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Background: The objective of this population-based study was to examine whether there was association
of hand grip strength (HGS) with cardiopulmonary function in population without cardiopulmonary
disease.
Methods: Data were derived from an ongoing cross-sectional survey of the National Physique and Health
in Shanxi Province. There were 908 participants with the cardiac function tests and 380 participants with
the pulmonary function tests. Multiple linear regression analysis was used to assess the association of
HGS with cardiopulmonary function.
Results: Among participants with the cardiac function tests, HGS was positively associated with left
ventricular end diastolic diameter in both genders (male: b ¼ 0.010 (0.005, 0.015), P < 0.001; female:
b ¼ 0.008 (0.002, 0.014), P ¼ 0.01) and left ventricular ejection fraction in males (b ¼ 0.114 (0.027, 0.201),
P ¼ 0.01). Among participants with the pulmonary function tests, HGS was positively associated with
vital capacity (male: b ¼ 0.033 (0.021, 0.045); female: b ¼ 0.033 (0.021, 0.045)), forced expiratory volume
in 1 s (male: b ¼ 0.023 (0.014, 0.032); female: b ¼ 0.019 (0.010, 0.028)) and maximal voluntary venti-
lation (male: b ¼ 1.186 (0.665, 1.708); female: b ¼ 0.965 (0.453, 1.476)) in both genders (all P < 0.001).
Conclusions: These results suggested that greater HGS was associated with favorable cardiopulmonary
function in Chinese adults, thus HGS might be an indicator of cardiopulmonary function.

© 2019 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Muscle is one of the major tissues in the human body, and
skeletal muscle accounts for approximately 40% of total body
weight. It is well known that the contraction of skeletal muscle is
responsible for the successful performance of numerous activities.1
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World Health Organization recommends that adults have at least
two separate days of muscle strengthening activity per week. As a
simple and inexpensive measurement, hand grip strength (HGS) is
currently recommended to measure muscle function in clinical
practice.2

Previous studies have shown that HGS is a strong predictor of
mortality and disability.3e10 Recently, there has been considerable
interest in the association of HGS with disease. For example, the
Prospective Urban-Rural Epidemiology (PURE) study, which is a
large longitudinal population study performed in 17 countries,
showed that decreased HGS is a risk factor for the incidence of
cardiovascular disease and can predict the risk of death in people
who develop either cardiovascular or non-cardiovascular diseases.5

A Swedish cohort study demonstrated that HGS was associated
with chronic obstructive pulmonary diseases (COPD) disease
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severity.11

Grip strength was reported to differ between men and women,
with men having higher HGS than women, but there was no dif-
ference in the relative loss of HGS over a 4-year period.12 In addi-
tion, there was also no difference between men and women when
HGS was used to predict mortality.13 However, it is still unclear
whether there is a gender difference in the relationship between
HGS and both cardiopulmonary function and cardiopulmonary
disease.

As mentioned above, although HGS is associated with some
cardiovascular diseases and pulmonary diseases, the underlying
mechanisms of how these associations are mediated by the influ-
ence of cardiopulmonary function are not clear. In this study, we
aim to examine the association between HGS and cardiopulmonary
function in the general population without heart disease or COPD.

Methods

Participants and study design

An ongoing population-based cross-sectional survey of Chinese
individuals encompassing health and basic physiological parame-
ters was conducted from the beginning of 2013, in which five
provinces were covered (Shanxi, Hainan, Qinghai, Gansu and
Jiangxi). The present study is based on the data from Shanxi
Province, and the sampling procedure for this province was as
follows: first, four administrative regions (Xi’an City, Hanzhong
City, Qishan County and Hu County) were obtained by random
sampling from the 104 districts in Shanxi province, with two
located in urban areas, one in a suburban area and one in a rural
area, respectively. After that, six residential communities and six
natural villages in those four regions were randomly chosen, based
on the list provided by the Centers for Disease Control of Shanxi
province.14 We randomly selected 2 of the 12 sites for cardiac
function tests and 1 site for pulmonary function tests.

From June to July 2014, all participants were invited to complete
a detailed questionnaire and physical examination. The cardiac
function of 1097 participants was measured, and the pulmonary
function of 506 participants, was measured. Among the 1097 par-
ticipants with cardiac function tests, 145 participants younger than
18 years, 40 participants with heart disease and four participants
lacking all necessary information needed for statistical analysis,
were excluded, resulting in the inclusion of 908 participants (22 of
them lacked heart rate data); among the 506 participants with
pulmonary function tests, 58 participants younger than 18 years, 64
participants with COPD and four participants lacking all necessary
information needed for statistical analysis, were excluded, resulting
in the inclusion of, 380 participants. This study was approved by
Institute of Basic Medical Sciences, Chinese Academy of Medical
Sciences. Written informed consent was obtained from all study
participants.

Data collection

Information on demographics, history of disease and corre-
sponding medication use, smoking status, and drinking status,
were collected using a questionnaire. Smoking status was divided
into three categories: current smoker, previous smoker (people
who have given up smoking for more than 12 months) or
nonsmoker. Drinking status was also divided into three categories:
current drinker, previous drinker (people who have given up
drinking for more than 12 months) or nondrinker.

Body mass, height, blood pressure (BP) and HGS were obtained
through physical examination. Height was measured barefoot to the
nearest 0.1 cm using a flexible anthropometer.15 Body mass was
measured using a SECA 813 digital scale to the nearest 0.1 kg (Seca
Vogel & Halke GmbH &Co, Hamburg, Germany). Body mass index
(BMI) was calculated as body mass divided by height squared (kg/
m2). Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured three times using an Omron electronic sphygmo-
manometer (Omron Healthcare Co. Ltd., Kyoto, Japan), with at least
10min allocated between eachmeasurement as a resting period, and
the mean value of the three readings was recorded.

HGS and cardiopulmonary measurement

HGSwasmeasured using a hand grip Takei dynamometer (Takei
Scientific Instruments Co. Ltd., Niigata, Japan). During each mea-
surement, participants were asked to standwith the arms extended
straight down to the side. Participants were measured twice with
their dominant hand, and the maximum measurement was recor-
ded as their HGS in kilograms.

Cardiac function, which was represented by heart rate, left
ventricular end diastolic diameter (LVEDD) and left ventricular
ejection fraction (LVEF), was measured using a Siemens CV70 de-
vice (Siemens Medical Solutions, USA), and standard echocardio-
graphic assessment was performed according to the guidelines
published by the American Society of Echocardiography.16

Pulmonary function, including vital capacity (VC), forced expi-
ratory volume in 1 s (FEV1) and maximal voluntary ventilation
(MVV), was measured using a Pneumoscreen II spirometer (Jaeger,
Wurtzburg, Germany), according to the standards set by the Eu-
ropean Respiratory Society/American Thoracic Society.17

Definitions of heart disease and COPD

Heart disease was defined as having a history of at least one of
the following diseases: heart failure, pericardial disease, coronary
heart disease, myocardial ischemia, myocardial infarction or angina
pectoris. Non-heart disease was defined as the absence of any of
these diseases and LVEF�50%. In this study, we excluded 40 par-
ticipants with heart disease among those who had completed the
cardiac function tests.

According to the Global Strategy for the Diagnosis, Management
and Prevention of COPD,18 COPD was defined as FEV1/(best of slow
vital capacity [SVC] or forced vital capacity [FVC]) <0.70. Non-COPD
was defined as FEV1/(best of SVC or FVC) �0.70. In this study, we
excluded 64 participants with COPD among those who had
completed the pulmonary function tests.

Statistical analysis

All analyses were conducted using the IBM Statistical Package
for Social Sciences (SPSS version 20.0, IBM Corp, Chicago, IL, USA).
The data were expressed as the mean ± standard deviation (SD) for
continuous variables and the number (percentage) for categorical
variables. Independent t-tests were used to compare the differ-
ences in the continuous variables between the male and female
groups, and chi-square tests were used to compare categorical
variables. Pearson correlation coefficients were used to assess the
correlation between HGS and cardiopulmonary function. The as-
sociation of HGS with cardiopulmonary function was further eval-
uated by multiple linear regression analysis in the total sample and
gender groups. With HGS as the independent variable, cardiac
function (heart rate, LVEDD, LVEF) and pulmonary function (VC,
FEV1, MVV) were respectively taken as the dependent variables and
substituted into the multiple linear regression model, in which age,
BMI, SBP, DBP, muscle mass, smoking and drinking status imputed
as potential confounding variables. An a level of 0.05 (two-tailed)
was considered significant.
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Results

Characteristics of the participants

The baseline characteristics of participants with cardiac or
pulmonary function tests, stratified by gender, are shown in
Tables 1 and 2, respectively. In total, 908 participants with cardiac
function tests had a mean age of 42.7 ± 13.6 years, and 45.7%
(n ¼ 415) were males; 380 participants with pulmonary function
tests had a mean age of 43.7 ± 14.3 years, and 49.2% (n ¼ 187) were
males. In both groups, the participants underwent cardiac or pul-
monary function tests, and compared to females, males exhibited
higher BMI, HGS, SBP, DBP, LVEDD, VC, FEV1, MVV, lower LVEF and
slower heart rate (P < 0.001 or P < 0.05) and were more likely to be
current smokers and drinkers (all P < 0.001). The comparison of
included and excluded participants is shown in Table S1 and
Table S2.
HGS was associated with cardiac function in the participants
without heart disease

According to Table 3, HGS was moderately correlated with
LVEDD (r ¼ 0.42, P < 0.001) and negligibly correlated with LVEF
(r ¼ �0.07, P ¼ 0.03), with the strength (LVEDD) and direction
(LVEF) of correlation differing between males and females (LVEDD:
r ¼ 0.21 in males, r ¼ 0.13 in females; LVEF: r ¼ 0.08 in males,
r ¼ �0.08 in females). Similarly, after adjusting for potential con-
founding factors, HGS was positively associated with LVEDD in both
genders (male: b ¼ 0.010 (0.005, 0.015), P < 0.001; female:
b ¼ 0.008 (0.002, 0.014), P ¼ 0.01) and LVEF in males (b ¼ 0.114
(0.027, 0.201), P ¼ 0.01). With every 1 kg increase in HGS, LVEDD
increased by 0.009 cm among all participants (or by 0.01 cm in
males and 0.008 cm in females), and LVEF increased by 0.11% in
males. HGSwas not significantly associatedwith heart rate inmales
(P ¼ 0.27) or females (P ¼ 0.39) (Table 4).
HGS was associated with pulmonary function in participants
without COPD

Table 3 shows there were very strong, positive correlations be-
tween HGS and VC (r ¼ 0.76, P < 0.001), FEV1 (r ¼ 0.75, P < 0.001)
and MVV (r ¼ 0.72, P < 0.001) when all participants were consid-
ered, with the strength of the correlations reduced to moderate
Table 1
Baseline Characteristics of participants with the cardiac function tests according to gend

Variables Total (n ¼ 908) Ma

Age (y) 42.7 ± 13.6 44.3
BMI (kg/m2) 22.8 ± 3.0 23.7
HGS (kg) 29.2 ± 9.7 37.7
Smoking, n (%)
Current smoker 237 (26.1) 235
Previous smoker 38 (4.2) 38
Nonsmoker 633 (69.7) 142

Drinking, n (%)
Current drinker 231 (25.4) 200
Previous drinker 25 (2.8) 24
Nondrinker 652 (71.8) 191

SBP (mmHg) 117.2 ± 15.3 122
DBP (mmHg) 74.1 ± 9.8 76.9
Heart rate (beats/min) 69.9 ± 9.1 69.1
LVEDD (cm) 4.5 ± 0.4 4.7
LVEF (%) 63.1 ± 5.3 62.6

Data are expressed as mean ± SD or as number and percentage as indicated in the table
HGS: Hand grip strength; BMI: Body mass index; SBP: Systolic blood pressure; DBP: D
ventricular ejection fraction.
when split by gender (all P < 0.001). After adjusting for potential
confounding, HGS was still positively associated with VC, FEV1 and
MVV in both genders (all P < 0.001). With every 1 kg increase in
HGS, VC increased by 0.03 L among all participants (0.03 L in both
genders), FEV1 increased by 0.022 L (0.023 L in males and 0.019 L in
females), and MVV increased by 1.099 L (1.186 L in males and
0.965 L in females) (Table 4).
Discussion

In this population-based study, we demonstrated that among
participants with cardiac function tests, greater HGS was associated
with improved cardiac function of LVEDD in both genders and LVEF
in males. Additionally, increased HGS was associated with
improved pulmonary function of VC, FEV1 and MVV among par-
ticipants with pulmonary function tests. Taken together, these re-
sults suggested a strong association between HGS and
cardiopulmonary function among Chinese adults. To the best of our
knowledge, this study is the first to investigate the association
between HGS and cardiopulmonary function.

In this study, the population was divided into two groups ac-
cording to gender to explore whether there was a gender difference
in the association between HGS and cardiorespiratory function. The
results showed that although the HGS of males was significantly
higher than that of females (37.7 kg vs. 22.1 kg in participants with
cardiac function tests; 36.9 kg vs. 21.5 kg in participants with pul-
monary function tests), the correlation between HGS and cardio-
pulmonary function was similar. This is consistent with a Danish
study which found that although the initial level of HGS of males
was higher than that of females, the effect of predicting mortality
was similar.13

Several large population studies have observed the association
between HGS and heart disease,19e23 but studies that further
investigated the association between HGS and cardiac function
have been conducted only in patients with COPD,24 but not in the
general population, in which the association between HGS and
impaired cardiac function appears to be lower. Similar to the results
from patients with COPD, this study shows that HGS was also
positively associated with the systolic (LVEF) and diastolic function
(LVEDD) of myocardium among the participants without heart
disease. To further explore the association between HGS and car-
diac function, we added muscle mass as a covariate in multiple
linear regression models, and the results showed that only LVEDD
er.

le (n ¼ 415) Female (n ¼ 493) P

± 13.6 41.3 ± 13.4 0.001
± 2.9 22.1 ± 2.9 <0.001
± 6.7 22.1 ± 5.0 <0.001

<0.001
(56.6) 2 (0.4)

(9.2) 0 (0)
(34.2) 491 (99.6)

<0.001
(48.2) 31 (6.3)

(5.8) 1 (0.2)
(46.0) 461 (93.5)
.0 ± 13.4 113.1 ± 15.5 <0.001
± 9.7 71.8 ± 9.3 <0.001
± 9.5 70.6 ± 8.6 0.012

± 0.4 4.4 ± 0.3 <0.001
± 5.7 63.6 ± 4.9 0.003

. P-values were derived from t-tests or chi-squared test.
iastolic blood pressure; LVEDD: Left ventricular end diastolic diameter; LVEF: Left



Table 2
Baseline Characteristics of participants with the pulmonary function tests according to gender.

Variables Total (n ¼ 380) Male (n ¼ 187) Female (n ¼ 193) P

Age (y) 43.7 ± 14.3 43.0 ± 14.3 44.3 ± 14.2 0.385
BMI (kg/m2) 24.0 ± 3.4 24.8 ± 3.5 23.1 ± 3.1 <0.001
HGS (kg) 29.1 ± 9.8 36.9 ± 7.0 21.5 ± 5.2 <0.001
Smoking, n (%) <0.001
Current smoker 98 (25.8) 97 (51.9) 1 (0.5)
Previous smoker 25 (6.6) 24 (12.8) 1 (0.5)
Nonsmoker 257 (67.6) 66 (35.3) 191 (99.0)

Drinking, n (%) <0.001
Current drinker 106 (27.8) 91 (48.6) 15 (7.8)
Previous drinker 7 (1.8) 7 (3.7) 0 (0)
Nondrinker 267 (70.3) 89 (47.6) 178 (92.2)

SBP (mmHg) 116.5 ± 13.2 120.8 ± 11.6 112.4 ± 13.4 <0.001
DBP (mmHg) 73.6 ± 9.2 76.3 ± 8.4 71.0 ± 9.1 <0.001
VC (L) 3.8 ± 0.9 4.4 ± 0.7 3.1 ± 0.5 <0.001
FEV1 (L) 2.9 ± 0.7 3.4 ± 0.6 2.5 ± 0.4 <0.001
MVV (L) 110.8 ± 30.6 130.0 ± 27.3 92.2 ± 20.7 <0.001

Data are expressed as mean ± SD or as number and percentage as indicated in the table. P-values were derived from t-tests or chi-squared tests.
HGS: Hand grip strength; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; VC: Vital capacity; FEV1: Forced expiratory volume in 1 s; MVV:
Maximal voluntary ventilation.

Table 3
Pearson’s correlation between HGS and cardiopulmonary function.

Variables Total Male Female

r P r P r P

Cardiac function
Heart rate �0.02 0.62 0.11 0.01 0.06 0.09
LVEDD 0.42 <0.001 0.21 <0.001 0.13 0.002
LVEF �0.07 0.03 0.08 0.06 �0.08 0.05
Pulmonary function
VC 0.76 <0.001 0.44 <0.001 0.46 <0.001
FEV1 0.75 <0.001 0.43 <0.001 0.44 <0.001
MVV 0.72 <0.001 0.39 <0.001 0.36 <0.001

P: from Pearson Correlation. HGS: Hand grip strength; LVEDD: Left ventricular end
diastolic diameter; LVEF: Left ventricular ejection fraction; VC: Vital capacity; FEV1:
Forced expiratory volume in 1 s; MVV: Maximal voluntary ventilation.
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in males remained statistically correlated with HGS (P ¼ 0.02),
while other cardiac function indicators were no longer statistically
associated with HGS (Table S3). This suggests that the association
between HGS and cardiac function can be partly explained by
muscle mass.

Spirometry provides a global functional evaluation of the lungs,
and the parameters of VC, FEV1 and MVV are used to diagnose lung
diseases such as COPD.25 A number of studies have demonstrated
the association between HGS and COPD.21,22,26 Previous observa-
tions have shown that HGS was associated with FEV1 among par-
ticipants with COPD.11,27 While in non-COPD participants, the
Table 4
Association of HGS with cardiopulmonary function in participants with cardiac or pulmo

Variables Total Male

N P b (95%CI) N P

Cardiac function
Heart rate (beats/min) 886 0.16 0.077(�0.031, 0.185) 411 0.
LVEDD (cm) 908 <0.001 0.009 (0.005, 0.013) 415 <0
LVEF (%) 908 0.10 0.052 (�0.009, 0.113) 415 0.
Pulmonary function
VC (L) 380 <0.001 0.033 (0.025, 0.041) 187 <0
FEV1 (L) 380 <0.001 0.022 (0.015, 0.028) 187 <0
MVV (L) 380 <0.001 1.099 (0.742, 1.456) 187 <0

P, b (coefficients) and 95% CI (95% confidence interval): from multiple linear regression, i
strength; LVEDD: Left ventricular end diastolic diameter; LVEF: Left ventricular ejection
voluntary ventilation.
associations between HGS and respiratory parameters were
inconsistent. One study included 60 years or older male residents of
a nursing home found that HGS was not associated with FVC or
FEV1.28 Conversely, some recent studies from Nigeria (included FVC
and FEV1), USA (included FEV1) and Korea (included FVC and FEV1)
showed that pulmonary function parameters are related to
HGS.29e31 In this study, we found that HGS was associated with VC,
FEV1 and MVV among participants without COPD in both genders,
which is consistent with the conclusion of the latter. This may be
due to the age difference in theses study participants, as the Danish
study included people over 60 years old, while the Nigerian study
(16e30 years old) and our study (mean age 42.7 years old) were
younger. Thus, we may infer that HGS is closely related to pulmo-
nary function in the general population.

Grontved et al.32 demonstrated that the muscle strength of the
abdomen and back was moderately related to cardiorespiratory
fitness. However, the testing procedure of the maximal muscle
strength of the abdomen and back33 was complex and not suitable
for a large-scale population study. As a simple and inexpensive
measurement, HGS reflected the cardiopulmonary function to
some extent, especially for pulmonary function (VC: r ¼ 0.44 in
males and 0.46 in females).

One of the strengths of this study was that we recruited the
study population using stratifiedmultistage random sampling, thus
avoiding selection bias and ensuring representativeness. Second,
compared to previous studies, we had a relatively large sample size.
However, the present study also has limitations. First, the
nary function tests.

Female

b (95% CI) N P b (95% CI)

27 0.084 (�0.066, 0.233) 475 0.39 0.070 (�0.090, 0.230)
.001 0.010 (0.005, 0.015) 493 0.01 0.008 (0.002, 0.014)
01 0.114 (0.027, 0.201) 493 0.56 �0.027 (�0.115, 0.062)

.001 0.033 (0.021, 0.045) 193 <0.001 0.033 (0.021, 0.045)

.001 0.023 (0.014, 0.032) 193 <0.001 0.019 (0.010, 0.028)

.001 1.186 (0.665, 1.708) 193 <0.001 0.965 (0.453, 1.476)

n which age, BMI, SBP, DBP, smoking, drinking status was adjusted. HGS: Hand grip
fraction; VC: Vital capacity; FEV1: Forced expiratory volume in 1 s; MVV: Maximal
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information for heart disease was self-reported, and we lacked
physiological measures for some heart diseases, such as heart
failure. Second, we did not measure grip strength using the pro-
cedures recommended by the American Society of Hand Therapists
or the South Hampton group. Finally, because this was a cross-
sectional study, causation cannot be determined, but can be veri-
fied by prospective studies in the future.

Conclusion

We found that HGS was positively associated with cardiopul-
monary function among Chinese adults. Given its simplicity, HGS
might be used as a suitable predictor of cardiopulmonary function
in large-scale population studies. Since HGS and cardiopulmonary
function are physiologically related through reciprocal causation,
an increase in HGS through resistance training exercise might be a
promising strategy for improving cardiopulmonary function.
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