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Abstract 

Background: Although evidence about skeletal muscle mass loss and type 2 diabetes 

risk has accumulated, little information is available on the combined effect of skeletal 

muscle mass and abdominal obesity on type 2 diabetes. We examined whether skeletal 

muscle mass and abdominal obesity were synergistically associated with the prevalence 

of type 2 diabetes. 

Methods: Skeletal muscle mass and waist circumference (WC) were measured in 1,515 
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Japanese aged 40–69 years. Relative muscle mass was calculated as percentage of total 

skeletal muscle mass in body weight (SMM%). Type 2 diabetes was identified as fasting 

serum glucose ≥ 7.0 mmol/L (126 mg/dL), non-fasting serum glucose ≥ 11.1 mmol/L 

(200 mg/dL), hemoglobin A1c ≥ 6.5%, and/or diabetes medication use. 

Results: The multivariable-adjusted odds ratio (OR) of prevalent diabetes from the 

lowest to third quartiles of SMM% compared to the highest quartile was gradually 

higher in both sexes. The association between a high WC and prevalent diabetes was 

similar. The multivariable-adjusted OR (95% confidence intervals) for the prevalence of 

type 2 diabetes in the low skeletal muscle mass/high WC group was 3.19 (1.78–5.71) 

for men and 4.46 (2.09–9.51) for women compared with the high skeletal muscle 

mass/low WC group. The relative excess risk due to interaction was 2.2 (0.5–3.9) in 

men and 2.8 (0.2–5.3) in women for an excess burden of type 2 diabetes for low skeletal 

muscle mass and high WC. 

Conclusions: Low skeletal muscle mass and abdominal obesity were synergistically 

associated with presence of type 2 diabetes. 

 

Highlights 

This cross-sectional study of middle-aged men and women showed that low skeletal 
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muscle mass and abdominal obesity were associated with a higher prevalence of type 2 

diabetes in both sexes. In addition, low skeletal muscle mass and abdominal obesity 

were synergistically associated with presence of type 2 diabetes in Japanese middle-

aged adults. In clinical practice, the assessment of skeletal muscle mass and abdominal 

obesity may be useful for preventing and controlling type 2 diabetes. 

 

Keyword: skeletal muscles mass, waist circumference, type 2 diabetes mellitus 

 

Introduction 

The prevalence of diabetes is increasing1 and this increase is projected to continue until 

2030 worldwide.2 Physical activity and diet are primary components of diabetes 

prevention.3, 4 Exercise training increases skeletal muscle mass and improves 

hyperglycemia in type 2 diabetes.5 The muscle is the largest organ involved in glucose 

metabolism. Low skeletal muscle mass may increase one’s risk of diabetes6 through 

hyperglycemia,7 decreasing beta-cell function,8 and increasing insulin resistance.9 

Visceral adiposity impairs glucose tolerance10 and increases insulin resistance, 11, 12 

leading to type 2 diabetes. Waist circumference (WC), a useful index for measuring 

abdominal adipose tissue,13, 14 is associated with the incidence of diabetes mellitus.15 
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Among patients with type 2 diabetes, a low skeletal muscle mass and high fat mass are 

reportedly synergistically associated with high hemoglobin A1c (HbA1c) levels.16 In 

contrast, among Japanese Americans without diabetes, such a synergistic association of 

visceral fat gain and thigh muscle loss was not found in relation to the risk of incident 

type 2 diabetes.17 A low muscle mass and a high visceral adiposity synergistically may 

worsen insulin resistance and glucose metabolism, but robust evidence in this regard is 

limited and there is little evidence of this in the general population.  

This study aimed to examine whether the combination of low skeletal muscle 

mass and high WC, a surrogate marker of abdominal adipose tissue,13, 14 is 

synergistically associated with the prevalence of type 2 diabetes among a community-

based Japanese population, which is relatively lean with a lower prevalence of type 2 

diabetes than in Western populations. 

 

Methods 

Study Subjects 

We included 1,525 individuals aged 40–69 years from a northeastern rural community 

of Japan, Ikawa town, and a western suburban community (n = 760), Minami-takayasu 

district of Yao city (n = 755), both of which were sub-cohorts of the Circulatory Risk in 
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Communities Study(CIRCS).18 In 2017–2019, we measured skeletal muscle mass, WC, 

and cardiovascular risk variables of the study participants. Because the data were 

collected as a part of the municipal government health check activities, we did not 

obtain an informed consent for each study subject, but we provided opt out 

opportunities. Then, we used anonymous data for the present analyses. This study was 

approved by the Ethics Committee of Osaka Center for Cancer and Cardiovascular 

Disease Prevention and Osaka University. 

We excluded participants for whom data were missing for skeletal muscle 

mass, WC, smoking habit, or usual alcohol intake (n = 7). Participants with histories of 

infantile paralysis (n = 2) and lymphedema (n = 1) were also excluded due to possibility 

of measurement error of muscle mass. A total of 1,515 men and women were finally 

included in the current analysis. 

 

Assessment of skeletal muscle mass, WC, and other covariates 

Skeletal muscle mass was measured with a bioelectrical impedance analyzer (InBody 

770; InBody Co., Seoul, Korea) because of its feasibility in community-based surveys 

and measurement reliability.19 The muscle mass measured with this method is highly 

correlated with that measured by using the dual-energy X-ray absorptiometry (DXA) 

method, the gold standard measure of muscle mass.20, 21 Since a higher fat mass 
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overestimates skeletal muscle mass,22 we used the relative skeletal muscle mass 

(SMM%) as total skeletal muscle mass [kg]/body weight [kg] × 100.23 

WC was measured at the umbilicus level using a tape measure with the 

participant in a standing position and breathing normally. Height and weight were 

measured with the participant wearing light clothing. We asked participants about their 

medical history, smoking habits, frequency and amount of alcohol intake, physical 

activity and family history of diabetes mellitus. Current smoker was defined as smoking 

≥ 1 cigarette a day. The usual alcohol intake was converted to grams of ethanol per day 

based on the Japanese traditional unit “go” including 23 g ethanol in a unit. Physical 

activity was asked as “Are you exercising or walking for at least 15 minutes at a time 

for more than three months? (yes or no)”. 

 

Definition of type 2 diabetes 

Venous blood was drawn into a plain plastic tube for serum and whole blood processing. 

Serum was separated within 30 min after the blood draw. These samples were 

transported to the Osaka Center for Cancer and Cardiovascular Disease Prevention on 

dry ice for extraction of the serum samples and with ice cooling for the whole blood 

samples from Ikawa town and with ice cooling for both samples from Minami-takayasu 
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district. Serum glucose was measured by hexokinase and glucose-6-phosphate 

dehydrogenase methods with an automatic analyzer (TBA-2000FR; Toshiba, Tochigi, 

Japan), while HbA1c was measured by high performance liquid chromatography with 

an HLC-723 G8 (Tosoh, Tokyo, Japan). Type 2 diabetes was defined as fasting serum 

glucose ≥ 7.00 mmol/L, non-fasting serum glucose ≥ 11.1 mmol/L, HbA1c ≥ 6.5% 

and/or initiation of treatment with glucose-lowering medication or insulin injection. 

 

Statistical analysis 

SMM% and WC were categorized into sex-specific quartiles. We calculated age-

adjusted mean values for participants’ characteristics by using analysis of covariance 

and calculated age-adjusted proportions using logistic regression according to SMM% 

or WC quartiles. 

The odds ratios (ORs) and 95% confidence intervals (CIs) of prevalent diabetes 

and were calculated for each group using a logistic regression model of quartiles of 

SMM% and WC. The linear trend of the association was tested by modeling the 

continuous variable of SMM% or WC which was assigned the median value of SMM% 

or WC in each group. The multivariable adjustment included age (continuous), smoking 

habit (never, former, or current), alcohol intake (never, former, or current), physical 
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activity (yes or no), family history of diabetes mellitus (yes or no), and WC or SMM% 

(continuous).  

To assess the joint impact of skeletal muscle mass and visceral adiposity, we 

divided the SMM% and WC into high and low groups using the sex-specific median 

value, and create the 2 × 2 combination of SMM% and WC since the number of 

participants may not be enough for 4 × 4 combination. We calculated the relative excess 

risk due to interaction (RERI) as the OR (low skeletal muscle mass + high WC) - OR 

(low skeletal muscle mass) - OR (high WC) + 1 where the ORs were adjusted for the 

above confounding variables.24 We also calculated the 95% CI for RERI and tested 

RERI using the z test.  

We used SAS (version 9.4; SAS Institute, Cary, NC, USA) for the statistical 

analyses. All p values for the statistical tests were two-tailed, and values of p < 0.05 

were considered statistically significant.  

 

Results 

Participants of both sexes with lower skeletal muscle mass were older and had age-

adjusted mean values of higher body mass index (BMI), WC, HbA1c, and fasting 

glucose (Table 1). The age-adjusted proportion of diabetes mellitus was 14.8% for Q1 
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(lowest), 16.2% for Q2, 9.7% for Q3, and 10.2% for Q4 of SMM% in men; the 

corresponding proportions were 4.3%, 4.8%, 4.8% and 1.3% in women. Individuals of 

both sexes with higher WC showed similar trends as those with lower skeletal muscle 

mass in terms of BMI, HbA1c, and fasting glucose, except for age in men (Table 2). The 

association between WC and age was not similar to that with skeletal muscle mass in 

men. The trend of age between Q1 to Q4 of WC was not significant. 

Table 3 shows sex-specific age-adjusted and multivariable-adjusted ORs (95% 

CI) of prevalent type 2 diabetes according to quartiles of SMM% levels. Lower skeletal 

muscle mass was associated with the higher prevalence of type 2 diabetes in both men 

and women. These inverse associations were similar even after the adjustment for 

smoking status, alcohol intake, and family history. The multivariable-adjusted ORs 

(95% CI) for the lowest versus highest quartiles of SMM% levels were 3.75 (1.81–

7.80), P for trend < 0.001 in men and 9.57 (2.83–32.32), P for trend < 0.001 in women. 

However, further adjustment for WC largely attenuated the associations towards non-

significance: 1.73 (0.67–4.47) P for trend = 0.15 in men and 3.21 (0.86–12.06), P for 

trend = 0.14 in women. 

As shown in Table 4, individuals of both sexes with higher WC had the higher 

prevalence of type 2 diabetes, the same as individuals with low skeletal muscle mass. 
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The multivariable-adjusted ORs for the highest versus lowest quartiles of WC was 4.31 

(2.06–9.03), P for trend < 0.001 in men and 10.82 (3.22–36.34), P for trend < 0.001 in 

women. Further adjusting for SMM%, the association with WC and prevalence of type 

2 diabetes was attenuated and no longer statistically significant in men but was 

significant in women. OR further adjusted for SMM% was 2.17 (0.84–5.60), P for trend 

= 0.09 in men and 5.99 (1.63–21.97), P for trend = 0.002 in women. 

Table 5 indicates the results of the prevalence of type 2 diabetes according to 

the combination of SMM% and WC. Participants with low skeletal muscle mass and 

high WC were more likely to have type 2 diabetes than those with high skeletal muscle 

mass and low WC. The association did not extensively change after further adjustment 

for the confounding variables; the multivariable-adjusted OR of prevalent diabetes for 

low skeletal muscle mass and high WC was 3.19 (1.78–5.71) in men and 4.46 (2.09–

9.51) in women. The RERI was 2.2 (0.5–3.9) in men (p=0.03) and 2.8 (0.2–5.3) in 

women (p=0.01).  

 

Discussion 

In the current cross-sectional study of 1,515 middle-aged men and women, low skeletal 

muscle mass and high WC were synergistically rather than additively associated with 
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the higher prevalence of type 2 diabetes independently of age, smoking and drinking 

habits, and family history of diabetes. 

Abdominal obesity assessed by WC is a well-established risk factor of type 2 

diabetes.25, 26 Cross-sectional and longitudinal studies have shown that skeletal muscle 

mass as absolute amount26-30 or relative to body weight6, 9, 31, 32 was inversely associated 

with the prevalence or incidence of type 2 diabetes. A cross-sectional study of 249 type 

2 diabetes patients aged 39–70 years indicated that high fat and low muscle were 

synergistically associated with HbA1c levels.16 The mean values of HbA1c were 7.6% 

for the low fat and high muscle group, 7.5% for the low fat and low muscle group, 7.7% 

for the high fat and high muscle group, and 8.1% for the high fat and low muscle group. 

However, statistical testing of the synergistic effect was not performed. Conversely, a 

study of 440 Japanese American men and women aged 34–75 years showed that a 5-

year increase in thigh muscle (TM) and visceral fat (VF) was associated with the risk of 

5-year incident diabetes adjusted for baseline visceral fat and thigh muscle area.17 In 

that study, ORs (95% CI) of incident diabetes at the 5-year follow-up with reference to 

the TM gain and VF loss group was 3.42 (0.79–14.7) for the TM loss and VF loss 

group, 7.17(1.97–26.13) for the TM gain and VF gain group, and 3.07 (0.74–12.76) for 

the TM loss and VF gain group. The excess risk of type 2 diabetes associated with low 
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or loss of muscle and high or gain of fat was consistently observed in Japanese 

American and our Japanese samples. However, Japanese Americans also showed the 

excess risk of type 2 diabetes associated with muscle gain and fat gain, while our 

Japanese participants did not. The discrepancy between the two studies may be due in 

part to the lack of statistical power (the number of participants with type 2 diabetes was 

23 in the Japanese American cohort versus 12 in the Japanese cohort). Another 

explanation is that, in Japanese Americans, the muscle gain and fat gain group had a 

larger mean fat change than the muscle loss and fat gain group, leading to the excess 

risk of type 2 diabetes.17 

Possible biological mechanisms underlying the effect of low skeletal muscle 

mass and high abdominal fat mass are as follows. Skeletal muscle is the largest organ 

consuming glucose, generating and storing glycogen in response to insulin. Low muscle 

mass has capacity limits for such functions, resulting in reduced insulin sensitivity.9 

Conversely, a high WC reflects a high abdominal fat mass, which serves as dense 

energy storage as well as the largest endocrine organ secreting adipocytokines such as 

tumor necrosis factor-α, free fatty acid, interleukin-6, and adiponectin.33, 34 These factors 

worsen insulin resistance by reducing both insulin signaling and the expression of key 

proteins for glucose uptake for metabolism. When skeletal muscle mass loss and 
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increased WC coexist, glucose metabolism may become worse in nature, in the other 

words, a high skeletal muscle mass or a low WC may contribute to normalize glucose 

metabolism. However, the mechanism by which glucose metabolism synergistically 

worsens is unclear.  

The strength of our study is its large population of men and women with 

standardized measurement for skeletal muscle mass, WC, and other cardiovascular risk 

factors. 

However, our study has several limitations. First, this was a cross-sectional 

study, and thus, causality was not necessarily indicated. Second, the measurement error 

of muscle mass cannot be eliminated. The absolute muscle mass amount measured by 

the bioelectrical impedance analysis method tends to be overestimated compared to that 

measured by the DXA method. However, the overestimation was not changed 

depending on the presence or absence of diabetes.20 The current findings are comparable 

to the results using the DXA method because of the strong correlation between muscle 

mass assessments with the two methods.21 Third, residual or unmeasured confounding 

factors may exist. 

In conclusion, the combination of low skeletal muscle mass and high WC was 

associated with the higher prevalence of diabetes in middle-aged men and women. The 
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assessments of abdominal obesity and skeletal muscle mass may be important to 

preventing and controlling type 2 diabetes. In addition, low skeletal muscle mass and 

high WC were synergistically associated with the higher frequency of prevalent type 2 

diabetes. In clinical practice, the assessment of skeletal muscle mass and abdominal 

obesity may be useful for preventing and controlling type 2 diabetes. Longitudinal 

research is needed to confirm the joint impact on incident type 2 diabetes. 
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Table 1. Sex-specific age-adjusted characteristics of participants according to quartiles of SMM% 
 

 Men     Women     

Quartiles of SMM% level Q1  Q2 Q3 Q4  Q1  Q2 Q3 Q4  

SMM% median (range) 28.9 

(23.4-30.2) 

31.2 

(30.3-32.1) 

33.2 

(32.1-34.0) 

35.5 

(34.1-41.3) 

P for trend 23.9 

(18.7-25.0) 

26.0 

(25.0-27.0) 

28.0 

(27.0-29.2) 

30.6 

(29.2-37.6) 

P for trend 

No. of participants 131 131 131 131  247 248 248 248  

Age (years) 60.3 (0.8) 59.6 (0.8) 57.8 (0.8) 56.3 (0.8) <0.001 60.7 (0.5) 59.6 (0.5) 55.5 (0.5) 53.7 (0.5) <0.001 

Height (cm) 165.5 (0.5) 167.7 (0.5) 168.6 (0.5) 169.8 (0.5) <0.001 151.9 (0.3) 154.1 (0.3) 156.8 (0.3) 158.5 (0.3) <0.001 

Weight (kg) 76.2 (0.8) 70.8 (0.8) 66.1 (0.8) 60.8 (0.8) <0.001 61.4 (0.5) 56.0 (0.5) 53.2 (0.5) 48.9 (0.5) <0.001 

BMI (kg/m²) 27.7 (0.2) 25.1 (0.2) 23.2 (0.2) 21.0 (0.2) <0.001 26.5 (0.2) 23.5 (0.2) 21.6 (0.2) 19.4 (0.2) <0.001 

Waist circumference (cm) 94.4 (0.6) 87.6 (0.6) 82.3 (0.6) 76.9 (0.6) <0.001 88.5 (0.5) 82.0 (0.5) 78.0 (0.5) 72.3 (0.5) <0.001 

Diabetes mellitus (%) 14.8 16.2 9.7 10.2 <0.001 4.3 4.8 4.8 1.3 <0.001 

HbA1c (%) 6.1 (0.1) 5.9 (0.1) 5.8 (0.1) 5.8 (0.1) <0.001 6.0 (0.0) 5.8 (0.0) 5.7 (0.0) 5.7 (0.0) <0.001 

HbA1c (mmol/mol) 42.7 (0.6) 39.8 (0.6) 39.3 (0.6) 38.9 (0.6) <0.001 41.0 (0.3) 39.2 (0.3) 38.7 (0.3) 39.5 (0.3) <0.001 

Fasting glucose (mmol/l) 6.1(0.1) 5.8(0.1) 5.8(0.1) 5.4(0.1) <0.001 5.4(0.1) 5.3(0.1) 5.3(0.1) 5.1(0.1) 0.001 

Current drinker (%) 73.2 70.7 74.6 71.5 0.75 26.2 26.4 27.6 29.3 0.04 

Current smoker (%) 30.0 33.4 28.9 36.9 0.01 4.9 4.1 7.0 4.0 0.80 

Physical activity (%) 44.0 41.6 41.6 50.6 0.10 48.6 45.2 49.7 55.9 0.007 

Family history (%) 18.1 20.0 21.2 14.2 0.27 25.9 24.1 26.2 24.0 0.51 

SMM%, percentage of total skeletal muscle mass in body weight 

Values are shown as median (range) for muscle mass, age-adjusted mean (standard error) for continuous variables, and proportion for categorical variables. 
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Table 2. Sex-specific age-adjusted characteristics of participants according to quartiles of WC 
 

 Men     Women     

Quartiles of WC levels Q1  Q2 Q3 Q4  Q1  Q2 Q3 Q4  

WC median (range) 75.0 

(58.0-79.0) 

82.0 

(80.0-84.0) 

87.0 

(85.0-90.0) 

96.0 

(91.0-122.0) 

P for trend 69.0 

(58.0-73.0) 

77.0 

(74.0-79.0) 

82.0 

(80.0-85.0) 

90.0 

(86.0-117.0) 

P for trend 

No. of participants 139 120 128 137  251 246 234 260  

Age (years) 58.0 (0.8) 59.8 (0.8) 57.8 (0.8) 58.4 (0.8) 0.51 55.0 (0.6) 56.5 (0.6) 58.6 (0.6) 59.5 (0.5) <0.001 

Height (cm) 166.4 (0.5) 167.9 (0.5) 168.4 (0.5) 168.9 (0.5) <0.001 154.9 (0.3) 155.2 (0.3) 155.7 (0.3) 155.5 (0.3) 0.17 

Weight (kg) 57.9 (0.5) 65.2 (0.6) 70.2 (0.5) 80.5 (0.5) <0.001 46.1 (0.4) 51.3 (0.4) 56.2 (0.4) 65.4 (0.4) <0.001 

BMI (kg/m²) 20.9 (0.2) 23.1 (0.2) 24.8 (0.2) 28.2 (0.2) <0.001 19.3 (0.1) 21.3 (0.1) 23.2 (0.2) 27.1 (0.1) <0.001 

SMM% 34.7 (0.2) 32.8 (0.2) 31.6 (0.2) 29.6 (0.2) <0.001 29.5 (0.1) 27.7 (0.1) 26.6 (0.1) 25.0 (0.1) <0.001 

Diabetes mellitus (%) 14.7 12.4 17.3 25.8 <0.001 4.0 3.4 6.7 10.2 <0.001 

HbA1c (%) 5.7 (0.1) 5.8 (0.1) 5.9 (0.1) 6.2 (0.1) <0.001 5.7 (0.0) 5.8 (0.0) 5.9 (0.0) 5.9 (0.0) <0.001 

HbA1c (mmol/mol) 38.5 (0.6) 38.9 (0.7) 40.4 (0.6) 42.8 (0.6) <0.001 38.1 (0.3) 38.8 (0.3) 39.9 (0.3) 40.6 (0.3) <0.001 

Fasting glucose (mmol/l) 5.5(0.1) 5.7(0.1) 5.8(0.1) 6.1(0.1) 0.009 5.1(0.1) 5.2(0.1) 5.5(0.1) 5.3(0.1) <0.001 

Current drinker (%) 73.1 63.5 77.1 74.0 0.63 26.2 31.6 23.0 24.0 0.12 

Current smoker (%) 30.1 28.1 31.9 26.5 0.19 4.8 3.5 6.8 6.1 0.08 

Physical activity (%) 44.0 42.1 43.3 40.7 0.08 48.8 54.3 47.3 42.6 0.01 

Family history (%) 18.2 17.6 21.8 19.0 0.09 25.9 28.8 26.4 26.4 0.32 

WC, waist circumference; BMI, body mass index; SMM%, percentage of total skeletal muscle mass in body weight 

Values are shown as median (range) for muscle mass, age-adjusted mean (standard error) for continuous variables, and proportion for categorical variables. 
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Table 3. Sex-specific age-adjusted and multivariable-adjusted odds ratios and 95% confidence intervals of prevalent type 2 diabetes according to 
quartiles of SMM% 
 
 Quartiles of SMM% levels     
 Q1 (low) Q2 Q3 Q4 (high) P for trend 
Men      
No. at risk 131 131 131 131  
No. of cases 40 23 13 13  
Age-adjusted OR 3.43 (1.72-6.87) 1.70 (0.82-3.56) 0.95 (0.42-2.14) reference <0.001 
Multivariable-adjusted OR† 3.75(1.81-7.80) 1.66(0.77-3.56) 0.90(0.39-2.09) reference <0.001 
Further adjustment for WC 1.73(0.67-4.47) 1.05(0.45-2.45) 0.73(0.31-1.73) reference 0.16 
      
Women      
No. at risk 247 248 248 248  
No. of cases 38 17 13 3  
Age-adjusted OR 9.25 (2.77-30.90) 3.87 (1.10-13.61) 3.87 (1.08-13.86) reference <0.001 
Multivariable-adjusted OR† 9.57(2.83-32.32) 4.22(1.19-15.02) 4.14(1.14-15.03) reference <0.001 
Further adjustment for WC 3.21(0.86-12.06) 2.25(0.61-8.33) 2.85(0.77-10.54) reference 0.14 

SMM%, percentage of total skeletal muscle mass in body weight; OR, odds ratio  

†Adjusted for age, smoking, alcohol, physical activity and family history of diabetes 
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Table 4. Sex-specific age-adjusted and multivariable-adjusted odds ratios and 95% confidence intervals of prevalent type 2 diabetes according to 
quartiles of WC quartile 
 
 Quartiles of WC levels     
 Q1 (low) Q2 Q3 Q4 (high) P for trend 
Men      
No. at risk 139 120 128 137  
No. of cases 12 17 23 37  
Age-adjusted OR reference 1.64 (0.74-3.61) 2.42 (1.14-5.13) 4.02 (1.98-8.20) <0.001 
Multivariable-adjusted OR† reference 1.61(0.71-3.65) 2.34(1.08-5.10) 4.31(2.06-9.03) <0.001 
Further adjustment for SMM% reference 1.29(0.56-2.99) 1.53(0.65-3.62) 2.17(0.84-5.60) 0.09 
      
Women      
No. at risk 251 246 234 260  
No. of cases 3 10 21 37  
Age-adjusted OR reference 3.15 (0.85-11.66) 6.49 (1.90-22.22) 10.35 (3.12-34.30) <0.001 
Multivariable-adjusted OR† reference 3.02(0.80-11.31) 6.16(1.78-21.35) 10.82(3.22-36.34) <0.001 
Further adjustment for SMM% reference 2.43(0.64-9.22) 4.20(1.17-15.12) 5.99(1.63-21.97) 0.002 

WC, waist circumference; OR, odds ratio 

†Adjusted for age, smoking, alcohol, physical activity and family history of diabetes 
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Table 5. Sex-specific age-adjusted and multivariable-adjusted odds ratios and 95% confidence intervals of prevalent type 2 diabetes according to 
the combination of SMM% and WC 
 
 Combination of SMM% and WC      
 Low/High Low/Low High/High High/Low RERI (95% CI) P-value for RERI 

Men       
No. at risk 201 61 64 198   
No. of cases 55 8 5 21   
Age-adjusted OR 3.04 (1.75-5.30) 1.05 (0.43-2.53) 0.85 (0.30-2.38) reference 2.1 (0.6-3.7) 0.02 
Multivariable-adjusted OR† 3.19(1.78-5.71) 1.13(0.45-2.84) 0.89(0.31-2.57) reference 2.2 (0.5-3.9) 0.03 

       
Women       
No. at risk 363 132 131 365   
No. of cases 51 4 7 9   
Age-adjusted OR 4.30 (2.05-9.03) 0.81 (0.24-2.70) 2.04 (0.74-5.65) reference 2.5 (0.02-4.9) 0.03 
Multivariable-adjusted OR† 4.46(2.09-9.51) 0.78(0.23-2.65) 1.93(0.68-5.44) reference 2.8(0.2-5.3) 0.01 

SMM%, percentage of total skeletal muscle mass in body weight; WC, waist circumference; OR, odds ratio 

Low SMM% was defined as <32.1% for men and <27.0% for women. High WC was > 85.0 cm for men and 80.0 cm for women. 

†Adjusted for smoking, alcohol, physical activity and family history of diabetes 

RERI=relative excess risk due to interaction 

 

 
 
 


