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Background: Grip strength and muscle-strengthening activity (MSA) have been independently associated
with type 2 diabetes mellitus (T2DM). However, analyses that consider grip strength in conjunction with MSA,
while factoring in age and sex as well, are limited. Therefore, we aimed to investigate the association of relative
grip strength (RGS) and MSA, separately and in combination, with T2DM, considering differences in age and sex.
Methods: A total of 27,702 participants aged 19 years and older were included from 2014 to 2021 from the Ko-
rea National Health and Nutrition Examination Survey. The association between RGS, MSA, and T2DM was as-
sessed using logistic regression analysis. Odds ratios (OR) and 95% confidence intervals (Cl) were calculated for
the independent and joint associations of RGS and MSA on T2DM prevalence.

Results: Highest (Q4) RGS levels were independently associated with lower odds of T2DM (OR, 0.39; 95% Cl,
0.32t0 0.46; P for trend <0.001). Similarly, engaging in MSA 2 o 3 days per week was associated with lower odds
of T2DM (OR, 0.80; 95% Cl, 0.66 to 0.96), although the trend was not statistically significant (P for trend=0.775).
In the joint analysis, participants with normal RGS and engaging in MSA =2 days per week had the lowest odds
of T2DM (OR, 0.60; 95% Cl, 0.51 to 0.70).

Conclusion: Higher RGS and engaging in MSA 2 to 3 days per week are independently associated with lower
likelihood of T2DM. The combined association of normal RGS and MSA 2 days or more per week shows the
greatest benefit for T2DM prevention.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a global public health prob-
lem and a leading cause of mortality and decreased life expectancy,
with the number of affected individuals increasing annually.' Global
trends show an increase in the prevalence of T2DM among young
people.® As of 2021, 68.5% of individuals with T2DM are adults
under the age of 70 in Korea, and the rising prevalence of T2DM
in children, youth, and middle-aged adults poses a significant social
burden** Additionally, while T2DM prevalence is higher in males,

who are also diagnosed at younger ages, females experience higher
rates of cardiovascular disease (CVD) and mortality related to
T2DM.’ Therefore, it is crucial to analyze prevention strategies for
T2DM through an approach that is specific to age and sex.

Grip strength, considered an indicator of total muscle strength, is
widely recognized as a tool to predict mortality and the presence of
various chronic diseases.® Low levels of grip strength are associated
with a higher risk of CVDs and other chronic conditions.”® Previous
observational studies have demonstrated an association between

grip strength and the prevalence of T2DM, suggesting that stron-
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ger grip strength may reduce the risk of this metabolic disorder.”"!
However, most previous studies have primarily categorized partici-
pants based on absolute grip strength, with limited research divid-
ing subjects by age group. Relative grip strength (RGS) is proposed
as a method to overcome the confounding of strength measure-
ments by body mass and to address the health implications of high-
er body weight and reduced muscle strength.'> This measure ac-
counts for individual variations in body size, providing a more ac-
curate reflection of muscular health’s impact on chronic disease risk
and mortality. Therefore, RGS may serve as a more significant indi-
cator compared to absolute grip strength for predicting the risk of
T2DM and establishing associations."*'*

Muscle-strengthening activity (MSA) is known to enhance insu-
lin sensitivity and improve glucose regulation, thereby reducing the
risk for and aiding in the prevention of T2DM." Therefore, most
physical activity guidelines recommend engaging in MSA at least
twice a week for the prevention of non-communicable diseases.'*"”
Current epidemiologic evidence suggests that engagement in MSA
over one to two sessions per week (or approximately 30 to 150 min-
utes) was associated with reduced risk of CVD, T2DM, and all-cause
mortality."**° However, most prior studies have predominantly in-
volved Caucasian populations, including only a limited number of
participants from other ethnicities, and have not focused extensively
on gender and age-specific differences. Additionally, to our knowl-
edge, no studies have examined the joint association of grip strength
and MSA on the prevalence of T2DM.

Therefore, this study aimed to investigate the independent and
joint associations of RGS and MSA with T2DM. Furthermore, it
aimed to explore the differences in T2DM based on age and sex.

METHODS

Study populations

The Korea National Health and Nutritional Examination Survey
(KNHANES) is an annual nationwide survey carried out by the
Korea Disease Control and Prevention Agency. This survey gathers
information on the health, behaviors, and nutritional status of Kore-
ans, serving as a tool to oversee the health conditions of the Korean
population. The data from the 6th to 8th cycles of the KNHANES,
which encompass the years 2014 to 2019, included 37,916 individ-
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uals aged 19 years and older as participants. The final analysis ex-
cluded individuals who could not be assessed for diabetes status
(n=3,650), those without available grip strength data (n=1,933),
participants with unknown days of MSA (n=171), and those miss-
ing covariates (n=4,460), resulting in a total of 27,702 participants
for the final analysis.

The Institutional Review Board (IRB) of Seoul National Univer-
sity approved this study (IRB NO. E2404/004-008) and waived
the requirement for informed consent due to the use of de-identi-

fied data.

Definition of T2DM

In this study, T2DM was the primary dependent variable. Blood
samples were taken after fasting for 8 hours and then sent to a cen-
tral laboratory for analysis within 24 hours. Fasting plasma glucose
was measured with the Hitachi 7600 Automatic Analyzer (Hita-
chi), and glycosylated hemoglobin (HbA1c) levels were assessed
using the G8 automated high-performance liquid chromatography
system (Tosoh). T2DM was identified based on the existence of
any of the following conditions: (1) fasting plasma glucose level
>126 mg/dL, (2) HbAlc level >6.5%, or (3) current use of any

antidiabetic medication.

Exposures

Grip strength was measured using a digital grip strength dyna-
mometer (T.K.K 5401; TAKEI). The individual grip strength value
was determined by taking the highest value from three measurements
of grip strength in both hands, focusing on the hand that is primar-
ily used. RGS was calculated by dividing the absolute grip strength
by body mass index (BMI), and it was categorized into sex-specific
quartiles.*"** The analysis was conducted based on these quartile
groups.

The frequency of MSA (e.g., push-ups, sit-ups, dumbbells, or
barbell exercises) was assessed by asking participants how many
days per week they performed any MSA. MSA was categorized into
groups of 0, 1, 2-3, and more than 4 days. The World Health Orga-
nization (WHO) recommends that adults perform MSA that works
for all major muscle groups on 2 or more days a week.'® Therefore,
sufficient MSA was defined as 2 or more days per week, and grip
strength was defined as low for the lowest RGS quartile (Q1) and
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normal for the remaining RGS quartiles.”® The variable that com-
bined RGS and MSA was categorized into four groups: (1) low RGS
and not meeting MSA recommended levels, (2) low RGS and meet-
ing MSA recommended levels, (3) normal RGS and not meeting
MSA recommended levels, and (4) normal RGS and meeting MSA

recommended levels.

Covariates

Sociodemographic factors included age, sex (male and female),
household income (low, mid-low, mid-high, and high), educational
level (< high school, high school graduate, and > college), and fam-
ily history of diabetes (yes or no). BMI was calculated as weight in
kilograms divided by the square of height in meters. Smoking status
was ascertained through self-reported information regarding current
smoking habits (smoker or non-smoker). Alcohol consumption
was evaluated by surveying participants on their usual weekly in-
take of alcoholic beverages. Heavy drinking was categorized as ex-
ceeding seven drinks per week for males and five drinks per week
for females.” Physical activity was measured using the Global Physi-
cal Activity Questionnaire, which evaluates the intensity, duration,
and frequency of aerobic activities across work, transport, and lei-
sure domains.” Participants were classified as meeting or not meet-
ing the WHO physical activity guidelines, which recommend at
least 150 minutes of moderate to vigorous activity per week for adults,
based on their self-reported physical activity levels.'® Hyperten-
sion was identified in individuals with a systolic blood pressure of
> 140 mmHg; a diastolic blood pressure of >90 mmHg, or those
on medication for hypertension.”® Criteria for dyslipidemia includ-
ed a total cholesterol level of >240 mg/dL, a low-density lipopro-
tein cholesterol level of > 160 mg/dL, a high-density lipoprotein
cholesterol level of <40 mg/dL for males and < 50 mg/dL for fe-
males, triglycerides of >200 mg/dL, or the use of lipid-lowering

medications.”’

Statistical analysis

Considering the stratified, multistage probability, and sampling
design of KNHANES, survey-weighted analyses were performed
to ensure representativeness. Participants’ characteristics were pre-
sented as mean * standard error (SE) for continuous variables and

as proportion * SE for categorical variables. Group comparisons
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were conducted using survey-weighted generalized linear models
for continuous data and the Rao-Scott F-adjusted chi-square test
for categorical data.

The weighted logistic regression analysis was used to calculate
odds ratios (OR) and 95% confidence intervals (CI), investigating
the relationship between RGS and MSA with T2DM. To examine
the associations of various covariates on the relationship between
RGS and MSA with T2DM, adjustments for these factors were in-
corporated into the analysis: model 1, age and sex; model 2, model
1+education, income, current smoking, heavy drinking, RGS (when
MSA is the main exposure), and MSA (when RGS is the main ex-
posure); and model 3, model 2+hypertension, dyslipidemia, family
history of diabetes, and BMI (when MSA is the main exposure).

To assess the joint association of RGS and MSA with T2DM, we
categorized participants into four groups based on their RGS levels
and whether they met the MSA guidelines: (1) low RGS and not
meeting MSA guidelines, (2) low RGS and meeting MSA guide-
lines, (3) normal RGS and not meeting MSA guidelines, and (4)
normal RGS and meeting MSA guidelines.

In addition, we assessed potential effect modification by age and
sex by including interaction terms between age groups ( < 65 years
vs. > 65 years) and sex (male vs. female) in our multivariable regres-
sion models. Interaction effects were evaluated using Wald tests, and
the overall significance level for the analysis was set at P-value <0.0S.
All statistical analyses were performed using Stata version 17.0

(StataCorp.).

RESULTS

Among the 27,702 participants, 3,410 were diagnosed with T2DM.
The prevalence of T2DM was 7.8% among participants under the
age of 65 and 26.6% among those aged 65 and above. Furthermore,
the prevalence was higher among males at 11.7%, compared to fe-
males at 8.6%. Table 1 presents the baseline characteristics accord-
ing to T2DM status. Compared to those without T2DM, individu-
als with T2DM were more likely to be male, older, have higher BMI,
lower levels of physical activity, and a higher prevalence of hyper-
tension and dyslipidemia.

Compared to lower RGS levels, higher RGS levels were signifi-
cantly associated with lower OR values for T2DM prevalence (P
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Table 1. Baseline characteristics of the study participants by T2DM status

Characteristic Overall Non-T2DM T2DM P
Unweighted number 27,702 24,292 3,410
Female sex (%) 49.2+0.3 50.1+£0.3 41.4£0.9 <0.001
Age (yr) 453+0.2 43.9+0.2 58.6+0.3 <0.001
Height (cm) 165.3£0.1 165.5+0.1 163.6+0.2 <0.001
Weight (kg) 65.5+0.1 65.1+0.1 69.2+0.3 <0.001
Education level (%) <0.001

<High school 19.5+04 16.9+0.4 43211

High school graduate 37.2+04 37.7+05 37.8+£04

> College 433106 455+0.6 240+1.0
Household income (%) <0.001

Low 13.0£04 11.6+0.3 253+0.9

Mid-Low 23.7+0.5 233+0.5 27.1£09

Mid-High 30.2+04 309+0.5 245+£1.0

High 33.1+£0.6 343+0.7 229+09
Body mass index (kg/m?) 23.9+0.03 23.6+0.03 25.7+0.1 <0.001
Current smoker (%) 22.0+03 21.8+04 23.7+09 0.034
Heavy drinking (%)* 13.1£0.3 12.8+0.3 16.1£0.8 <0.001
Physically active (%)* 498104 50.8+0.4 405+1.0 <0.001
Muscle-strengthening activity (%)* 228+03 232+03 18.7+0.8 <0.001
Absolute grip strength (kg) 329+0.1 33.1+0.1 31.9+0.2 <0.001
Hypertension (%) 24.1+04 20.5+0.3 56.4+1.0 <0.001
Dyslipidemia (%) 47.0+£04 436104 76.3+0.38 <0.001
Family history of diabetes (%) 20.5+0.3 19.3£0.3 31.8+£1.0 <0.001

Values are presented as weighted mean £ standard error.

*Seven drinks per week for males and five for females; 'Engaged in moderate to vigorous physical activity for more than 150 minutes per week; *Per-

formed at least twice a week.
T2DM, type 2 diabetes mellitus.

for trend < 0.001). In terms of the association between the number
of MSA days and T2DM prevalence, only the group that performed
exercises 2 to 3 days a week showed a significantly lower OR value
compared to those who did not perform any exercise per week. In
the adjusted model, no significant associations were observed for
groups that performed exercises less than 2 days or more than 4 days
per week (Table 2).

In analyses stratified by age group, higher levels of RGS were as-
sociated with a lower prevalence of T2DM in both groups. In the
group under 65 years of age, compared to the lowest quartile of grip
strength, the OR with 95% CI for the second, third, and fourth quar-
tiles were 0.70 (95% CI, 0.60 to 0.81), 0.54 (95% CI, 0.46 to 0.64),
and 0.35 (95% CI, 0.28 to 0.43), respectively. In the female group,
according to RGS levels, compared to the lowest quartile, the OR
for T2DM with 95% Clwere 0.73 (95% CI, 0.62 to 0.87), 0.58 (95%
CI, 0.47 to 0.70), and 0.38 (95% CI, 0.29 to 0.49) for the second,
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third, and fourth quartiles, respectively. Additionally, significant in-
teraction effects were observed only in the RGS group stratified by
age (< 65 years vs. > 65 years) (P for interaction < 0.001).

An association between MSA levels and T2DM was observed
only in the group aged 65 and older. Compared to those who did
not engage in any MSA, the group practicing 1 day per week had
an OR of 0.58 (95% CI, 0.29 to 1.14), while those practicing 2 to
3 days per week showed an OR of 0.61 (95% CI, 0.43 to 0.86). In
the sex-specific analysis, only the male group practicing 2 to 3 days
per week exhibited a significant association, with an OR of 0.71 (95%
CI, 0.56 to 0.89) compared to those who did not engage in any
MSA (Table 3).

To perform a joint analysis, we examined the interaction between
RGS and MSA, finding no significant interaction (P=0.679). The
joint analysis showed no significant association for groups with low

RGS engaging in MSA compared to those with low RGS who do
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Table 2. Odds ratio for type 2 diabetes mellitus by relative grip strength and muscle-strengthening activity levels

Model 1 Model 2 Model 3
Relative grip strength*
Q1 1 (Reference) 1 (Reference) 1 (Reference)
Q2 0.74 (0.66-0.83) 0.75 (0.67-0.84) 0.79 (0.70-0.88)
Q3 0.56 (0.50-0.64) 0.57 (0.50-0.65) 0.64 (0.56-0.73)
Q4 0.31(0.26-0.36) 0.31(0.26-0.37) 0.39(0.32-0.46)
P for trend <0.001 <0.001 <0.001
Per 1-SD 0.59 (0.56-0.63) 0.59 (0.55-0.63) 0.64 (0.60-0.69)

Muscle-strengthening activity®

0 day/wk 1 (Reference) 1 (Reference) 1 (Reference)
1 day/wk 0.84 (0.63-1.11) 0.96 (0.72-1.27) 1.01 (0.76-1.36)
2-3 day/wk 0.66 (0.55-0.78) 0.75 (0.62-0.89) 0.80 (0.66-0.96)
>4 day/wk 0.83 (0.72-0.96) 0.96 (0.82-1.11) 1.02 (0.87-1.20)
P for trend <0.001 0.208 0.775

Regarding relative grip strength, 1 SD change is equivalent to 0.13 kg. Model 1: Adjusted for age and sex; Model 2: Adjusted for model 1 plus house-
hold income, education, smoking status, heavy drinking, physical activity, relative grip strength (when muscle-strengthening activity is the main ex-
posure), and muscle-strengthening activity (when relative grip strength is the main exposure).

*Model 3: Adjusted for model 2 plus hypertension, dyslipidemia, and family history of diabetes; *Model 3: Adjusted for model 2 plus hypertension,
dyslipidemia, family history of diabetes, and body mass index.

SD, standard deviation.

Table 3. Odds ratios for type 2 diabetes mellitus by relative grip strength and muscle-strengthening activity levels stratified by age and sex

Full adjusted model

Age (yr) Sex
<65 >65 Male Female

Relative grip strength*

Q1 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Q2 0.70 (0.60-0.81) 0.74 (0.61-0.90) 0.83(0.70-0.97) (0.62-0.87)

Q3 0.54 (0.46-0.64) 0.65 (0.53-0.79) 0.69 (0.57-0.82) 0.58 (0.47-0.70)

Q4 0.35(0.28-0.43) 0.56 (0.43-0.67) 0.40 (0.32-0.50) 0.38(0.29-0.49)

Pfor trend <0.001 <0.001 <0.001 <0.001

Per 1-SD 0.59 (0.55-0.64) 0.74 (0.68-0.81) 0.72 (0.67-0.77) 0.69 (0.64-0.75)

P for interaction <0.001 0.582
Muscle-strengthening activity®

0 day/wk 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

1 day/wk 1.09 (0.79-1.51) 0.58 (0.29-1.14) 1.06 (0.75-1.50) 0.91 (0.55-1.49)

2-3 day/wk 0.85 (0.69-1.06) 0.61 (0.43-0.86) 0.71 (0.56-0.89) 1.09 (0.80-1.48)

>4 day/wk 1.05 (0.85-1.30) 0.97 (0.78-1.22) 1.05 (0.87-1.27) 0.90 (0.67-1.22)

P for trend 0.922 0.251 0.954 0.987

P for interaction 0.731 0.135

Regarding relative grip strength, 1 SD change is equivalent to 0.12 kg for the age-stratified group, 0.11 kg for males, and 0.09 kg for females.
*Adjusted for age, sex, household income, education, smoking status, heavy drinking, physical activity, hypertension, dyslipidemia, family history of
diabetes, and muscle-strengthening activity; "Adjusted for age, sex, household income, education, smoking status, heavy drinking, physical activity,
hypertension, dyslipidemia, family history of diabetes, body mass index, and relative grip strength.

SD, standard deviation.

not engage in MSA. However, a significantly lower OR for T2DM  (95% CI, 0.51 to 0.70), particularly among those adhering to MSA

prevalence was observed in the normal grip strength group, at 0.60  recommendations (Fig. 1). Additionally, the age and sex-stratified
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Figure 1. Joint association of relative grip strength and muscle-
strengthening activity (MSA) with type 2 diabetes mellitus (T2DM).
Low relative grip strength (RGS) represents the lowest quartile, while
normal RGS comprises the remaining quartiles. MSA criteria are de-
fined by the engagement of muscle-strengthening exercises at least
twice per week. The full model is adjusted for age, sex, household in-
come, education, smoking status, heavy drinking, physical activity, hy-
pertension, dyslipidemia, and family history of diabetes. OR, odds ra-
tio; Cl, confidence interval.
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analysis showed similar trends to those observed in the total popu-
lation (Fig. 2). However, among individuals under the age of 65 and
females, those with normal RGS and who met the MSA recommen-
dations exhibited a lower association with T2DM compared to their

counterparts.

DISCUSSION

This study investigated the association between RGS and MSA
with T2DM prevalence. Our findings demonstrate that higher RGS
is significantly associated with a lower prevalence of T2DM. This
association was more pronounced among younger participants and
females. Additionally, engaging in MSA 2 to 3 days per week was
associated with a lower prevalence of T2DM compared to no par-
ticipation in MSA. A significant association between sufficient MSA
and lower T2DM prevalence was also observed among individuals

with lower grip strength, particularly older adults. This association
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Figure 2. Joint association of relative grip strength and muscle-strengthening activity (MSA) with type 2 diabetes mellitus (T2DM) by sex and age-
stratified group. The figure shows each group: (A) age <65 years, (B) age >65 years, (C) male, and (D) female. Low relative grip strength (RGS) rep-
resents the lowest quartile, while normal RGS comprises the remaining quartiles. MSA criteria are defined by the engagement of muscle-strength-
ening exercises at least twice per week. The full model is adjusted for age, sex, household income, education, smoking status, heavy drinking,
physical activity, hypertension, dyslipidemia, and family history of diabetes. OR, odds ratio; Cl, confidence interval.

] Obes Metab Syndr 2025;34:148-157

https://www.jomes.org | 153



Han'Y, et al. Grip Strength, Muscle Activity, and Diabetes

was similarly evident in male participants. These findings suggest
that the association between T2DM and various indicators varies
depending on age and sex. In the joint analysis, the group with nor-
mal RGS and engaging in MSA at least twice a week demonstrated
the lowest association with T2DM, compared to those with low
RGS and fewer than 2 days of MSA practice per week.

Previous research conducted on a Korean population supports
the findings that the group with the lowest RGS (Q1) exhibits a
2.7 times increase in the prevalence of T2DM among males and a
3.4 times increase among females, compared to the group with the
highest grip strength (Q4)."* Additionally, a meta-analysis based on
prospective studies examining the overall risk of T2DM incidence
associated with grip strength found that for absolute grip strength,
each 5-kg increment resulted in a hazard ratio (HR) for T2DM in-
cidence of 0.95 (95% CI, 0.92 to 0.96). In contrast, for RGS, each
0.1 increment showed a stronger association with an HR of 0.78
(95% CI, 0.71 to 0.86) for T2DM incidence.'*

In a prospective cohort study, it was reported that engaging in
MSA once or twice weekly (or approximately 60 to 150 minutes
per week) could reduce the risk of T2DM by about 30%."® A meta-
analysis examining the relationship between MSA and the risk of
T2DM reported that engaging in such exercises for 60 minutes
per week resulted in a relative risk of 0.83 (95% CI, 0.73 to 0.93),
indicating a reduced risk compared to those who did not engage in
these activities.”

Our research found that higher RGS levels are associated with a
lower prevalence of T2DM. Interestingly, individuals who engaged
in MSA 2 to 3 days per week showed a significantly lower preva-
lence of T2DM. In contrast, those performing MSA 4 or more days
per week, despite having higher levels of overall physical activity,
did not show a statistically significant association with T2DM. In
our analysis, individuals who engaged in MSA 4 or more days per
week tended to be older on average and have higher prevalence of
hypertension and T2DM compared to those who engaged in 1 or
2-3 days MSA per week. This pattern may suggest that individuals
with chronic conditions are more proactive in managing their health,
which could have influenced the outcomes of our study.

Our analysis differentiated by age groups showed that individuals
under 65 years of age demonstrated a stronger association between

increased RGS levels and the reduced prevalence of T2DM. This
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suggests that enhanced muscle strength could be associated with
lower T2DM prevalence in younger populations, highlighting a
potential area for preventive measures. Conversely, among those
aged 65 years and older, participating in MSA at least 2 to 3 days per
week was associated with lower T2DM prevalence, suggesting that
even modest MSA involvement could be linked to beneficial out-
comes in T2DM prevalence among older adults. Although older
adults experience a decline in strength associated with muscle mass
loss, the reduction in strength occurs at a faster rate than the corre-
sponding decrease in muscle mass, which indicates a deterioration
in muscle quality.*® Consequently, maintaining and enhancing
muscle strength through targeted interventions is increasingly es-
sential in the elderly population.

In the sex-specific analysis, while the association between RGS
and T2DM prevalence showed similar patterns across genders,
differences were observed in the association with MSA. This dis-
crepancy may be further explained by sex differences in the de-
cline of muscle function with age; notably, males experience more
rapid declines in muscle strength, mass, and quality compared to
females.”* This emphasizes the importance of maintaining muscle
strength, particularly in males. Furthermore, the extremely low en-
gagement rate of MSA among females, where 85.6% did not partic-
ipate in such activities even once per week, likely contributed to the
observed lack of association between MSA and T2DM in this group.
A previous study has shown these findings, revealing that in 2019,
only 32.6% of Korean males engaged in MSA more than twice a
week, compared to just 14.1% of females.”!

Our joint analysis showed that the lowest association with T2DM
is observed when RGS is normal and MSA is conducted more
than twice a week. Similarly, age and sex-stratified analysis indicat-
ed that this trend is most pronounced in individuals under the age
of 65 years. Given these findings, and considering that current pub-
lic health guidelines recommend both males and females engage in
MSA at least twice per week, it is imperative to design and imple-
ment interventions and policies that encourage regular participation
in such activities across both genders.'® This approach could prevent
T2DM by enhancing muscle strength through consistent muscle-
strengthening exercises.

Grip strength has been extensively studied in clinical and epide-

miological research as a predictive marker for various diseases.*
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Research has shown that higher grip strength is associated with a
lower risk of cardiovascular events and reduced mortality rates.*®
These associations suggest that grip strength can be an accessible
and cost-effective indicator of health risks across various popula-
tions. Resistance training aims to increase muscle mass, enhance
muscle function, and improve metabolic health through adapta-
tions such as increased muscle fiber size, altered muscle architec-
ture, and enhanced neural activation.**** These changes significantly
improve muscular strength, thereby directly enhancing grip strength.

In terms of biological mechanisms, engaging in MSA is associated
with reductions in adiposity and increases in muscle mass, which in
turn lead to decreased levels of homeostasis model assessment for
insulin resistance and C-peptide, thereby contributing to the pre-
vention of T2DM."® Additionally, skeletal muscle has the ability to
secrete a variety of peptides known as myokines, including myo-
statin, irisin, and myonectin.*® These myokines have been identi-
fied as crucial for maintaining metabolic homeostasis.”” Such meta-
bolic substances significantly influence the body’s metabolic pro-
cesses and are likely key mediators in the relationship between MSA
and improved metabolic health in T2DM.

To the best of our knowledge, no prior study has investigated the
combined association of MSA and RGS with T2DM using national
data. However, this study has several limitations. First, as this study
is based on a cross-sectional design, causality between exposure
factors and T2DM cannot be inferred. Second, the assessment of
MSA levels in this study relied solely on self-reported data, record-
ed as the number of days per week engaged in such activities. This
method of measurement is susceptible to measurement errors, po-
tentially leading to inaccurate representations of actual activity lev-
els. Third, despite adjustments for potential confounders, residual
confounding may still exist due to unmeasured or unknown factors,
such as calorie intake. Finally, while this study utilized national data
to standardize the population, the exclusive inclusion of Korean
participants limits its ability to accurately represent the other popu-
lations.

In conclusion, this is the first study to analyze the joint associa-
tions of RGS and MSA frequency on the prevalence of T2DM. Our
findings suggested that higher levels of RGS are inversely associated
with T2DM prevalence. Particularly, the lowest prevalence of T2DM
was observed in individuals engaging in MSA 2 to 3 days per week.
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This association varied across different age and sex groups. In our
joint analysis, participants with normal RGS who engaged in MSA
at Jeast twice a week had the lowest prevalence of T2DM compared
to those with low RGS who engaged in MSA fewer than 2 days per
week. These results suggest that maintaining normal RGS while
adhering to regular MSA might be a practical strategy for screening
and reducing the risk of developing T2DM. Future research should
aim to measure MSA more objectively and validate these findings

through longitudinal studies to establish causality more robustly.
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