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Purpose: Muscle strength is associated with type 2 diabetes mellitus (T2DM). However, it
is controversial whether muscle strength and normalized muscle strength is a risk factor for
T2DM. Moreover, the relationship of back muscle strength (BMS) and incident T2DM has
not been reported. In this study, we investigated the relationship between HGS, BMS,
normalized HGS and BMS, and incident T2DM.

Methods: A total of 2699 non-diabetes subjects aged 40-69 years (1313 women and 1386
men) in the Korean Genome and Epidemiology Study (KoGES) Ansan cohort were followed
for 16 years. At the baseline and biennial follow-up visits, fasting glucose, postprandial
2-h glucose, clinical examinations, HGS, and BMS were measured by trained interviewers
and examiners. HGS and BMS were measured at baseline. The relationships between
incident T2DM, HGS, BMS, and normalized HGS and BMS were estimated using Cox
proportional hazard regression models after adjusting for the confounding factors.

Results: HGS and BMS were not associated with incident T2DM in multivariate analysis.
However, the hazard ratio (HR) per one standard deviation (SD) increase in the body mass
index (BMI), waist circumference (WC), waist-hip ratio (WHR)-normalized HGS, and BMS
was associated with a lower risk for incident T2DM in both women and men after adjusting for
the confounding factors (HR = 0.842—0.880-fold for women, p < 0.015; HR = 0.887-0.903-
fold for men, p < 0.024). In the sub-analysis of menopause status, the HR per one SD increase
in BMI, weightZ/ 3, WC, and WHR-normalized HGS was associated with a lower risk for
incident T2DM in both pre- and post-menopausal women after adjusting for the confounding
factors (HR = 0.860-0.820-fold for premenopausal, P < 0.006; HR = 0.900-0.867-fold for
postmenopausal, p < 0.024). Additionally, we confirmed that the quartile group with higher
muscle strength was associated with a lower risk for incident T2DM.

Conclusion: The present study suggested that normalized HGS and BMS were associated
with a lower risk for the future development of T2DM. Moreover, weak muscle strength in
premenopausal women may be the cause of T2DM. Further research is needed to determine
whether efforts to improve muscle strength, such as exercise can reduce the risk of T2DM.
Keywords: incident type 2 diabetes mellitus, hand grip strength, back strength

Introduction
Type 2 diabetes mellitus (T2DM) is a chronic disease requiring medical treatment and
self-management education.' Patients must make continuous efforts to prevent com-

plications because diabetes can lead to microvascular complications such as
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cardiovascular disease, stroke, and chronic kidney disease,
which contribute to mortality.” Therefore, the early preven-
tion and management of T2DM, which underlies various
chronic diseases, can improve national health and reduce
the burden on the national economy due to medical
expenses.”

Muscle strength is a simple and reliable metric used to
evaluate muscle function.* Although the relationship
between muscle mass and muscle strength are interdepen-
dent, muscle strength may be considered an important
disease predictor because muscle strength decreases 21%
to 40% faster than muscle mass.’

Previous studies indicated that hand grip strength (HGS)
was associated with T2DM.®® However, there is also evi-
dence that HGS is not related to T2DM.” "' Muscle strength
shows ethnic differences. The prevalence of weak strength in
non-Hispanic Asians is 10% higher than in non-Hispanic
white and non-Hispanic black people.'? Moreover, lifestyle
and physical health at young ages determine the rate of decline
in muscle strength in old age."® Therefore, the study results
will be inconsistent if the above problems are not addressed.

Body composition and body size were highly correlated
with muscle strength,'® indicating that large body sizes may
have larger muscle mass. Therefore, body composition and
body size-independent measurements for application of mus-
cle strength is important. The use of a normalized method is
recommended when investigating the relationship between
disease states and mobility.'>'® Body mass index (BMI),
weight, weigh 3 , waist circumference (WC), and the waist-
hip ratio (WHR) are well-known factors used for normalizing
muscle strength.”!”2° There is little research on back muscle
strength (BMS). Back strength was significantly correlated
with HGS and total body muscle mass. Therefore, its correla-
tion with HGS needs to be considered.”' BMS was associated
with insulin, the Homeostasis Model Assessment (HOMA) of
insulin resistance (HOMA-IR), and the HOMA of B-cell func-
tion (HOMA-B).?*> However, the relationship between BMS
and incident T2DM has not been reported.

Therefore, this study aimed to evaluate the relationship
between HGS, BMS, BMI, weight, weight*®, WC, WHR-
normalized HGS and BMS, and incident T2DM in a 16-
year, longitudinal large cohort.

Materials and Methods
Study Subjects and Population

The subjects were selected from the participants in the
Korean Genome and Epidemiology Study (KoGES), an

ongoing prospective population-based study in an Ansan
cohort. The Ansan cohort was initiated in 2001 and has
been followed biennially. At baseline, the initial cohort of
5012 subjects aged 40 to 69 years was randomly recruited
from the urban community of Ansan (2518 men and 2494
women). The data collected from the cohort included ques-
tionnaires, anthropometric measurements, blood tests, and
clinical examinations by trained interviewers and examiners.
The follow-up rate at the ninth examination was 64.2%.

In the present study, 883 subjects were excluded at base-
line [muscle strength (N = 332), BMI (N = 1), WC (N =7),
and T2DM (N = 544)] (Figure 1). During the 16-year study
period, 2699 out of 4129 subjects were lost to follow-up due
to death (N = 282) and lack of participation (N = 1148).
Finally, 2699 subjects remained eligible for this investigation.
This study was approved by the Institutional Review Board
of Korea University Ansan Hospital, and written informed
consent was provided by all study subjects, and was con-
ducted in accordance with the Declaration of Helsinki.

Muscle Strength Measurements

HGS and BMS were measured at baseline using digital
dynamometers (Grip-D T.K.K.5401 and T.K.K.5102,
TAKEI Science Instruments Co., Ltd, Nigata, Japan).
The maximum HGS was measured after the grip was
maintained at 15° from hip flexion and measured three
times in each hand with a one-min rest interval. To mea-
sure BMS, the participants stood upright and were posi-
tioned with their hands on the knob. The pulling force was
measured three times by straightening the waist, with
a one-min rest interval. The average muscle strength,
BMI, weight, weightZ/ 3. WC, and WHR-normalized mus-
cle strength was used in this study because normalized

Baseline (n=5,012, 100%)
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Baseline (n=4,673, 93.2%)
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Baseline (n=4,129, 82.4%)
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Follow-up (n=2,699, 53.9%)
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Death (n=282)

Figure | Participant flowchart.
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muscle strength has been proposed as an alternative and
more precise diagnostic tool for assessing the muscular
strength of overweight individuals. WC and WHR are
highly correlated with BMI and are known as risk factors
for diabetes.”> All possible combinations were assessed.

Definition of Type 2 Diabetes Mellitus and

Hypertension

We used the diagnostic criteria for diabetes and hypertension
proposed by the World Health Organization.***> All blood
samples were collected after 812 hours of fasting. The serum
was separated by centrifugation at 3000 rpm for 10 min at
room temperature (RT) for the analyses after clotting for 30
min at RT. In addition to the fasting levels of glucose and
insulin, glucose and insulin levels were also measured one and
two h after the ingestion of 75 g of glucose. T2DM was
defined as a fasting plasma glucose concentration of >
126 mg/dL, or a postprandial 2-h glucose concentration of >
200 mg/dL, or current treatment with oral anti-diabetic drugs
or insulin. During the follow-up period, glucose levels inves-
tigated using the same method and defined incident T2DM.
Before measuring blood pressure (BP), smoking or coffee
consumption coffee was not allowed for at least 30 minutes.
BP was measured by trained examiners using an appropriately
sized cuff and a mercury sphygmomanometer. The first and
the fifth phases of Korotkoff sounds were used for systolic and
diastolic BP, respectively. BP measurements were made after
a rest period of at least five min in the sitting position, and
repeated twice, with a 30-s recovery period. The average of the
two readings was used for the analysis. Hypertension was
defined as systolic blood pressure (SBP) of at least 140
mmHg or diastolic blood pressure (DBP) of at least 90
mmHg, or treatment with antihypertensive medication.

Covariates

Study subjects completed questionnaires administered by
a trained interviewer, which included questions on demo-
graphic information, current and past medical conditions,
family history of diseases, and lifestyle. At baseline, a family
history of diabetes (FHD) was defined as a positive parental
history of diabetes. Leisure-time physical activity was calcu-
lated using questionnaires, which included questions about the
type of physical activity, frequency (times per week), and
duration (in minutes). Metabolic equivalent (MET) values
were assigned to each sports activity based on a compendium
of physical activities. Alcohol consumption was calculated
using questionnaires including the type of drinks (beer, wine,

hard liquor, and three types of traditional drinks, including
soju, chungju, and makgeolli), amount, and frequency (times
per week). Smoking status was categorized as never, past, or
current. Menopause was categorized as premenopausal and
postmenopausal. BMI was calculated as weight divided by
height squared (kg/m?). Triglycerides, high-density lipoprotein
(HDL)-cholesterol, fasting glucose levels, and postprandial
2-h glucose were measured using an ADVIA 1650 Auto
Analyzer (Siemens Medical Solutions, Tarrytown, NY,
USA). Energy consumption (kcal/day) for the day was calcu-
lated using a food frequency questionnaire.

Statistical Analysis

The baseline characteristics are expressed as means and stan-
dard deviations for the continuous variables and as percentages
for the categorical variables. Differences in the examinations
were determined using generalized linear models and chi-
squared tests. To estimate the risk of developing T2DM, we
applied Cox proportional hazards regression models (HRs),
95% confidence intervals (CI), and P-values where the HR
represents one standard deviation (SD) in muscle strength and
normalized muscle strength in the risk of developing T2DM
after adjusting for the confounding factors. Additionally, mus-
cle strength was grouped into quartiles according to muscle
strength by sex. In each case, the lowest quartile group was
fixed as the reference group. The potential confounding

variables?®?’

adjusted for in the multivariate models were
age, FHD (yes, no), exercise (METs), alcohol consumption
(g/day), smoking status (never smoker, ex-smoker and current
smoker), job (housekeeper, white-collar, and blue-collar), tri-
glycerides, HDL-cholesterol, fasting glucose, hypertension,
cardiovascular diseases, and energy consumption from the
food frequency questionnaire (FFQ) for men at baseline, and
adjusted for menopause in women at baseline in addition to the
adjustments made for men. For sensitivity analyses, we calcu-
lated the HR of the normalized HGS and BMS for incident
T2DM in the second, sixth, and ninth follow-up periods.
A two-tailed P < 0.05 was considered statistically significant.
All statistical analyses were performed using SAS statistical
software (SAS 9.4, SAS Institute, Cary, NC, USA).

Results
Characteristics of the Study Subjects

The baseline characteristics of the study subjects according
to sex are shown in Table 1. This study included 1313 women
and 1386 men. The mean age (48.1 + 7.0 for women and 48.0
+ 6.8 for men), BMI (24.6 + 3.0 for women and 24.7 £ 2.7 for
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Table | Baseline Characteristics According to Sex

Variables Women (n=1313) Men (n=1386) P-value*
Age (years) 48.1£7.0 48.0+6.8 0.675
Body mass index (kg/m?) 24.6+3.0 24.7+2.7 0.806
Weight (kg) 59.4+7.7 69.7+9.0 <0.001
Waist circumference (cm) 76.5%7.5 83.317.2 <0.001
Height (cm) 155.3£5.1 168.0£5.7 <0.001
Alcohol consumption (g/day) 1.6+£5.8 17.9£25.5 <0.001
Exercise (Met) 123.8£196.5 119.8£195.9 0.599
Fasting glucose (mg/dL) 80.8+7.6 86.5+9.4 <0.001
HDL-cholesterol (mg/dL) 52.111.9 46.5+10.4 <0.001
Triglycerides (mg/dL) 124.7+78.4 166.8+108.4 0.002
Energy consumption (kcal/day) 1740.9£491.3 2017.6x510.8 <0.001
Family history of diabetes (n (%)) 186 (14.2%) 161 (11.6%) 0.048
Hypertension (n (%)) 221 (16.8%) 338 (24.4%) <0.001
Cardiovascular diseases (n (%)) 14 (1.1%) 21 (1.5%) 0.303
Menopause (n (%)) 262 (20.0%) - -
Ex- or current smoker (n (%)) 44 (3.4%) 1075 (77.6%) <0.001
Job (n (%)) Housekeeper 864 (65.8%) 2 (0.1%) <0.001

White collar 53 (4.0%) 325 (23.4%)

Blue collar 396 (30.2%) 1059 (76.4%)
Hand grip strength (kg) 21.8+3.9 35.5+5.6 <0.001
Back muscle strength (kg) 42.8+12.3 84.2+19.2 <0.001

Note: *Statistical significance for frequency was analyzed by the Chi-squared test and the continuous variables were analyzed by the t-test.

men), exercise, and cardiovascular disease (CVD) status
were not different between women and men. However,
weight, WC, height, alcohol consumption, fasting glucose,
triglycerides, and energy consumption levels were signifi-
cantly higher in men than in women (P < 0.05). HDL-
cholesterol was significantly higher in women than in men
(P <0.05). Women were significantly more likely to have an
FHD than men (P < 0.05). The men were significantly more
likely to be ex- or current smokers and have hypertension
than the women (77.6% vs 3.4% and 24.4% vs 16.8%,
respectively) (P < 0.05). Most women were housekeeper
(65.8%) followed by blue-collar workers (30.2%), whereas
most men were blue-collar workers (76.4%), followed white-
collar workers (23.4%) (P < 0.05). Twenty percent of the
women had experienced menopause.

The baseline characteristics of the study subjects
according to non-diabetes, incident diabetes, and sex are
shown in Table 2. The mean age, BMI, weight, WC,
fasting glucose, triglycerides, HDL-cholesterol, FHD, and
hypertension were significantly different between women
and men. The mean age, BMI, weight, WC, fasting glu-
cose, and triglyceride levels were higher in patients with
incident diabetes (P < 0.001). An FHD and hypertension
were found in higher frequency in patients with incident
diabetes (P < 0.05). HDL-cholesterol was more prevalent

in patients without diabetes (P < 0.001). Height, job, and
menopause were significantly different in women com-
pared to men. The non-diabetes patients were taller (P =
0.002). A higher frequency of people employed as house-
keepers was seen in patients with incident diabetes
(P = 0.044). Menopause was present in a higher frequency
with diabetes (P = 0.001).
Cardiovascular diseases were present in high frequencies
in patients with incident diabetes (P = 0.036). Alcohol
consumption, exercise (MET), energy consumption, and

in patients incident

ex- and current smoking status were not associated with
incident diabetes.

Difference in Hand Grip and Back Muscle
Strength, and Normalized Muscle
Strength According to Non-Diabetes and

Incident Diabetes

HGS, BMS, and normalized muscle strength according to
non-T2DM, incident T2DM, and sex are shown in Table 3.
The HGS was less in patients with incident T2DM (P <
0.05). However, BMS was not associated with incident
T2DM. Interestingly, BMI, weight, weight”?, WC and
WHR-normalized in both HGS and BMS were lower in
incident T2DM than non-diabetes.
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Table 2 Baseline Characteristics According to Non-Diabetes and Incident Diabetes
Variables Women (n=1313) P-value* | Men (n=1386) P-value*
Non-Diabetes | Incident Diabetes Non-Diabetes | Incident Diabetes
(n=887) (n=426) (n=836) (n=550)
Age (years) 47.0£6.4 50.3£7.6 <0.001 47.0%6.1 49.57.5 <0.001
Body mass index (kg/m?) 24.2+2.9 25.6+3.0 <0.001 24.3+2.6 25.242.7 <0.001
Weight (kg) 58.6+7.4 61.3+7.9 <0.001 68.9+8.8 71.0£9.2 <0.001
Waist circumference (cm) 75.0£7.1 79.5¢7.5 <0.001 82.0+6.9 85.247.2 <0.001
Height (cm) 155.6%5.0 154.74£5.2 0.002 168.2%5.5 167.7£5.8 0.115
Alcohol consumption (g/day) 1.6%5.6 1.74£6.3 0.730 17.1£25.3 19.0£25.8 0.174
Exercise (Met) 125.7+£196.7 120.0£196.1 0.623 124.7£190.8 112.5£203.5 0.259
Fasting glucose (mg/dL) 79.6x6.6 83.4+8.9 <0.001 84.4+8.1 89.6%10.3 <0.001
HDL-cholesterol (mg/dL) 53.0£11.8 50.1£11.7 <0.001 47.4£10.7 45.3+9.6 <0.001
Triglycerides (mg/dL) 111.2+68.6 152.8+89.3 <0.001 148.9+87.8 194.0+129.1 <0.001
Energy consumption (kcal/day) 1742.5+496.0 1737.6+481.9 0.866 2019.4+501.6 2014.9+525.0 0.875
Family history of diabetes (n (%)) 113 (12.7%) 73 (17.1%) 0.032 81 (9.7%) 80 (14.5%) 0.006
Hypertension (n (%)) 120 (13.5%) 101 (23.7%) <0.001 162 (19.4%) 176 (32.0%) <0.001
Cardiovascular diseases (n (%)) 9 (1.0%) 5 (1.2%) 0.793 8 (1.0%) 13 (2.4%) 0.036
Menopause (n (%)) 155 (17.5%) 107 (25.1%) 0.001
Ex- and current smoker (n (%)) 26 (2.9%) 18 (4.2%) 0.223 646 (77.3%) 429 (78.0%) 0.751
Job (n (%)) Housekeeper | 569 (64.1%) 295 (69.2%) 0.044 - 2 (0.4%) 0.166
White collar | 43 (4.8%) 10 (2.3%) 202 (24.2%) 123 (22.4%)
Blue collar 275 (31.0%) 121 (28.4%) 634 (75.8%) 425 (77.3%)

Note: *Statistical significance for frequency was analyzed by the Chi-squared test and the continuous variables were analyzed by the t-test.

Table 3 Baseline Characteristics According to Hand Grip, Back Muscle Strength, and Normalized Strength in Non-Diabetes and

Incident Diabetes

Variables Women (n=1313) Men (n=1386)
Non-Diabetes Incident Diabetes | P-value* | Non-Diabetes | Incident Diabetes | P-value*
(n=887) (n=426) (n=836) (n=550)
Hand grip strength (HGS)
HGS (kg) 22.0+3.9 21.5+3.9 0.034 35.845.6 35.0+5.6 0.011
BMI-normalized HGS 0.92+0.19 0.85+0.18 <0.001 1.48+0.26 1.40+0.26 <0.001
Weight-normalized HGS 0.38+0.07 0.35+0.07 <0.001 0.52+0.09 0.50+0.09 <0.001
Weight*?-normalized HGS 2.22+0.62 1.99+0.56 <0.001 2.61£0.67 2.41£0.69 <0.001
WC-normalized HGS 0.30+0.06 0.27+0.05 <0.001 0.44+0.08 0.41+0.07 <0.001
WHR-normalized HGS 28.0+5.3 26.1%5.1 <0.001 41.9+7.1 39.8+6.8 <0.001
Back muscle strength (BMS)
BMS (kg) 43.2+12.5 42.1£12.1 0.118 84.7+18.7 83.5+20.0 0.275
BMIl-normalized BMS 1.80+0.54 1.66+0.50 <0.001 3.51+0.82 3.33+0.78 <0.001
Weight-normalized BMS 0.74+0.22 0.69+0.21 <0.001 1.24+0.29 1.19+0.28 <0.001
Weight”-normalized BMS 4.34£1.49 3.89+1.42 <0.001 6.17+1.87 5.711.77 <0.001
WC-normalized BMS 0.58+0.17 0.53+0.16 <0.001 1.04£0.24 0.98+0.23 <0.001
WHR-normalized BMS 54.9+16.2 51.1£14.8 <0.001 99.2422.7 94.8+22.9 <0.001
Note: *Statistical significance for continuous variables was analyzed by the t-test.
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 submit your manuscript 745
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Cox Proportional Hazards Ratios for
Hand Grip Strength and Normalized
Hand Grip Strength for Incident Type 2

Diabetes Mellitus by Gender

Table 4 shows the HRs, 95% ClIs, and P-values for each
one SD increase in muscle strength and normalized muscle
strength adjusted for the confounding factors. In univariate
analysis, the HR per one SD increase in HGS and BMI,
weight, weightZ/ 3. WC, and WHR-normalized HGS was
associated with a lower risk of incident T2DM in women
and men (HR = 0.772-0.690, P < 0.002). Similar results
were seen for BMS. The HR per one SD increase in BMI,
weight, weight”?, WC, and WHR-normalized HGS was
associated with a lower risk of incident T2DM in women
and men (HR = 0.849-0.752, P < 0.001). However, HGS
was not associated with incident T2DM in both women
and men. In multivariate analysis, HGS and BMS were not
associated with incident T2DM in both women and men.
However, the HR per one SD increase in BMI, weight,
weightz/3 , WC, and WHR-normalized HGS and BMS but
not weight-normalized BMS was associated with a lower
risk of incident T2DM in women (HR = 0.886-0.842,
P < 0.024). In men, the HR per one SD increase in BMI,
WC, and WHR-normalized HGS and BMS was only

associated with a lower risk of incident T2DM in women
(HR = 0.903-0.877, P < 0.05). Muscle strength and nor-
malized muscle strength were not interactive with incident
T2DM in gender. When the weight-normalized and other
normalized HGS and BMS measurements were compared,
the area under the curve (AUC) showed no significant
difference. Additionally, muscle strength was grouped
into quartiles according to muscle strength by sex. The
highest quartile groups of BMI, weight, weight*?, WC,
and WHR-normalized HGS and BMS were associated
with a lower risk of incident T2DM after adjusting for
confounding factors except for weight-normalized BMS in
men (Supplementary Table 1).

Cox Proportional Hazard Ratios of Hand
Grip, Back Strength, Normalized Muscle
Strength for Incident Type 2 Diabetes

Mellitus by Menopausal Status

Table 5 shows the HR of HGS, BMS, and normalized muscle
strength for T2DM by menopausal status. In univariate analy-
sis, the HR per one SD increase in HGS and BMI, weight,
weight”?, WC, and WHR-normalized HGS and BMS was
significant, with a lower risk for incident T2DM in pre- and
except for the HGS of

post-menopausal  women,

Table 4 Cox Proportional Hazards Ratios (HRs) for Hand Grip Strength, Back Muscle Strength, and Normalized Strength for Incident

Diabetes According to Sex

Variables Women

HR (95% Cl) P*

Univariate

Multivariate

Hand grip strength (HGS), per | SD increase

HGS (kg)

BMI-normalized HGS
Weight-normalized HGS
Weight”3-normalized HGS
WC-normalized HGS
WHR-normalized HGS

0.882 (0.800-0.971) 0.011

0.711 (0.643-0.787) <0.001
0.735 (0.665-0.812) <0.001
0.693 (0.622-0.771) <0.001
0.690 (0.625-0.762) <0.001
0.728 (0.660-0.803) <0.001

0.983 (0.887-1.089) 0.736
0.860 (0.773-0.957) 0.006
0.886 (0.798-0.984) 0.024
0.848 (0.759-0.948) 0.004
0.842 (0.755-0.939) 0.002
0.858 (0.771-0.956) 0.005

Back muscle strength (BMS), per | SD increase

BMS (kg)
BMI-normalized BMS

Weight-normalized BMS
Weight*3-normalized BMS
WC-normalized BMS
WHR-normalized BMS

0.914 (0.830-1.006) 0.067
0.783 (0.708-0.865) <0.001
0.811 (0.734-0.895) <0.001
0.752 (0.678-0.835) <0.001
0.773 (0.699-0.854) <0.001
0.801 (0.725-0.885) <0.001

0.960 (0.868-1.062) 0.433
0.880 (0.792-0.977) 0.017
0.906 (0.817—-1.005) 0.061
0.873 (0.784-0.973) 0.014
0.871 (0.783-0.970) 0.012
0.880 (0.791-0.978) 0.017

Men P§
HR (95% CI) P*

Univariate Multivariate

0.871 (0.800-0.949) 0.002 0.944 (0.863—1.032) 0.204 0.935
0.751 (0.686-0.821) <0.001 0.890 (0.809-0.978) 0.015 0914
0.771 (0.707-0.842) <0.001 0.914 (0.833-1.002) 0.055 0.885
0.772 (0.704-0.847) <0.001 0.924 (0.836—1.020) 0.118 0.406
0.736 (0.674-0.804) <0.001 0.877 (0.798-0.964) 0.006 0.907
0.761 (0.697-0.831) <0.001 0.877 (0.799-0.962) 0.005 0.929
0.940 (0.864-1.023) 0.155 0.953 (0.873-1.041) 0.287 0.598
0.828 (0.760-0.901) <0.001 0.903 (0.826-0.987) 0.024 0.980
0.849 (0.780-0.924) <0.001 0.923 (0.846—1.008) 0.076 0.988
0.811 (0.742-0.887) <0.001 0.917 (0.835-1.007) 0.070 0.685
0.822 (0.755-0.895) <0.001 0.899 (0.822-0.983) 0.020 0.950
0.847 (0.778-0.922) <0.001 0.903 (0.826-0.986) 0.024 0.972

Notes: *Adjusted for age, family history of diabetes, exercise, alcohol consumption ex- and current smoking status, job, HDL-cholesterol, triglycerides, fasting glucose,
hypertension, cardiovascular diseases, and energy consumption for men at baseline, and adjusted for menopause for women at baseline in addition to the adjustments made

for men. §Indicates P for the interaction of gender*muscle strength.
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Table 5 Cox Proportional Hazards Ratios (HRs) for Hand Grip Strength, Back Muscle Strength, and Normalized Strength for Incident
Diabetes in Premenopausal and Postmenopausal VWomen

Variables Premenopausal Postmenopausal P§
HR (95% CI) P* HR (95% CI) P*
Univariate Multivariate Univariate Multivariate
Hand grip strength (HGS), per | SD increase
HGS (kg) 0.886 (0.794-0.990) 0.032 0.953 (0.848-1.069) 0.411 0.949 (0.761-1.183) 0.639 1.077 (0.854-1.357) 0.530 0.646
BMI-normalized HGS 0.713 (0.635-0.800) <0.001 0.840 (0.743-0.950) 0.006 0.761 (0.609-0.951) 0.017 0.924 (0.726-1.175) 0.518 0.279
Weight-normalized HGS 0.731 (0.652-0.820) <0.001 0.860 (0.762-0.972) 0.015 0.799 (0.645-0.989) 0.040 0.962 (0.766—1.208) 0.736 0.197
Weight*-normalized HGS 0.684 (0.604-0.774) <0.001 0.829 (0.728-0.944) 0.005 0.762 (0.611-0.949) 0.015 0.908 (0.724-1.139) 0.405 0.304
WC-normalized HGS 0.689 (0.615-0.773) <0.001 0.820 (0.723-0.929) 0.002 0.747 (0.600-0.929) 0.009 0.911 (0.711-1.168) 0.464 0.185
WHR-normalized HGS 0.723 (0.646-0.809) <0.001 0.830 (0.734-0.938) 0.003 0.800 (0.643-0.996) 0.046 0.957 (0.752-1.219) 0.724 0.120
Back muscle strength (BMS), per | SD increase
BMS (kg) 0.928 (0.831-1.036) 0.181 0.954 (0.851-1.070) 0.423 0.885 (0.720-1.088) 0.247 0.919 (0.738-1.145) 0.452 0.642
BMI-normalized BMS 0.795 (0.710-0.891) <0.001 0.878 (0.780-0.990) 0.034 0.764 (0.614-0.951) 0.016 0.841 (0.667—1.061) 0.144 0.655
Weight-normalized BMS 0.818 (0.730-0.916) 0.001 0.900 (0.800-1.012) 0.079 0.802 (0.648-0.991) 0.041 0.878 (0.703-1.095) 0.249 0.536
Weight*-normalized BMS 0.753 (0.669-0.849) <0.001 0.867 (0.766-0.981) 0.024 0.764 (0.612-0.954) 0.018 0.863 (0.689-1.082) 0.202 0.522
WC-normalized BMS 0.784 (0.699-0.880) <0.001 0.869 (0.770-0.982) 0.024 0.764 (0.618-0.944) 0.013 0.832 (0.659-1.051) 0.122 0.557
WHR-normalized BMS 0.808 (0.721-0.905) <0.001 0.873 (0.774-0.984) 0.027 0.798 (0.647-0.984) 0.035 0.855 (0.680-1.075) 0.180 0471

Notes: *Adjusted for age, family history of diabetes, exercise, alcohol consumption ex- and current smoking status, job, HDL-cholesterol, triglycerides, fasting glucose,
hypertension, cardiovascular diseases, and energy consumption for men at baseline, and adjusted for menopause for women at baseline in addition to the adjustments made

for men. §Indicates P for the interaction of menopause status*muscle strength.

postmenopausal women and the BMS of pre- and post-
menopausal women (HR = 0.818-0.684, P < 0.05 for preme-
nopausal women and HR = 0.802-0.761, P < 0.05 for post-
menopausal women). In multivariate analysis, the HR per one
SD increase in BMI, weight, weight”®, WC, and WHR-
normalized HGS and BMS was only significantly associated
with incident T2DM in premenopausal women (HR = 0.878—
0.820, P < 0.05). However, postmenopausal women were not
associated with incident T2DM. Additionally, muscle strength
was grouped into quartiles according to muscle strength by
menopausal status. The highest quartile groups of BMI,
weight, weight2/3, WC, and WHR-normalized HGS and
BMS were associated with a lower risk for incident T2DM
after adjusting for the confounding factors in premenopausal
women (Supplementary Table 2). The highest quartile group
of BMI in WC-normalized BMS was only associated with
a lower risk for incident T2DM after adjusting for confound-

ing factors in postmenopausal women. Muscle strength and
normalized muscle strength were not interactive with incident
T2DM in menopausal status. For sensitivity analyses, we
calculated the HR, 95% CI, and P-value of normalized HGS
and BMS for incident T2DM during the second, sixth, and
ninth follow-up (Supplementary Table 3). We were able to

confirm that a similar trend was maintained during the follow-
up period.

Discussion

The results of this prospective population-based study
were similar to those of previous studies. Additionally,
we showed three new results. First, we revealed that WC
and WHR-normalized HGS and BMS were related to
incident T2DM. Second, normalized BMS was associated
with incident T2DM. Third, normalized HGS and BMS
were associated with incident T2DM only in premenopau-
sal women.

The loss of muscle mass and muscle strength that
occurs with age is widely regarded as one of the major
causes of chronic diseases and weakness with aging.?®
Observational studies have shown that muscle mass and
strength peak before age 40 and then steadily decline with
aging.” Skeletal muscles, which account for 40% of the
total weight, deteriorate quantitatively and qualitatively
with aging.*® It has been reported that the prevalence of
metabolic diseases due to decreased muscle strength

31,32

increases with age, and falls and fractures, mobility

impairments, complications, infections, metabolic disor-

and mortality increase as muscle

33-35

ders, strength
decreases.

Several studies reported associations between T2DM
and HGS.*® However, there is also evidence that HGS is

not associated with T2DM.°”'' Consequentially, the
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relationship between T2DM and HGS is controversial.
However, in a meta-analysis of 10 observational cohort
studies, the pooled fully-adjusted relative risk of incident
T2DM in the higher tertile of HGS values had a 0.73-fold
lower risk.*

The contradictory evidence could be due to heteroge-
neity in the criteria that were used between the studies
when defining weak muscle strength (absolute or normal-
ized muscle strength). Normalized muscle strength has
been proposed as a solution to these problems.?® HSG or
BMS is related to factors such as weight, BMI, and waist
and can act as a confounding variable, so it is recom-
mended to use a normalized method when investigating
the relationship with disease.”” It can be said that the
normalized results of various body variables such as
BMI, weight, and waist are more reliable and accurate.
Several studies reported associations between T2DM and
weight®”*® and weight”? *° -normalized HSG.

Abdominal obesity, which is approximated by WC and
the WHR is typically seen in overweight and obese
people.”® Abdominal obesity is highly correlated with
BMI and associated with the incidence of T2DM.*
Reductions in muscle mass are positively correlated with
central obesity and can increase the risk of T2DM
development.*' Moreover, WC is strongly correlated with
T2DM, which is a better indicator for T2DM than the
BMIL* In this study, we showed that WC and WHR-
normalized HGS and BMS were associated with incident
T2DM in both males and females in this study. WC and
WHR-normalized muscle strength are also considered
important in predicting T2DM risk.

BMS refers to the deep muscles at the center of the body,
and are representative core muscles. It has been reported that
BMS decreases by 50% between the ages of 30 to 60 years,
and the cross-sectional area of the body’s central muscles
decreases as the fat expansion rate increases with age.*> As
BMS weakens, insulin resistance appears, and BMS is sig-
nificantly correlated with HGS and body muscle mass.*' This
is thought to be an important cause of the gradual accelera-
tion of the incidence of T2DM.?? In this study, we showed
that WC and WHR-normalized BMS were associated with
incident T2DM in both males and females in this study. BMI,
weight, weightZ/ 3, WC, and WHR-normalized BMS showed
similar results for incident T2DM. Therefore, BMS was also
considered important in predicting T2DM risk.

In general, postmenopausal women have a higher inci-
dence of T2DM than premenopausal women.** However, in
this study, the association between normalized HGS and BMS

and incident T2DM was higher in premenopausal women.
A recent study reported that the skeletal muscle mass index
(SMI)/weight of premenopausal women represented a 2-fold
higher risk for incident T2DM than that of menopause
women.*> This suggests that muscle strength had a greater
effect on premenopausal than postmenopausal women.
Menopausal status is associated with an increase in body fat
mass and central obesity and a decrease in muscle mass and
strength.***” Visceral adiposity could demonstrate a more
sensitive index of metabolic risk when combined with mea-
surements of low muscle mass.** In a combined study of
muscle mass and fat mass, low muscle/high fat and high
muscle/high fat were associated with higher fasting glucose
and HOMA-IR levels compared to the low muscle/low fat and
high muscle/low fat group.*” These results suggest that the
relationship between body muscle and fat mass is significantly
related to glucose metabolism and insulin resistance.
However, there has been no study on the relationship between
mass or muscle strength and fat in premenopausal and post-
menopausal women, so more research is needed.

This study had some limitations. First, the number of
postmenopausal women in the quartile groups was small.
Second, the study population was limited to Koreans and
because of racial differences, it will be difficult to general-
ize the research results. Third, muscle mass, muscle
strength, and function may be different in various out-

comes, so more research on this is needed.

Conclusion

The results of this study showed that normalized HGS and
BMS were more sensitive indexes for incident T2DM than
simple HGS and BSM. As this study was limited to
Koreans, it will be difficult to generalize the results as
there will be differences between races. Therefore, age and
sex-specific normative HGS and BMS data are needed to
establish the cutoffs values for low HGS and BMS in
ethnic populations. HGS and BMS will be conveniently
used as the simplest predictive method for T2DM inci-
dence to screen subjects with T2DM risk.
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