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ABSTRACT
Background: Handgrip strength (HGS) is an indicator of late-life health, associated with disability, cardiovascular and all-cause mor-
tality. While exercise helps maintain HGS, diabetes may reduce its benefits. This study investigated the association between exercise 
and low HGS (LHGS) stratified by diabetes status and sex.
Methods: Data from 16,443 participants in the 2017–2019 Korea National Health and Nutrition Examination Survey were analyzed. 
HGS was measured using a digital dynamometer. Exercise type and frequency were assessed by questionnaire. Three-way and two-
way interaction terms were analyzed for exercise, sex and diabetes.
Results: Aerobic exercise, resistance exercise, and diabetes were significantly associated with LHGS (P<0.05). A significant interaction 
between diabetes and aerobic exercise was observed in females (odds ratio [OR] of LHGS=1.704, 95% confidence inter-
val=1.073–2.707). Among males, both exercise types were associated with lower odds of LHGS regardless of diabetes status, except 
for aerobic exercise in non-diabetic males. Among males, the ORs of LHGS for aerobic and resistance exercise were 0.479 (0.278–
0.827) and 0.317 (0.165–0.611) with diabetes, 0.757 (0.554–1.035) and 0.536 (0.360–0.798) without diabetes. Among females, the 
ORs of LHGS for aerobic exercise and resistance exercise were 1.109 (0.716–1.719) and 0.529 (0.224–1.249) with diabetes, 0.676 
(0.539–0.848) and 0.795 (0.564–1.121) without diabetes.
Conclusions: The modifying effect of diabetes on the relationship between exercise and grip strength was observed in females but 
not in males. Females with diabetes may require tailored exercise guideline to prevent LHGS.
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INTRODUCTION

Handgrip strength (HGS) is a prognostic marker for future 
disability in older adults who are not yet disabled [1]. It has also 
been identified as a predictor of cardiovascular and all-cause 
mortality, including outcomes such as myocardial infarction 
and stroke [2,3]. HGS typically peaks between the ages of 29 
and 39 and declines progressively with age [4]. A popula-
tion-based study in Korea reported that approximately 32% of 
males and 33% of females aged 65 years or older exhibited low 
HGS (LHGS) [5]. Notably, significant sex-related differences 
have been observed, with males consistently demonstrating 
higher HGS than females [4].

Exercise is a well-established method for maintaining grip 
strength in older adults. A cross-sectional study found that 
elderly individuals who engaged in either aerobic or resistance 
exercise had significantly higher grip strength, with the greatest 
benefits observed when both exercise types were combined [6]. 
Aerobic activities, such as cycling, have also been shown to be 
as effective as resistance training in increasing skeletal muscle 
mass [7].

Moreover, the effects of exercise appear to differ by sex. A 
systematic review of prospective trials on exercise intervention 
reported that increase in upper and lower body strength and 
cardiorespiratory fitness was more significant in males while 
motor fitness, such as agility, balance, and speed, was more im-
proved in females [8].

Type 2 diabetes, characterized by hyperglycemia, hyperinsu-
linemia and insulin resistance, is related with muscle atrophy 
and reduced strength in elderly population. According to a 
longitudinal study, elderly people with type 2 diabetes had ac-
celerated reduction of leg muscle mass and strength compared 
with age matched healthy counterparts [9]. Cross-sectional 
study also showed that people with diabetes had significantly 
lower grip strength compared to those without the condition 
[10]. Moreover, when participating in the same resistance train-
ing program, individuals with diabetes tended to show smaller 
gains in muscle strength [11].

The pathophysiology of the detrimental effect of diabetes on 
muscle is complex. According to a research, peripheral neurop-
athy, a complication of diabetes, was associated with leg weak-
ness [12]. An interventional study found that people with type 
2 diabetes had impaired peak exercise performance compared 
to healthy age-matched controls [13]. Its follow up study found 
that sex difference in the effect of diabetes existed; females with 

diabetes were compared with healthy counterparts and had 
greater reduction in peak exercise performance than the group 
between males with diabetes and their counterparts.

Previous studies show grip strength is related to sex, diabetes, 
and exercise. There remains gap of evidence whether diabe-
tes influences the association between exercise and HGS and 
whether there is sex difference as well. By analyzing Korean 
nationwide population based survey and examination data, the 
authors sought to find the correlation.

METHODS

Study design and subjects
This study utilized data from the Korean National Health and 
Nutrition Examination Survey (KNHANES), collected between 
2017 and 2019. Conducted annually by the Korean government, 
KNHANES gathers nationally representative information on 
health status, nutritional intake, and laboratory values through 
structured questionnaires and physical examinations [14]. Of 
the 24,229 participants surveyed during this period, individuals 
who were under 19 years of age (4,616 participants) or lacked 
HGS measurements (1,423 participants) were excluded. Then 
nonresponders for the questionnaire determining diabetes 
(1,029 participants), exercise (718 participants) were excluded. 
A total of 16,443 participants were included in the final analysis.

This study was approved by the Institutional Review Board 
(IRB) of Seoul National University Bundang Hospital (IRB No: 
X-2511-1007-902). The requirement for informed consent was 
waived by the IRB because the study was a secondary analysis 
of de-identified, publicly available data from the KNHANES 
2017–2019.

Variables
HGS was assessed using a digital grip strength dynamome-
ter (T.K.K 5401; Takei Scientific Instruments Co., Ltd). It was 
measured with both hands and three trials were given for each 
hand. The maximum recorded value was used as the final grip 
strength. LHGS was defined based on the Asian Working Group 
for Sarcopenia (AWGS) 2019 criteria: <28 kg for males and <18 
kg for females [15].

Aerobic and resistance exercise were assessed based on a cut-
off value using the global recommendations on physical activity 
for health from World Health Organization [16]. Aerobic exer-
cise was defined as a 150-minute physical activity with moder-
ate intensity or a 75-minute physical activity with high intensity 
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per week, or an equivalent combination per week. Resistance 
exercise was defined as engaging in weight training or strength 
training more than once a week.

Additional variables collected from the survey included 
body mass index (BMI), alcohol consumption, smoking status, 
household income, education level, and comorbidities. Obesity 
was defined using the Asia-Pacific BMI cut-off point of ≥25 
kg/m2 [17]. Alcohol drinkers were defined as individuals who 
consumed any alcohol in the previous year. Household income 
was represented in quartiles, with the 1st quartile group rep-
resenting the lowest income group and the 4th quartile group 
the highest. Comorbidities, such as hypertension, angina, 
myocardial infarction, and chronic obstructive pulmonary dis-
ease (COPD), were considered present if participants reported 
having been diagnosed by a physician. Among comorbidity, the 
arthritis was treated as a separate variable. Diabetes was defined 
as having been diagnosed by a doctor, or based on laboratory 
criteria: glycated hemoglobin (HbA1c)≥48 mmol/mol, fasting 
blood glucose≥7mmol/L, or current use of diabetes medica-
tions, including insulin.

Data analysis
Bivariate logistic regression was used to assess relationships 
between LHGS and baseline demographic variables. For the 
relationship between each type of exercise and LHGS, multi-
variate logistic regression was performed with an adjustment 
for confounders. There were significant missing values for the 
comorbidity COPD (n=4,722). The baseline characteristics was 
analyzed for the subgroup with missing value for COPD and is 
added as the Supplementary Table 1. Compared with the base-
line participants, this group’s participants were younger (mean 
age, 47.0 years vs. 30.4 years), had similar proportion of males 
(50.1% vs. 53.0%), did more aerobic exercise (46.2% vs. 56.1%), 
did similar resistance exercise (22.8% vs. 26.1%), had higher ed-
ucation level and had less diabetes (10.9% vs. 2.3%).

Because exercise, diabetes, and sex may jointly influence 
HGS, three-way and two-way interaction terms were prespeci-
fied primary analyses. Then, the participants were stratified by 
diabetes status and sex, and the relationship between exercise 
and LHGS was assessed. All of the data was handled with a 
complex survey design. STATA version 16.0 (Stata Corp.) was 
used for analysis, in which statistical significance was agreed 
with P-value <0.05.

RESULTS

Table 1 shows the demographic characteristics of participants 
included in the final analysis and stratified by sex and diabetes. 
Among the 16,443 participants, 7,308 were males and 9,149 
were females. Since this study was based on a complex survey, 
these participants represented 37,528,400 persons. In both sex-
es, the weighted mean age was higher for those with diabetes 
than their counterparts. The mean HGS was greater in males 
and females without diabetes and they also exercised more, in 
terms of both aerobic and resistance exercise. The prevalence of 
diabetes was 10.9%. The proportion of LHGS is 8.8% for males 
with diabetes, 4.8% for males without diabetes, 25.4% for fe-
males with diabetes, and 10.2% for females without diabetes.

All variables—age, obesity, alcohol consumption, smoking, 
household income, education level and comorbidity—were as-
sociated with LHGS in bivariate analysis and were considered 
as covariates except exercise and diabetes. In both sexes, aerobic 
exercise and resistance exercise were related to low prevalence 
of LHGS, while diabetes was related to high prevalence of LHGS 
(Table 2).

A multivariate logistic regression was fit to examine the 
three-way interaction of exercise, sex, and diabetes. The anal-
ysis revealed a statistically significant three-way interaction 
between aerobic exercise, diabetes and sex (odds ratio [OR] of 
LHGS=2.350, 95% confidence interval [95% CI]=1.119–4.932) 
(Table 3). Then, two-way interaction of exercise and diabetes 
was further analyzed by stratifying sex. The results showed 
that for males, the interaction between exercise and diabetes 
was not statistically significant, whereas for females, the inter-
action between aerobic exercise and diabetes was with OR of 
LHGS=1.704 and 95% CI=1.073–2.707 (Table 4).

Subgroup analyses by diabetes status and sex are presented 
in Table 5. Overall protective effects of exercise were ana-
lyzed. The data showed that for males, aerobic and resistance 
exercise had lower LHGS OR (aerobic, OR of LHGS=0.696 
[95% CI=0.535–0.908]; resistance, OR of LHGS=0.488 [95% 
CI=0.348–0.683]). In females’s case, aerobic exercise had small-
er OR for LHGS, but resistance exercise had no significance 
(aerobic, OR of LHGS=0.744 [95% CI=0.609–0.909]; resistance, 
OR of LHGS=0.743 [95% CI=0.541–1.021]). Then, protective 
effects of exercise according to diabetes presence were ana-
lyzed. Aerobic exercise in diabetic males was associated with 
low odds of LHGS, significantly, while it was non-significantly 
associated in non-diabetic males (diabetic, OR of LHGS=0.479 
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[95% CI=0.278–0.827]; non-diabetic, OR of LHGS=0.757 [95% 
CI=0.554–1.035]). In contrast, aerobic exercise in diabetic 
females was non-significantly associated with LHGS, while it 
was significantly associated in non-diabetic females (diabetic, 
OR of LHGS=1.109 [95% CI=0.716–1.719]; non-diabetic, OR 
of LHGS=0.676 [95% CI=0.539–0.848]). Resistance exercise in 
males was significantly associated with smaller odds of LHGS, 
regardless of diabetes status (diabetic, OR of LHGS=0.317 
[95% CI=0.165–0.611]; non-diabetic, OR of LHGS=0.536 [95% 
CI]=0.360–0.798). On the other hand, resistance exercise in fe-
males was not significant, regardless of diabetes status (diabetic, 
OR of LHGS=0.529 [95% CI=0.224–1.249]; non-diabetic, OR of 
LHGS=0.795 [95% CI=0.564–1.121]).

DISCUSSION

This study reveals important insights into the relationship be-
tween physical activity and grip strength, particularly in the 
context of diabetes status. Our key finding was the significant 
two-way interaction between aerobic exercise and LHGS among 
females and not males. Also, the association of aerobic exercise 
and LHGS was significant in females without diabetes, but not 
with diabetes. In males, aerobic exercise was significant for di-
abetics and insignificant for non-diabetics. Resistance exercise 
was significant for males with or without diabetes and insignifi-
cant for females with or without diabetes.

Results of this study are consistent with previous research 
demonstrating the beneficial impact of exercise on maintain-

Table 1. Demographic characteristics of the study subjects

Characteristic Total
Male Female

Diabetes Non-diabetes Diabetes Non-diabetes
No. of subjects (population)a 16,443 (37,528,400) 1,132 (2,333,747.6) 6,176 (16,480,956) 1,006 (1,745,515.8) 8,143 (16,968,180)
Age (yr) 47.0±0.2 58.1±0.5 44.3±0.3 63.3±0.6 46.5±0.3
Body mass index (kg/m2) 23.9±0.0 25.6±0.1 24.4±0.1 25.8±0.2 23.0±0.1
  Obesity, %b 34.6±0.5 53.3±1.7 40.2±0.7 53.0±1.9 24.7±0.6
Handgrip strength (kg) 32.1±0.1 37.9±0.3 40.9±0.1 21.5±0.2 23.8±0.1
Low handgrip strength, %c 8.4±0.3 8.8±0.8 4.8±0.3 25.4±1.6 10.2±0.5
Alcohol drinker, %d 59.0±0.5 70.3±1.7 72.4±0.7 24.7±1.7 47.8±0.7
Smoking status
  Current smoker, % 20.8±0.5 34.9±1.8 35.7±0.8 3.4±0.7 6.1±0.4
  Past smoker, % 22.3±0.4 48.2±1.8 36.6±0.7 3.6±0.6 6.7±0.3
Aerobic exerciser, %e 46.2±0.6 39.4±1.8 51.4±0.8 33.9±1.9 43.3±0.7
Resistance exerciser, %f 22.8±0.4 24.6±1.6 31.4±0.7 9.3±1.1 15.5±0.5
Household income (quartile)
  1 (lowest), % 14.4±0.5 21.6±1.4 10.8±0.5 35.3±2.0 14.8±0.6
  2, % 24.0±0.6 26.8±1.5 22.9±0.8 27.8±1.6 24.2±0.7
  3, % 29.0±0.6 26.4±1.6 30.9±0.8 20.6±1.5 28.5±0.7
  4 (highest), % 32.6±0.8 25.1±1.6 35.5±1.0 16.3±1.5 32.4±0.9
Education level
  ≤Elementary school, % 12.9±0.5 17.0±1.2 6.7±0.4 48.0±1.9 14.7±0.6
  Middle school, % 8.2±0.3 15.1±1.2 7.0±0.4 15.8±1.5 7.7±0.4
  High school, % 35.4±0.6 37.4±1.8 37.4±0.8 25.4±1.7 34.1±0.7
  ≥University, % 43.5±0.8 30.5±1.8 49.0±1.0 10.8±1.2 43.4±0.9
Comorbidity, % 31.6±0.6 56.1±1.8 29.4±0.9 62.9±1.8 23.7±0.7
  Hypertension, % 19.2±0.5 50.1±1.9 15.7±0.6 58.8±1.9 14.3±0.5
  Angina, MI, % 2.0±0.1 6.9±0.8 2.1±0.2 4.1±0.6 1.1±0.1
  COPD, % 0.5±0.1 0.5±0.2 0.7±0.2 0.4±0.3 0.3±0.1
Diabetes, % 10.9±0.3
Arthritis, % 9.5±0.3 7.4±0.9 3.6±0.2 33.7±1.8 13.0±0.4

Continuous variables are presented as weighted mean±standard error (SE), and categorical variables as weighted percentage±SE. 
COPD, chronic obstructive pulmonary disease; MI, myocardial infarction.
aThe number of subjects represents the unweighted sample size; values in parentheses indicate the weighted population. bBody mass index≥25 kg/m2. 
cUsed Asian Working Group for Sarcopenia 2019 consensus reference, low handgrip strength is defined as <28 kg for male, and <18 kg for female. dEver 
drunk in his/her lifetime & drunk in the previous year. ePerformed more than 150 minutes of moderate intensity physical activity or 75 minutes of high 
intensity activity per week, or a combination of both. fPerformed more than 1 day of resistance activity in a week.
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Table 3. Three-way interaction analysis of exercise, sex, diabetes on the ORs for LHGS

Variable
For aerobic exercise For resistance exercise

ORa 95% CI P-value ORa 95% CI P-value
Exercise 0.685 0.508–0.923 0.013 0.528 0.362–0.771 <0.001
Diabetes 1.264 0.924–1.729 0.143 1.236 0.934–1.635 0.138
Sex 1.549 1.162–2.065 0.003 1.411 1.076–1.851 0.013
Exerciser^diabetes 0.747 0.406–1.373 0.346 0.610 0.287–1.294 0.197
Exerciser^sex 1.002 0.689–1.455 0.994 1.542 0.908–2.617 0.109
Diabetes^sex 0.819 0.539–1.244 0.348 0.994 0.683–1.447 0.975
Exerciser^diabetes^sex 2.350 1.119–4.932 0.024 1.139 0.336–3.863 0.834

CI, confidence interval; LHGS, low handgrip strength; OR, odds ratio.
aBy multivariate logistic regression adjusted for quadratic age, obesity, alcohol consumption, smoking, household income, education, comorbidity, 
arthritis, and three-way interaction between exercise, sex, and diabetes.

Table 4. Two-way interaction analysis of exercise type and diabetes stratified by sex on the ORs for LHGS

Variable
Male Female

ORa 95% CI P-value ORa 95% CI P-value
Aerobic exercise Exerciser 0.794 0.560–1.044 0.091 0.669 0.533–0.839 0.001

Diabetes 1.217 0.862–1.717 0.265 1.093 0.839–1.423 0.509
Exerciser^diabetes 0.667 0.347–1.281 0.223 1.704 1.073–2.707 0.024

Resistance Exerciser 0.551 0.371–0.819 0.003 0.786 0.557–1.110 0.171
Diabetes 1.162 0.850–1.587 0.345 1.290 1.026–1.623 0.030
Exerciser^diabetes 0.586 0.259–1.247 0.158 0.676 0.268–1.702 0.405

CI, confidence interval; LHGS, low handgrip strength; OR, odds ratio.
aBy multivariate logistic regression adjusted for quadratic age, obesity, alcohol consumption, smoking, household income, education, comorbidity, 
arthritis and interaction between exercise and diabetes.

Table 5. Association between LHGS and type of exercise in relation to diabetes and sex

Variable
Male Female

ORa 95% CI P-value ORa 95% CI P-value
Aerobic exerciser Overall 0.696 0.535–0.908 0.007 0.744 0.609–0.909 0.004

Diabetes (+) 0.479 0.278–0.827 0.008 1.109 0.716–1.719 0.642
Diabetes (–) 0.757 0.554–1.035 0.081 0.676 0.539–0.848 0.001

Resistance exerciser Overall 0.488 0.348–0.683 <0.001 0.743 0.541–1.021 0.067
Diabetes (+) 0.317 0.165–0.611 0.001 0.529 0.224–1.249 0.146
Diabetes (–) 0.536 0.360–0.798 0.002 0.795 0.564–1.121 0.191

CI, confidence interval; LHGS, low handgrip strength; OR, odds ratio.
aBy multivariate logistic regression adjusted for quadratic age, obesity, alcohol consumption, smoking, household income, education, comorbidity, and 
arthritis.

ing adequate grip strength. For instance, a British longitudinal 
cohort study reported that mid-life exercise (ages 40–50 years) 
was significantly associated with a lower OR for LHGS in early 
60s [18]. Similarly, a Korean cross-sectional study found that 
elderly individuals who exercised regularly had a lower prev-
alence of LHGS compared to non-exercisers [6]. Our study 
corroborates these findings, further supporting the general pro-
tective effects of both aerobic and resistance exercise on HGS.

As mentioned before, data shows a significant interaction 
between aerobic exercise and diabetes in females, but not males. 
Such effect may be due to sex difference in muscle mass that is 

product of lifetime levels of endogenous sex hormone. Evidence 
shows that testosterone supplement increased muscle mass in 
both males and females [19,20].

Another finding is that only aerobic exercise in non-diabetic 
females was associated with low odds of LHGS. Prior studies 
suggested that individuals with diabetes had lower aerobic 
capacity, measured by peak oxygen consumption and maxi-
mal walking time [13]. Moreover, when comparing with their 
non-diabetic counterparts, females with diabetes showed more 
pronounced decline in cardiorespiratory fitness than males with 
diabetes [21]. Consequently, even when females with diabetes 
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report meeting exercise guidelines, the intensity or physiologi-
cal load may not be sufficient to increase strength. This suggests 
that current exercise recommendations may need to be adjusted 
for this subgroup, potentially emphasizing greater duration or 
intensity to maintain grip strength.

Interestingly, in males, the association between ORs of LHGS 
and aerobic exercise was significant in males with diabetes but 
not in without diabetes. This could be due to small sample size 
after stratification. The sample size of males with diabetes was 
1,132 and those that participate in aerobic exercise was 39.4%, 
446 participants. The sample size of males without diabetes was 
6,176 and those that participate in aerobic exercise was 51.4%, 
3,174 participants. In males without diabetes, the OR of LHGS 
for aerobic exercise was 0.75 with P-value of 0.081 and the up-
per limit of 95% CI of 1.035, which was marginally above “1.” 
The process of stratification and reducing subgroup sample 
size, males without diabetes, could have reduced the strength of 
association between aerobic exercise and OR of LHGS.

Furthermore, association between resistance exercise and 
ORs of LHGS was significant in males but not in females. The 
OR of LHGS for resistance exercise in females was 0.743 and the 
upper limit of 95% CI was 1.021, which was marginally above 
“1.” These values were similar to the corresponding values for 
aerobic exercise in the same sex; 0.744 and 0.909. This differ-
ence in significance can be explained by the small sample size 
that participated in resistance exercise in females. According to 
Table 2, sample size that accounted for males participating in 
resistance exercise was 2,235 out of 7,303 (30.6%). This size in 
females was 1,362 out of 9,140 (14.9%). Since there was small 
number of females participating in resistance exercise com-
pared to males, the association may not have reached statistical 
significance.

Despite these valuable insights, our study has several limita-
tions. As a cross-sectional study, it is inherently limited in estab-
lishing causal relationships. We cannot definitively determine 
whether exercise reduces LHGS or if LHGS, conversely, limits 
an individual’s ability to engage in exercise. Future longitudinal 
and interventional studies are crucial to clarify this directional-
ity. Additionally, several key variables, including exercise habits 
and smoking status, were collected via self-answered question-
naires. While this method carries the potential for reporting 
bias, it’s important to note that the Global Physical Activity 
Questionnaire, utilized for assessing exercise type and amount, 
has been validated for predicting actual exercise practice [22]. 
Similarly, numerous studies have demonstrated the accuracy of 

self-reported smoking status [23], which somewhat mitigates 
concerns about bias in this particular variable.
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