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Abstract 34 

Objective: In Japan, while it is known that underweight women over the age 40 years have a 35 

high risk for type 2 diabetes, there is a lack of clarity on the association between glucose 36 

tolerance and underweight in younger women. Accordingly, we aimed to investigate the 37 

prevalence and features of impaired glucose tolerance (IGT) in young Japanese underweight 38 

women. 39 

Designs and Methods: In this cross-sectional study, we recruited 56 normal weight and 98 40 

underweight young Japanese women and evaluated their glucose tolerance levels using an 41 

oral glucose tolerance test. Then, we compared the clinical characteristics associated with 42 

normal glucose tolerance (NGT) and IGT in the underweight women. Insulin secretion, 43 

whole-body insulin sensitivity, and adipose tissue insulin resistance values were measured 44 

using the insulinogenic index, whole-body insulin sensitivity index (Matsuda index), and 45 

adipose insulin resistance index (Adipo-IR), respectively. Fitness level (peak VO2) was 46 

measured using an ergometer. 47 

Results: The prevalence of IGT was higher in the underweight women than the normal 48 

weight women (13.3% vs 1.8%). The underweight women with IGT showed a lower 49 

insulinogenic index, lower peak VO2 and Matsuda index, and a higher fasting free fatty acid 50 

level and Adipo-IR than those with NGT. The whole-body composition was comparable 51 

between the NGT and IGT groups. 52 

Conclusions: The prevalence of IGT was higher in young Japanese women with underweight 53 

than those with a normal weight. The underweight women with IGT showed impaired 54 

early-phase insulin secretion, low fitness levels, and reduced whole-body and adipose tissue 55 

insulin sensitivity levels.   56 

 57 

 58 

59 
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Introduction 60 

People with impaired glucose tolerance (IGT) are at a high risk for cardiovascular disease and 61 

type 2 diabetes mellitus (1). These individuals tend to exhibit impaired insulin secretion and 62 

resistance as a result of being obese or overweight (2-6). With the increase in the incidence of 63 

obesity, the prevalence of IGT in young people is now on the rise, worldwide (7-11). 64 

Accordingly, body weight reduction in obese youth is recommended for the prevention of 65 

cardiovascular disease and diabetes development later in life (12).  66 

According to the NCD Risk Factor Collaboration database (13), in 2016, the 67 

prevalence of underweight in women was 9.3% in Japan, which was the highest value 68 

observed across developed countries. In particular, the prevalence of underweight among 69 

women in their 20s in Japan had increased from 12.7% in 1982 to 19.8% in 2018, based on a 70 

National Nutrition Survey report, potentially owing to a desire to be thin (14,15). Although 71 

this phenomenon seems to contribute to a lower incidence of abnormal glucose metabolism, a 72 

previous prospective study showed that underweight (body mass index [BMI] ≤18.5 kg/m2) 73 

women aged 40-79 years have approximately double the risk for type 2 diabetes compared to 74 

their normal weight counterparts (16). Given the rapid increase in the prevalence of 75 

underweight in Japanese women, efforts are now being driven towards the identification of 76 

underweight women with abnormal glucose metabolism. However, the oral glucose tolerance 77 

test (OGTT) is rarely performed in underweight young women, and it remains unclear 78 

whether young underweight women in Japan are at a risk for abnormal glucose metabolism.  79 

      Accordingly, we aimed to investigate the prevalence and features of IGT in young 80 

Japanese underweight women.81 
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 82 

Materials and methods 83 

Study participants 84 

We attempted to recruit ~100 young healthy underweight women aged 18-29 years with a 85 

BMI ranging from ≥16.0 to <18.5 kg/m2 and ~50 normal weight women with a BMI ranging 86 

from ≥18.5 to <23.0 kg/m2 as the control group through two outsourcing companies (Souken, 87 

Tokyo, Japan, and 3H medi solution, Tokyo, Japan). We excluded women with known 88 

diabetes, hypertension, dyslipidemia, hyperthyroidism, surgical menopause, multipara, and 89 

chronic disease, those who were taking medicines or supplements that may affect metabolism, 90 

and women with suspected anorexia nervosa based on the Eating Attitude Test (EAT-26, 91 

Japanese version) (17). During the recruiting period, we screened 160 candidates. Three 92 

participants with a BMI of 16 kg/m2, two with a BMI of 23 kg/m2, and one with suspicions of 93 

anorexia nervosa were excluded. We finally included 98 young and healthy underweight 94 

women and 56 normal weight women. This study was approved by the ethics committee of 95 

Juntendo University and performed in accordance with the principles outlined in the 96 

Declaration of Helsinki. 97 

 98 

Study design 99 

In this cross-sectional study, all measurements were performed at the Juntendo Sportology 100 

Center (Tokyo, Japan) from November 2018 to December 2019. The participants underwent 101 

examinations under overnight fasting conditions in the morning for 3-7 days during 102 

menstruation. Body composition was measured using the bioimpedance method (InBody; 103 

BIOSPACE) and dual-energy X-ray absorptiometry (DXA) (Hologic Discovery-A; Hologic, 104 

Inc., Bedford, MA). Blood samples were collected with patients in the supine position after at 105 

least a 15-minute rest, and then 75g OGTTs were performed. We also administered the 106 
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Brief-Type Self-Administered Diet History Questionnaire for energy intake (18) and 107 

International Physical Activity Questionnaire short form for physical activity (19). Hand grip 108 

strength was measured using a hand grip dynamometer (Takei Digital Grip Strength 109 

Dynamometer; Takei Scientific Instruments Co., Ltd, Tokyo, Japan) and peak oxygen uptake 110 

was estimated with incremental exercise testing using a cycle ergometer (AEROBIKE 75XL; 111 

COMBI, Tokyo, Japan).  112 

 113 

OGTT 114 

All participants underwent a standard 75g OGTT (20). Blood samples were obtained before 115 

and after the ingestion of 75g of glucose and, thereafter, every 30 min until 120 min. Fasting 116 

glucose tolerance and IGT were defined as a fasting glucose level ≥ 110 mg/dl and a 2-hour 117 

glucose level ≥ 140 mg/dl, according to World Health Organization criteria (21), respectively.  118 

Elevated 1-hour glucose level was defined as ≥ 155 mg/dL (22). The insulinogenic indices 119 

from insulin and C-peptide were calculated using the following equation: (insulin at 30 min - 120 

fasting insulin) or (C-peptide at 30 min - fasting C-peptide) / (plasma glucose at 30 min - 121 

fasting plasma glucose), respectively (23). We evaluated the adipose tissue insulin resistance 122 

degree using the adipose tissue insulin resistance index (Adipo-IR) (fasting insulin levels * 123 

fasting free fatty acid [FFA]) (24). The homeostasis model assessment of insulin resistance 124 

(HOMA-IR) and β-cell function (HOMA-β) (25) as well as the Matsuda index (26) were 125 

calculated as previously described. 126 

 127 

Statistical analysis 128 

We used IBM SPSS Statistics for Windows, version 25.0. (IBM Corp., Armonk, NY, USA) 129 

for all analyses. Data are presented as the mean ± standard deviation. Data were compared 130 

using Mann–Whitney U tests or x2 tests. All statistical tests were two-sided, with a 131 
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significance level of 5%.132 
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Results 133 

Comparison between normal weight and underweight women 134 

Table 1 summarizes the clinical characteristics of the underweight and normal weight women. 135 

The underweight women showed significantly lower body weight, BMI, body fat mass, and 136 

lean body mass values than the normal weight women, and weighed on average 7.2 kg less, 137 

predominantly owing to a lower lean body mass (4.6 kg). The waist, thigh, and lower leg 138 

circumferences were smaller in the underweight women than the normal weight women. The 139 

physical activity levels, as estimated using the corresponding questionnaire, were lower in the 140 

underweight women, as were the estimated total energy intake and levels of energy intake 141 

from protein, fat, and carbohydrate. 142 

In terms of glucose metabolism, the glucose, insulin, and C-peptide concentrations at 143 

fasting state were lower and ΗΟΜΑ−ΙR was reduced in the underweight women compared to 144 

those in the normal weight women (Table 1). As shown in Figure 1, the levels of glucose (A), 145 

insulin (B), C-peptide (C), and FFA (D) during the OGTT were similar between the groups, 146 

except the aforementioned fasting values and glucose level at 60 min. In addition, the 147 

insulinogenic index, Matsuda index, a marker of whole-body insulin sensitivity, and 148 

HOMA-β value were comparable between the groups. However, the incidence of IGT was 149 

significantly higher in the underweight women than the normal weight women, and the 150 

proportion of those with a 1h glucose level >155 mg/dl mg/dl tended to be higher in the 151 

underweight women (Table 1).   152 

 153 

Comparison between underweight women with NGT and IGT 154 

To further elucidate the characteristics of IGT in underweight young women, we compared 155 

the clinical parameters between the underweight women with NGT and IGT (Table 2, Figure 156 

2). The body composition was similar between the groups, while the peak VO2 was lower in 157 
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those with IGT. The fasting glucose, FFA, and glycated hemoglobin levels were significantly 158 

higher in the IGT participants, while the fasting insulin and C-peptide levels were comparable 159 

between the groups. The carbohydrate intake level was lower and fat intake level was higher 160 

in those with IGT. 161 

Figure 2 presents the glucose (A), insulin (B), C-peptide (C), and FFA (D) levels 162 

during the OGTT in the underweight women with NGT and those with IGT. The glucose 163 

levels were higher from 0 to 120 min in the women with IGT than in those with NGT, while 164 

the insulin and C-peptide levels were similar from 0 to 90 min and higher from 90 to 120 min 165 

in the IGT population. Thus, the insulinogenic index and Matsuda index were significantly 166 

lower in those with IGT (Table 2). In addition, the Adipo-IR was significantly higher in 167 

association with IGT presence and the area under the FFA curve during the OGTT was 168 

consistently higher in the women with IGT. 169 

 170 

  171 
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Discussion 172 

Although the prevalence of underweight in young women has been increasing in Japan, the 173 

characteristics of glucose metabolism in this population have not been clarified yet. In the 174 

present study, which compared the degree of glucose tolerance between normal weight and 175 

underweight young women in Japan, we found that underweight was associated with a lower 176 

energy intake and physical activity level than normal weight and that the prevalence of IGT 177 

was significantly higher among underweight women. Intriguingly, the underweight women 178 

with IGT showed not only lower early-phase insulin secretion but also a lower peak VO2, 179 

elevated fasting FFA levels, a lower Matsuda index, and elevated Adipo-IR values, 180 

suggesting the presence of decreased whole-body insulin sensitivity. 181 

The OGTT is rarely performed in underweight young women; the present study is 182 

the first to demonstrate that the incidence of IGT was significantly higher in underweight 183 

young women (13.3%) than their counterparts with a normal weight (2%). In the United 184 

States, among people aged 19 to 34 years (mean BMI 27.7 kg/m2), the prevalence of obesity 185 

was reported to be 29.8%; in these people, the prevalence of IGT was 5.8%, which increased 186 

in accordance with the BMI category (e.g., prevalence of IGT in normal or underweight 187 

people, 2.9%; overweight people, 4.9%; obese people; 10.6%) (7). Thus, the incidence of 188 

IGT in the underweight young women in the present study was higher than that observed in 189 

the same age group of obese people in the United States. Given that the proportion of 190 

underweight women in their 20s in Japan is ~20%, the number of underweight young women 191 

with IGT is considered large. 192 

In the present study, the underweight young women with IGT had a lower 193 

early-phase insulin secretion and a reduced whole-body insulin sensitivity index (Matsuda 194 

index) compared to those without IGT. Previous studies have revealed that the rates of both 195 

insulin secretion and insulin sensitivity are reduced in people with IGT across ethnicities, 196 
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such as Caucasians (27), Japanese people (3,27), Mexican-Americans (3) and Arabs (3). 197 

However, it is supposed that impaired insulin secretion rather than insulin resistance is 198 

predominantly observed in underweight young women with IGT, since insulin sensitivity is 199 

negatively associated with BMI and age; however, the Matsuda index and insulinogenic 200 

index in these people was similar to those previously observed in middle-aged Japanese 201 

people with IGT (age, 54 years; BMI, 26.3 kg/m2; Matsuda index, ~6; insulinogenic index, 202 

~0.6) (27). Thus, our findings suggest that, even in underweight young women, both insulin 203 

resistance and impaired insulin secretion are associated with IGT as strongly as in 204 

middle-aged overweight people with IGT, and that the degree of insulin resistance is 205 

relatively strong despite their low BMI. Enhanced endogenous glucose production due to 206 

impaired early phase insulin secretion and insulin resistance causes postprandial 207 

hyperglycemia in individuals with IGT (28,29). 208 

We found that the FFA level, Adipo-IR, and Matsuda index were elevated in the 209 

underweight young women with IGT, which is unexpected, as adipose tissue insulin 210 

resistance and elevated FFA levels are generally observed in people with obesity (30,31). It 211 

has been shown that the fasting FFA and Adipo-IR values are elevated in obese people 212 

(30,31) and are considered upstream of insulin resistance in peripheral tissues (31). In fact, 213 

artificial FFA elevations cause insulin resistance (32,33). On the other hand, we previously 214 

showed, even in apparently healthy non-obese men, the presence of adipose tissue insulin 215 

resistance, as evaluated using a two-step hyperinsulinemic euglycemic clamp, in correlation 216 

with muscle insulin resistance (34). Thus, adipose tissue insulin resistance could be present in 217 

people without obesity. The present study is the first to show that insulin resistance can 218 

develop even in underweight young Japanese women and contribute to impaired glucose 219 

metabolism. 220 

Asians tend to develop type 2 diabetes even in the presence of a lower BMI 221 
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compared to Caucasians (35), partly due to a lower insulin secretory capacity (35,36) and 222 

lower adipose tissue capacity (37). Accordingly, underweight women with IGT may rarely be 223 

observed in non-Asians, however, the rate of glucose tolerance in underweight women in 224 

other ethnicities is worth testing. In addition, in the present study, the body fat mass was 225 

comparable between those with and without IGT; thus, adipose tissue insulin resistance 226 

mechanisms other than body fat accumulation may exist in people with IGT. The lack of 227 

difference in fat mass occurred in the face of higher fat intake and was accompanied by 228 

greater FFA, also suggesting a defect in adipose tissue metabolism. Thus, it is hypothesized 229 

that increased intramyocellular lipid accumulation is induced by FFA elevation due to 230 

impaired adipose tissue insulin resistance, resulting in muscle insulin resistance (32,33) (38). 231 

Further studies are required to clarify the role and mechanism of adipose tissue insulin 232 

resistance in underweight Japanese women. 233 

We used same amount of glucose (75g) for OGTT in all subjects according to WHO 234 

definition, despite their different body weight. Thus, subjects with lower weight have a higher 235 

glucose load per body weight, which may partly cause hyperglycemia during OGTT. In fact, 236 

lean body mass reflects muscle volume and inversely predicts plasma glucose levels after oral 237 

glucose load (39). Thus, underweight women have a higher glucose load per body weight and 238 

lean body mass in OGTT compared with normal weight women, which may be partly the 239 

cause of higher prevalence of IGT in underweight women. However, body weight and lean 240 

body weight were comparable between NGT and IGT in underweight women, thus these 241 

were unlikely to be the cause of IGT in underweight women. 242 

The present study demonstrated that underweight women with IGT had a low peak 243 

VO2 and high fat/low carbohydrate intake level. Consistently, we previously showed that 244 

insulin sensitivity is positively correlated with peak VO2 and negatively correlated with fat 245 

intake in non-obese men without diabetes (40). In addition, we also reported that the intake of 246 
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a three-day eucaloric low-carbohydrate/high-fat diet in non-obese healthy young men 247 

increased the level of intramyocellular lipid and decreased the insulin sensitivity level, as 248 

evaluated using a hyperinsulinemic euglycemic clamp (41,42). Thus, lower fitness levels and 249 

dietary composition may also contribute to insulin resistance in underweight women with 250 

IGT. 251 

Although IGT prevalence was higher in underweight compared with normal weight, 252 

fasting plasma glucose (FPG) level was lower in underweight compared with normal weight. 253 

We do not the exact mechanism of low FPG in underweight. One possibility is that lower 254 

energy intake in underweight compared with normal weight might contribute to the lower in 255 

FPG level in underweight women compared with normal weight women. However, the FPG 256 

level in underweight IGT was higher compared with that in underweight NGT. Thus, it is 257 

unlikely that lower FPG contributes increased IGT prevalence in underweight young women. 258 

Our data showed that underweight women had significantly lower total energy 259 

intake and lower physical activity than those in normal weight (Table 1), thus, in terms of 260 

energy balance, low energy intake could be main cause of thinness. The eating disorder was 261 

ruled out based on the Eating Attitude Test in the present study, thus energy intake in 262 

underweight women was declining for reasons other than eating disorder. Concerning, 263 

previous report suggested that Japanese women strongly desire to be thin (14,15) and our 264 

study subjects might also have such desire. 265 

This study has several limitations. First, we used surrogate markers of insulin 266 

secretion and insulin resistance; however, the Matsuda index (26) and Adipo-IR (30) have 267 

been found to be sufficiently correlated with hyperinsulinemic euglycemic clamp findings in 268 

the determination of peripheral and adipose tissue insulin sensitivity, respectively. Second, we 269 

used the results of a single OGTT and did not confirm the reproducibility of the OGTT in 270 

underweight women. Finally, this study had a cross-sectional design; further prospective and 271 
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interventional studies are required to confirm the direction of causality for the parameters 272 

identified. 273 

In conclusion, the prevalence of IGT was higher in the underweight Japanese young 274 

women than their normal weight counterparts. Underweight young women with IGT tend to 275 

have low fitness levels, impaired insulin secretion, as well as reduced whole-body and 276 

adipose tissue insulin sensitivity. To improve insulin resistance may help prevent type 2 277 

diabetes even in underweight women with IGT. 278 

 279 

 280 

281 
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Figure Legends 438 

 439 

Figure 1. Glucose (A), insulin (B), C-peptide (C) and free fatty acid (D) levels during an oral 440 

glucose tolerance test in young normal weight and underweight women. *P <0.05 for 441 

significant differences between young normal weight and underweight women. 442 

 FFA, free fatty acid 443 

Figure 2. Glucose (A), insulin (B), C-peptide (C) and free fatty acid (D) levels during an oral 444 

glucose tolerance test in young underweight women with NGT and IGT. *P <0.05 for 445 

significant difference between underweight women with NGT and those with IGT. 446 

IGT, impaired glucose tolerance; NGT, normal glucose tolerance; FFA, free fatty acid 447 
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Table 1. Clinical characteristics of the normal weight and underweight young 

women 

 Normal weight 

(n=56) 

Underweight 

(n=98) 

P  

Age (years) 22.6 ± 3.2 23.6 ± 3.0 0.046 

Height (cm) 159.2 ± 6.1 159.6 ± 5.2 0.754 

Weight (kg) 51.5 ± 5.1 44.3 ± 3.2 <0.001 

Systolic blood pressure (mmHg) 105.3 ± 8.8 105.3 ± 8.7 0.653 

Diastolic blood pressure (mmHg) 65.4 ± 9.3 65.7 ± 8.2 0.492 

Hypertension (≥ 130/80 mmHg) (n, %) 3 (5.4) 4 (4.1) 0.500 

Smoking history: current smoker (n, %) 1 (1.8) 6 (6.1) 0.205 

                past smoker (n, %) 3 (5.4) 4 (4.1) 0.500 

Body mass index (kg/m2) 20.3 ± 1.4 17.4 ± 0.7 <0.001 

Total body fat content (%) 22.6 ± 5.3 21.0 ± 3.7 0.061 

Total body fat mass (kg) 11.9 ± 3.1 9.5 ± 1.8 <0.001 

-Arm fat mass (kg) 1.4 ± 0.5 1.1 ± 0.3 <0.001 

-Trunk fat mass (kg) 4.3 ± 1.5 3.2 ± 0.8 <0.001 

-Leg fat mass (kg) 5.3 ± 1.4 4.4 ± 0.9 <0.001 

Lean body mass (kg) 38.4 ± 4.5 33.8 ± 2.9 <0.001 

Waist circumference (cm) 71.6 ± 5.6 65.8 ± 3.9 <0.001 

Thigh circumference (cm) 49.3 ± 4.2 45.2 ± 3.3 <0.001 

Lower leg circumference (cm) 34.2 ± 3.1 31.2 ± 2.0 <0.001 

Fasting plasma glucose (mg/dl) 86.6 ± 5.4 84.2 ± 7.2 0.014 

Fasting plasma insulin (µU/ml) 5.5 ± 2.0 5.1 ± 4.1 0.021 

AUC-glucose during OGTT 

(mg·min/dl·103) 

13.3 ± 2.1 14.3 ± 3.1 0.062 

AUC-insulin during OGTT 

(µU·min/ml·103) 

6.1 ± 4.4 6.1 ± 3.1 0.833 

C-peptide index 1.4 ± 0.3 1.4 ± 0.5 0.086 

Insulinogenic index 1.1 ± 2.2 1.4 ± 2.0 0.211 



HOMA-β 86.2 ± 33.3 103.5 ± 169.2 0.651 

Matsuda Index 7.2 ± 2.8 8.2 ± 4.1 0.357 

HOMA-IR 1.18 ± 0.5 1.09 ± 1.1 0.009 

Impaired fasting glucose (n, %) 0 (0) 1 (1.0) 0.448 

Impaired glucose tolerance (n, %) 1 (1.8) 13 (13.3) 0.016 

2-hour glucose level ≥ 200 mg/dl (n, %) 0 (0) 1 (1.0) 0.448 

HbA1c (%) 5.3 ± 0.3 5.2 ± 0.3 0.015 

Hb (g/dl) 13.1 ± 1.0 12.8 ± 0.9 0.101 

Triglyceride (mg/dl) 53.6 ± 22.5 51.8 ± 22.8 0.578 

Hypertriglyceridemia (n, %) 0 0  

HDL-cholesterol (mg/dl) 68.6 ± 13.4 69.0 ± 12.8 0.723 

Low HDL-cholesterol level (n, %) 0 0  

LDL-cholesterol (mg/dl) 96.6 ± 20.8 100.8 ± 29.2 0.608 

High LDL-cholesterol level (n, %) 2 (3.6) 9 (9.2) 0.165 

Free fatty acid (mEq/l) 642.1 ± 236.1 725.3 ± 327.2 0.159 

Adiponectin (µg/ml) 11.8 ± 4.6 12.3 ± 5.0 0.675 

Total physical activity (MET hours/week) 42.7 ± 45.7 32.8 ± 44.7 0.025 

VO2 peak (ml/min·kg) 31.8 ± 4.8 33.4 ± 5.0 0.072 

Hand grip strength (kg) 23.7 ± 4.5 21.3 ± 3.8 0.002 

Total energy intake (kcal) 1589 ± 461 1333 ± 504 0.046 

Protein intake per total energy intake (%) 14.7 ± 2.7 14.6 ± 3.1 0.384 

Fat intake per total energy intake (%) 28.0 ± 5.6 29.0 ± 5.8 0.249 

Carbohydrate intake per total energy intake 

(%) 

52.6 ± 7.2 52.8 ± 8.2 0.625 

Data are means ± SD and number (%). P-values are based on Mann–Whitney U tests or 
Chi-squared tests.  

OGTT, oral glucose tolerance test; SD, standard deviation; AUC, area under the curve; 

HOMA-β, homeostasis model assessment of β-cell function; HOMA-IR, homeostasis model 

assessment of insulin resistance; HbA1c, glycated hemoglobin; Hb, hemoglobin; VO2peak, 



peak oxygen consumption; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 

PTH, parathyroid hormone 



Table 2. Clinical characteristics of the NGT and IGT groups in underweight. 

 NGT 

(n=83) 

IGT 

(n=13) 

P  

Age (years) 23.7 ± 3.1 23.3 ± 2.9 0.755 

Height (cm) 159.7 ± 5.4 159.3 ± 4.1 0.936 

Weight (kg) 44.4 ± 3.2 44.3 ± 2.6 0.877 

Systolic blood pressure (mmHg) 105.1 ± 8.9 104.5 ± 6.3 0.923 

Diastolic blood pressure (mmHg) 65.6 ± 8.4 66.5 ± 7.3 0.566 

Hypertension (≥ 130/80 mmHg) (n, %) 4 (4.8) 0 0.553 

Smoking history: current smoker (n, %) 6 (7.2) 0 0.407 

                past smoker (n, %) 4 (4.8) 0 0.553 

Body mass index (kg/m2) 17.4 ± 0.6 17.5 ± 0.7 0.599 

Total body fat content (%) 20.8 ± 3.5 21.7 ± 5.2 0.680 

Total body fat mass (kg) 9.4 ± 1.7 9.8 ± 2.6 0.728 

-Arm fat mass (kg) 1.0 ± 0.3 1.1 ±0.4 0.680 

-Trunk fat mass (kg) 3.1 ± 0.7 3.4 ± 1.3 0.510 

-Leg fat mass (kg) 4.4 ± 0.9 4.5 ± 1.0 0.843 

Lean body mass (kg) 33.9 ± 3.0 33.3 ± 2.6 0.657 

Waist circumference (cm) 66.0 ± 3.9 65.4 ± 4.4 0.756 

Thigh circumference (cm) 45.1 ± 3.3 45.5 ± 3.5 0.876 

Lower leg circumference (cm) 31.2 ± 2.1 31.0 ± 1.3 0.830 

Fasting plasma glucose (mg/dl) 83.4 ± 6.1 86.4 ± 8.5 0.040 

Fasting plasma insulin (µU/ml) 4.6 ± 2.1 5.8 ± 2.7 0.151 

AUC-glucose during OGTT 

(mg·min/dl·103) 

13.4 ± 2.3 19.1 ± 2.2 <0.001 

AUC-insulin during OGTT 

(µU·min/ml·103) 

6.0 ± 3.2 7.2 ± 2.9 0.073 

C-peptide index 1.3 ± 0.4 1.5 ± 0.5 0.135 

Insulinogenic index 1.6 ± 2.1 0.7 ± 0.3 0.044 

HOMA-β 86.1 ± 43.0 204.5 ± 450.7 0.826 

Matsuda Index 8.7 ± 4.2 5.5 ± 2.3 0.004 



Adipo-IR 3116.5 ± 2147.6 6382.6 ± 
5031.1 

0.008 

HOMA-IR 0.95 ± 0.47 1.23 ± 0.58 0.114 

HbA1c (%) 5.1 ± 0.2 5.3 ± 0.2 0.020 

Triglyceride (mg/dl) 51.9 ± 22.1 47.6 ± 22.6 0.394 

Hypertriglyceridemia (n, %) 0 0  

HDL-cholesterol (mg/dl) 68.7 ± 12.7 73.1 ± 12.7 0.195 

Low HDL-cholesterol level (n, %) 0 0  

LDL-cholesterol (mg/dl) 99.5 ± 30.0 106.6 ± 25.3 0.228 

High LDL-cholesterol level (n, %) 6 (7.2) 2 (15.4) 0.295 

Free fatty acid (mEq/l) 669.5 ± 285.8 1010.9 ± 403.1 0.001 

Adiponectin (µg/ml) 12.3 ± 5.2 12.6 ± 3.5 0.444 

Total physical activity (MET hours/week) 34.7 ± 47.8 23.2 ± 20.3 0.805 

VO2 peak (ml/min·kg) 33.7 ± 5.1 30.8 ± 3.4 0.034 

Hand grip strength (kg) 21.3 ± 3.7 21.0 ± 4.4 0.797 

Total energy intake (kcal) 1369 ± 518 1152 ± 376 0.197 

Protein intake per total energy intake (%) 14.2 ± 2.5 16.9 ± 5.2 0.053 

Fat intake per total energy intake (%) 28.5 ± 5.6 32.2 ± 6.6 0.033 

Carbohydrate intake per total energy intake 

(%) 

53.7 ± 7.4 46.7 ± 10.7 0.015 

Data are means ± SD. P-values are based on the Mann–Whitney U test.  

OGTT, oral glucose tolerance test; SD, standard deviation; HbA1c, glycated hemoglobin 

A1c; Adipo-IR, adipose insulin resistance index; IGT, impaired glucose tolerance; NGT, 

normal glucose tolerance; AUC, area under the curve; HOMA-β, homeostasis model 

assessment of β cell function; HOMA-IR, homeostasis model assessment of insulin resistance; 

HDL, high-density lipoprotein; LDL, low-density lipoprotein; VO2peak, peak oxygen 

consumption 
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