',\' frontiers
in Physiology

ORIGINAL RESEARCH
published: 23 June 2020
doi: 10.3389/fphys.2020.00719

OPEN ACCESS

Edited by:

Geoffrey A. Head,

Baker Heart & Diabetes Institute,
Australia

Reviewed by:

Changwei Li,

University of Georgia, United States
Brian James Morris,

The University of Sydney, Australia

*Correspondence:

Guang Hao
haoguang2015@hotmail.com
Chunxia Jing
Jjexphd@gmail.com

T These authors have contributed
equally to this work and share first
authorship

Specialty section:

This article was submitted to
Integrative Physiology,

a section of the journal
Frontiers in Physiology

Received: 29 November 2019
Accepted: 29 May 2020
Published: 23 June 2020

Citation:

Hao G, Chen H, Ying Y, Wu M,
Yang G and Jing C (2020) The
Relative Handgrip Strength and Risk
of Cardiometabolic Disorders:

A Prospective Study.

Front. Physiol. 11:719.

doi: 10.3389/fohys.2020.00719

Check for
updates

The Relative Handgrip Strength and
Risk of Cardiometabolic Disorders: A
Prospective Study

Guang Hao**, Haiyan Chen?, Yuting Ying', Min Wu', Guang Yang®* and Chunxia Jing"**

" Department of Epidemiology, School of Medicine, Jinan University, Guangzhou, China, ? Department of Endemic Disease,
Guangzhou Center for Disease Control and Prevention, Guangzhou, China, ° Department of Pathogen Biology, School

of Medicine, Jinan University, Guangzhou, China, * Guangdong Key Laboratory of Environmental Exposure and Health, Jinan
University, Guangzhou, China

Background: This study aims to investigate the association between handgrip strength
(HGS) and cardiometabolic disorders (CMD), including hypertension, diabetes, and
dyslipidemia, in a prospective study.

Methods: The association between HGS and CMD was examined using the data from
5,271 Chinese adult participants >45 years old enrolled in the CHARLS (Chinese Health
and Retirement Prospective Cohort Study) during 2011-2015. Relative HGS, calculated
as maximal absolute HGS from both hands divided by body mass index, was used in the
primary analysis and divided into three groups according to the tertiles (T1, T2, and T3).

Results: The participants with higher relative HGS had a lower risk of hypertension,
diabetes, and dyslipidemia than those with lower HGS, although did not reach statistical
significance for diabetes and hypertension in males. Participants with higher HGS had
significantly lower risk of hypertension [T3 vs. T1: OR = 0.69, 95% CI = 0.51-0.91,
P = 0.010] and dyslipidemia (OR = 0.65, 95% CI = 0.51-0.83, P < 0.001) in males.
For females, participants with higher HGS had significantly lower risks of dyslipidemia
(OR =0.67, 95% Cl = 0.54-0.83, P < 0.001).

Conclusion: A consistent association was observed between higher relative HGS and
lower risk of CMD. Further research is required to evaluate whether relative HGS can be
a convincing predictor for the occurrence of CMD and as a target for intervention in the
high-risk population.

Keywords: handgrip strength, hypertension, diabetes, dyslipidemia, prospective study

INTRODUCTION

Cardiometabolic disorders (CMD), including hypertension, diabetes, dyslipidemia, and
cardiovascular disease, have been a leading cause of death in China and around the world
(Yang Z.J. et al., 2012; GBD 2016 Causes of Death Collaborators, 2017; Lu et al., 2018). The trend
of the burden from CMD is expected to continue increasing as economic progress, urbanization,
and aging in China (Yang et al., 2013). Thus, early screening and health intervention efforts are
essential to reduce the growing burden associated with the CMD.
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Muscular fitness, as indicated by handgrip strength (HGS),
has become an important cardiometabolic marker (Ramirez-
Velez et al., 2016). HGS provides a simple and reliable surrogate
of muscular strength and is considered as the most suitable
indicator of muscular function in clinical settings (Buigues et al.,
2015). Skeletal muscle is the largest insulin-sensitive tissue in
the body and is the major site for insulin-stimulated glucose
utilization (Stump et al., 2006); thus, loss of muscle mass and
muscle quality may play a critical role in the development
of CMD (Atlantis et al., 2009; Butcher et al., 2018; Kim and
Park, 2018; Li et al.,, 2018). Although the association between
HGS and CMD was found in several studies (Kelley and
Kelley, 2010; Peterson et al., 2016, 2017; Karvonen-Gutierrez
et al., 2018; Li et al,, 2018; Zhang et al., 2018), most studies
are cross-sectional design (Dong et al., 2016; Peterson et al.,
2016, 2017; Ji et al., 2018; Li et al.,, 2018; Zhang et al., 2018;
Wu et al., 2019) and controversial results exist (Dong et al.,
2016; Pagonas et al., 2017; Giglio et al., 2018; Ji et al., 2018).
For example, Peterson et al. (2017) analyzed the data from
the U.S. National Health and Nutrition Examination Survey
2011-2012 and 2013-2014 combined surveys, and the 2011
wave of the China Health and Retirement Longitudinal Study,
and found that normalized HGS was robustly associated with
both CMD and physical disabilities in the United States and
Chinese aging adults. Another cross-sectional data using the
2013 National Physical and Health in Shanxi Province involving
5,520 participants also found that HGS was associated with
metabolic profiles and a higher risk of metabolic diseases (Li
et al., 2018). A meta-analysis including 81 men and women
(42 exercise and 39 controls) from three studies reported that
isometric handgrip exercise is efficacious for reducing resting
systolic blood pressure (BP) and diastolic BP in adults (Kelley
and Kelley, 2010). However, Giglio et al. (2018) did not find
low HGS normalized or not to body weight, was associated
with hyperglycemia and diabetes in a population-based study.
A study even reported a positive association between HGS with
BP (Dong et al., 2016).

Therefore, this study aims to examine the longitudinal
associations between HGS and CMD in a large cohort of
Chinese population from the China Health and Retirement
Longitudinal Study (CHARLS).

MATERIALS AND METHODS
Study Ethics and Participants

The data were from CHARLS, a nationally representative
longitudinal survey that examines the social, financial, and
health circumstances of citizens in China. The details of the
CHARLS study have been reported elsewhere (Zhao et al,
2014). Households were randomly chosen using a probability
proportionate to size sampling strategy from 28 provinces
in China at baseline in 2011. The participants aged over
45 years old and their spouses (if any, and of any age) were
interviewed every 2 years. In this study, three times survey data
(Wave2011, Wave2013, and Wave2015) during 2011-2015 were
used. There were 10,071 respondents interviewed in 2011, and

additional 4,215 new respondents were recruited in 2013. Eligible
participants were those who entered the cohort in 2011 or 2013
and that at baseline were >45 (range: 45-93) years old, free
of hypertension, diabetes, and dyslipidemia. A total of 2,883
participants were excluded due to missing data on HGS. We
further excluded those that did not have data on hypertension,
self-reported diabetes, and dyslipidemia (N = 1,478); had missing
covariates on age, sex, education, marital status, smoking status,
drinking status, body mass index (BMI), and physical activity at
baseline (N = 3,829); and did not have at least one wave during
their follow-up (N = 825). The final sample size was 5,271. The
CHARLS study was approved by the Ethical Review Committee
at Peking University (IRB00001052-11015).

Measurements and Definitions

The data were collected by interviewers trained at Peking
University. They interviewed respondents in their homes using
CAPI (computer-assisted personal interview) technology. BMI
was calculated as weight in kilograms divided by the square
of height in meters. Current smokers were defined as smoking
at least 1 cigarette per day and currently smoking, and former
smokers were defined as those participants who reported that
they had smoked at least 1 cigarette per day and were not
currently smoking. Participants drinking any alcoholic beverages
more than once a month in the past year were categorized
as current drinkers, and former drinkers were defined as
those participants drinking any alcoholic beverages more than
once a month and were not currently drinking. Participants
with vigorous or moderate physical activity were defined as
undertaking vigorous or moderate activities at least 10 min
per day and at least 3 days per week. Vigorous activities
make you breathe much harder than normal and may include
heavy lifting, digging, plowing, aerobics, fast bicycling, and
cycling with a heavy load. Moderate physical activities make
you breathe somewhat harder than normal and may include
carrying light loads, bicycling at a regular pace, or mopping the
floor. Marital status was dichotomized into currently married
or not married (separated, divorced, widowed, never married
or cohabitated). High school education or above means a 12-
grade level or above, including high school, vocational school,
college, or university.

The HGS (kg) was obtained by a dynamometer, measured
with a standing position for a few seconds with the elbows at
right angles. In the primary analysis, relative HGS, calculated
as maximal absolute HGS from both hands divided by BMI
(Lawman et al, 2016), was used for analyses and divided
into three groups according to the tertiles (T1, T2, and
T3) by sex. This index is a proxy for muscular strength
independent of the influence of body mass. Meanwhile, the
results of mean HGS and absolute HGS were also reported
in the Supplementary Appendix. In addition, to facilitate
comparison with previous studies, HGS was also divided into
four groups according to the quartiles. According to the Chinese
guidelines on prevention and treatment of dyslipidemia in adults
(Joint committee for guideline revision, 2018), dyslipidemia was
defined as total cholesterol (TC) > 6.22 mmol/L (240 mg/dL),
triglyceride (TG) > 2.26 mmol/L (200 mg/dL), high-density
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lipoprotein cholesterol (HDLC) < 1.04 mmol/L (40 mg/dL),
low-density lipoprotein cholesterol (LDLC) > 4.14 mmol/L
(160 mg/dL), or self-reported dyslipidemia. Hypertension was
defined as individuals with systolic BP > 140 mmHg and/or
diastolic BP > 90 mmHg or using antihypertensive drugs.
Diabetes mellitus was defined as fasting glucose >7.0 mmol/L
(>126 mg/dL), glycohemoglobin (HbAlc) > 6.5%, or using
antidiabetic drugs.

Statistical Analyses

Means or medians were calculated to present continuous
variables and were compared by one-way analysis of variance
(ANOVA) or appropriate nonparametric tests. Categorical
variables were represented as a percentage and were tested by chi-
square tests. The random-effect logistic regression (community-
household-individual) was performed to examine the sex-
stratified associations between HGS and CMD. Univariate
analyses were performed in Model 1. Model 2 was adjusted
for age. Model 3 was further adjusted for marital status,
education levels, smoking, drinking, and physical activity. The
odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated. Receiver operating characteristics (ROC) curves
were performed to calculate the area under the curve (AUC),
sensitivity, specificity, and cut-oft points of HGS. In sensitivity
analyses, we also investigated the associations between HGS and
CMD using maximal absolute HGS and mean HGS of both
hands (BMI was adjusted for in the models). In addition, 1,074
participants with self-reported stroke, chronic lung diseases,
depressive symptoms (the 10-item Center for Epidemiological
Studies-Depression Scale scored 12 points or more), or coronary
heart diseases were excluded in the analyses. All analyses were
performed using Stata software version 15.0 (STATA Corp.,
College Station, TX, United States). A two-sided P < 0.05 was
considered statistically significant.

RESULTS

A total of 5,271 participants were eligible and included in the
analysis. The baseline characteristics of the participants were
presented according to the relative HGS tertiles (Table 1).
Overall, the mean age was 57.6 years, and 46.7% were males. The
average HGS was 32.3 kg. The mean follow-up was 3.7 years. The
participants with higher HGS tend to be younger age, married,
and lower BMI (P < 0.001).

The incidence of CMD was higher in the population with
lower HGS, although did not reach statistical significance for
diabetes and hypertension in males (Tables 2, 3). The adjusted
OR of T2 group for hypertension was 1.07 (95% CI = 0.84-1.39,
P=0.562),and T3 group was 0.69 (95% CI =0.51-0.91, P = 0.010)
in males (P for trend = 0.015). For females, the adjusted OR of T2
group was 0.84 (95% CI = 0.25-2.85, P = 0.780), and T3 group
was 0.59 (95% CI = 0.15-2.29, P = 0.448) (P for trend = 0.450).
Furthermore, the participants with higher HGS had a lower level
of BP (Supplementary Table 1).

The adjusted OR of T2 group for diabetes was 0.63 (95%
CI = 0.10-4.05, P = 0.630), and T3 group was 0.51 (95%

CI = 0.07-3.99, P = 0.521) in males (P for trend = 0.509).
The adjusted OR of T2 group was 0.60 (95% CI = 0.12-
294, P = 0.533), and T3 was 0.44 (95% CI = 0.08-2.61,
P = 0.369) in females (P for trend = 0.350). In addition,
the stronger HGS was significantly associated with the lower
level of fasting blood glucose and HbAlc (P for trend <0.001)
(Supplementary Table 2).

The adjusted OR of T2 group for dyslipidemia was 0.88
(95% CI = 0.70-1.10, P = 0.248), and T3 group was 0.65 (95%
CI = 0.51-0.83, P < 0.001) in males (P for trend <0.001). For
females, the adjusted OR of T2 group was 0.91 (95% CI = 0.74-
1.12, P = 0.373), and T3 group was 0.67 (95% CI = 0.54-0.83,
P < 0.001) (P for trend <0.001). Additionally, the stronger HGS
was significantly associated with the lower level of HDLC and TG
(P for trend <0.001) (Supplementary Table 3).

Sensitivity, specificity, AUC, and cut-oft points of relative HGS
were reported in Supplementary Table 4. Sensitivity analyses
using mean relative HGS found similar results. However, we
did not find an statistical association between absolute HGS
and CMD except for dyslipidemia (Supplementary Table 5).
Furthermore, HGS was divided into four groups according to
the quartiles, and the results were shown in Supplementary
Table 6. In addition, after excluding 1,074 participants with self-
reported stroke, chronic lung diseases, depressive symptoms, or
coronary heart diseases, the results remain broadly the same
(Supplementary Table 7).

DISCUSSION

The present data have demonstrated that low relative HGS was
longitudinally associated with an increased risk of hypertension,
diabetes, and dyslipidemia based on a large population-based
sample from China. This finding suggests that relative HGS
may be an early target for intervention or a marker to identify
people at risk of CMD.

A growing body of research has demonstrated an association
between decreased HGS, assessed using varied indices such
as the absolute HGS, HGS normalized to body weight and
HGS normalized to BMI, and a higher risk of CMD, but
most studies were conducted using a cross-sectional design.
Although most evidence indicated a negative association between
HGS and hypertension or BP (Sayer et al., 2007; Inder et al,
2016; Kawamoto et al., 2016), the results are still mixed (Ash
et al., 2017). A cross-sectional study within the Hertfordshire
Cohort Study demonstrated that impaired HGS was associated
with the metabolic syndrome, and the individual components,
including fasting TG, BP, waist circumference, 2-h glucose,
and homeostasis model assessment-estimated insulin resistance
(Sayer et al.,, 2007). A meta-analysis including 11 randomized
trials and totaling 302 participants suggested that isometric
resistance training may elicit BP reductions greater than those
seen with dynamic aerobic and resistance exercise (Inder et al.,
2016), although the results continue to be controversial (Ash
etal,, 2017). Our study supported previous studies that decreased
relative HGS was significantly associated with a higher risk of
hypertension or BP level.
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TABLE 1 | Characteristics of all participants by relative handgrip strength groups*.

Characteristics Males (N = 2,481)

Females (N = 2,790)

T1 T2 T3 P value T1 T2 T3 P value
Follow-up period (year) 3.8+ 0.6 3.7+£07 3.7+£07 0.600 3.7+0.7 3.7+0.7 3.7+£0.7 0.500
Age, years (%) 62.3 +9.3 58.5+ 8.4 552+7.2 <0.001 59.2 +8.8 55.8 + 7.7 546+ 7.6 <0.001
45-55 197 (23.8) 303 (36.6) 432 (62.2) <0.001 318 (34.2) 462 (49.7) 518 (65.7) <0.001
55-65 321 (38.8) 345 (41.7) 309 (37.4) - 379 (40.8) 364 (39.1) 313 (33.7) -
>65 309 (37.4) 179 (21.6) 86 (10.4) - 233 (25.1) 104 (11.2) 99 (10.6) -
High school education or above (%) 159 (19.2) 186 (22.5) 230 (27.8) <0.001 175 (18.8) 187 (20.1) 177 (19.0) 0.752
Married (%) 738 (89.2) 766 (92.6) 776 (93.8) 0.002 802 (86.2) 838 (90.1) 846 (91.0) 0.002
Smokers (%)
Never 267 (32.3) 210 (25.4) 183 (22.1) <0.001 858 (92.3) 865 (93) 857 (92.2) 0.751
Former 125 (15.1) 123 (14.9) 115 (13.9) - 14 (1.5) 18 (1.9) 16 (1.7) -
Current 435 (52.6) 494 (59.7) 529 (64.0) - 58 (6.2) 47 (6.1) 57 (6.1) -
Drinkers (%)
Never 396 (47.9) 378 (45.7) 365 (44.1) <0.001 823 (88.5) 837 (90) 849 (91.3) 0.138
Former 102 (12.3) 69 (8.3) 59 (7.1) - 30 (3.2) 19 (2.0) 15 (1.6) -
Current 329 (39.8) 380 (45.9) 403 (48.7) - 77 (8.3) 74 (8.0) 66 (7.1) -
Vigorous/moderate physical activity (%) 2083 (24.5) 230 (27.8) 228 (27.6) 0.247 214 (23.0) 298 (32.0) 291 (31.3) <0.001
Handgrip strength (kg) 30.3+6.6 38.6 £ 5.1 458 £ 7.8 <0.001 199+ 48 265+ 3.7 325+57 <0.001
Relative handgrip strength 1.3+ 02 1.7 £ 0.1 22+03 <0.001 0.8+0.2 1.1+ 041 1.56+0.2 <0.001
Body mass index (kg/m?) 23.6 £3.9 224 +£238 21.3+25 <0.001 248 £4.2 23.7£3.2 22.1+£3.0 <0.001

The means and standard deviations (SDs) were reported for continuous data, and the frequencies and percentages were reported for categorical data. *Relative handgrip
strength was calculated as maximal absolute handgrip strength from both hands divided by body mass index, and was divided into three groups according to the tertiles

(T1, T2, and T3 group).

TABLE 2 | The associations between relative handgrip strength and cardiometabolic disorders in males.

Grip strength Hypertension Diabetes Dyslipidemia

N (%) OR (95% CI) P value N (%) OR (95% ClI) P value N (%) OR (95% CI) P value
Model 1
Tertile 1 188 (22.7) Reference - 98 (11.9) Reference - 254 (30.7) Reference -
Tertile 2 184 (22.3) 0.97 (0.76-1.23)  0.782 65 (7.9) 0.62 (0.10-3.80) 0.605 247 (30.0) 0.95 (0.77-1.18)  0.662
Tertile 3 120 (14.5) 0.56 (0.43-0.74) <0.001 53 (6.4) 0.49 (0.07-3.41)  0.474 211 (25.5) 0.76 (0.61-0.95)  0.017
P for trend - <0.001 - - 0.460 - - 0.018 -
Model 2
Tertile 1 188 (22.7) Reference - 98 (11.9) Reference - 254 (30.7) Reference -
Tertile 2 184 (22.3) 1.07 (0.83-1.37)  0.599 65 (7.9) 0.63 (0.10-4.01)  0.626 247 (30.0) 0.87 (0.70-1.09)  0.235
Tertile 3 120 (14.5) 0.68 (0.51-0.90)  0.008 53 (6.4) 0.51 (0.07-3.93) 0.518 211 (25.5) 0.65 (0.51-0.82) <0.001
P for trend - 0.011 - - 0.506 - - <0.001 -
Model 3
Tertile 1 188 (22.7) Reference - 98 (11.9) Reference - 254 (30.7) Reference -
Tertile 2 184 (22.3) 1.07 (0.84-1.39)  0.562 65 (7.9) 0.63 (0.10-4.05)  0.630 247 (30.0) 0.88 (0.70-1.10)  0.248
Tertile 3 120 (14.5) 0.69 (0.51-0.91)  0.010 53 (6.4) 0.51 (0.07-3.99)  0.521 211 (25.5) 0.65 (0.51-0.83) <0.001
P for trend - 0.015 - - 0.509 - - <0.001 -

Model 1: Unadjusted; Model 2: Adjusted for age; Model 3: Adjusted for age, marital status, education levels, smoking, drinking, and vigorous or moderate physical activity.

Few studies to date have examined the longitudinal association
of HGS with diabetes (Wander et al., 2011; Leong et al,
2015), and results are mixed (Derave et al., 2003; Cetinus
et al., 2005; Sayer et al., 2005; Park et al., 2006; Wander
et al, 2011; Leong et al, 2015; van der Kooi et al, 2015;
Marques-Vidal et al., 2017). Wander et al. reported that higher

absolute HGS was associated with a lower risk of developing
type 2 diabetes in lean Japanese American individuals (Wander
et al,, 2011). The Healthy Life in an Urban Setting study also
reported an inverse association between absolute HGS and type
2 diabetes in a cross-sectional study, and this association did
not differ substantially among all ethnic groups, among both
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TABLE 3 | The associations between relative handgrip strength and cardiometabolic disorders in females.

Grip strength Hypertension Diabetes Dyslipidemia

N (%) OR (95% CI) P value N (%) OR (95% CI) P value N (%) OR (95% CI) P value
Model 1
Tertile 1 192 (20.7) Reference - 216 (12.3) Reference - 552 (31.4) Reference -
Tertile 2 153 (16.5) 0.74 (0.22-2.45) 0.618 152 (8.7) 0.54 (0.11-2.57)  0.442 484 (27.6) 0.87 (0.70-1.09)  0.235
Tertile 3 110 (11.8) 0.50 (0.13-1.86)  0.299 122 (6.9) 0.40 (0.07-2.23)  0.294 465 (26.5) 0.65 (0.51-0.82) <0.001
P for trend - 0.295 - - 0.270 - - 0.001 -
Model 2
Tertile 1 192 (20.7) Reference - 216 (12.3) Reference - 552 (31.4) Reference -
Tertile 2 153 (16.5) 0.84 (0.25-2.84) 0.779 152 (8.7) 0.60 (0.12-2.88)  0.519 484 (27.6) 0.90 (0.73-1.10)  0.291
Tertile 3 110 (11.8) 0.60 (0.15-2.31)  0.456 122 (6.9) 0.45 (0.08-2.60)  0.372 465 (26.5) 0.66 (0.53-0.83) <0.001
P for trend - 0.458 - - 0.351 - - <0.001 -
Model 3
Tertile 1 192 (20.7) Reference - 122 (18.1) Reference - 290 (31.2) Reference -
Tertile 2 153 (16.5) 0.84 (0.25-2.85)  0.780 92 (9.9) 0.60 (0.12-2.94)  0.533 274 (29.5) 0.91 (0.74-1.12)  0.373
Tertile 3 110 (11.8) 0.59 (0.15-2.29)  0.448 60 (6.5) 0.44 (0.08-2.61)  0.369 225 (24.2) 0.67 (0.54-0.83) <0.001
P for trend - 0.450 - - 0.350 - - <0.001 -

Model 1: Unadjusted; Model 2: Adjusted for age; Model 3: Adjusted for age, marital status, education levels, smoking, drinking, and vigorous or moderate physical activity.

sexes, and among lean and overweight individuals (van der
Kooi et al, 2015). Even within the normal range of blood
glucose, a study also reported that the higher glucose level is
associated with lower HGS (Sayer et al., 2005). Case-control
studies also reported that diabetes was associated with lower
skeletal muscle strength and quality (Cetinus et al, 2005;
Park et al., 2006). Furthermore, a clinical trial showed that
resistance exercise training could improve glucose tolerance and
enhance insulin action in skeletal muscle (Derave et al., 2003).
After a median follow-up of 4.0 years, the Prospective Urban-
Rural Epidemiology (PURE) study found that absolute HGS
was inversely associated with all-cause death, cardiovascular
death, and cardiovascular disease, but found no significant
association between HGS and incident diabetes (Leong et al,
2015). In addition, there seems to be a bidirectional link
between HGS and incident diabetes (Mainous et al., 2015). Our
findings are in line with most previous findings that HGS was
negatively associated with risk of diabetes, although did not reach
statistical significance.

The association between HGS and lipid profile seems more
complex. On multivariate analysis, we found that lower relative
HGS was significantly associated with higher dyslipidemia and
components (HDLC and TG). For TC and LDLC, we only found a
significant association with the moderate HGS group, suggesting
an inverse U-shaped association between grip strength and TC
and LDLC (although we did not find a significant U-shaped
association, and data not shown), which was in line with the
CoLaus study (the city of Lausanne, Switzerland) (Gubelmann
et al, 2017). These findings seem to be in agreement with
previous studies (Kawamoto et al., 2016; Lee et al., 2016) but
not with another (Giglio et al.,, 2018). A study of 927 older
people in Taiwan found that relative HGS was significantly
associated with a favorable lipid profile, including TG, TC/HDLC
ratio (Lee et al.,, 2016). Kawamoto et al. (2016) showed that

weight-adjusted HGS was significantly associated with a favorable
lipid profile of TC and HDLC, but not LDLC. However, a
cross-sectional study reported that low HGS normalized or
not to body weight was not associated with hyperglycemia
(Giglio et al., 2018).

It implied that relative HGS, but not absolute HGS, was a
more appropriate instrument for the prediction of CMD. Some
previous studies failed to demonstrate the association between
cardiometabolic risk and HGS, which may have resulted from
using absolute HGS instead of relative HGS (Aoyama et al., 2011;
Yang E.J. et al., 2012; Liu et al,, 2014; Gubelmann et al., 2017;
Byeon et al.,, 2019). Our results were in line with one previous
study in which relative HGS and favorable cardiometabolic
risk factors including BP, TG, TC/HDL-C ratio, HbAlc, uric
acid, but dominant HGS was not significantly associated with
all cardiovascular biomarkers and Framingham Risk Score in
both sexes (Lee et al., 2016). Another study of older Japanese
in the rural area using weight-adjusted HGS also showed that
the association between lower cardiometabolic risk and higher
HGS, and relative HGS, instead of dominant/absolute HGS, was
significantly associated with metabolic syndrome (Kawamoto
et al., 2016). A population-based survey performed in China
also demonstrated that relative HGS was associated with a
favorable metabolic profile and a lower risk of metabolic disease;
however, higher absolute HGS was associated with unfavorable
metabolic profiles and a higher risk of metabolic diseases
(Lietal., 2018).

HGS measurement may appeal as a quick and inexpensive
way to identify the high-risk population, but the potential
mechanism linking low HGS to the CMD is not fully understood.
A study indicated that physical activity could partly explain
the association between HGS and glucose levels. However, the
association remained significant after adjustment for physical
activity, suggesting that the underlying mechanisms are not fully
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explained (Sayer et al., 2005). Unlike aerobic training, strength
training has been observed to have a protective effect on HbAlc
and lipid profiles (Yuing Farias et al., 2015). In overweight and
obese subjects, strength training improved insulin sensitivity
and lipid profile without any change in body mass (Hernan
Jimenez and Ramirez-Velez, 2011). Steene-Johannessen et al.
(2009) reported that higher cardiorespiratory fitness and muscle
fitness were associated with lower levels of chronic inflammation
markers that were considered playing an essential role in
CMD (Donath et al, 2019). Muscle fitness has also been
shown to have a positive influence on cardiometabolic risk,
independent of cardiorespiratory fitness (Artero et al., 2011,
2012). This independent influence maybe because of distinct
cellular signaling pathways in response to strength training and
endurance training (Hawley, 2009). Also, both sarcopenia and
insulin-resistant states are associated with the accumulation of
myofibre lipids, indicating that they may share common cellular
and molecular changes (Sayer et al., 2007).

One major strength was that we reported the longitudinal
association between HGS and CMD in a large Chinese
population. However, there were several limitations in our study.
First, we cannot fully exclude the possibility that the observed
association is due to residual confoundings, such as diet and
genetic factors, which reported to be factors that may influence
the progress in CMD. Second, this study had a relatively short
follow-up period. Third, The CHARLS study did not collect the
data on lipid-lowering medications. However, we considered self-
reported dyslipidemia in the definition of dyslipidemia. Finally,
the sex differences should be further studied.

CONCLUSION

Our findings reported a negative association between relative
HGS and CMD, suggesting that HGS may be an early predictor of
CMD. Further mechanistic studies and clinical trials are needed
to discover whether HGS can be a convincing predictor for the
occurrence of CMD and as a target for intervention at high-
risk population.
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