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Abstract 

Aims 

This study investigated the relationship between waist circumference and the 

subsequent incidence of type 2 diabetes and the association with insulin resistance and 

beta-cell function in relatively lean Japanese. 

Methods 

The study participants were 3,992 employees (2,533 men and 1,459 women, 35-55 

years old) of a metal-products factory in Japan.  The incidence of diabetes was 

surveyed in annual medical examinations during an 8-year follow-up.  We calculated 

age- and sex-adjusted hazard ratios (HRs) according to the sex-specific quintile of waist 

circumference at baseline.  Differences in baseline insulin resistance (HOMA-IR) and 

beta-cell function (HOMA-B) were compared between participants who developed 

diabetes and those who did not. 

Results  

During the follow-up, 218 participants developed diabetes.  Age- and sex-adjusted 

HRs across the quintiles of waist circumference were 1.78, 1.00 (reference), 1.59, 3.11, 

and 3.30, respectively (p for trend, <0.0001).  The HR for the lowest quintile was 

significantly higher than that for the second quintile.  Among participants with waist 

circumference of the lowest quintile, HOMA-B was lower in those who developed 

diabetes than in those who did not (geometric mean, interquartile range; 33.1, 24.1-45.0 

vs. 54.3, 37.9-74.6; p < 0.001), but HOMA-IR did not differ between these groups. 

Conclusions 

There was a J-shaped relationship between waist circumference and subsequent risk for 

type 2 diabetes in relatively lean Japanese; lower beta-cell function may also increase 
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the risk of diabetes in very lean Japanese. 
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Introduction 

Obesity increases the risk for type 2 diabetes (1-7), with previous reports indicating a 

linear association between the degree of obesity and the incidence of type 2 diabetes in 

Western populations (1-5).  Although the prevalence of obesity is much lower in Asian 

countries than in Western countries, the prevalence of type 2 diabetes has been reported 

to be similar (8) suggesting that the association between obesity and diabetes may be 

different in Asian countries compared with Western countries. 

 

One possible reason for the high frequency of type 2 diabetes in Asians is the presence 

of prominent abdominal fat in Asians compared with Caucasians with a similar body 

mass index (BMI) (9, 10); however, few studies have evaluated the association between 

waist circumference and diabetic risk in Asians (11).  Waist circumference might be a 

useful predictor for diabetes in Asians with high abdominal fat.  

 

In addition to obesity, impairment of early-phase insulin secretion and low pancreatic 

beta-cell mass may play important roles in the development of type 2 diabetes in lean 

Asians (12-15).  Decreased beta-cell function can cause hyperglycemia prior to the 

onset of obesity.  It is possible that not only obese people with insulin resistance but 

also lean people with lower beta-cell function are at high risk for developing type 2 

diabetes.  Recently, a J-curve association between BMI and the incidence of diabetes 

was reported in older Japanese adults (16).  This report suggested that older Japanese 

people with low BMI would also be at higher risk for developing diabetes.  However, 

there have been few prospective studies investigating the relationship of waist 

circumference to future development of diabetes in lean Asian people with observation 
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of beta-cell function and insulin resistance. 

 

In this large-scale, 8-year prospective study of relatively lean Japanese men and women, 

we investigated the relationship between anthropometric indices (BMI and waist 

circumference) and the subsequent risk for developing type 2 diabetes.  The objectives 

of this study were: 1) to investigate whether waist circumference is associated with the 

future risk of diabetes, 2) to determine whether the relationship is linear or J-shaped, 

and 3) to investigate how this relationship is influenced by insulin resistance and 

beta-cell function.
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Research Design and Methods 

The participants were employees of a factory that produces zippers and aluminum 

sashes in Toyama Prefecture, Japan.  Detailed information on the study population has 

been described (17-19).  The Industrial Safety and Health Law in Japan requires 

employers to conduct annual health examinations of all employees.  A survey of the 

incidence of diabetes mellitus was performed during the annual medical examinations 

between 1996 and 2004.  At the baseline examination in 1996, 4,274 (90%) of 4,757 

employees aged 35-55 years received health examinations.  Of these 4,274 potential 

participants, 282 (6.6%) were excluded: 199 were diabetic or had high fasting plasma 

glucose (≥7.0 mmol/L) at the time of the baseline examination, 16 had missing data in 

baseline anthropometric indices, and 67 did not participate in consecutive follow-up 

annual health examinations.  The final study population consisted of 3,992 employees 

(2,533 men and 1,459 women). 

 

The baseline health examination included a medical history, physical examination, 

anthropometric measurements (waist circumference and BMI), and the determination of 

fasting plasma glucose, fasting insulin, glycolated hemoglobin (HbA1c) and serum lipid 

levels.  Height was measured, without shoes, to the nearest 0.1 cm using a stadiometer.  

Weight was measured, with participants wearing only light clothing and no shoes, to the 

nearest 0.1 kg using a standard scale.  BMI was calculated as weight/height2 (kg/m2).  

Waist circumference was determined to the nearest 0.5 cm by measuring from a point 

above the iliac crests and below the lowest rib margin, during minimal respiration in a 

standing position.  Blood pressure was measured once with a mercury 

sphygmomanometer after the subjects had rested for five minutes in a seated position.  
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Trained staff took all of the measurements. 

 

Plasma glucose levels were measured enzymatically (Abbott glucose UV test; Abbott 

Laboratories, Chicago, IL, USA), and plasma insulin levels were determined by 

radioimmunoassay (Shionogi Co., Tokyo, Japan).  HbAlc was measured by 

high-velocity liquid chromatography using a fully automated hemoglobin Alc analyzer 

(Kyoto Daiichi Kagaku, Kyoto, Japan).  Total cholesterol and triglycerides were 

measured by enzyme assay.  HDL-cholesterol was measured by direct method.  

Insulin resistance was calculated by the homeostasis model assessment (HOMA) 

method, using the formula: HOMA-IR = fasting insulin (μU/mL) × fasting plasma 

glucose (mmol/L)/22.5 (20).  The HOMA of beta-cell function (HOMA-B) was 

calculated using the following formula: HOMA-B = 20 × fasting insulin 

(μU/mL)/[fasting plasma glucose (mmol/L) - 3.5] (20). 

 

Participants with HbA1c >6.0% received a 75-g oral glucose tolerance test (OGTT).  

According to the definition of American Diabetes Association (21) and Japanese 

Diabetes Society (22), the diagnosis of diabetes is confirmed by at least one of the 

following observations: 1) fasting plasma glucose concentration ≥7.0 mmol/L (126 

mg/dL), 2) 2-h glucose level ≥11.1 mmol/L (200 mg/dL) in a 75-g OGTT, or 3) 

treatment with insulin or an oral hypoglycemic agent. 

 

A questionnaire was used to identify voluntary health-related behaviors such as alcohol 

consumption, smoking, and habitual exercise.  Participants were classified as either 

nondrinkers or active drinkers.  Active drinkers were further divided into occasional 
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(less than 5 days/week), light (greater than 5 days/week and average amounts less than 

40 g ethanol/day for men and 20 g/day for women), or moderate/heavy (greater than 5 

days/week and average amounts of more than 40 g ethanol/day for men and 20 g/day for 

women) drinkers.  Data were also collected concerning smoking habits (never, 

ex-smoker, or current smoker) and frequency of exercise (no, weak, moderate, or 

strong).  Exercise was defined as the participation in any physical activity such as 

jogging, bicycling, swimming, or tennis that was performed long enough to sweat.  A 

self-administered questionnaire was also used to collect information about a medical 

history of hypertension, dyslipidemia, diabetes, and the use of antidiabetic medication.  

High blood pressure and dyslipidemia were defined by the Japanese criteria of 

metabolic syndrome (23): high blood pressure was defined as a systolic blood pressure 

≥130 mmHg or a diastolic blood pressure ≥85 mmHg; dyslipidemia was defined as 

serum triglycerides ≥1.7mmol/L or HDL-cholesterol ≤1.0 mmol/L.  

 

We calculated the incidence rates and hazard ratios (HRs) of diabetes according to the 

sex-specific quintile of waist circumference and BMI.  The Cox proportional hazard 

model was used to calculate age- and sex-adjusted HRs and multivariate-adjusted HRs.  

In the multivariate-adjusted model, HRs were adjusted simultaneously for potential 

confounders including age, sex, family history of diabetes, smoking habits, alcohol use, 

and exercise frequency.  In each category of quintile of waist circumference or BMI, 

the geometric means and 95% CI of HOMA-IR and HOMA-B were calculated and were 

compared between those who developed type 2 diabetes and those who did not using a 

t-test.  Statistical analysis was conducted with the Statistical Package for the Social 

Sciences (SPSS version 12.0J; Tokyo, Japan). 
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Results 

The baseline characteristics of the study participants are presented in Table 1.  At the 

baseline examinations, the participants had a mean age of 44.4 years for both men and 

women, a mean BMI of 23.2 kg/m2 for men and 22.6 kg/m2 for women, and a mean 

waist circumference of 80.4 cm for men and 72.4 cm for women.  During the 8-year 

follow-up (27,861 person-years), we documented 218 incident cases of diabetes (175 

men and 43 women).  Among these, 172 were diagnosed with diabetes based on high 

fasting plasma glucose levels, 40 were diagnosed according to a 75-g OGTT, and six 

had been treated with hypoglycemic medications.   

 

Table 2 shows the baseline characteristics and incidence of diabetes according to the 

sex-specific quintiles of waist circumference.  Participants with higher waist 

circumference tended to be older, and to have higher values of fasting plasma glucose, 

HbA1c, HOMA-IR, and HOMA-B, and higher prevalence of high blood pressure and 

dyslipidemia (p for trend < 0.001 for all).  There was no significant difference in 

prevalence of family history of diabetes among the quintiles of waist circumference. 

 

The crude incident rates (per 1,000 person-years) across the sex-specific quintiles of 

waist circumference at baseline were 6.3, 4.0, 6.0, 11.1, and 12.8, respectively (Table 2).  

The association between waist circumference and the incidence of diabetes was 

J-shaped.  The age- and sex-adjusted HRs (Model 1) across the quintiles of waist 

circumference were 1.78, 1.00 (reference), 1.59, 3.11, and 3.30, respectively, and the 

HRs of the lowest, the fourth, and the highest quintile of waist circumference were 

significantly higher than that of the second quintile.  Further adjustment for family 
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history of diabetes, alcohol intake, smoking, and physical activity (Model 2), and the 

presence of high blood pressure and dyslipidemia at baseline (Model 3) did not change 

the HRs.  The association became slightly weaker after an additional adjustment for 

fasting plasma glucose at the baseline examination (Model 4).  The results were 

similar for the association between baseline BMI and the incidence of diabetes (Table 3).  

The age- and sex-adjusted HRs across the quintiles of BMI were 1.40, 1.00 (reference), 

1.21, 1.97, and 3.06, but the association was somewhat weaker than that for waist 

circumference.  The HR for the lowest quintile was not significantly higher than that 

for the second quintile.  Additional adjustments for potential confounders did not 

substantially change the HRs (Model 2-4).  The results were similar when we analyzed 

excluding 21 participants who developed diabetes within one year of follow-up. 

 

We evaluated the differences in the baseline insulin resistance and beta-cell function 

between the participants who developed diabetes and those who did not, and examined 

their association with obesity (Table 4).  Among participants in the lowest and the 

second waist circumference quintile, HOMA-B was significantly lower in those who 

developed diabetes than in those who did not; however, there were no differences in 

HOMA-IR between these two groups.  In contrast, among participants in the fourth 

and the highest quintile of waist circumference, HOMA-IR was significantly higher in 

those who developed diabetes than in those who did not, and no significant difference 

was observed in HOMA-B between these groups.  These relationships were somewhat 

weaker for BMI. 
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Discussions 

In this prospective cohort study of Japanese men and women, there was a J-shaped 

association between abdominal obesity and the incidence of type 2 diabetes.  The risk 

of the lowest quintile of waist circumference was approximately 80% higher than that 

for the second quintile, indicating that very lean Japanese are also at high risk for 

developing diabetes.  Among the lean participants, HOMA-B was lower in those who 

developed diabetes than in those who did not, but there was no difference in HOMA-IR 

between these two groups.  These results suggest that lower beta-cell function 

increases the future risk for developing type 2 diabetes in lean Japanese with a very low 

waist circumference, whereas insulin resistance increases the risk in abdominally obese 

Japanese. 

 

Previous studies have shown that waist circumference is associated with increased risk 

for diabetes, independently of BMI, and that waist circumference is a better predictor 

for diabetes than BMI (1, 2, 6).  Waist circumference is regarded as a more useful 

marker for insulin resistance and metabolic abnormalities, because it is more closely 

associated with visceral adiposity, compared with BMI (24).  Our results show that, in 

obese people, waist circumference was more strongly associated with the future risk for 

type 2 diabetes, compared with BMI, and that waist circumference could effectively 

predict the higher diabetic risk of obese people. 

 

In contrast, previous studies using populations from Western countries have shown that 

the association between waist circumference and the incidence of type 2 diabetes was 

linear, not J-shaped (1-5).  This discrepancy might have resulted from a difference in 
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the degree of obesity between Western and Asian populations.  In our study, the upper 

limit of waist circumference in the lowest quintile was 73 cm for men and 65 cm for 

women, which was lower than that in previous studies (1-5).  These previous studies 

might have been unable to detect a higher risk for developing diabetes in people with 

very low waist circumference. 

 

Racial differences in the association between obesity and the risk for type 2 diabetes 

might also have influenced the results.  Although the prevalence of obesity is much 

lower in Asia than in Western countries, the prevalence of type 2 diabetes is similar 

between the two regions (8), and type 2 diabetes occurs in Asians who are less obese 

(25, 26).  In this study, range of waist circumference in the fourth quintile was 

82.5-86.0cm for men and 74.0-80.0cm for women; these values were somewhat lower 

than the cutoff points of waist circumference proposed by the Japan Medical 

Association (85cm for men and 90cm for women) (23) and also by IDF (90cm for men 

and 80cm for women) (27).  However, multivariate-adjusted hazard ratios for diabetes 

in the fourth quintile were significantly higher than those in the second quintile.  The 

participants with high-normal waist circumference would be also at high risk for 

diabetes even though they were not diagnosed as having abdominal obesity.  The 

definition of abdominal obesity in Asian should be carefully considered from the 

aspects not only to identify the people with CVD risk factors as proposed by several 

previous reports (28-32), but also to detect people at higher risk of future diabetes.  It 

has also been reported that the incidence of type 2 diabetes was significantly higher in 

Asian women than in non-Hispanic White women after adjustment for BMI (33).  

Some factors beyond obesity, including genetics, may also cause the higher risk for type 
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2 diabetes seen in Asian populations.   

 

More Asians have prominent abdominal obesity, compared with those in Western 

countries with a similar BMI (9, 10), indicating that Asians may have a higher 

predisposition to insulin resistance and thus may be at higher risk for developing 

diabetes at a lower BMI, compared with people of European descent.  Furthermore, not 

only insulin resistance but also impaired beta-cell function have been reported to play 

important roles in the development of type 2 diabetes in Asians (14, 34).  We have 

shown that lower beta-cell function may increase the risk for developing diabetes in 

lean Japanese.  Lower beta-cell function may cause hyperglycemia or marked insulin 

resistance in the absence of abdominal obesity in these very lean participants. 

 

A study conducted in a relatively lean Taiwanese population found that waist 

circumference for men and BMI for women were strongly associated with the incidence 

of diabetes (11); however, the shape of the relationship could not be determined because 

the data were analyzed using linear logistic regression analysis.  Recently, a J-curve 

association between BMI and the incidence of diabetes was reported in Japanese men 

and women, aged 60-79 years (16).  It was concluded that aging was a high risk factor 

for developing diabetes, because it is associated with a decline in beta-cell function (35, 

36); however, our results suggest that younger and leaner individuals with decreased 

beta-cell function may also be at increased risk for developing diabetes mellitus. 

 

The strength of our study lies in its relatively large sample size compared with those of 

other Asian studies.  Many previous cohort studies used information collected from 
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self-administered questionnaires, whereas our conclusions are based on more reliable 

data obtained from medical examinations and from determinations of fasting blood 

glucose and insulin levels, HOMA-IR, and HOMA-B.  However, our study sample 

included only people who were employed.  As poor health may exclude some 

individuals from working, the prevalence of obesity and the incidence of diabetes may 

be lower in our sample population than in the general Japanese population.  Another 

limitation of this study was that the classification of diabetes was not exactly evaluated 

in all participants with diabetes.  Some lean people with diabetes may not be type 2 

diabetes, but type 1 diabetes or secondary diabetes.  However, the participants with 

incident diabetes in this study were diagnosed in annual medical check-up with 

relatively mild diabetes (mean HbA1c at diagnosis was 5.9% and was not different 

among the quintile of waist circumference).  Furthermore, the results were similar 

when we evaluated the risk of diabetes in participants excluding those who developed 

diabetes within one year of follow-up, who could have other diseases which may 

influence anthropometric variables and glucose tolerance.  Therefore, most of 

participants who developed diabetes in this study would be type 2 diabetes. 

 

In conclusion, although the absolute incident risk of diabetes is higher in obese people, 

leaner Japanese with a smaller waist circumference would also be at high risk for 

developing type 2 diabetes.  Moreover, lower beta-cell function, but not insulin 

resistance, may increase the future risk of type 2 diabetes.  Greater attention should be 

given to very lean Asians, in addition to obese Asians, for the primary prevention of 

type 2 diabetes. 
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Table 1. Baseline characteristics of study participants          
Characteristic Total  Men   Women 
Participants (n) 3,992  2,533  1,459 
Age (y) 44.4 ± 5.8  44.4 ± 5.9  44.4 ± 5.7 
Waist circumference (cm) 77.2 ± 8.8  80.0 ± 7.6  72.4 ± 8.8 
Body mass index (kg/m2) 23.0 ± 2.9  23.2 ± 2.7  22.6 ± 3.2 
Fasting plasma glucose (mmol/l) 4.99 ± 0.49  5.04 ± 0.50  4.90 ± 0.45 
Fasting insulin (μU/ml) 5.6 ± 4.3  5.7 ± 4.8  5.4 ± 3.3 
HbA1c (%) 5.0 ± 0.4  5.0 ± 0.4  4.9 ± 0.4 
HOMA-IR* 1.04 (0.69-1.50)  1.04 (0.67-1.55)  1.03 (0.76-1.43)
HOMA-B* 67.2 (47.0-95.3)  64.5 (43.2-93.3)  72.0 (51.4-98.2)

Systolic blood pressure (mmHg) 119.
4 ± 14.1  121.8 ± 14.0  115.3 ± 13.4 

Diastolic blood pressure (mmHg) 74.8 ± 10.6  76.8 ± 10.5  71.5 ± 9.9 
Total cholesterol (mmol/L) 5.31 ± 0.87  5.30 ± 0.86  5.34 ± 0.89 
HDL cholesterol (mmol/L) 1.52 ± 0.40  1.43 ± 0.39  1.67 ± 0.38 
Triglycerides (mmol/L)* 1.01 (0.69-1.42)  1.19 (0.80-1.67)  0.77 (0.56-0.99)
Family history of diabetes (%) 11.9   12.8   10.5  
Smoking (%)           
     Never 53.7   28.7   96.9  
     Ex-smoker 7.4   11.5   0.5  
     Current smoker 38.9   59.8   2.6  
Alcohol drinking (%)            
     Nondrinker 43.8   21.5   82.6  
     Occasional drinker 2.5   2.2   3.0  
     Light drinker 41.0   56.9   13.2  
     Moderate/heavy drinker 12.7   19.3   1.2  
Habitual exercise (%)            
     No 70.9   66.5   78.3  
     Weak 17.1   19.5   13.2  
     Moderate 8.8   9.9   6.9  
     Strong 3.2   4.1   1.6  
Prevalence of high blood pressure† (%) 29.5   36.0   18.2  
Prevalence of dyslipidemia† (%) 21.3   29.7    6.8  
Values are means ± standard deviation or %. 
*Values are geometric means (interquartile range). 
†High blood pressure and dyslipidemia were defined by Japanese criteria of metabolic syndrome.  
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Table 2. Age- and sex-adjusted and multivariate-adjusted hazard ratios for the incidence of type 2 diabetes according to sex-specific quintile of waist circumference 

  Waist circumference quintile 
Parameter Q1  Q2  Q3 Q4 Q5 
Range of waist circumference, men (cm) 51.0-73.0 73.5-78.0  78.5-82.0 82.5-86.0 86.5-110.0 
Range of waist circumference, women (cm) 54.0-65.0  65.5-69.0  69.5-73.5 74.0-80.0 80.5-120.0 
Participants (n) 852 803  820 765 752 
Age (y) 43.7 ± 5.7 44.3 ± 5.7  44.4 ± 5.9 44.7 ± 5.8 45.0 ± 5.9 
Fasting plasma glucose (mmol/L) 4.90 ± 0.49 4.93 ± 0.46  4.99 ± 0.46 5.05 ± 0.52 5.09 ± 0.49 
HbA1c (%) 5.0 ± 0.4 5.0 ± 0.4  5.0 ± 0.4 5.0 ± 0.4 5.1 ± 0.4 
Fasting insulin (μU/mL) 4.1 ± 3.9 4.7 ± 3.4  5.3 ± 3.3 6.3 ± 4.0 7.7 ± 5.7 
HOMA-IR* 0.75 (0.54-1.05) 0.88 (0.61-1.24)  1.04 (0.72-1.46) 1.22 (0.86-1.67) 1.48 (1.07-2.06) 
HOMA-B* 53.4 (37.9-75.0) 60.2 (41.5-83.5)  66.8 (48.0-90.0) 75.0 (53.3-106.7) 87.9 (63.5-120.0) 
Family history of diabetes (%) 10.7  11.7   13.3  10.2  13.8  
Prevalence of high blood pressure† (%) 21.5  24.8   28.4  35.6  38.7  
Prevalence of dyslipidemia† (%) 7.9  14.8   21.5  26.0  38.7  

 
Total person-years 6,143 5,787  5,689  5,242 5,000 
Incident cases (n) 39 23  34  58 64 
Rate per 1,000 person-years 6.3  4.0   6.0   11.1  12.8  
Adjusted hazard ratio (95%CI) (Model 1) 1.78 (1.06-2.98) 1.00 (reference)  1.59 (0.94-2.71)  3.11 (1.92-5.04) 3.30 (2.05-5.31) 
Adjusted hazard ratio (95%CI) (Model 2) 1.81 (1.08-3.04) 1.00 (reference)  1.62 (0.95-2.76)  3.27 (2.01-5.31) 3.37 (2.09-5.43) 
Adjusted hazard ratio (95%CI) (Model 3) 1.90 (1.13-3.19) 1.00 (reference)  1.50 (0.88-2.56)  2.82 (1.73-4.61) 2.72 (1.67-4.42) 
Adjusted hazard ratio (95%CI) (Model 4) 1.62 (0.96-2.72)  1.00 (reference)  1.18 (0.69-2.01)   2.10 (1.28-3.46) 2.03 (1.24-3.33) 

Model 1, adjusted for age and sex; Model 2, adjusted for age, sex, family history of diabetes, smoking, alcohol drinking, and habitual exercise; Model 3, adjusted for variables used 
in Model 2 and presence of hypertension and hyperlipidemia at baseline; Model 4, adjusted for variables used in Model 3 and fasting plasma glucose level. 

*Values are geometric means (interquartile range). 
†High blood pressure and dyslipidemia were defined by Japanese criteria of metabolic syndrome.  
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Table 3. Age- and sex-adjusted and multivariate-adjusted hazard ratios for incidence of type 2 diabetes according to sex-specific quintile of body mass index 
  Body mass index quintile 
Parameter Q1  Q2  Q3 Q4  Q5 
Range of body mass index, men (kg/m2) 15.8-20.9  21.0-22.4  22.5-23.8 23.9-25.4  25.5-33.9 
Range of body mass index, women (kg/m2) 15.2-19.9  20.0-21.4  21.5-22.8 22.9-24.9  25.0-41.3 
Participants (n) 807  813  790 799  783 
Age (y) 43.5 ± 5.6  44.1 ± 5.9  44.7 ± 5.8 44.8 ± 5.8  44.9 ± 5.9 
Fasting plasma glucose (mmol/L) 4.91 ± 0.50  4.94 ± 0.47  4.98 ± 0.49 5.03 ± 0.48  5.09 ± 0.49 
HbA1c (%) 5.0 ± 0.4  5.0 ± 0.4  5.0 ± 0.4 5.0 ± 0.4  5.1 ± 0.4 
Fasting insulin (μU/mL) 4.0 ± 3.0  4.7 ± 3.7  5.5 ± 4.0 6.1 ± 4.9  7.7 ± 4.7 
HOMA-IR* 0.75 (0.54-1.06)  0.88 (0.63-1.20)  1.04 (0.74-1.48) 1.16 (0.82-1.61)  1.51 (1.08-2.11) 
HOMA-B* 53.1 (37.2-72.0)  59.3 (41.5-83.1)  68.1 (49.1-94.7) 72.2 (51.4-98.5)  89.2 (65.5-120.0) 
Family history of diabetes (%) 11.6   12.1   10.6  10.5   14.8  
Prevalence of high blood pressure† (%) 22.4   23.5   28.4  32.7   41.0  
Prevalence of dyslipidemia† (%) 9.4   15.1   19.0  26.3   37.4  
                   
Total person-years 5,781  5,836  5,492 5,518 5,234 
Incident cases (n) 36  27  31 50 74 
Rate per 1,000 person-years 6.2  4.6   5.6  9.1  14.1  
Adjusted hazard ratio (95%CI) (Model 1) 1.40 (0.85-2.30)  1.00 (reference)  1.21 (0.72-2.03) 1.97 (1.23-3.14)  3.06 (1.97-4.75) 
Adjusted hazard ratio (95%CI) (Model 2) 1.36 (0.82-2.24)  1.00 (reference)  1.23 (0.74-2.07) 2.02 (1.26-3.23)  3.00 (1.93-4.67) 
Adjusted hazard ratio (95%CI) (Model 3) 1.42 (0.86-2.35)  1.00 (reference)  1.18 (0.70-1.98) 1.78 (1.11-2.85)  2.46 (1.57-3.86) 
Adjusted hazard ratio (95%CI) (Model 4) 1.27 (0.77-2.10)  1.00 (reference)  1.03 (0.61-1.73) 1.59 (0.99-2.56)  2.06 (1.31-3.24) 

Model 1, adjusted for age and sex; Model 2, adjusted for age, sex, family history of diabetes, smoking, alcohol drinking, and habitual exercise; Model 3, adjusted for variables used 
in Model 2 and presence of hypertension and hyperlipidemia at baseline; Model 4, adjusted for variables used in Model 3 and fasting plasma glucose level. 

*Values are geometric means (interquartile range). 
†High blood pressure and dyslipidemia were defined by Japanese criteria of metabolic syndrome.  
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Table 4. Difference in baseline insulin sensitivity (HOMA-R) and beta-cell function (HOMA-B) between subjects who developed type 2 diabetes and those who did 
not, across the sex-specific quintile of baseline waist circumference or body mass index 

  HOMA-IR HOMA-B 
   No diabetes Incident diabetes p* No diabetes Incident diabetes p* 
Waist circumference 
quintile           

 Q1 (lowest) 0.75  (0.54-1.05) 0.79 (0.48-1.08) 0.561 54.8  (38.6-75.8) 31.7 (23.2-40.0) <0.001
 Q2 0.88  (0.62-1.24) 1.03 (0.76-1.35) 0.158 61.1  (42.4-85.0) 36.2 (25.7-51.4) <0.001
 Q3 1.03  (0.71-1.45) 1.23 (0.82-1.78) 0.041 67.4  (48.2-90.0) 54.0 (34.1-84.0) 0.053 
 Q4 1.20  (0.86-1.64) 1.59 (1.01-2.28) 0.003 76.4  (55.4-108.0) 60.1 (32.7-99.4) 0.025 
 Q5 (highest) 1.45  (1.30-2.02) 1.89 (1.34-2.57) <0.001 88.9  (65.5-120.0) 78.1 (50.1-106.5) 0.070 
Body mass index quintile         
 Q1 (lowest) 0.75  (0.54-1.04) 0.83 (0.50-1.15) 0.268 54.3  (37.9-74.6) 33.1 (24.1-45.0) <0.001
 Q2 0.88  (0.63-1.20) 0.99 (0.71-1.33) 0.226 60.4  (42.4-83.1) 34.8 (23.2-51.4) <0.001
 Q3 1.04  (0.73-1.48) 1.15 (0.78-1.54) 0.322 68.9  (49.7-94.7) 50.0 (30.0-74.5) 0.001 
 Q4 1.15  (0.81-1.61) 1.31 (0.85-1.80) 0.111 73.3  (53.3-99.8) 56.9 (35.0-85.5) 0.038 
 Q5 (highest) 1.46  (1.04-2.04) 2.12 (1.54-2.95) <0.001 90.2  (65.7-120.0) 80.0 (53.7-111.7) 0.087 
Values are geometric means (interquartile range). 
*t-test was used to compare geometric means. 
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