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ABSTRACT

Background: The independent and combined associations of muscle strength and obesity on the prevalence of type
2 diabetes in Japanese men remain unclear.
Methods: Hand grip strength was cross-sectionally evaluated between 2011 and 2013 to assess muscle strength in
5039 male workers aged 40 to 64 years. Weight and height were measured, and overweight/obesity was defined as a
body mass index ≥25 kg/m2. The prevalence of type 2 diabetes, defined as fasting plasma glucose ≥126mg/dL and/or
hemoglobin A1c ≥6.5% and/or self-reported physician-diagnosed diabetes, was evaluated. Odds ratios (OR) and 95%
confidence intervals (95% CI) for the prevalence of type 2 diabetes were obtained using a logistic regression model.
Results: In total, 611 participants had type 2 diabetes, and 1763 participants were overweight/obese. After
adjustment for covariates, we found an inverse association between muscle strength and the prevalence of type 2
diabetes (P for trend <0.01). In addition, when the analyses were stratified by obesity status, the multivariable-
adjusted OR per 2-standard-deviation increase in muscle strength was 0.64 (95% CI, 0.49–0.83) in the overweight/
obese group, compared to a weaker relationship in the normal-weight group (OR 0.79 per 2-standard-deviation
increase; 95% CI, 0.60–1.06).
Conclusions: Dynapenia, an age-related decrease in muscle strength, is associated with increased prevalence of
type 2 diabetes, and this relationship is stronger in overweight/obese middle-aged Japanese men than in normal-
weight men.
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INTRODUCTION

The number of people with type 2 diabetes is increasing
globally, with the International Diabetes Federation reporting
that 382 million people worldwide suffered from diabetes in
2013; this number is predicted to rise to 592 million by 2035.1

It has been established that obesity is a common risk factor for
type 2 diabetes.2,3 However, through lifestyle modifications,
which include a healthy diet and regular physical activity, type
2 diabetes can be delayed and even prevented.4

Dynapenia is the age-related decrease in muscle strength.5

This decline in muscle strength begins in midlife and

accelerates with age.6–8 During this same time period, the
percentage of body fat increases with age until around 80
years of age.9

Sayer et al reported an inverse dose-response relationship
between muscle strength and insulin resistance as well as 2-
hour glucose levels in an oral glucose tolerance test.10 Studies
have shown that engaging in muscle-strengthening activities is
associated with a reduced risk of developing type 2 diabetes.11

Individuals with sarcopenia (ie, low muscle mass) along
with obesity have a higher degree of insulin resistance and
a higher prevalence of dysglycemia than obese individuals
without sarcopenia.12 A recent study also demonstrated that
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people with dynapenic abdominal obesity had a higher
prevalence of type 2 diabetes than those with neither
dynapenia nor abdominal obesity.13 However, a limited
number of epidemiologic studies have examined the
relationship between dynapenic obesity and the prevalence
of type 2 diabetes. We hypothesized that the coexistence
of dynapenia and obesity may synergistically induce the
development of type 2 diabetes. Therefore, we cross-
sectionally examined the independent and combined
associations of muscle strength and obesity on the
prevalence of type 2 diabetes in middle-aged Japanese men.

METHODS

Participants
Participants were male workers of a gas company in Tokyo,
Japan. All workers receive annual health checkups, in
accordance with the Industrial Safety and Health Law. A
total of 5039 male workers aged 40 to 64 years who
completed all measurements, including muscle strength
testing and assessment of confounders, were included in the
present analysis (89.5% of all male workers in this age group).
Data were collected between October 2011 and March 2013.
Female workers were excluded due to the small sample size.
This study was approved by the Ethics Review Board of the
National Institute of Health and Nutrition, and all participants
provided written informed consent.

Clinical examinations
The annual health checkup, including a blood test and
measurement of height, body weight, and blood pressure,
was conducted in the morning after an overnight fast. Height
and body weight were measured to the nearest 0.1 cm and
0.1 kg, respectively. Body mass index (BMI) was calculated as
the body weight divided by the square of the height (kg/m2).
Blood pressure was measured using a standard auscultatory
method. Medical history, cigarette smoking, alcohol intake,
and family history of diabetes were assessed using a self-
administered questionnaire. Family history of diabetes was
defined as the known presence of family members with
diabetes in any of three generations. Overweight/obesity was
defined as a BMI ≥25 kg/m2, based on the World Health
Organization criteria.

Muscle strength measurement
Previous studies have shown a high correlation between hand
grip strength and other measurements of muscle strength, such
as knee extension and flexion.14–16 Therefore, we used hand
grip strength to define overall muscle strength. Hand grip
strength was measured using a digital hand dynamometer
(T.K.K.5401; Takei Scientific Instruments Co., Ltd., Japan) to
the nearest 0.1 kg. The participants were instructed to stand
and hold the dynamometer at maximal capacity with the
elbow straight. One trial for each hand was performed, and the

average of both hands was taken and used for the present
analyses. The participants were divided into quartiles
depending on age-specific (40–49, 50–59, and 60–64 years)
muscle strength. The cut-off values for each age group are
shown in Table 1. In the analysis stratified by obesity status
(BMI ≥25 kg/m2 [overweight/obese] or <25 kg/m2 [normal
weight]), the participants were divided into quartiles
depending on age-specific muscle strength for each obesity
status.

Assessment of type 2 diabetes
We estimated the prevalence of type 2 diabetes, defined as
fasting plasma glucose ≥126mg/dL (7.0mmol/L) and/or
hemoglobin A1c (HbA1c; NGSP) ≥6.5% and/or self-
reported physician-diagnosed diabetes (under treatment or
no treatment but being followed). The criteria for fasting
plasma glucose and HbA1c in the diagnosis of type 2 diabetes
were based on the diagnostic guidelines of the American
Diabetes Association17 and the Japan Diabetes Society.18

Statistical analysis
We compared characteristics of participants by diabetes status
and muscle strength categories using Student’s t-tests or one-
way ANOVA for continuous variables and chi-squared tests
for categorical variables, as appropriate. We used logistic
regression models to estimate odds ratios (ORs) and 95%
confidence intervals (CIs) for the prevalence of type 2
diabetes, adjusted for age (continuous variable), systolic
blood pressure (continuous variable), cigarette smoking
(never, former, or current smoker), alcohol intake (drinker
or non-drinker), family history of diabetes (yes or no), and
BMI (continuous variable) or hand grip strength (continuous
variable) in a multivariable model. The ORs for the prevalence
of type 2 diabetes per 2-standard-deviation (SD) change were
also calculated. A two-tailed P value less than 0.05 was
considered statistically significant. All statistical analyses
were performed with SPSS Statistics version 22 for Windows
(IBM Japan, Tokyo, Japan).

RESULTS

Of the 5039 participants, 611 (12.1%) had type 2 diabetes, and
1763 (35.0%) were overweight/obese. The mean age of the

Table 1. Age-specific cut-off values for muscle strength
based on quartiles

Muscle strength
(Hand grip strength, kg)

Age

40–49 years 50–59 years 60–64 years

Q1 (Lowest) ≤37.0 ≤35.3 ≤33.7
Q2 37.1–40.8 35.4–38.8 33.8–37.6
Q3 40.9–44.9 38.9–42.7 37.7–41.0
Q4 (Highest) ≥45.0 ≥42.8 ≥41.1
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participants was 51 years (range, 40–64 years), and mean
hand grip strength was 39.7 kg (SD, 6.0 kg).

Table 2 shows the characteristics of the participants
according to diabetes status. Individuals with type 2 diabetes
were older and had higher weight, BMI, systolic blood
pressure, and diastolic blood pressure than those without type
2 diabetes. The participants with type 2 diabetes were also
more likely to be smokers and to have a family history of
diabetes. Furthermore, hand grip strength was lower in
participants with type 2 diabetes than in those without type
2 diabetes.

Table 3 shows the characteristics of the participants
according to muscle strength categories. Men in the lowest
muscle strength group also had the lowest levels of BMI,
systolic blood pressure, diastolic blood pressure, and alcohol
consumption.

Table 4 shows the independent associations of either
muscle strength or obesity with the prevalence of type 2
diabetes. In the model adjusted only for age, there was no

association between muscle strength and the prevalence of
type 2 diabetes (P for trend = 0.36). However, after additional
adjustment for systolic blood pressure, cigarette smoking,
alcohol intake, family history of diabetes, and BMI (model 2),
there was an inverse association between muscle strength and
prevalence of type 2 diabetes (P for trend <0.01), and the
multivariable-adjusted OR per 2-SD (12.0 kg) increase in
hand grip strength was 0.69 (95% CI, 0.57–0.84). We also
identified a positive association between BMI and prevalence
of type 2 diabetes (per 2-SD decrease, OR 0.35; 95% CI,
0.29–0.42). These data suggest that lower muscle strength and
higher BMI are associated with a higher prevalence of type 2
diabetes.
We went on to investigate the odds of type 2 diabetes

according to muscle strength categories in analyses stratified
by obesity status (BMI ≥25 kg/m2 or <25 kg/m2) (Table 5).
Using the lowest muscle strength group (Q1) as a reference
and adjusting for age, systolic blood pressure, cigarette
smoking, alcohol intake, family history of diabetes, and

Table 2. Characteristics according to diabetes status

Total Without diabetes With diabetes P value

n 5039 4428 611
Age, years 51 (7) 51 (7) 55 (6) <0.001
Height, cm 170.7 (5.8) 170.8 (5.8) 169.5 (5.6) <0.001
Body weight, kg 70.6 (10.6) 70.1 (10.2) 74.4 (12.8) <0.001
Body mass index, kg/m2 24.2 (3.3) 24.0 (3.1) 25.9 (4.1) <0.001
Plasma glucose, mg/dL 103.9 (20.2) 98.6 (8.9) 142.4 (33.4) <0.001
HbA1c, % 5.7 (0.7) 5.5 (0.3) 7.1 (1.1) <0.001
Systolic blood pressure, mmHg 126.9 (18.9) 125.9 (18.5) 134.2 (20.0) <0.001
Diastolic blood pressure, mmHg 81.2 (12.0) 80.7 (11.9) 84.8 (11.9) <0.001
Hand grip strength, kg 39.7 (6.0) 39.9 (6.0) 38.8 (5.9) <0.001
Plasma glucose ≥126mg/dL, % 8.6 0 70.5 —
HbA1c ≥6.5%, % 9.3 0 76.9 —
Self-reported physician-diagnosed diabetes, % 7.2 0 59.7 —
Smokers, % 35.4 34.0 45.5 <0.001
Drinkers, % 85.6 86.3 80.4 <0.001
Family history of diabetes, % 23.6 21.1 41.9 <0.001

Data are express as mean (standard deviation) or percentages of participants.

Table 3. Characteristics according to muscle strength categories

Muscle strength
P value

Q1 (Lowest) Q2 Q3 Q4 (Highest)

n 1266 1271 1253 1249
Hand grip strength, kg 32.5 (3.0) 37.8 (1.5) 41.5 (1.7) 47.3 (3.7) <0.001
Age, years 51 (7) 51 (7) 51 (7) 51 (7) 0.317
Height, cm 168.3 (5.6) 169.9 (5.5) 171.3 (5.4) 173.4 (5.6) <0.001
Body weight, kg 66.3 (9.6) 69.3 (10.0) 71.4 (10.0) 75.6 (10.7) <0.001
Body mass index, kg/m2 23.4 (3.2) 24.0 (3.3) 24.3 (3.1) 25.1 (3.2) <0.001
Plasma glucose, mg/dL 103.4 (21.3) 104.6 (21.5) 103.8 (19.4) 103.9 (18.4) 0.561
HbA1c, % 5.7 (0.7) 5.7 (0.8) 5.6 (0.7) 5.6 (0.6) 0.080
Systolic blood pressure, mmHg 124.3 (18.6) 126.7 (19.4) 127.6 (18.6) 129.2 (18.6) <0.001
Diastolic blood pressure, mmHg 79.7 (11.9) 80.9 (12.2) 81.5 (11.8) 82.7 (11.7) <0.001
Smokers, % 34.0 34.5 38.0 35.1 0.162
Drinkers, % 81.9 86.9 86.8 86.7 <0.001
Family history of diabetes, % 22.4 24.3 22.9 24.8 0.421

Data are express as mean (standard deviation) or percentages of participants.
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BMI (model 2), the ORs for the second, third, and fourth
quartiles of muscle strength were 0.77 (95% CI, 0.54–1.10),
0.70 (95% CI, 0.49–0.99), and 0.54 (95% CI, 0.38–0.79),
respectively (P for trend <0.01). The multivariable-adjusted
OR per 2-SD (12.0 kg) increase in hand grip strength was 0.64
(95% CI, 0.49–0.83) in the overweight/obese group; however,
the relationship was weaker in the normal weight group
(per 2-SD increase, OR 0.79; 95% CI, 0.60–1.06; P for
trend = 0.43). There was no interaction between muscle
strength (continuous variable) and BMI (continuous
variable) (P = 0.89).

Figure illustrates the results of multivariable-adjusted ORs
and 95% CIs for the prevalence of type 2 diabetes according
to combined muscle strength categories and obesity status
(BMI ≥25 kg/m2 or <25 kg/m2). Using the lowest muscle
strength group (Q1) with overweight/obese men as the

reference and adjusting for age, systolic blood pressure,
cigarette smoking, alcohol intake, and family history of
diabetes, the ORs from the second, third, and fourth quartiles
of muscle strength with overweight/obese men were 0.89
(95% CI, 0.62–1.29), 0.65 (95% CI, 0.44–0.95), and 0.61
(95% CI, 0.43–0.88), respectively (P for trend <0.01). In
contrast, this relationship was not observed in the normal
weight group (P for trend = 0.53). These data suggest that
lower muscle strength combined with obesity is associated
with a higher prevalence of type 2 diabetes.

DISCUSSION

In this cross-sectional study of Japanese men, we investigated
the independent and combined associations of muscle strength
and obesity on the prevalence of type 2 diabetes. We

Table 4. Odds ratios for prevalence of type 2 diabetes according to muscle strength categories and obesity status

n Number of cases
Number of cases
(per 1000 persons)

Age-adjusted
OR (95% CI)

Model 1a

OR (95% CI)
Model 2b

OR (95% CI)

Muscle strength
Q1 (Lowest) 1266 157 124 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1271 170 134 1.10 (0.87–1.40) 1.06 (0.83–1.36) 0.99 (0.77–1.27)
Q3 1253 143 114 0.92 (0.72–1.18) 0.86 (0.67–1.11) 0.79 (0.61–1.02)
Q4 (Highest) 1249 141 113 0.94 (0.73–1.20) 0.83 (0.64–1.08) 0.68 (0.52–0.88)
P for trend 0.355 0.066 0.001
per 2-SD increase (12.0 kg) 0.91 (0.76–1.10) 0.83 (0.69–1.00) 0.69 (0.57–0.84)

Obesity
Overweight/obese (BMI ≥25kg/m2) 1763 331 188 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Normal weight (BMI <25kg/m2) 3276 280 85 0.39 (0.33–0.47) 0.45 (0.38–0.55) 0.44 (0.36–0.53)
per 2-SD decrease (6.6 kg/m2) 0.32 (0.27–0.38) 0.37 (0.31–0.44) 0.35 (0.29–0.42)

BMI, body mass index; CI, confidence interval; OR, odds ratio; Q, quartile; SD, standard deviation.
aModel 1: Adjusted for age, systolic blood pressure, cigarette smoking, alcohol intake, and family history of diabetes.
bModel 2: Adjusted for Model 1 covariates plus BMI (for muscle strength categories) or hand grip strength (for obesity status).

Table 5. Odds ratios for the prevalence of type 2 diabetes according to muscle strength categories in analysis stratified by
obesity status

n Number of cases
Number of cases
(per 1000 persons)

Age-adjusted
OR (95% CI)

Model 1a

OR (95% CI)
Model 2b

OR (95% CI)

Overweight/obese (BMI ≥25 kg/m2), n = 1763
Q1 (Lowest) 444 102 230 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 446 84 188 0.78 (0.56–1.09) 0.82 (0.58–1.15) 0.77 (0.54–1.10)
Q3 437 77 176 0.72 (0.51–1.01) 0.72 (0.51–1.03) 0.70 (0.49–0.99)
Q4 (Highest) 436 68 156 0.64 (0.45–0.90) 0.60 (0.42–0.86) 0.54 (0.38–0.79)
P for trend 0.009 0.004 0.001
per 2-SD increase (12.0 kg) 0.73 (0.57–0.94) 0.69 (0.53–0.89) 0.64 (0.49–0.83)

Normal weight (BMI <25kg/m2), n = 3276
Q1 (Lowest) 834 70 84 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 810 78 96 1.20 (0.84–1.69) 1.19 (0.83–1.71) 1.17 (0.81–1.68)
Q3 826 68 82 1.02 (0.71–1.45) 0.93 (0.64–1.35) 0.91 (0.62–1.32)
Q4 (Highest) 806 64 79 1.01 (0.70–1.46) 0.98 (0.67–1.43) 0.93 (0.63–1.36)
P for trend 0.835 0.603 0.428
per 2-SD increase (12.0 kg) 0.88 (0.67–1.16) 0.83 (0.63–1.10) 0.79 (0.60–1.06)

BMI, body mass index; CI, confidence interval; OR, odds ratio; Q, quartile; SD, standard deviation.
aModel 1: Adjusted for age, systolic blood pressure, cigarette smoking, alcohol intake, and family history of diabetes.
bModel 2: Adjusted for Model 1 covariates plus BMI.

Kawakami R, et al. 659

J Epidemiol 2015;25(10):656-662



confirmed that the prevalence of type 2 diabetes was
positively associated with BMI and was inversely associated
with muscle strength (Table 4). Interestingly, we found that
muscle strength appeared to be inversely associated with
prevalence of type 2 diabetes only in overweight/obese men
(Table 5 and Figure).

Our data, as well as the data from numerous other
studies,10,11,19–26 support the hypothesis that muscle strength
is a contributing factor to type 2 diabetes. Muscle strength
has been shown to be inversely associated with insulin
resistance.10,19–21 Sayer et al revealed a significant inverse
dose-response relationship between hand grip strength and
insulin resistance, as well as the 2-hour glucose level in an
oral glucose tolerance test.10 Other studies have also reported
that people with diabetes have lower muscle strength than
those without diabetes.22,23 Engaging in muscle-strengthening
activities is associated with a reduced risk of developing type
2 diabetes among women from the Nurses’ Health Study and
Nurses’ Health Study II.11 According to the National Health
and Nutrition Examination Survey (NHANES), muscle-
strengthening activities may also have favorable effects on
impaired fasting glucose, insulin sensitivity, and waist
circumference among men and women.24,25 The Aerobics
Center Longitudinal Study demonstrated that muscle strength,
assessed by the one-repetition maximal measures for bench
and leg press, was inversely associated with incidence of
metabolic syndrome in men.26 These findings are consistent
with our data and conclusions that low muscle strength (ie,
dynapenia) is associated with a higher prevalence of type 2
diabetes.

In the present study, overweight/obese men in the lowest
quartile of hand grip strength demonstrated a significantly
higher prevalence of type 2 diabetes than men with a normal
weight in the highest quartile of hand grip strength (Figure),
showing that dynapenic obesity is robustly associated with
type 2 diabetes. We performed an analysis stratified by obesity
status, which showed that muscle strength was inversely
associated with the prevalence of type 2 diabetes in
overweight/obese men; this relationship was not observed
in men with a normal weight (Table 5). The association of
sarcopenia with obesity and insulin resistance has been
investigated in several studies.12,27 Using cross-sectional data
from the NHANES III, Srikanthan et al reported that patients
with sarcopenic obesity have a higher degree of insulin
resistance and a higher prevalence of dysglycemia than obese
patients without sarcopenia.12 In a prospective cohort study,
Stephan et al showed that dynapenic abdominal obesity,
as determined by low hand grip strength with high waist
circumference, was modestly associated with an increased
incidence of cardiovascular disease in older adults; in contrast,
there was no relationship between sarcopenia, as determined by
low muscle mass, with abdominal obesity and cardiovascular
disease.28 Using NHANES data, a recent cross-sectional study
demonstrated that people with dynapenic abdominal obesity
had a higher prevalence of type 2 diabetes (assessed by a self-
reported questionnaire) than those with neither dynapenia nor
abdominal obesity.13 Wander et al reported that higher hand
grip strength was associated with a lower incidence of type 2
diabetes during a 10-year follow-up in Japanese-American
men and women.29 Taken together, these data support our
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Figure. Multivariable-adjusted odds ratios and 95% confidence intervals for prevalence of type 2 diabetes, according to
combined muscle strength categories and obesity status, after adjustment for age, systolic blood pressure,
cigarette smoking, alcohol intake, and family history of diabetes.
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finding that muscle strength and obesity are dependent factors
contributing to the prevalence of type 2 diabetes.

Wander et al identified a significant association between
hand grip strength and BMI, which was attenuated at higher
levels of BMI29; however, this association between hand grip
strength and BMI was not observed in our study. The reason
for this discrepancy is unclear but may be due to differences in
the characteristics of the participants. Wander et al included
both men (n = 209) and women (n = 185) in their analysis,
while our study only included men. Men’s hand grip strength
tends to be substantially higher than women’s on average, so
our mean hand grip strength was much higher than that in
Wander et al study’s (39.7 kg versus 22.9 kg). This relatively
large difference may be the source of the discrepancy in
findings between these two studies.

Although the mechanisms for the association between
dynapenic obesity and the prevalence of type 2 diabetes
are unknown, the association between obesity and insulin
resistance may be related to inflammatory cytokines.
Schrager et al found that dynapenic obesity was associated
with high levels of interleukin-6 and C-reactive protein.30

Moreover, they found that dynapenia and obesity had an
additive effect on the levels of these inflammatory cytokines.
Therefore, proinflammatory cytokines might mediate the
reduction in muscle strength and further promote insulin
resistance. Additionally, skeletal muscle is a major tissue for
glucose uptake and utilization, and muscle strength training
has been shown to increase the protein content of glucose
transporter 4.31,32 These findings suggest that the coexistence
of dynapenia and obesity may synergistically induce the
development of type 2 diabetes.

This study had several limitations. First, this study had a
cross-sectional design. Therefore, further longitudinal studies
are necessary to establish a causal relationship between
dynapenic obesity and type 2 diabetes. Type 2 diabetes is
associated with accelerated loss of muscle strength and
muscle mass,33,34 so our results may merely be reflecting a
consequence of the disease. However, Park et al reported
that the rapid loss of thigh muscle mass was observed in
women with diabetes but not in men.33 Also, no difference in
loss of hand grip strength has been observed between those
with and without diabetes over a 3-year period.34 Second, in
the present study, hand grip strength was measured with only
one trial for each hand. However, Watanabe et al tested the
same dynamometer used in our study and reported that there
was no difference between first and second trials in men.35

Hamilton et al showed high reliability with one trial
(intraclass correlation coefficients ≥0.93) compared with the
mean of two or three trials.36 Finally, the participants were
middle-aged (40–64 years) male workers, so it is unclear
whether the investigated associations also exist among women
and older men. Further, all participants were employees of a
single, urban company and may not be representative of all
Japanese men.

In conclusion, dynapenia, the age-related decrease in
muscle strength, is associated with an increased prevalence
of type 2 diabetes, and this relationship is stronger in
overweight/obese middle-aged Japanese men than in those
of normal weight.
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