeks to adjust the exercise load. 
Throughout the study, participants were asked to maintain 
their routine activities and record each home exercise 
session in an exercise diary. Adherence to the home-based 
exercise program was monitored through weekly phone 
calls and researcher home visits every two weeks. All of 
participants in the IHG group completed all 24 scheduled 
exercise sessions. 

Control group
	 Participants in the control group maintained their 
usual daily activities during the study period and received 
no additional interventions.

Measurements 
	 Before testing, subjects were instructed to avoid 
strenuous exercise for 24 hours and to abstain from 
smoking, alcohol, and caffeine for 4 hours. A minimum 
10-minute rest period was required prior to data collection. 

All assessments were conducted in a quiet, temperature-
controlled environment. Outcome measurements were 
collected at baseline and after the 8-week program. 
Post-intervention assessments were conducted 48 hours 
after the final exercise session to minimize the influence 
of immediate exercise responses. All data were collected 
by the same investigator who blinded to group allocation. 
After a 10-minute rest, brachial SBP and DBP were 
measured using a calibrated, automated device (Masimo, 
WelchAllyn Vonnex Spot Monitor, USA) following a 
standardized protocol.19 The mean of two readings was 
recorded for analysis, PP was then calculated from SBP 
and DBP. 

Vascular function
	 baPWV was determined using a data acquisition 
system (Arterial Compliance Monitor, Bart’s and The 
London School of Medicine and Dentistry, UK) with 
Doppler probes (Dopplex MDII, Huntleigh Healthcare, 
Cardiff, UK).  Two consecutive waveform tracings were 
obtained for each participant, and the mean value was 
used for subsequent analysis. The arterial path length was 
estimated based on participant height.20

Statistical analysis
	 All data are expressed as mean±SD. Statistical 
analyses were performed using Statistical software 
(SPSS version 28.0.1.0 (142)). The Shapiro-Wilk test was 
used to assess the normality of data distribution. For 
within-group comparisons, paired samples T-tests were 
applied to evaluate differences between baseline and 
post-intervention values. Between-group differences in 
outcome variables were analyzed using independent 
samples t-tests. Pearson’s correlation coefficient was 
calculated to assess the relationship between changes 
in vascular function and BP parameters. A <0.05 was 
considered statistically significant for all analyses.

Results  
Baseline characteristics
	 Twenty-eight middle-aged women (age range: 43-
57 years, mean age: 50.57±3.90 years) participated in this 
study. At baseline, there were no significant differences in 
demographic characteristics between the IHG and control 
groups (Table 1).

 Table 1. Participant’s characteristics.  

Variables Control group
(N=14)

IHG group
(N=14)

Age (year) 049.23±4.14 051.24±3.68
Weight (kg) 056.77±5.27 056.55±6.67
Height (cm) 161.14±4.53 158.50±6.37
BMI (kg/m2) 021.84±1.50 022.45±1.52

Note: IHG group: isometric handgrip exercise group, kg: kilogram, cm: centimeter, BMI: body 
mass index, m: meter. Data are expressed as mean±SD.
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Blood pressure 
	 The 8-week IHG program significantly reduced SBP 
by approximately 10 mmHg and PP by approximately 8 
mmHg from baseline. (Table 2). Following the intervention, 
SBP and PP were significantly lower in the exercise group 
compared to the control group (p<0.05). However, DBP did 
not change significantly over the 8-week period.

	 Initial baPWV did not differ significantly between 
the IHG and control groups (p>0.05; Figure 2). After 8 
weeks, baPWV in the IHG group decreased significantly 
by 117 cm/s from baseline values (p<0.05). Furthermore, 
arterial function significantly improved in the IHG group, 
as evidenced by a lower baPWV compared to the control 
group at the post-intervention assessment (p<0.05).

Table 2. Changes in blood pressure before and after 8-weeks of intervention. 

Variables
Control group (N=14) IHG group (N=14)

Baseline 8 weeks Baseline 8 weeks
SBP (mmHg) 130.79±4.89 131.21±3.64 130.75±4.51 119.86±5.26*,#

DBP (mmHg) 076.43±3.13 077.50±5.50 77.57±3.37 075.21±4.9000
PP (mmHg) 054.36±3.82 053.71±7.05 53.18±3.24 044.64±4.57*,#

Note: IHG group: isometric handgrip exercise group, SBP: systolic blood pressure, mmHg: millimeter of mercury, DBP: diastolic 
blood pressure, PP: pulse pressure, *significant different from baseline (p<0.05), #significant different from control group (p<0.05). 
Data are express as mean±SD

Figure 2. Individual changes and mean baPWV before and after 8-weeks of intervention. 
IHG group: isometric handgrip exercise group, baPWV: brachial ankle pulse wave velocity, cm: centimeter, s: second,
* significant different from baseline (p<0.05), # significant different from control group (p<0.05).



W. Usupharach et al.  Journal of Associated Medical Sciences 2025; 58(3): 376-383380

	 Pearson correlation analysis was conducted to 
examine the relationship between changes in arterial 
stiffness and BP parameters. There was a significant 
positive association between changes in baPWV and 

changes in SBP (r=0.65, p<0.001; Figure 3A). Similarly, 
alterations in baPWV were significantly correlated with 
changes in PP (r=0.52, p<0.01; Figure 3B). 

Figure 3.  Relationship between changes in brachial-ankle pulse wave velocity (baPWV) and changes in systolic blood 
pressure (A) and PP (B) all participants.
IHG: isometric handgrip exercise group, Con: control group, baPWV: brachial ankle pulse wave velocity, cm: centimeter, s: 
second, SBP: systolic blood pressure, mmHg: millimeter of mercury, PP: pulse pressure.

Discussion
	 In this cohort of middle-aged women with elevated 
PP an 8-week home-based IHG program demonstrated 
beneficial effects on vascular function and reduced BP. 
Increased arterial stiffness is a recognized characteristic in 
HTN patients. In the present study, baPWV was used to 
assess arterial stiffness. A significant reduction in baPWV 
(approximately 100 cm/s) was observed following the 
implementation of IHG exercise. This magnitude of PWV 
reduction is considered clinically meaningful.21 This finding 
aligns with a study by Patil et al.,22 which demonstrated 
an alleviation of arterial stiffness (both carotid-femoral 
pulse wave velocity: cfPWV and baPWV) following a yoga 
intervention in elderly subjects with elevated PP. Similarly, 
previous research has shown a significant decrease in 
cfPWV after 12 weeks of IHG in elderly hypertensive 
patients. However, they reported no significant change 
in peripheral arterial stiffness, assessed via leg PWV.23 
IHG-induced vascular adaptations may involve several 
mechanisms, including enhanced local endothelium-

dependent vasodilation, vascular remodeling, and/or 
modulation of autonomic vasomotor control.8

	 In the current study, a 8-week IHG training resulted 
in a clinically significant reduction in resting SBP by 
approximately 10 mmHg.24 Following the intervention, 
35% of participants in the handgrip group achieved optimal 
SBP levels (<120 mmHg). Additionally, 85% of participants 
achieved a PP less than 50 mmHg, a level associated with 
reduced cardiovascular risk.25 Our findings align with a 
previous systematic review of low- to moderate-intensity 
IHG training programs which reported a mean reduction in 
SBP of 5 mmHg.26 These findings support the efficacy of IHG 
for lowering BP in pre-HTN and stage 1 HTN middle-aged 
adults with above-normal PP. Indeed, the magnitude of BP 
reduction following IHG exercise appears to be related to 
the participants’ baseline clinical characteristics and the 
IHG exercise protocol. Millar et al.27 reported a positive 
correlation between baseline SBP and the magnitude of 
SBP reduction after IHG training, indicating greater benefits 
in individuals with higher initial SBP levels. Regarding the 
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IHG prescription, prior meta-analyses suggest that IHG 
training durations exceeding 8 weeks may yield larger BP 
reductions.28 
	 The present study found that handgrip training had 
no significant effect on DBP. Our findings are consistent 
with prior research and likely attributed to the baseline 
characteristics of our participants, the majority of whom 
presented with DBP values within the normal range prior 
to the intervention. Therefore, any additional decrease 
in DBP was limited by a physiological floor effect.28,29 This 
lack of a significant DBP change aligns with findings from 
a systematic review and meta-analysis by Almeida et al., 
which also reported no significant diastolic reductions 
following 8-10 weeks of IHG training in individuals with 
normotensive baseline DBP. The researchers proposed 
that IHG training mainly influences SBP by decreasing 
vascular resistance, leading to a greater impact on systolic 
blood pressure.30 Conversely, DBP is primarily determined 
by cardiac output, which appear to be less responsive to 
this form of exercise training.31

	 Elevated BP accelerates structural and functional 
vascular changes, leading to reducing arterial distensibility. 
Conversely, increased arterial stiffness elevates BP by 
enhancing vascular resistance, establishing a bidirectional 
relationship.27,28 In the present study, a positive association 
between reductions in BP and PWV was observed, 
suggesting that BP lowering following IHG training was 
proportional to improvements in vascular function. SBP 
has been demonstrated to be associated with arterial 
stiffness. Supporting this relationship, a large cross-
sectional study (N=12,517) by Tomiyama et al. revealed 
that systolic blood pressure was correlated with baPWV 
among both male (r=0.61, p<0.01) and female participants 
(r=0.75, p<0.01).34  This association has also been observed 
in intervention studies. Prior research in individuals 
with chronic obstructive pulmonary disease reported 
a significant positive association between changes in 
baPWV and changes in SBP (r=0.79, p=0.004) after a 
4-week aerobic exercise program.35 Similarly, Figueroa 
et.al., found correlations between decrease in baPWV and 
reductions in both radial systolic blood pressure (r=0.57, 
p<0.01) and aortic systolic blood pressure (r=0.64, p<0.01) 
following 6 weeks of watermelon supplementation in post-
menopausal women.36 These findings suggest that the 
intervention-induced reductions in systolic blood pressure 
may be accompanied by concurrent decreases in arterial 
stiffness. 
	 The potential mechanisms underlying the BP-
lowering effects of handgrip exercise might be involved an 
attenuation of vascular resistance by enhanced nitric oxide 
(NO)-induced vasodilation.8 Although our study did not 
directly measure NO levels, the assessed flow-mediated 
dilation (FMD) as an indicator of endothelium-dependent, 
NO-mediated vasodilation in response to IHG.  Consistent 
with this, Javidi et al. reported an enhancement in brachial 
artery %FMD in IHG training group, implying increased 
NO bioavailability after the IHG intervention.37 Further 
supporting this mechanism, improvements in endothelial 
function after IHG have been demonstrated by a reduction 

in shear rate area under the curve after occlusion in 
hypertensive patient.23

Limitations
	 This study has several limitations. The absence 
of measurements for nitric oxide, oxidative stress, or 
inflammatory markers limits our ability to fully elucidate 
the mechanisms underlying the BP reductions observed 
following IHG. Further research is needed to explore the 
mechanistic pathways. Additionally, studies with longer 
durations and larger sample sizes are warranted to confirm 
the long-term benefits of IHG training and only specific for 
middle aged women.

Conclusion
	 Moderate-intensity IHG using a modified 
sphygmomanometer significantly reduced BP and arterial 
stiffness, potentially lowering cardiovascular risk. These
findings suggest that IHG exercise may serve as a 
therapeutic adjunct for improving BP control and vascular 
function in middle-aged women with pre-HTN or stage 1 
HTN and elevated PP. 

Ethical approval
	 The research procedures were approved by the Khon 
Kaen University Ethics Committee for Human Research 
(HE661093), in accordance with the Declaration of 
Helsinki and the Good Clinical Practice Guidelines. Written 
informed consent was obtained from all participants 
before their enrollment.

Funding
	 This study was supported by research and graduate 
studies, Khon Kaen University, Thailand.

Conflict of interest
	 The authors have no conflicts of interest associated 
with the material presented in this paper.

CRedit authorship contribution statement    
	 Worrawut Usupharach: data collection, formal 
analysis, data curation, initial drafting; Hataichanok 
Boonpim: formal analysis, data curation, initial drafting; 
Sawitri Wanpen: formal analysis, data curation; Raoyrin 
Chanavirut: conceptualized and designed, formal analysis; 
Ponlapat Yonglitthipagon: conceptualized and designed, 
formal analysis; Saowanee Nakmareong: conceptualized 
and designed, writing – review and editing, project 
administration and funding acquisition. All authors 
approved the final version of the manuscript.

Acknowledgements
	 The authors would like to sincerely thank all 
participants for their valuable contributions to this 
study and to Samliam and Nong Kung sub-district 
Health Promoting Hospital for the dedicated support 
and cooperation of their staff in facilitating participant 
recruitment. 



W. Usupharach et al.  Journal of Associated Medical Sciences 2025; 58(3): 376-383382

Re ferences
[1] 	 Lewington S, Clarke R, Qizilbash N, Peto R, Collins 

R, Prospective Studies Collaboration. Age-specific 
relevance of usual blood pressure to vascular 
mortality: a meta-analysis of individual data for one 
million adults in 61 prospective studies. Lancet Lond 
Engl. 2002; 360(9349): 1903-13. doi: 10.1016/s0140-
6736(02)11911-8.

[2] 	 Steppan J, Barodka V, Berkowitz DE, Nyhan D. 
Vascular stiffness and increased pulse pressure in the 
aging cardiovascular system. Cardiol Res Pract. 2011; 
2011: 263585. doi: 10.4061/2011/263585.

[3] 	 Riebe DK, Ehrman J, Liguori G, Magal M. ACSM’s 
guidelines for exercise testing and prescription. 
Wolters Kluwer; 2022. 

[4] 	 Whelton PK, Carey RM, Aronow WS, Casey DE, Collins 
KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/
AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 
guideline for the prevention, detection, evaluation, 
and management of high blood pressure in adults: 
a report of the American College of Cardiology/
American Heart Association Task Force on Clinical 
Practice Guidelines. J Am Coll Cardiol. 2018; 71(19): 
e127-248. doi:10.1161/HYP.0000000000000066.

[5.] 	 Edwards JJ, Deenmamode AHP, Griffiths M, Arnold 
O, Cooper NJ, Wiles JD, et al. Exercise training and 
resting blood pressure: a large-scale pairwise and 
network meta-analysis of randomised controlled 
trials. Br J Sports Med. 2023; 57(20): 1317-26. doi: 
10.1136/bjsports-2022-106503.

[6] 	 Widyastari DA, Saonuam P, Pongpradit K, Wongsingha 
N, Choolers P, Kesaro S, et al. Results from the 
Thailand 2022 report card on physical activity for 
children and youth. J Exerc Sci Fit. 2022; 20(4): 276-
82. doi:10.1016/j.jesf.2022.06.002.

[7] 	 Justine M, Azizan A, Hassan V, Salleh Z, Manaf H. 
Barriers to participation in physical activity and 
exercise among middle-aged and elderly individuals. 
Singapore Med J. 2013; 54(10): 581-6. doi: 10.11622/
smedj.2013203.

[8] 	 Edwards JJ, Coleman DA, Ritti-Dias RM, Farah BQ, 
Stensel DJ, Lucas SJE, et al. Isometric exercise training 
and arterial hypertension: An updated review. Sports 
Med Auckl NZ. 2024 May 19. doi: 10.1007/s40279-
024-02036-x.

[9] 	 Hansford HJ, Parmenter BJ, McLeod KA, Wewege MA, 
Smart NA, Schutte AE, et al. The effectiveness and 
safety of isometric resistance training for adults with 
high blood pressure: a systematic review and meta-
analysis. Hypertens Res Off J Jpn Soc Hypertens. 
2021; 44(11): 1373-84. doi: 10.1038/s41440-021-
00720-3.

[10] 	Oliveira PC, Silva MR, Lehnen AM, Waclawovsky 
G. Isometric handgrip training, but not a single 
session, reduces blood pressure in individuals with 
hypertension: a systematic review and meta-analysis. 
J Hum Hypertens. 2023; 37(9): 844-53. doi: 10.1038/
s41371-022-00778-7.

[11] 	Rodrigues SLC, Farah BQ, Silva G, Correia M, 
Pedrosa R, Vianna L, et al. Vascular effects of 
isometric handgrip training in hypertensives. Clin 
Exp Hypertens N Y N 1993. 2020; 42(1): 24-30. doi: 
10.1080/10641963.2018.1557683.

[12] 	Edwards JJ, Jalaludeen N, Beqiri A, Wiles JD, Sharma 
R, O’Driscoll JM. The effect of isometric exercise 
training on arterial stiffness: A randomized crossover-
controlled study. Physiol Rep. 2023; 11(10): e15690. 
doi: 10.14814/phy2.15690.

[13] 	 Lopes S, Afreixo V, Teixeira M, Garcia C, Leitão C, 
Gouveia M, et al. Exercise training reduces arterial 
stiffness in adults with hypertension: a systematic 
review and meta-analysis. J Hypertens. 2021; 39(2): 
214-22. doi: 10.1097/HJH.0000000000002619.

[14] 	Brito SAF de, Santana M de M, Benfica P do A, Aguiar 
LT, Gomes G de C, Faria CDC de M. The modified 
sphygmomanometer test for assessment of muscle 
strength of community-dwelling older adults in clinical 
practice: reliability and validity. Disabil Rehabil. 2022; 
44(1): 131-8. doi: 10.1080/09638288.2020.1758804.

[15] 	Seephim B, Nualnetr N. Intra-rater reliability of 
grip strength measurement by using a manual 
sphygmomanometer in patients with rheumatoid 
arthritis. Phys Ther J. 2021; 43(2): 59-66. 

[16] 	Souza LAC, Martins JC, Moura JB, Teixeira-Salmela LF, 
De Paula FVR, Faria CDCM. Assessment of muscular 
strength with the modified sphygmomanometer 
test: what is the best method and source of outcome 
values? Braz J Phys Ther. 2014; 18(2): 191-200. doi: 
10.1590/S1413-35552012005000149.

[17] 	Punia S, Kulandaivelan S. Home-based isometric 
handgrip training on RBP in hypertensive adults—
Partial preliminary findings from RCT. Physiother Res 
Int. 2020; 25(1): e1806. doi: 10.1002/pri.1806.

[18] 	Külkamp W, Ache-Dias J, Kons RL, Detanico D, Dal 
Pupo J. The ratio standard is not adequate for scaling 
handgrip strength in judo athletes and nonathletes. J 
Exerc Rehabil. 2020 Apr;16(2):175–82. doi:10.12965/
jer.2040108.054.

[19] 	Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, 
Prabhakaran D, et al. 2020 International Society 
of Hypertension Global Hypertension Practice 
Guidelines. Hypertens Dallas Tex 1979. 2020; 75(6): 
1334-57. doi:10.1161/HYPERTENSIONAHA.120.15026.

[20] 	Munakata M. Brachial-Ankle Pulse Wave Velocity: 
Background, Method, and Clinical Evidence. Pulse 
Basel Switz. 2016; 3(3-4): 195-204. doi: 10.1159/ 
000443740.

[21] 	Vlachopoulos C, Aznaouridis K, Terentes-Printzios 
D, Ioakeimidis N, Stefanadis C. Prediction of 
cardiovascular events and all-cause mortality 
with brachial-ankle elasticity index: a systematic 
review and meta-analysis. Hypertens Dallas Tex 
1979. 2012; 60(2): 556-62. doi: 10.1161/HYPERTEN 
SIONAHA.112.194779.

[22] 	Patil SG, Aithala MR, Das KK. Effect of yoga on 
arterial stiffness in elderly subjects with increased 



W. Usupharach et al.  Journal of Associated Medical Sciences 2025; 58(3): 376-383 383

pulse pressure: A randomized controlled study. 
Complement Ther Med. 2015; 23(4): 562-9. doi: 10.1016/ 
j.ctim.2015.06.002.

[23] 	Rodrigues SLC, Farah BQ, Silva G, Correia M, 
Pedrosa R, Vianna L, et al. Vascular effects of 
isometric handgrip training in hypertensives. Clin 
Exp Hypertens N Y N 1993. 2020; 42(1): 24-30. doi: 
10.1080/10641963.2018.1557683.

[24] 	Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender 
T, Emberson J, et al. Blood pressure lowering for 
prevention of cardiovascular disease and death: a 
systematic review and meta-analysis. The Lancet. 
2016; 387(10022): 957-67. doi:10.1016/S0140-
6736(15)01225-8.

[25] 	Asmar R, Vol S, Brisac AM, Tichet J, Topouchian 
J. Reference values for clinic pulse pressure in a 
nonselected population. Am J Hypertens. 2001; 14(5Pt1): 
415-8. doi: 10.1016/s0895-7061(01)01284-5.

[26] 	Betancur AFL, Medrano IC. Is low-intensity isometric 
handgrip exercise an efficient alternative in lifestyle 
blood pressure management? A systematic review. 
Sports Health. 2020; 12(5): 470-7. doi: 10.1177/194 
1738120943882.

[27] 	Millar PJ, Bray SR, McGowan CL, MacDonald MJ, 
McCartney N. Effects of isometric handgrip training 
among people medicated for hypertension: a 
multilevel analysis. Blood Press Monit. 2007; 12(5): 
307-14. doi:10.1097/MBP.0b013e3282cb05db.

[28] 	 Inder JD, Carlson DJ, Dieberg G, McFarlane JR, Hess 
NC, Smart NA. Isometric exercise training for blood 
pressure management: a systematic review and 
meta-analysis to optimize benefit. Hypertens Res Off 
J Jpn Soc Hypertens. 2016; 39(2): 88-94. doi:10.1038/
hr.2015.111.

[29] 	Cornelissen VA, Smart NA. Exercise training for blood 
pressure: a systematic review and meta‐analysis. J 
Am Heart Assoc. 2013; 2(1): e004473. doi:10.1161/
JAHA.112.004473.

[30] 	Almeida JPA de S, Bessa M, Lopes LTP, Gonçalves A, 
Roever L, Zanetti HR. Isometric handgrip exercise 
training reduces resting systolic blood pressure but 

does not interfere with diastolic blood pressure and 
heart rate variability in hypertensive subjects: a 
systematic review and meta-analysis of randomized 
clinical trials. Hypertens Res Off J Jpn Soc Hypertens. 
2022; 45(5): 930-1. doi:10.1038/s41440-021-00681-7.

[31] 	Millar PJ, McGowan CL, Cornelissen VA, Araujo CG, 
Swaine IL. Evidence for the role of isometric exercise 
training in reducing blood pressure: potential 
mechanisms and future directions. Sports Med Auckl 
NZ. 2014; 44(3): 345-56. doi:10.1007/s40279-013-0118-x.

[32] 	Safar ME, Asmar R, Benetos A, Blacher J, Boutouyrie 
P, Lacolley P, et al. Interaction Between Hypertension 
and Arterial Stiffness. Hypertens Dallas Tex 1979. 
2018; 72(4): 796-805. doi:10.1161/HYPERTENSION 
AHA.118.11212.

[33] 	Wilson J, Webb AJS. Systolic blood pressure and 
longitudinal progression of arterial stiffness: 
A quantitative meta-analysis. J Am Heart Assoc. 2020; 
9(17): e017804. doi:10.1161/JAHA.120.017804.

[34] 	Tomiyama H, Yamashina A, Arai T, Hirose K, Koji Y, 
Chikamori T, et al. Influences of age and gender on 
results of noninvasive brachial-ankle pulse wave 
velocity measurement--a survey of 12517 subjects. 
Atherosclerosis. 2003; 166(2): 303-9. doi:10.1016/
s0021-9150(02)00332-5.

[35] 	Vivodtzev I, Minet C, Wuyam B, Borel JC, Vottero G, 
Monneret D, et al. Significant improvement in arterial 
stiffness after endurance training in patients with 
COPD. Chest. 2010; 137(3): 585-92. doi:10.1378/
chest.09-1437.

[36] 	Figueroa A, Wong A, Hooshmand S, Sanchez-Gonzalez 
MA. Effects of watermelon supplementation on 
arterial stiffness and wave reflection amplitude in 
postmenopausal women. Menopause. 2013; 20(5): 
573. doi:10.1097/GME.0b013e3182733794.

[37] 	 Javidi M, Ahmadizad S, Argani H, Najafi A, Ebrahim 
K, Salehi N, et al. Effect of Lower- versus Higher-
Intensity Isometric Handgrip Training in Adults with 
Hypertension: A Randomized Controlled Trial. J 
Cardiovasc Dev Dis. 2022; 9(9): 287. doi:10.3390/
jcdd9090287.


