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Abstract
Background: Isometric handgrip resistance exercise, a nonpharmacological lifestyle modification, has been
recommended as a first-line treatment for hypertension. This study aimed to examine the relationship of
handgrip strength to blood pressure and the risk of hypertension.
Methods: The responses and examination of 4597 participants in the National Health and Nutrition Examination
Survey (NHANES) were analyzed in this study. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
transformed to age- and sex-specific z-scores. Handgrip strength was adjusted by weight (kg) and converted to an
age- and sex-specific z-score. The relationships of SBP and DBP to handgrip strength were analyzed by Pearson
correlation test and multivariable linear regression. Binary logistic regression was used to analyze the association
between handgrip strength and prevalence of hypertension.
Results: Handgrip strength was positively related to higher DBP in men and women. In men, logistic regression
models revealed that increased handgrip strength was associated with higher risk of hypertension after adjusting for
age, BMI, smoking and drinking status; OR was 1.24 (95%CI: 1.04–1.48). After stratifying on BMI, handgrip strength was
significantly associated with higher risk of hypertensions after adjusting for age, BMI, smoking and drinking status in
overweight and obese men; OR was 1.31 (95%CI: 1.05–1.63). No significant associations were observed in women.
Conclusions: Increased handgrip strength is associated with higher DBP in men and women. In men, especially
overweight and obese men, strong handgrip strength may be associated with higher risk of hypertension.
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Background
Hypertension, also known as high or raised blood pressure
(BP), is a condition in which the pressure in the arteries is
persistently elevated. It contributes to the burden of heart
disease, stroke, kidney failure, premature mortality and
disability. Cardiovascular disease accounts for approximately 17 million deaths a year, which is nearly 1/3 of annual global deaths [1]. Every year, worldwide, 9.4 million
people deaths die from complications of hypertension,
* Correspondence: zhaoyh@sj-hospital.org
†
Equal contributors
1
Department of Clinical Epidemiology, Shengjing Hospital of China Medical
University, No. 36, San Hao Street, Shenyang 110004, Liaoning, China
Full list of author information is available at the end of the article

which has become a global public health problem [2]. Risk
factors increased the prevalence of hypertension include
population growth, increased age and behavioral risk
factors, such as unhealthy diet, tobacco use, consumption of alcohol, excess weight, exposure to persistent stress, high cholesterol, diabetes mellitus, and
lack of physical activity. Strategies that have been implemented to prevent and manage hypertension include reducing exposure to behavioral risk factors and
early detection and treatment of hypertension [3].
Despite these strategies, the mortality trend for hypertension continues to increase [4].
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Current national and international guidelines for prevention of hypertension recommend that adults perform
muscle strengthening activities 2 or more days a week to
obtain at least 150 min/week of moderate-intensity or
perform 75 min/week of vigorous-intensity aerobic
physical activity [5–8]. Evidence indicates that isometric
resistance training is an effective exercise modality to
lower resting BP in both normotensive and hypertensive populations [9–12]. The handgrip strength test,
a quick and inexpensive way to measure an individual’s muscle strength, is verified to be a satisfactory
indicator of resistance training in an epidemiological
study [13–15].
Although most evidence indicates that greater handgrip strength is associated with lower BP [16–19], some
of them are limited to small sample size studies [19].
And other studies did not find this association [20, 21].
In contrast, in the oldest old persons, higher BP was
found to be associated with greater handgrip strength
[22]. Dong [14] and Diez-Fernandez [23] suggested
that the effect of strong handgrip strength was mediated by body mass index (BMI). However, after adjustment for BMI, strong handgrip strength was still
associated with higher, not lower, adolescent BP [14].
Analysis of the association between handgrip strength
and BP adjusted for BMI in a large-scale population is
relatively scarce.
Therefore, using a representative sample from the
database of the National Health and Nutrition Examination Survey (NHANES) 2011–2012 and 2013–2014 survey participants aged ≥18 years old, we examined the
association between handgrip strength and BP in
adults after stratifying by, or adjusting for, age, sex
and BMI. This study may have important implications
for hypertension intervention measures.

Methods
Participants and samples

The NHANES is a cross-sectional study that examines
the health and nutrition of children and adults in the
United States. It collects data about demographics,
health and health behaviors. NHANES uses a complex
stratified, multistage, probability cluster sample designed
to represent the U.S. population with respect to age, sex
and race [24, 25].
Handgrip dynamometer assessment was recently included in NHANES. Handgrip strength data is available
in the 2011–2012 and 2013–2014 survey cycles. Handgrip strength data from the participants aged ≥18 years
old who participated in these survey cycles were analyzed in this study. Written informed consent was obtained from all the participants. The NHANES protocol
was reviewed and approved by the National Center for
Health Statistics Research Ethics Review Board.
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Anthropometry

Height was measured to the nearest 0.1 cm using a
digital stadiometer connected to an acrylic headpiece
that interfaced directly with the Integrated Survey Information System (ISIS) anthropometry software application. Weight was measured in kilograms used a digital
weight scale. BMI was calculated as weight in kilograms
divided by height in meters squared (kg/m2), which was
categorized as underweight, normal, overweight and
obese according the NIH criteria [26].
Blood pressure

BP measurements were taken during the NHANES oneexamination visit. All participants sat all the way to the
back of the chair to keep the spine straight and rested
quietly for 5 min prior to BP measurement. The arm
was bare and unrestricted by clothing with the palm of
the hand turned upward. The elbow slightly flexed and
positioned so that the midpoint of the upper arm was at
the level of the heart. Three consecutive BP readings
were obtained by the auscultatory or oscillatory method.
If a BP measurement was interrupted or incomplete, a
fourth measurement was performed. All BP determinations (systolic and diastolic) were performed in the
NHANES mobile examination center. Hypertension was
defined as resting BP persistently at or above 140/
90 mmHg according to the international standard [27].
Handgrip strength

Handgrip strength, as an indicator of muscle strength,
was evaluated using a handgrip strength test according
to the recommendations of the Institute of Medicine
[28]. Takei Digital Grip Strength Dynamometer, Model
T.K.K.5401 (Takei Scientific Instruments Co., Niigata,
Japan) was used for all muscle strength assessments.
Each hand was tested three times, alternating hands with
a 60-s rest between measurements on the same hand.
Before measurement of handgrip strength, the dynamometer was adjusted to participants’ hands size, until
the second joint of the index finger was at a 90-degree
angle to the handle. The placements of the handle were
marked for each hand at the same time. Participants
stood straight with the feet hip with apart and arms fully
extended along side of thigh with palms facing the thigh.
The hand, which was in line with the wrist and forearm,
performed a quick, maximally hard squeeze of the handle. The complete handgrip strength testing protocol is
described in NHANES muscle strength procedures
manual.
Statistical analysis

Descriptive characteristics were expressed as mean ±
standard deviation (SD) for continuous variables and as
frequency with percentage for categorical variables.
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Baseline characteristics between men and women were
compared using t test and chi-square test.
To avoid the potential bias effect of body weight on
the estimation of handgrip strength, relative handgrip
strength [handgrip (kg)/body weight (kg)] was calculated
to assess the handgrip strength. This adjustment was
based on standard assumptions about morphological effects [13]. Because distribution of handgrip strength, SBP
and DBP varied by age and sex, these parameters were
transformed into sex and age specific SD scores (z-scores)
in the analysis of the association between handgrip
strength and risk of hypertension by binary logistic regression (z-score = (value − mean)/SD) [29]. Pearson correlation test, partial correlation and linear regression analysis
were used to analyze the relationships between handgrip
strength, BMI, SBP and DBP. Binary logistic regression
was used to analyze the association between handgrip
strength and prevalence of hypertension.

Results
Baseline characteristics of the study participants are
shown in Table 1. Our study included 4597 participants;
mean age was 47.4 ± 18.3 years. Compared with women,
men had higher height, weight, BMI, handgrip strength,
SBP and DBP. However, the gender-related difference in
hypertension prevalence was not significant.
The relationships of handgrip strength with BMI, SBP
and DBP were analyzed using a separate Pearson correlation test for each pair of variables. In all participants,
higher handgrip strength was correlated with lower SBP

(r = − 0.084, P < 0.01), DBP (r = − 0.034, P < 0.05) and
BMI (r = − 0.691, P < 0.01). BMI was positively correlated
with SBP and DBP (both, P < 0.01). The similar results
were observed in women. In men, higher BMI was also
correlated to higher SBP and DBP (both, P < 0.01); however, handgrip strength SBP and DBP were not significantly correlated with each other.
While controlling for BMI in partial correlation tests,
handgrip strength increased with SBP (r = 0.033, P < 0.
05) and DBP (r = 0.094, P < 0.01) in all subjects. The
similar correlations were observed in men. However, in
women handgrip strength was only positively correlated
to DBP.
The associations between BP and handgrip strength,
based on linear regression models, are shown in
Additional file 1: Table S1 and Table S2. SBP was
positively associated with handgrip strength (1 SD
higher increase in handgrip strength was related to
0.065 SD higher SBP, P < 0.01) in men after adjusting
for age and BMI (model 2). After also adjusting for
smoking and drinking status (model 3), the regression coefficient changed minimally; however, the association was no longer significant (P = 0.062).
Significant association was also observed between
SBP and unadjusted handgrip strength in women
(model 1). However, in women, no significant associations were founded between handgrip strength and
SBP in adjusted models 2 and 3. Higher handgrip
strength was significantly associated with higher DBP
in men: One SD increase in handgrip strength was related

Table 1 Baseline characteristics of study subjects by gender
All (4597)

Men (2184)

Women (2413)

t/χ2

Age (yrs)

47.4 ± 18.3

47.1 ± 18.3

47.8 ± 18.3

1.322

0.186

Height (cm)

167.1 ± 10.1

174.3 ± 7.8

160.5 ± 7.1

61.562a

< 0.01

Weight (kg)

81.5 ± 22.4

86.9 ± 21.8

76.5 ± 21.7

15.776a

< 0.01

29.1 ± 7.3

28.5 ± 6.5

29.6 ± 7.9

5.360a

< 0.01

84 (1.9)

38 (1.8)

46 (2.0)

63.541b

< 0.01

61.850a

< 0.01

−2

BMI (kg/m )

P

BMI Category
Underweight
Normal

1278 (29.0)

594 (28.3)

684 (29.6)

Overweight

1368 (31.1)

767 (36.6)

601 (26.1)

1674 (38.0)

698 (33.3)

976 (42.3)

33.9 ± 10.4

41.5 ± 8.8

26.7 ± 5.7

Obese
Handgrip strength (kg)

a

SBP (mm Hg)

122.8 ± 17.7

124.5 ± 16.3

121.2 ± 18.8

6.197

DBP (mm Hg)

69.7 ± 11.4

70.8 ± 12.0

68.8 ± 10.8

5.562a

< 0.01
< 0.01
b

Smoking

1944 (42.4)

1096 (50.4)

848 (35.2)

107.976

< 0.01

Drinking

2855 (70.0)

1579 (80.5)

1276 (60.2)

199.285b

< 0.01

Hypertension

715 (16.7)

355 (17.3)

360 (16.1)

0.985

0.321

Data are presented as mean ± SD or count (%)
a
Difference between men and women was significant using t- test
b
Difference between men and women was significant using chi-square test
BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure
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to 0.165 SD higher in DBP in men after adjusting for age
and BMI, P < 0.01 (model 2). In men, after also adjusting
for smoking and drinking, one SD increase in handgrip
strength was related to 0.155 SD higher DBP (model 3). In
contrast to the lack of association between handgrip
strength and SBP in women, DBP was significantly association with handgrip strength in women. Unadjusted handgrip strength was negatively associated with DBP (model
1). After adjusting for age and BMI, one SD increase in
handgrip strength in women was related to 0.096 SD
higher DBP (model 2) and 0.081 SD higher in DBP after
also adjusting for smoking and drinking status (model 3).
Table 2 shows the association between handgrip
strength and hypertension, stratified by gender; binary
logistic regression was used to estimate the odds ratio
(OR) of handgrip strength for the risk of hypertension.
Unadjusted handgrip strength was not associated with
risk of hypertension in men (model 1). After adjusting
for age and BMI (model 2) and smoking and drinking
status addition (model 3), significant associations were
observed: ORs were 1.229 (95%CI: 1.036–1.458) and 1.
241 (95%CI: 1.038–1.484), respectively. No significant
associations between handgrip strength and hypertension were observed in women.
Although participants were first categorized by the
international classification of adult underweight, normal,
overweight, and obesity according to BMI value, to perform BMI-stratified analysis of the association between
handgrip strength and hypertension these four weight
categories were combined into Underweight & Normal
(BMI < 25) and Overweight & Obese (BMI ≥25) groups
to categorize all participants into two BMI strata. Table 3
shows the association in men between handgrip strength
and hypertension risk stratified by these weight groups.
No significant associations were observed in the normal/
underweight group. In the overweight/obese group, unadjusted handgrip strength was not associated with
hypertension risk (model 1). After adjusting for age and
BMI, the association between handgrip strength and
hypertension was significant (P < 0.05, model 2); the OR
was 1.288 (95%CI: 1.041, 1.594). After adjusting also for
smoking and alcohol status, this association did not
changed (P < 0.05, model 3); the OR was 1.311 (95%CI:
1.053, 1.631). In women, similar to the results in

Table 2, no significant associations were found between handgrip strength and hypertension risk
(Table 4).

Discussion
The present study revealed that handgrip strength was
positively and significantly associated with DBP in men
and women. There were no significant associations between handgrip strength and SBP in women. Handgrip
strength appears to increase the risk of hypertension in
men especially for those who were overweight and obese
(BMI ≥ 25). However, the same results were not observed
in women.
Emerging evidence has demonstrated the effect of isometric handgrip exercise on reducing BP in normotensive and hypertensive populations [30]. Meta-analyses of
randomized controlled trials revealed that isometric
handgrip training could reduce resting BP [19, 31]. Recent randomized trials also support the same conclusion
[16, 17]. Possible mechanisms for these effects include
improvements in conduit and resistance due to vessel
endothelium dependent dilation, oxidative stress and
autonomic regulation of heart rate and BP [30]. However, most of these studies included relatively few subjects, and the exercise trainings were not uniform.
Recent studies report variable findings about the association between handgrip strength and BP. A recent randomized controlled trial found that isometric handgrip
exercise did not decrease BP [20]. In 2010, Dong et al.
[14] conduct a survey of 89,655 adolescents in China
aged 13–17 years; their results indicated that strong
handgrip strength was associated with increased adolescent BP. Another longitudinal cohort study conducted
by Taekema et al. reported that higher BP is associated
with greater handgrip strength in the oldest old, aged
over 85 years [22]. In their middle-age subjects, BP and
handgrip strength were not significantly associated.
The association between BP and handgrip strength
in adolescents may be confounded by BMI. Few of
these studies adjusted for BMI; such adjustment was
suggested, particularly in samples of younger adults
[23, 32–34]. The present study revealed that handgrip
strength was positively related to BP, the inverse of
this relationship before adjusting for BMI. Moreover,

Table 2 Association between handgrip strength and hypertension stratified by gender
Men (N = 1587)

Women (N = 1960)

β

S.E.

OR (95% CI)

P

β

S.E.

OR (95% CI)

P

− 0.083

0.058

0.921 (0.822, 1.032)

0.154

−0.098

0.071

0.907 (0.789, 1.043)

0.169

Model
Model 1: unadjusted
Model 2: adjusted for age and BMI

0.206

0.087

1.229 (1.036, 1.458)

0.018

0.007

0.117

1.007 (0.800, 1.268)

0.950

Model 3: as Model 2 and smoking and drinking

0.216

0.091

1.241 (1.038, 1.484)

0.018

−0.009

0.122

0.991 (0.781, 1.257)

0.939

BMI body mass index. Handgrip was transformed into age and sex specific SD scores (z-score)
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Table 3 Association in men between handgrip strength and hypertension stratified by two BMI categories
Underweight & Normal (N = 563)
β

S.E.

OR (95%CI)

Overweight & Obese (N = 1292)
P

β

S.E.

OR (95%CI)

P

Model
Model 1: unadjusted

−0.106

0.127

0.899 (0.701, 1.153)

0.402

−0.047

0.079

0.954 (0.817, 1.115)

0.557

Model 2: adjusted for age and BMI

0.127

0.158

1.136 (0.833, 1.549)

0.421

0.253

0.109

1.288 (1.041, 1.594)

< 0.05*

Model 3: as Model 2 and smoking and drinking

0.030

0.171

1.030 (0.737, 1.440)

0.863

0.270

0.112

1.311 (1.053, 1.631)

< 0.05*

BMI body mass index. All participants were categorized into two strata according to BMI value: Underweight & Normal (BMI < 25) and Overweight & Obese (BMI
≥25). Handgrip was transformed into age and sex specific SD scores (z-score). * P < 0.05

that association did not change after controlling for
smoking and drinking status. Similar results were
also seen in the association between handgrip
strength and risk of hypertension. These findings indicated that handgrip strength was positively associated with BP and the risk of hypertension.
Several mechanisms could explain the positive associations between handgrip strength and BP. Peripheral vascular resistance increases with chronological age due to
reduced sympatholysis, which results in an elevated sympathetic tone [35, 36], or vascular resistance increased
with morphological changes in the arteriolar network
[37]. Another possible explanation is that BP is associated with the age-associated loss of lean mass [38, 39].
In addition, handgrip strength is probably associated
with other risk factors for hypertensions, such as metabolic syndrome or cardiovascular disease biomarkers, including triglyceride, HDL, LDL, glycohemoglobin
(HbA1c), uric acid, insulin resistance and serum adiponectin levels [40–44]. Although the exact mechanisms of
handgrip strength induced lipids changes and interaction
with hypertension remain unclear, several potential hypotheses have been proposed. Adiponectin directly stimulates the activation of muscle autophagy, which could
affect the type and size of muscle cells [41]. The association between handgrip strength and metabolic syndrome seemed to be mediated by increasing insulin
resistance [42]. Insulin resistance stimulates muscle glucose uptake and increases body fat. A higher percentage
of body fat generally translates to a higher rate of appearance of free fatty acids in plasma, which could also
induce higher blood pressure [44]. Thus, considering the

numerous factors associated with BP and handgrip
strength, the mechanism of the relationship between BP
and handgrip strip strength has not yet been fully explained; clarification requires further study.
This study had several strengths for studying the association between handgrip strength and BP and risk of
hypertension. The National Health and Nutrition Examination Survey (NHANES) is a program of studies designed to assess the health and nutritional status of
adults and children in the United States, which examines
a nationally representative sample and can be generalized to western populations. Secondly, in this study,
handgrip strength was adjusted for age, BMI, and smoking and drinking status. Few studies of handgrip strength
are adjusted for body size and composition, although
that was suggested in previous studies [45]. A weakness
of this study was that simply finding an association between handgrip strength and BP and risk of hypertension does not support a causal relationship because this
study used a cross-sectional design. Longitudinal data
and clinical trials are needed to clarify whether the relationship between muscle strength and BP and risk of
hypertension is causal. Another limitation is that findings based on the NHANES database may not be
generalizable to non-western populations; this study
needs to be replicated in other populations to better
understand the external validity of our findings.

Conclusion
The current study shows that handgrip strength is significantly associated with lower BP. In contrast to most
previous reports, this study found that strong handgrip

Table 4 Association in women between handgrip strength and hypertension stratified by two BMI categories
Underweight & Normal (N = 636)

Overweight & Obese (N = 1323)

β

S.E.

OR (95%CI)

P

β

Model 1: unadjusted

−0.163

0.154

0.849 (0.628, 1.150)

0.291

−0.043

0.104

0.958 (0.782, 1.174)

0.679

Model 2: adjusted for age and BMI

−0.133

0.211

0.876 (0.579, 1.326)

0.531

0.022

0.152

1.022 (0.759, 1.377)

0.885

Model 3: as Model 2 and smoking and drinking

−0.123

0.215

0.884 (0.580, 1.348)

0.568

0.008

0.158

1.008 (0.740, 1.373)

0.961

S.E.

OR (95%CI)

P

Model

BMI body mass index. All participants were categorized into two strata according to BMI value: Underweight & Normal (BMI < 25) and Overweight & Obese (BMI
≥25). Handgrip was transformed into age and sex specific SD scores (z-score)
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strength was related to increased DBP, and greater handgrip strength was associated with greater the risk of
hypertension after adjusting for age, BMI, smoking and
drinking status, which were closely related to BP. Further clinical trials and cohort studies from large scale
samples are needed to verify these results and explain
the possible mechanisms of this relationship. This study
may have important relevance for hypertension
intervention.
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Additional file 1: Table S1. Association between handgrip strength
and SBP adjusted for age and BMI stratified by gender. Table S2.
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Abbreviations
BMI: Body mass index; BP: Blood pressure; DBP: Diastolic blood pressure;
NHANES: National Health and Nutrition Examination Survey; SBP: Systolic
blood pressure; SD: Standard deviation
Acknowledgements
We thank NHANES for providing the data openly. Thank you Liqiang Zheng,
the co-first author, for helping me to design the research and edit the manuscript. We thank the National Key Research and Development Program of
China (No. 2017YFC0907400 for Yu-Hong Zhao) for supporting this research.
Funding
This work was supported by the National Key Research and Development
Program of China (No. 2017YFC0907400 for Yu-Hong Zhao).
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the NHANES website.
Authors’ contributions
LZ and YZ designed and conducted the study; CJ and LZ managed and
analyzed the data and wrote the manuscript as co-first authors. RZ, QW
and YZ revised the manuscript. YZ approved the manuscript. YZ is the
guarantor of this work and, as such, had full access to all the data in
the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis. All authors read and approved the final
manuscript.
Ethics approval and consent to participate
The protocol used in the study was approved by the National Center for
Health Statistics (NCHS) according to the Helsinki Declaration.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Clinical Epidemiology, Shengjing Hospital of China Medical
University, No. 36, San Hao Street, Shenyang 110004, Liaoning, China.
2
Institute of Chronic Disease, Liaoning Provincial Center for Disease Control
and Prevention, Shenyang, China.

Page 6 of 7

Received: 24 December 2017 Accepted: 3 April 2018

References
1. World Health Organization. Department of Health Statistics and Infromatics.
Causes of death 2008: data sources and methods. http://www.who.int/gho/
mortality_burden_disease/causes_death_2008/en/. Accessed 11 Sept 2012.
2. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, Amann M,
Anderson HR, Andrews KG, Aryee M, et al. A comparative risk assessment of
burden of disease and injury attributable to 67 risk factors and risk factor
clusters in 21 regions, 1990-2010: a systematic analysis for the global
burden of disease study 2010. Lancet. 2012;380:2224–60.
3. Brook RD, Appel LJ, Rubenfire M, Ogedegbe G, Bisognano JD, Elliott WJ,
Fuchs FD, Hughes JW, Lackland DT, Staffileno BA, et al. Beyond medications
and diet: alternative approaches to lowering blood pressure: a scientific
statement from the American Heart Association. Hypertension. 2013;61:
1360–83.
4. World Health Organization. The global burden of disease: 2004 update.
Geneva. http://www.who.int/healthinfo/global_burden_disease/2004_
report_update/en/. Accessed 1 Jan 2008.
5. Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G,
Grassi G, Heagerty AM, Kjeldsen SE, Laurent S, et al. 2007 ESH-ESC practice
guidelines for the Management of Arterial Hypertension: ESH-ESC task force
on the Management of Arterial Hypertension. J Hypertens. 2007;25:1751–62.
6. Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray CA.
American College of Sports Medicine position stand. Exercise and
hypertension. Med Sci Sports Exerc. 2004;36:533–53.
7. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones
DW, Materson BJ, Oparil S, Wright JT Jr, Roccella EJ. The seventh report of
the joint National Committee on prevention, detection, evaluation, and
treatment of high blood pressure: the JNC 7 report. JAMA. 2003;289:
2560–72.
8. US Department of health and Human service. 2008 physical activity
guidelines for Americans; be active, healthy, and happy. Washington, DC:
Department of Health and Human Services; 2008. https://stacks.cdc.gov/
view/cdc/23099. Accessed 11 Dec 2008.
9. Wiley RL, Dunn CL, Cox RH, Hueppchen NA, Scott MS. Isometric exercise
training lowers resting blood pressure. Med Sci Sports Exerc. 1992;24:
749–54.
10. Badrov MB, Freeman SR, Zokvic MA, Millar PJ, McGowan CL. Isometric
exercise training lowers resting blood pressure and improves local brachial
artery flow-mediated dilation equally in men and women. Eur J Appl
Physiol. 2016;116:1289–96.
11. Gill KF, Arthur ST, Swaine I, Devereux GR, Huet YM, Wikstrom E, Cordova ML,
Howden R. Intensity-dependent reductions in resting blood pressure
following short-term isometric exercise training. J Sports Sci. 2015;33:
616–21.
12. Millar PJ, Levy AS, McGowan CL, McCartney N, MacDonald MJ. Isometric
handgrip training lowers blood pressure and increases heart rate
complexity in medicated hypertensive patients. Scand J Med Sci Sports.
2013;23:620–6.
13. Artero EG, Lee DC, Lavie CJ, Espana-Romero V, Sui X, Church TS, Blair SN.
Effects of muscular strength on cardiovascular risk factors and prognosis. J
Cardiopulm Rehabil Prev. 2012;32:351–8.
14. Dong B, Wang Z, Arnold L, Song Y, Wang HJ, Ma J. The association
between blood pressure and grip strength in adolescents: does body mass
index matter? Hypertens Res. 2016;39:919–25.
15. Silventoinen K, Magnusson PK, Tynelius P, Batty GD, Rasmussen F.
Association of body size and muscle strength with incidence of coronary
heart disease and cerebrovascular diseases: a population-based cohort
study of one million Swedish men. Int J Epidemiol. 2009;38:110–8.
16. Hess NC, Carlson DJ, Inder JD, Jesulola E, McFarlane JR, Smart NA. Clinically
meaningful blood pressure reductions with low intensity isometric handgrip
exercise. A randomized trial. Physiol Res. 2016;65:461–8.
17. Carlson DJ, Inder J, Palanisamy SK, McFarlane JR, Dieberg G, Smart NA. The
efficacy of isometric resistance training utilizing handgrip exercise for blood
pressure management: a randomized trial. Medicine. 2016;95:e5791.
18. Sayer AA, Syddall HE, Dennison EM, Martin HJ, Phillips DI, Cooper C, Byrne
CD. Grip strength and the metabolic syndrome: findings from the
Hertfordshire cohort study. QJM. 2007;100:707–13.

Ji et al. Lipids in Health and Disease (2018) 17:86

19. Kelley GA, Kelley KS. Isometric handgrip exercise and resting blood pressure:
a meta-analysis of randomized controlled trials. J Hypertens. 2010;28:411–8.
20. Ash GI, Taylor BA, Thompson PD, MacDonald HV, Lamberti L, Chen MH,
Farinatti P, Kraemer WJ, Panza GA, Zaleski AL, et al. The antihypertensive
effects of aerobic versus isometric handgrip resistance exercise. J Hypertens.
2017;35:291–9.
21. Goessler K, Buys R, Cornelissen VA. Low-intensity isometric handgrip
exercise has no transient effect on blood pressure in patients with coronary
artery disease. J Am Soc Hypertens. 2016;10:633–9.
22. Taekema DG, Maier AB, Westendorp RG, de Craen AJ. Higher blood pressure
is associated with higher handgrip strength in the oldest old. Am J
Hypertens. 2011;24:83–9.
23. Diez-Fernandez A, Sanchez-Lopez M, Gulias-Gonzalez R, Notario-Pacheco B,
Canete Garcia-Prieto J, Arias-Palencia N, Martinez-Vizcaino V. BMI as a
mediator of the relationship between muscular fitness and cardiometabolic
risk in children: a mediation analysis. PLoS One. 2015;10:e0116506.
24. Johnson CL, Dohrmann SM, Burt VL, Mohadjer LK. National health and
nutrition examination survey: sample design, 2011-2014. Vital Health Stat 2.
2014;162:1–33.
25. Marquez B, Murillo R. Racial/ethnic differences in weight-loss strategies
among US adults: National Health and nutrition examination survey 20072012. J Acad Nutr Diet. 2017;117:923–8.
26. National Institutes of Health, National Heart, Lung, and Blood Institute in
cooperation with the National Institute of Diabetes and Digestive and Kidney
Diseases. Clinical Guidelines on the Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults: The Evidence Report. Bethesda (MD):
National Heart, Lung, and Blood Institute; 1998. http://www.nhlbi.nih.gov/
guidelines/obesity/ob_gdlns.pdf.
27. Poulter NR, Prabhakaran D, Caulfield M. Hypertension. Lancet.
2015;386:801–12.
28. Pate RR, Daniels S. Institute of Medicine report on fitness measures and
health outcomes in youth. JAMA Pediatr. 2013;167:221–2.
29. Sedgwick P. Standardising outcome measures using z scores. BMJ. 2014;
349:g5878.
30. 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. 2014;44:345–56.
31. Jin YZ, Yan S, Yuan WX. Effect of isometric handgrip training on resting
blood pressure in adults: an updated meta-analysis of randomized
controlled trials. J Sports Med Phys Fitness. 2015;57:154-60.
32. Atlantis E, Martin SA, Haren MT, Taylor AW, Wittert GA. Inverse associations
between muscle mass, strength, and the metabolic syndrome. Metabolism.
2009;58:1013–22.
33. Stenholm S, Sallinen J, Koster A, Rantanen T, Sainio P, Heliovaara M,
Koskinen S. Association between obesity history and hand grip strength in
older adults–exploring the roles of inflammation and insulin resistance as
mediating factors. J Gerontol A Biol Sci Med Sci. 2011;66:341–8.
34. Peterson MD, Saltarelli WA, Visich PS, Gordon PM. Strength capacity and
cardiometabolic risk clustering in adolescents. Pediatrics. 2014;133:e896–903.
35. Hansen J, Sander M, Thomas GD. Metabolic modulation of sympathetic
vasoconstriction in exercising skeletal muscle. Acta Physiol Scand. 2000;168:
489–503.
36. Parker BA, Smithmyer SL, Jarvis SS, Ridout SJ, Pawelczyk JA, Proctor DN.
Evidence for reduced sympatholysis in leg resistance vasculature of healthy
older women. Am J Physiol Heart Circ Physiol. 2007;292:H1148–56.
37. Bearden SE. Effect of aging on the structure and function of skeletal muscle
microvascular networks. Microcirculation. 2006;13:279–88.
38. Frontera WR, Hughes VA, Fielding RA, Fiatarone MA, Evans WJ, Roubenoff R.
Aging of skeletal muscle: a 12-yr longitudinal study. J Appl Physiol.
2000;88:1321–6.
39. Corish CA, Kennedy NP. Anthropometric measurements from a crosssectional survey of Irish free-living elderly subjects with smoothed centile
curves. Br J Nutr. 2003;89:137–45.
40. Wang Y, Xu D. Effects of aerobic exercise on lipids and lipoproteins. Lipids
Health Dis. 2017;16:132.
41. Agostinis-Sobrinho C, Santos R, Moreira C, Abreu S, Lopes L, Oliveira-Santos
J, Rosario R, Povoas S, Mota J. Association between serum adiponectin
levels and muscular fitness in Portuguese adolescents: LabMed physical
activity study. Nutr Metab Cardiovasc Dis. 2016;26:517–24.

Page 7 of 7

42. Kawamoto R, Ninomiya D, Kasai Y, Kusunoki T, Ohtsuka N, Kumagi T, Abe M.
Handgrip strength is associated with metabolic syndrome among middleaged and elderly community-dwelling persons. Clin Exp Hypertens. 2016;38:
245–51.
43. Lee WJ, Peng LN, Chiou ST, Chen LK. Relative handgrip strength is a simple
indicator of cardiometabolic risk among middle-aged and older people: a
nationwide population-based study in Taiwan. PLoS One. 2016;11:e0160876.
44. Wolfe RR. The underappreciated role of muscle in health and disease. Am J
Clin Nutr. 2006;84:475–82.
45. Perna FM, Coa K, Troiano RP, Lawman HG, Wang CY, Li Y, Moser RP, Ciccolo
JT, Comstock BA, Kraemer WJ. Muscular grip strength estimates of the U.S.
population from the National Health and nutrition examination survey
2011-2012. J Strength Cond Res. 2016;30:867–74.

