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Abstract

Objectives This study examines the impact of absolute grip strength (AGS) and relative grip strength (RGS) on the risk of
developing type 2 diabetes mellitus (DM), especially in relation to metabolic syndrome (MetS).

Methods 1,935 participants were adults aged 51 to 81 years with an average observation period of 6.50 years. The diag-
nosis of DM was based on American Diabetes Association. The JAMA 5030J1 dynamometer was used to measure the grip
strength. Multivariable extended Cox regression models were used to calculate hazard ratios (HR) and 95% confidence
intervals (CI) for DM incidence.

Results The DM risk increased with the number of MetS risk factors. High AGS was associated with a reduced DM risk
(HR=0.66, 95% CI=0.44-0.99), but association disappeared when adjusted for MetS. High RGS was significantly associ-
ated with a reduced risk of DM incidence (HR=0.49, 95% CI=0.33-0.72), even after adjusting for MetS (HR=0.63, 95%
CI=0.42-0.94). With the presence of MetS, higher AGS was associated with a greater increase in the DM risk compared to
lower AGS, while higher RGS was associated with a less increase in the DM risk compared to lower RGS.

Conclusion This study demonstrates that RGS is a more reliable predictor of DM risks than AGS. Additionally, MetS signifi-
cantly increases DM risk, particularly in individuals with obesity and hypertension. The study highlights the importance of

assessing muscle quality in DM prevention and suggest that improving muscle quality may help mitigate DM risk.
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Introduction

The prevalence of type 2 diabetes mellitus (DM) has been
emerging as a major public health issue [1]. DM is char-
acterized by the inability to regulate blood sugar levels,
which arises from insulin resistance [2]. The prevalence of
DM among Korean adults has increased from 9.7% in 2012
to 13.6%. Among adults over 65 years, the prevalence is
30.7%, indicating that one in three individuals has DM.
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Muscle strength is an important indicator of metabolic
health, including DM [3]. Studies have shown that resis-
tance exercise promotes health and prevents diseases [4].
Resistance exercise improves muscle strength, endurance
and power, and helps manage DM, hypertension and obe-
sity [5]. Absolute grip strength (AGS) is a commonly used
measure to represent muscle strength and is widely used
to evaluate overall health condition [6]. However, recent
research suggests that relative grip strength (RGS), which is
calculated by dividing AGS by body mass index (BMI, kg/
m?), may be more effective measure for predicting risks of
MetS and cardiovascular disease than AGS [7].

Previous study has shown that AGS and RGS are associ-
ated with the risk of developing DM [8]. However, most
of the prior research has been cross-sectional, limiting the
understanding of its long-term predictive value for DM
risk. Additionally, while MetS is a well-established risk fac-
tor for DM, its potential role in modifying the relationship
between AGS, RGS, and DM incidence has not been ade-
quately explored. Given that muscle strength and metabolic
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health are interrelated, it is essential to determine whether
RGS is a more reliable predictor of DM risk compared to
AGS, particularly in individuals with MetS. Also, most of
the researches were cross-sectional, suggesting the need for
longitudinal research.

Therefore, this study aims to analyze the longitudinal
impact of AGS and RGS on the risk of developing DM,
especially examining differences according to the presence
of MetS and the number of MetS risk factors. By clarifying
these relationships, this study may provide valuable insights
into the role of muscle function in DM prevention and help
identify high-risk individuals who may benefit from tar-
geted interventions.

Methods
Study population

The study analyzed the Korean Genome and Epidemiol-
ogy Study (KoGES) data. The study targeted adults aged
51 to 81 years who participated in the baseline survey from
2013 to 2014 and the follow-up survey from 2019 to 2020.
A total of 4,814 individuals were recruited. Individuals with
DM or cardiovascular disease were excluded. Individuals
with missing variables affecting DM, AGS and RGS were
excluded as well. The final sample consisted of 1,935 partic-
ipants with an average observation period of 6.50 years. The
study was approved by the Institutional Review Boards of
Korea University College of Medicine Ansan Hospital and
Seoul National University, and written informed consent was
obtained from the participants (IRB No. E2112/001-009).

Measurements
DM

DM was defined if the fasting blood glucose level > 126 mg/
dL, the glycated hemoglobin level>6.5%, or affirmative
responses to the questions “Have you been diagnosed with
DM?” and “Are you currently taking oral DM medica-
tions?” [9, 10].

MetS risk factors and metabolic disorder

Obesity was defined if BMI>25 kg/m? according to previous
study and Korean Society for the Study of Obesity’s guide-
lines [11, 12]. Hypertension was defined if systolic blood
pressure (SBP)>140mmHG or diastolic blood pressure
(DBP)>90mmHG or a diagnosis of hypertension or when
currently taking antihypertensive medications for blood
pressure management according to Korea hypertension fact
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sheet 2022 [13]. Hyperlipidemia was defined when triglyc-
eride>150 mg/dL or total cholesterol>200 mg/dL or when
currently taking lipid-lowering medications [14, 15].

AGS and RGS

The AGS test is simple to perform, provides prompt results,
and is significantly associated with other measures of mus-
cle strength. The JAMA 5030J1 dynamometer (SAEHAN,
Korea) was used to measure the grip strength. Participants
seated in a chair with their arms at a 90-degree angle while
measuring grip strength. Each hand’s grip strength was
measured three times, and the mean value was recorded. For
the RGS, the AGS was divided by the BMI [9].

AGS and RGS were categorized into tertiles based on
sex-specific distributions. Following previous research,
AGS was classified into tertiles separately for males and
females, with the lowest 0-33% classified as “Low,” the
middle 34-66% as “Middle,” and the upper 67-100% as
“High* [16]. RGS was calculated as AGS (kg) divided by
BMI (kg/m?) and also categorized into tertiles. The cutoff
values for each category were determined separately for
males and females to account for sex differences in grip
strength.

Blood variables measurement

Participants maintained a fasting state for at least 8 h before
serum collection. The blood samples collected were pro-
cessed using a centrifuge on-site and sent to the Seoul Clini-
cal Laboratory. The ADVIA 1800 auto-analyzer (Siemens,
USA) was used to obtain DM related results from blood
tests, including glucose, high sensitivity C-reactive protein
(hs-CRP), serum creatinine, and insulin. The serum sam-
ples were uniformly processed and stored by the Genome
Research Team of the Korea Centers for Disease Control
and Prevention. The estimated glomerular filtration rate
(eGFR), analyzed as a continuous variable, was calculated
using the Modification of Diet in Renal Disease study for-
mula based on serum creatinine level [17]. The homeostatic
model assessment for Insulin resistance (HOMA-IR) value
was calculated using the formula (fasting insulin x fasting
blood glucose/405) [18], and insulin resistance levels were
classified as “Low” if HOMA-IR>2.5 and “High” if<2.5
[19,20].

Questionnaire and other variables

Physical measurements included height, weight and BMI.
The value of lean body mass was measured using the Zeus
9.9 device (JAWON Medical, Korea). The survey was con-
ducted through one-on-one interviews by survey personnel
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and was reviewed and modified on the same day to enhance
completeness. Alcohol consumption was assessed with the
question, “Do you drink alcohol or have never consumed
alcohol?”. Smoking status was assessed with, “Have you
smoked more than 100 cigarettes in your lifetime?”. Physi-
cal activity participation was determined with, “Do you
engage in regular exercise that makes you sweat?”. House-
hold income level was assessed with, “What is the approxi-
mate monthly income of your household?”.

Statistical analysis

STATA/IC 14.1(STATA corp., College Station, TX, USA)
was used for data analysis. To examine the demographic
characteristics of the study participants, frequency analy-
sis was conducted using the chi-square test, and descrip-
tive analysis was performed to calculate the mean values.
Each variable was represented as a percentage or as mean
and standard deviation. To ascertain the incidence density
of DM among the observed participants, person-years were
calculated over the entire follow-up period. To identify an
appropriate analytical model for assessing the association
between AGS, RGS, and the risk of DM incidence and the
association between AGS, RGS, and the presence of MetS,
a log-rank test was conducted for the proportional hazard
assumption. The log-rank test results indicated significant
findings for the proportional hazards assumption regarding
MetS, RGS, and DM incidence (p<0.05). The results for
AGS were not significant (p=0.93).

The current analytical model was deemed unsuitable as
not all independent variables met the proportional hazard
assumption. Therefore, to minimize biased results in data
estimation by considering both time-fixed covariates and
time-dependent covariates, the extended Cox regression
model was used as the analysis model [21].

To examine the association between the number of MetS
risk factors and the risk of DM incidence, the multivariable
extended Cox regression model was used to calculate the
independent hazard ratios (HR) and 95% confidence inter-
vals (95% CI) of DM incidence according to the levels of
AGS and RGS. The same model was used to compare the
association between AGS, RGS, and the risk of DM inci-
dence. Additionally, the interaction between the presence of
MetS and AGS, RGS concerning the risk of DM incidence
was compared. In the multivariable extended Cox regres-
sion model analysis, confounding variables were adjusted,
including age, sex, exercise participation, skeletal muscle
mass, eGFR, hs-CRP, alcohol consumption, smoking status,
income level, and HOMA-IR. All significance levels were
set at p<0.05.

Results

The demographic characteristics are shown in Table 1. Sig-
nificant differences were observed in all variables except for
sex between the low AGS group and the high AGS group.
Significant differences were also observed in all variables
except for sex and the prevalence of hyperlipidemia between
the low RGS group and the high RGS group.

The association between the number of MetS risk factors
and the presence of MetS with DM incidence are shown
in Table 2. The incidence density of DM per 1,000 people
increased with the number of MetS risk factors. When various
confounding variables and AGS were adjusted, the HR for
DM incidence also significantly increased (p-trend<0.001).
When all five MetS risk factors were present, the DM inci-
dence HR was 20.74 times higher than no MetS risk factors
were present (HR=20.74, 95% CI=7.91-54.38). Addition-
ally, incidence densities of DM per 1,000 people for groups
with MetS, obesity, and hypertension were 3.21, 1.97, and
1.63 times higher, respectively, compared to those without
conditions. When confounding variables and AGS were
adjusted, the DM incidence HR was 2.98 (HR=2.98, 95%
CI=2.22-4.00), 1.71 (HR=1.71, 95% CI=1.25-2.33), and
1.71 times (HR=1.71, 95% CI=1.27-2.31) higher, respec-
tively, compared to those without conditions. However,
there were no significant results regarding the risk of DM
incidence and hyperlipidemia. Additionally, similar results
were observed in Model 1.

The association between the levels of AGS, RGS, and
DM incidence are presented in Table 3. The high AGS
group showed a lower incidence density per 1,000 people
compared to the low AGS group, and the HR for DM inci-
dence reduced by 34% (HR=0.66, 95% CI=0.44-0.99).
However, in Model 1, adjusted for the presence of MetS, the
association between AGS and the risk of DM incidence dis-
appeared. The high RGS group showed a lower incidence
density per 1,000 people compared to the low RGS group,
and the HR for DM incidence reduced by 51% (HR=0.49,
95% CI=0.33-0.72). Additionally, in Model 1, a significant
association between high RGS and the risk of DM incidence
was observed (HR=0.63, 95% CI=0.42-0.94).

The association between the risk of DM incidence and
the association of MetS status with AGS and RGS are pre-
sented in Fig. 1. Compared to the non-MetS group with low
AGS and, the risk of DM incidence was 2.96 times higher
(HR=2.96, 95% CI=1.87-4.69) for the MetS group with
low AGS and 3.38 times higher (HR=3.38, 95% CI=2.15—
5.32) for the MetS group with high AGS. Additionally,
compared to the non-MetS group with low RGS, the risk
of DM incidence was 2.85 times higher (HR=2.85, 95%
CI=1.91-4.23) for the MetS group with low RGS, and 2.17
times higher (HR=2.17, 95% CI=1.37-3.44) for the MetS
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Table 1 Baseline characteristics of study participants
Characteristic of risk factor AGS RGS
Low AGS High AGS P Low RGS High RGS P
(n=920) (n=1,015) (n=953) (n=982)
Age (years) 69.32+£7.70 61.43+6.71 <0.001 68.31+7.84 62.15+7.38 <0.001
Male (%) 44.89 41.38 0.119 43.13 42.97 0.946
Lean body mass (kg) 38.23+7.14 42.22+8.05 <0.001 39.43+7.64 41.18+8.03 <0.001
Income status 62.83 33.79 <0.001 60.02 35.54 <0.001
(<1 million won,)
eGFR (mL/min per 1.73 m?) 94.11+£22.18 96.57+20.47 0.011 93.93+£22.15 96.83+20.42 0.003
hs-CRP (mg/dL) 1.71+£4.06 1.33+£3.57 0.030 1.74+3.98 1.29+3.64 0.009
Alcohol Consumption (%)
None 54.46 49.95 <0.001 54.04 50.20 <0.001
Former 9.89 5.52 9.44 5.80
Current 35.65 44.53 36.52 43.99
Smoking Status (%)
None 64.78 68.87 0.014 66.32 67.52 <0.001
Former 23.48 18.13 24.13 17.31
Current 11.74 13.00 9.55 15.17
Exercise Participation (%)
None 76.63 63.84 <0.001 75.13 64.87 <0.001
Regular 23.37 36.16 24.87 35.13
HOMA-IR 1.87+0.87 1.97+£1.06 0.020 2.07+1.14 1.79+0.75 <0.001
Metabolic Syndrome (%) 23.59 29.78 0.002 32.21 21.61 <0.001
Obesity (%) 32.61 43.84 <0.001 50.37 26.99 <0.001
Hypertension (%) 55.76 49.06 0.003 60.44 44.30 <0.001
Dyslipidemia (%) 49.57 54.68 0.024 52.57 51.93 0.779

Abbreviation: AGS, absolute grip strength; BMI, body mass index; eGFR, estimated glomerular filtration rate; HOMA-IR, homeostatic model
assessment for Insulin resistance; HR, hazard ratio; hs-CRP, high sensitivity-C-reactive protein; RGS, relative grip strength

group with high RGS. With the presence of MetS, a higher
AGS is associated with a greater increase in the risk of DM
compared to a lower AGS, while a higher RGS is associ-
ated with a smaller increase in the risk of DM compared to
a lower RGS.

Discussion

This study confirmed association between MetS risk factors
and metabolic disorders with the DM incidence. Specifi-
cally, the risk of DM incidence increased with the number
of MetS risk factors and the presence of MetS. Additionally,
both high AGS and RGS groups showed a reduced risk of
DM incidence. However, when adjusted for the presence of
MetS the association between AGS and the risk of DM inci-
dence disappeared, while RGS remained a significant pre-
dictor. Furthermore, a significant association was observed
between AGS, RGS, and MetS status concerning the risk of
DM incidence.

Previous research has established a positive association
between MetS and the risk of developing DM. A longitu-
dinal study conducted on the Japanese population found
that MetS components significantly predict the incidence of
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type 2 DM [22]. The risk of DM increased progressively
with a higher number of MetS risk factors. The multivari-
able-adjusted HRs for developing DM were 2.00 (95%
CI=1.60-2.60) for one risk factor, 4.30 (95% CI=3.40-
5.40) for two risk factors, 7.0 (95% CI=5.30-9.20) for
three risk factors, and 10.00 (95% CI=6.40—-15.80) for four
risk factors, compared to non-MetS [22]. Similarly, findings
from the European Prospective Investigation into Cancer
and Nutrition-Potsdam Study highlighted that MetS mark-
edly increases the risk of DM, underscoring the importance
of monitoring MetS components to predict the prevalence
of DM [23]. MetS was a significant predictor of DM onset,
with an adjusted HR of 4.62 (95% CI=3.90-5.48). In a sub-
analysis of participants with fasting blood samples (N=788,
189 events), the adjusted HR increased to 4.83 (95%
CI=3.46-6.75) [23].

Previous longitudinal studies have shown that MetS is a
key predictor of DM incidence, with a progressive increase
in risk as the number of MetS risk factors increases. These
findings highlight the importance of monitoring MetS to
mitigate DM risk. This study aligns with these findings,
demonstrating that while AGS initially appears protective
against DM, its predictive power diminishes when adjusted
for metabolic factors. This suggests that AGS may be
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Table 2 Incidence density and hazard ratio of DM according to number of MetS risk factor and metabolic disorder

Characteristic of DM Person-year Incidence density* Multivariable for HR Model 1
risk factors (n=1,935) (95% CI) (95% CI)
Number of 0 9 1742.60 5.16 1.00 1.00
MetS (2.68,9.92) (Reference) (Reference)
Risk factor 1 31 2473.11 12.53 2.54 2.40
(881, 17.82) (1.20,5.35) (1.14, 5.06)
2 55 3138.46 17.52 3.63 3.32
(13.45,22.82) (1.77,7.42) (1.62, 6.80)
3 52 1758.97 29.56 5.55 5.58
(22.52, 38.29) (2.69, 11.48) (2.69, 11.57)
4 47 699.12 67.22 13.07 12.06
(50.51, 89.47) (6.28, 27.22) (5.75,25.29)
5 9 89.80 100.21 20.74 20.39
(52.14, 192.60) (7.91, 54.38) (7.81,53.24)
p- trend <0.001 <0.001
MetS No 95 7354.18 12.91 1.00 1.00
(10.56, 15.79) (Reference) (Reference)
Yes 108 2547.90 42.38 2.98 3.03
(35.10, 51.18) (2.22, 4.00) (2.26,4.07)
p- trend <0.001 <0.001
Obesity No 91 6109.55 14.89 1.00 1.00
(12.12, 18.29) (Reference) (Reference)
Yes 112 3798.45 29.48 1.71 1.59
(24.50, 35.48) (1.25,2.33) (1.14,2.21)
p- trend 0.001 0.005
Hypertension No 75 4839.18 15.49 1.00 1.00
(12.35, 19.43) (Reference) (Reference)
Yes 128 5068.82 25.25 1.71 1.67
(21.23,30.02) (1.27,2.31) (1.24,2.25)
p- trend <0.001 0.001
Dyslipidemia No 83 4742.27 17.50 1.00 1.00
(14.11, 21.70) (Reference) (Reference)
Yes 120 5165.73 23.22 1.20 1.20
(19.42,27.78) (0.90, 1.60) (0.91, 1.60)
p- trend 0.201 0.189
Total 203 9908.00 20.48

*Incidence density =case/person-yearx1,000

Multivariable model adjusted age, sex, eGFR, hs-CRP, lean body mass, alcohol intake, smoking status, income status, HOMA-IR, exercise

participation, AGS
Modell, plus adjusted by changing AGS to RGS

Abbreviation: AGS, absolute grip strength; BMI, body mass index; DM, type 2 diabetes mellitus; eGFR, estimated glomerular filtration rate;
HOMA-IR, homeostatic model assessment for Insulin resistance; HR, hazard ratio; hs-CRP, high sensitivity-C-reactive protein; RGS, relative

grip strength

influenced by body mass and overall metabolic status rather
than serving as an independent marker of diabetes risk. In
contrast, RGS remains as an independent predictor of lower
DM incidence, reinforcing its potential as a more reliable
muscle quality marker.

Grip strength is widely recognized as an accessible and
reliable indicator of overall neuromuscular health, particu-
larly in adults [24]. Additionally, muscle strength is linked
to the maintenance of skeletal muscle mass, which helps
reduce the risk of various diseases [25]. Studies have shown
that muscle strength is strongly correlated with mobility,
functional status, and mortality in the elderly, regardless of

muscle mass and RGS is known as a method that can predict
sarcopenia due to decreased functional ability of muscles
[26]. Also, previous study has shown that RGS is associated
with the risk of DM incidence and is a better predictor than
AGS [8]. Another study highlighted the importance of RGS
as a predictor for MetS, showing that higher RGS is consis-
tently associated with lower risk of MetS [27].

The findings from Table 2 indicate that MetS indepen-
dently increase the risk of developing DM incidence, even
after adjusting for confounding variables, including AGS
and RGS. This can be explained by the greater impact of
MetS on risk of developing DM compared to the impact
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Table 3 Association of AGS and RGS with risk of developing DM

Characteristic of DM Person-year Incidence density* Multivariable for HR Modell
risk factors (n=1,935) (95% CI) (95% CI)
AGS Low 62 2954.76 20.98 1.00 1.00
(kg) (16.35,26.91) (Reference) (Reference)
Middle 65 3305.08 19.66 0.81 0.78
(15.42,25.07) (0.56,0.17) (0.54, 1.13)
High 76 3648.15 20.83 0.66 0.68
(16.63, 26.08) (0.44, 0.99) (0.45, 1.03)
p- trend 0.047 0.078
RGS Low 71 3069.97 23.12 1.00 1.00
(kg/BMI) (18.32,29.18) (Reference) (Reference)
Middle 79 3296.16 23.96 0.90 0.99
(19.22, 29.88) (0.64, 1.25) (0.71, 1.39)
High 53 3541.86 14.96 0.49 0.63
(11.43, 19.58) (0.33,0.72) (0.42,0.94)
p- trend <0.001 0.027
Total 203 9908.00 20.48

*Incidence density =case/person-yearx1,000

Multivariable model adjusted age, sex, eGFR, hs-CRP, lean body mass, alcohol intake, smoking status, income status, HOMA-IR, exercise

participation
Modell, plus adjusted MetS

Abbreviation: AGS, absolute grip strength; BMI, body mass index; DM, type 2 diabetes mellitus; eGFR, estimated glomerular filtration rate;
HOMA-IR, homeostatic model assessment for Insulin resistance; HR, hazard ratio; hs-CRP, high sensitivity-C-reactive protein; RGS, relative

grip strength

3.5

25

L5 111

(0.71, 1.74)
] 0.75

Hazard ratio(95% confidence intervals ) of DM

0.5

(0.49, 1.14)

3.38*
(2.15,5.32)
2.96*

(1.87,4.69) 7 .g5%

(1.91,4.23)

2.17*
(1.37,3.44)

Low/Non MetS High/Non MetS

m AGS x MetS status

Fig. 1 Joint association of AGS, RGS and MetS status with risk of
developing DM. Multivariable model adjusted age, sex, eGFR, hs-
CRP, lean body mass, alcohol intake, smoking status, income status,
HOMA-IR, exercise participation, Abbreviation: AGS, absolute grip
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Low/ MetS High/MetS

RGS x MetS status

strength; DM, diabetes mellitus; eGFR, estimated glomerular filtration
rate; HOMA-IR, homeostatic model assessment for insulin resistance;
hs-CRP, high sensitivity-C-reactive protein; MetS, metabolic syn-
drome; RGS, relative grip strength *P<0.05, **¥p<0.01, ***p<0.001
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of grip strength. Notably, obesity and hypertension have
shown a strong association with DM, whereas hyperlipid-
emia appears to have less association, which shows similar
results from the previous studies [28-31].

The results from Table 3 indicated that association
between the high AGS group and DM incidence disappeared
when adjusted for MetS, whereas the high RGS group main-
tained its significance. This suggests that AGS is mediated
by MetS risk factors in its association with DM incidence
[32]. In prior research comparing AGS and RGS in relation
to the incidence of DM, it was found that the low AGS inde-
pendently raised the risk of DM by 1.21 times in women
and 1.34 times in men, while the lowest RGS elevated the
risk by 6.56 times in women and 5.31 times in men [33].
Additionally, another study revealed that a 0.1 unit increase
in RGS decreased the risk of DM by 19% [34]. Also, AGS
is closely related to Mets risk factors, which can influence
the incidence of DM [35].

As shown in Table 1, the high AGS group had higher pro-
portions of MetS, obesity, and dyslipidemia compared to the
low AGS group. Conversely, the high RGS group had lower
proportions of MetS, obesity, and hypertension compared
to the low RGS group, which is consistent with previous
research [35]. The study suggests that association of AGS
with DM risk is mediated by MetS risk factors, while RGS
remains a robust predictor of DM prevalence risk, inde-
pendent of MetS. These results highlight the importance
of considering muscle quality, as represented by RGS, in
evaluating DM risk, and suggest that interventions aimed
at improving muscle quality could be beneficial in reducing
DM risk [35].

In Fig. 1, with the presence of MetS, a higher AGS is
associated with a greater increase in the risk of DM inci-
dence compared to a lower AGS, while a higher RGS is
associated with a smaller increase in the risk of DM inci-
dence compared to a lower RGS. The risk of DM incidence
increases in the presence of MetS despite having a high
RGS, but to a less extent compared to lower RGS, which
could be attributed to the quality of muscle. High RGS indi-
cates better muscle quality, which is associated with lower
insulin resistance [3]. Improved muscle quality can help
mitigate the adverse effects of MetS on DM risk, reducing
insulin resistance and improving overall metabolic health.
This underscores the protective role of high RGS against
the development of DM. AGS tends to increase with body
weight, making high AGS a potential indicator of obesity
rather than muscle health, complicating its use in predict-
ing DM risk [36]. Consequently, RGS tends to be a better
predictor of DM risk as it more accurately reflects muscle
quality and health [8]. Therefore, high RGS can mitigate
the direct adverse effects of MetS on the increased risk of
developing DM.

This study is a significant longitudinal study showing
the impact of AGS and RGS on the risk of developing DM,
especially examining the differences according to the pres-
ence of MetS and number of the risk factors. Also, the find-
ings of this study have significant clinical and public health
implications. While resistance training interventions often
emphasize increasing muscle mass, our results suggest
that improving RGS may be more beneficial for metabolic
health. Future research should explore the mechanisms link-
ing RGS to insulin sensitivity and glucose metabolism, par-
ticularly in individuals with metabolic syndrome.

However, this study has several limitations. First, dietary
factors that affect DM or MetS were not adjusted for in
this analysis. However, lifestyle habits such as smoking,
alcohol consumption, exercise, and blood variables were
adjusted to enhance the reliability of this study. Also, there
is a limitation in generalizing the findings of this study, as
the study participants were adults from specific regions of
South Korea. Future studies should investigate a nationwide
cohort study. Third, this study only utilized grip strength.
Thus, it was unable to ascertain the associations between
muscle strength in other regions, such as the lower body
and abdomen, and risk of developing DM. Future research
should aim to separately investigate the effects of AGS and
RGS in the lower body, and abdomen muscles as well.

Additionally, the duration of DM might have had an
impact. Long-term DM patients often experience progres-
sive muscle loss and insulin resistance, which might have
an impact on grip strength measures differently compared
to recently diagnosed individuals. Future studies should
consider stratifying participants based on duration of DM
incidence to further elucidate its impact on muscle strength
and MetS risk.

Conclusion

This study highlights the significant associations between
MetS risk factors, AGS and RGS, and the risk of develop-
ing DM. The findings underscore that both high AGS and
RGS are associated with a reduced risk of DM incidence.
However, the effect of AGS on DM risk disappears when
adjusted for MetS, whereas RGS maintains its significance.
This suggests that RGS is a more reliable predictor of DM
risk due to its reflection of muscle quality rather than sheer
muscle mass.

The study also emphasizes that MetS significantly
increases the risk of developing DM. The progressive
increase in DM risk with the number of MetS components
aligns with previous research, reaffirming the necessity to
monitor and manage MetS components to mitigate DM
risk. Specifically, conditions like obesity and hypertension
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show a stronger association with DM, compared to hyper-
lipidemia. These results suggest that interventions aimed at
improving muscle quality could be effective in reducing the
risk of DM, particularly in individuals with MetS.
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