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A B S T R A C T   

Aim: Associations of the adipose tissue insulin resistance index (AT-IR, a product of fasting insulin and free fatty 
acid) with body fat distribution and the ratio of alanine to aspartate aminotransferase (ALT/AST), a marker of 
hepatosteatosis, were examined in the context of the metabolic syndrome. 
Methods: Legs, the trunk and body fat by DXA, blood pressure (BP) and blood chemistry were measured in 284 
young Japanese female university students and 148 middle-aged biological mothers whose BMI averaged <23 
kg/m2. 
Results: Young women had higher leg fat/body fat and lower trunk fat/body fat ratio (both p < 0.001) compared 
with middle-aged women but AT-IR did not differ between the two groups. We had multivariable linear 
regression analysis for AT-IR as a dependent variable including leg fat/body fat ratio, trunk fat/body fat ratio, 
fasting glucose, triglyceride, HDL cholesterol and systolic BP as independent variables. Leg fat/body fat ratio, 
fasting glucose and triglyceride (p = 0.013, 0.009 and 0.016, respectively) emerged as determinants of AT-IR in 
young women. Trunk fat/body fat ratio and fasting glucose (p = 0.003 and 0.019, respectively) emerged in 
middle-aged women. In a model which included ALT/AST as an additional independent variable, ALT/AST (p =
0.016) was the fourth independent determinant in young women and the single determinant of AT-IR in middle- 
aged women (p < 0.001). 
Conclusion: In young Japanese women, adipose tissue insulin resistance was associated with reduced leg fat, a 
subtle partial lipodystrophy-like phenotype associated with reduced adipose tissue expandability. It was asso-
ciated with elevated trunk (abdominal) fat in middle-aged women and with ALT/AST, a marker of hep-
atosteatosis, in two groups of Japanese women, suggesting ectopic fat deposition associated with reduced 
adipose tissue expandability.   

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; TG, triglyceride; FFA, free fatty acid; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; AT-IR, adipose tissue insulin resistance index; HOMA-IR, homeostasis model assessment-insulin resistance; DXA, dual-energy X-ray absorptiometry; FMI, 
fat mass index; BF, body fat; LF, leg fat; TF, trunk fat. 
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1. Introduction 

The metabolic syndrome is an important predictor of type 2 diabetes 
and cardiovascular disease and characterized by a core set of disorders, 
including visceral/abdominal obesity, impaired fasting glucose, high 
blood pressure (BP), high triglyceride (TG) and low high-density lipo-
protein (HDL) cholesterol [1]. Insulin resistance associated with 
abdominal obesity is a pathophysiological basis of the metabolic syn-
drome. Studies employed computed tomography images show that 
visceral fat is higher in East Asians compared to Europeans [2,3]. 

The liver is well known to produce glucose and TG. Liver fat is highly 
significantly and linearly correlated with all components of the meta-
bolic syndrome independent of obesity and fatty liver is considered as a 
component of the metabolic syndrome [4]. We showed that alanine 
aminotransferase/aspartate aminotransferase (ALT/AST) ratio, a 
marker of hepatosteatosis, was associated with all components of the 
metabolic syndrome in Japanese women [5]. 

In addition to excess of adipose tissue (e.g. overweight/obesity), the 
metabolic syndrome is associated with a deficiency of adipose tissue (e. 
g. lipodystrophies), relatively rare conditions [6]. Genome-wide asso-
ciation studies focusing on insulin resistance [7,8] revealed that 
elevated insulin resistance scores were associated with lower BMI and 
lower leg (gluteofemoral) subcutaneous fat mass, a subtle 
lipodystrophy-like phenotype. These observations suggest that the link 
may be associated with the impaired capacity to adequately expand the 
peripheral adipose tissue compartments. Han et al. [9] reported in a 
Korean population that low leg fat to total body fat ratio is the strongest 
independent predictor of cardiometabolic health in normal weight 
subjects whereas it is not a significant determinant of metabolic risk in 
obese subjects. 

It appears that Asian people have lower fat in extremities compared 
to whites [10–13]. We showed that lower birthweight [14] and positive 
family history of type 2 diabetes [15] were associated with low leg fat 
mass, a subtle lipodystrophy-like phenotype, in young Japanese women. 
In addition, a recent Mendelian randomization analysis [16] revealed 
that increased absolute and relative gluteofemoral adipose tissue were 
associated with a favorable cardiometabolic profile independently of 
BMI. There are two simple and validated indices to measure insulin 
resistance: homeostasis model assessment-insulin resistance (HOMA-IR) 
[17] and adipose tissue insulin resistance index (AT-IR) [18]. We re-
ported that AT-IR appeared to be a simple and useful surrogate index of 
adipose tissue insulin resistance even in nonobese and nondiabetic 
Japanese women [19]. We also showed that AT-IR was associated with 
ALT/AST ratio, a marker of hepatosteatosis [20]. Therefore, we studied 
whether insulin resistance indices may be associated with gluteofemoral 
(leg) fat and ALT/AST ratio in young Japanese women relative to 
middle-aged women in a setting where overweight/obesity is not asso-
ciated with socioeconomic and educational status. 

2. Material and methods 

2.1. Study design and recruitment 

We cross-sectionally studied 284 Japanese female university stu-
dents (74 collegiate athletes and 210 non-athletes) and 148 their bio-
logical mothers, whose details have been reported elsewhere [19–23]. 
Young and middle-aged women participated the present study as 
volunteers. 

2.2. Participants 

Athletes were students of the Department of Health and Sports Sci-
ences and nonathletes were students of the Department of Food Sciences 
and Nutrition. Although our previous study on AT-IR [19] excluded 
athletic students to avoid effects of endurance training on AT-IR, the 
present study included athletic students to obtain wider range of AT-IR 

[21]. Women with clinically diagnosed acute or chronic diseases, those 
on hormonal contraception and those on a diet to lose weight were 
excluded from the study. Nobody reported to receiving any medications 
or having regular supplements. 

2.3. Ethics clearance and informed consent 

The study was in accordance with the Helsinki declaration. All 
subjects were recruited as volunteers and gave written consent after the 
experimental procedure had been explained. The study was approved by 
the Ethics Committees of the Mukogawa Women’s University (No. 
07–28 on February 19, 2008). 

2.4. Clinical assessments 

After a 12-h overnight fast, participants underwent blood sampling 
and measurement of height, weight, blood pressure and body compo-
sition by whole-body dual-energy X-ray absorptiometry (DXA) as 
described later. Blood pressure was measured using an automated 
sphygmomanometer (BP-203RV II, Colin, Tokyo, Japan) after partici-
pants were seated at least for 5 min. Glucose was determined by the 
hexokinase/glucose-6-phosphate dehydrogenase method (inter-assay 
coefficient of variation (CV) < 2 %). Serum insulin was measured by an 
ELISA method with a narrow specificity excluding des-31, des-32, and 
intact proinsulin (interassay CV <6 %). Serum free fatty acid (FFA) 
concentrations were measured using enzymatic colorimetric methods 
(Wako, Tokyo, Japan). Serum cholesterol, TG, HDL cholesterol and liver 
enzymes were measured as previously reported [21,23]. ALT/AST ratio 
was used as a proxy of hepatosteatosis [24]. We showed that the ratio 
was superior to ALT alone in evaluating the relationship to car-
diometabolic health in Japanese women [25]. HOMA-IR [17] was 
calculated as a product of fasting concentrations of insulin (μU/mL) and 
glucose (mg/dL)/405 and AT-IR [18] as a product of fasting concen-
trations of insulin (μU/mL) and FFA (mEq/L). 

Fat mass for whole body, legs and trunk all in kilograms were 
measured using whole-body DXA (Hologic QDR-2000, software version 
7.20D, Waltham, MA) as previously reported.22 The leg region included 
the entire hip, thigh and legs. General adiposity was assessed using 
height-adjusted and weight-adjusted body fat; fat mass index (FMI) and 
body fat (BF) percentage (%), respectively. Leg fat (LF) to BF ratio was 
calculated as LF divided by BF x 100 and trunk fat (TF) to BF ratio as TF 
divided by BF x 100. 

2.5. Statistical analyses 

Data were presented as mean ± SD. Due to deviation from normal 
distribution, gamma-glutamyl transferase (GGT) was logarithmically 
transformed for analyses. Bivariate correlations of two insulin resistance 
indices with other parameters were evaluated by Pearson’s correlation 
analysis. In order to evaluate the most important determinants of AT-IR 
and HOMA-IR, a stepwise multivariate linear regression analysis was 
performed. In model A, fat distribution measures (trunk fat/body fat 
ratio and leg fat/body fat ratio and four core cardiometabolic variables 
(fasting glucose, TG, HDL cholesterol and systolic BP) were included as 
independent variables. ALT/AST was further included in model B. Dif-
ferences between two groups were analyzed with t-test and χ2 test when 
appropriate. Differences among three groups were analyzed by analysis 
of variance and then Bonferroni’s multiple comparison procedure. A 
two-tailed value of p < 0.05 was considered significant. Statistics were 
performed with SPSS system 23.0 (SPSS Inc, Chicago, IL). 

3. Results 

3.1. Basic demographics and characteristics 

BMI averaged <23 kg/m2 both in young and middle-aged women 
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and there was no difference in absolute leg fat, AT-IR and HOMA-IR 
between two groups of women (Table 1). HOMA-IR averaged 1.2 in 
two groups of women. Although young compared with middle-aged 
women had lower absolute arm fat, TF, TF/BF ratio, %arm fat, %TF, 
BMI, FMI and %BF, LF/BF ratio was higher in young women. Young 
women showed favorable ccardiometabolic profile except for HDL 
cholesterol, which showed no significant difference. 

3.2. Associations of adipose tissue-insulin resistance index 

Among twelve anthropometric and fat distribution measures studied, 
only LF/BF ratio showed significant association with AT-IR (inverse) in 
young women (Table 2). In contrast, only absolute leg fat did not show 
significant association with AT-IR in middle-aged women. AT-IR was 
inversely associated with LF/BF ratio and positively with TF/BF ratio. 
AT-IR showed positive associations with fasting glucose, TG, HOMA-IR, 
log GGT and ALT/AST ratio in both young and middle-aged women. An 
association with blood pressure was significant in middle-aged women 
only and there was no association with HDL cholesterol in both young 
and middle-aged women. Associations of AT-IR with HOMA-IR (p <
0.001) and with ALT/AST (p = 0.003) were stronger in middle-aged 
compared with young women. 

3.3. Multivariate linear regression analysis for adipose tissue-insulin 
resistance index 

In multivariate linear regression analysis for AT-IR (Table 3, model 
A), AT-IR was independently associated with LF/BF ratio, fasting 
glucose and TG in young women and TF/BF ratio and fasting glucose in 
middle-aged women. However, these variables explained only 6.2 % and 
9.9 % of AT-IR variability in young and middle-aged women, respec-
tively. When ALT/AST was further included (model B), ALT/AST was 
the fourth independent determinant in young women and ALT/AST was 

the single determinant of AT-IR in middle-aged women. Results did not 
change when log GGT was included instead of and in addition to ALT/ 
AST. 

3.4. Features of adipose insulin-resistant young women 

We divided 284 young women into three groups according to AT-IR 
tertile (Fig. 1). Women with the high compared with the low tertile had 
lower LF/BF ratio and higher serum TG and ALT/AST ratio. However, 
fasting glucose did not differ. 

4. Discussion 

The present study has shown that in young Japanese women, adipose 
tissue insulin resistance (measured by AT-IR) was associated positively 
with fasting glucose and TG, and inversely with leg fat (evaluated by LF/ 

Table 1 
Anthropometric and adiposity measures and cardiometabolic traits in young and 
middle-aged Japanese women.   

Young Middle-aged  

n = 284 n = 148 p values 

Age (years) 20.7 ± 1.2 49.8 ± 3.6 <0.001 
Body mass index (kg/m2) 20.7 ± 2.2 22.0 ± 2.8 <0.001 
Arm fat (kg) 1.1 ± 0.6 1.5 ± 0.7 <0.001 
Leg fat (kg) 5.5 ± 1.6 5.4 ± 1.7 0.465 
Trunk fat (kg) 6.7 ± 2.3 8.8 ± 3.4 <0.001 
Body fat (kg) 13.9 ± 4.3 16.3 ± 5.7 <0.001 
Leg fat/body fat (%) 40.0 ± 4.4 33.6 ± 5.0 <0.001 
Trunk fat/body fat (%) 48.1 ± 4.0 53.3 ± 5.0 <0.001 
%Arm fat (%) 22.2 ± 8.4 27.8 ± 8.8 <0.001 
%Leg fat (%) 28.7 ± 5.7 30.3 ± 6.7 0.010 
%Trunk fat (%) 26.7 ± 6.8 32.9 ± 8.7 <0.001 
%Body fat (%) 25.9 ± 5.9 30.1 ± 7.3 <0.001 
FMI (kg/m2) 5.4 ± 1.7 6.7 ± 2.4 <0.001 
Fasting glucose (mg/dL) 83 ± 7 89 ± 14 <0.001 
Triglyceride (mg/dL) 58 ± 34 81 ± 36 <0.001 
HDL cholesterol (mg/dL) 75 ± 13 77 ± 16 0.082 
Systolic BP (mmHg) 107 ± 11 121 ± 16 <0.001 
Diastolic BP (mmHg) 63 ± 7 74 ± 11 <0.001 
Insulin (μU/mL) 5.9 ± 3.2 5.4 ± 2.8 0.143 
FFA (mEq/L) 0.52 ± 0.22 0.60 ± 0.23 0.001 
HOMA-IR 1.2 ± 0.7 1.2 ± 0.7 0.985 
AT-IR 3.1 ± 2.5 3.2 ± 2.1 0.578 
GGT (U/L) 14 ± 4 22 ± 20 <0.001 
AST (U/L) 19 ± 6 21 ± 13 0.003 
ALT (U/L) 14 ± 6 20 ± 18 <0.001 
ALT/AST 0.74 ± 0.22 0.91 ± 0.26 <0.001 

Mean ± SD. AST: aspartate aminotransferase, ALT: alanine aminotransferase, 
AT-IR: adipose tissue-insulin resistance index, HOMA-IR: homeostasis model 
assessment-insulin resistance, BP: blood pressure, FFA: free fatty acid, FMI: fat 
mass index, GGT: gamma-glutamyl transferase. 

Table 2 
Correlation coefficients (r) of adipose tissue-insulin resistance index with 
anthropometric and cardiometabolic variables in young and middle-aged Jap-
anese women.   

Young Middle-aged 

r p values r p values 

Body mass index − 0.097 0.104 0.206 0.012 
Arm fat 0.023 0.705 0.202 <0.001 
Leg fat − 0.100 0.097 0.155 0.064 
Trunk fat − 0.003 0.962 0.291 <0.001 
Body fat − 0.034 0.566 0.256 0.002 
Leg fat/body fat ¡0.159 0.008 ¡0.271 0.001 
Trunk fat/body fat 0.104 0.083 0.275 0.001 
%Arm fat 0.092 0.124 0.233 0.005 
%Leg fat 0.034 0.569 0.194 0.020 
%Trunk fat 0.078 0.195 0.299 <0.001 
%Body fat 0.065 0.277 0.279 0.001 
Fat mass index 0.012 0.847 0.264 0.001 
Fasting glucose 0.149 0.012 0.213 0.009 
Triglyceride 0.178 0.003 0.215 0.009 
HDL cholesterol 0.022 0.707 − 0.072 0.385 
Systolic BP 0.090 0.131 0.228 0.005 
Diastolic BP 0.025 0.678 0.193 0.019 
HOMA-IR 0.475 <0.001 0.739 <0.001 
log GGT 0.126 0.034 0.264 0.001 

ALT/AST 0.181 0.002 0.454 <0.001 

Bold letters indicate statistically significant associations. Abbreviations are the 
same as in Table 1. 

Table 3 
Multivariable linear regression analysis for adipose tissue-insulin resistance 
index.   

Young Middle-aged 

Model A Standardizedβ p values Standardizedβ p values 
Leg fat/body fat − 0.148 0.013   
Trunk fat/body fat   0.244 0.003 
Fasting glucose 0.154 0.009 0.191 0.019 
Triglycerides 0.143 0.016   

Cumulative R2  0.062  0.099 

Model B 

Leg fat/body fat − 0.127 0.034   
Trunk fat/body fat     
Fasting glucose 0.137 0.020   
Triglycerides 0.136 0.021   
ALT/AST 0.142 0.016 0.445 <0.001 

Cumulative R2  0.078  0.193 

All models included the same six independent variables: trunk fat/body fat ratio, 
leg fat/body fat ratio, fasting glucose, TG, HDL cholesterol and systolic BP 
(model A). ALT/AST was further included in model B. Abbreviations are the 
same as in Table 1. 
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BF ratio), the largest and best storage site as fat [26]. Positive association 
of adipose tissue insulin resistance with trunk (abdominal) fat (evalu-
ated by TF/BF ratio), a core component of the metabolic syndrome and a 
marker of ectopic fat accumulation [27], was confirmed in middle-aged 
Japanese women. Further, ALT/AST ratio, a proxy of hepatosteatosis 
[24], was a determinant of adipose tissue insulin resistance independent 
of leg fat in young Japanese women. However, in middle-aged women, 
ALT/AST ratio was a single determinant of adipose tissue insulin resis-
tance. It is to be noted that these observations were found in women 
whose BMI and ALT averaged <23 kg/m2 and <30 U/L, respectively. 

Subcutaneous adipose tissue, mainly located in gluteofemoral or leg 
region, is the largest and best storage site [26]. It was suggested that it is 
not the absolute amount of adipose tissue but rather the capacity of 
adipose tissue to expand that affects metabolic homeostasis [28,29]. An 
inverse association of adipose tissue insulin resistance with leg fat in 
young Japanese women in the present study may be consistent with the 
large genome-wide association study that high insulin resistance scores 
were associated with lower BMI and lower leg fat, a subtle 
lipodystrophy-like phenotype [7]. Associations of adipose tissue insulin 
resistance with leg fat and ALT/AST in the present study may be related 
to the observation that low leg fat mass (evaluated by leg fat/body fat 
ratio), followed by fatty liver, was the strongest independent predictor 
of metabolic risk in normal-weight middle-aged Caucasians, but not in 
obese subjects [30] Among postmenopausal US women, both elevated 
trunk fat and reduced leg fat are associated with increased risk of car-
diovascular disease and lower-extremity arterial disease [31,32]. Our 
results provide a clue that reduced adipose expandability may be one 
mechanism that links adipose insulin resistance with the other metabolic 
traits of the metabolic syndrome in the Japanese population at least in 
women. 

We reported that in another set of daughter-mother pairs, a mean 
BMI of mothers increased from 20.0 kg/m2 at 18 years old to 21.8 kg/m2 

at 48 years old [33]. The BMI of 18-year-old daughters (20.2 kg/m2) was 
associated not only with their mothers’ BMI when they were 18 years old 

but with the current BMI of their mothers. In middle-aged compared 
with young Japanese women in the present study, higher body fat 
resulted from higher trunk fat with similar leg fat. As 148 out of 284 
young women were daughters of 148 middle-aged women in the present 
study, these findings suggest that increases in body fat from young to 
middle-aged Japanese women resulted mainly from increases in trunk 
fat, supporting reduced leg fat expandability in Japanese women. 

Studies from University of Hawaii quantified fat mass in arms, legs, 
the trunk and total body by DXA in Asian and White women [10–12]. 
Leg fat/body fat ratio calculated using these mean values was consis-
tently lower in Asian compared with white adolescent girls (39 vs. 44 %) 
[11] and elderly Japanese American compared with Caucasian (30 vs. 
36 %) [12]. Elevated trunk/peripheral (arms and legs) fat ratio was 
repeatedly confirmed in adolescent, middle-aged and elderly Asian 
compared with White women [10–12]. However, elevated trunk/per-
ipheral fat ratio was not due to elevated trunk fat rather reduced pe-
ripheral fat. For example, elderly Japanese American compared with 
White women had comparable BMI, total body and trunk fat (14.3 and 
14.9 kg, p = 0.68) but reduced leg fat (7.7 and 10.4 kg, p = 0.0007) [12]. 
These observations may indicate reduced leg fat expandability, a subtle 
lipodystrophy-like phenotype, in women of Asian ancestry. 

The strength of the present study includes homogeneous study 
population with few confounding factors [22], and accurate and reliable 
measures of body composition by DXA. Several limitations of this study 
warrant consideration. The cross-sectional design complicates the 
drawing of causal inferences, and a single measurement of biochemical 
variables may be susceptible to short-term variation, which would bias 
the results toward the null. We used crude measures of insulin sensiti-
vity/IR, which may be less accurate. Statistical power was not calcu-
lated. As we studied Japanese women only, results may not be 
generalized to other gender, races or ethnicities. 

Fig. 1. Leg fat/body fat ratio, fasting triglyceride, the ratio of alanine aminotransferase to aspartate aminotransferase (ALT/AST), fasting glucose in young Japanese 
women with the low, median and high tertile (blue, yellow and red circles, respectively) of the adipose tissue insulin resistance index. Mean ± SD. Means not sharing 
common alphabetical letters are significantly different with each other at p < 0.05 or less by Bonferroni’s multiple comparison procedure. ns: not significant. 
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5. Conclusions 

In young lean Japanese women, adipose tissue insulin resistance was 
associated with reduced leg fat, a subtle partial lipodystrophy-like 
phenotype associated with reduced adipose tissue expandability [7]. 
In middle-aged Japanese women, it was associated with elevated trunk 
(abdominal) fat, a proxy of ectopic fat deposition [27]. Results may be 
consistent with the theory that a lower amount of lower-body (leg) fat 
mass is equally important to a high amount of visceral fat mass as a 
determinant of cardiometabolic diseases [34]. Further, because nearly 
half of people with type 2 diabetes live in Asia, mainly in India and 
China [35] and because Asian people and people of Asian descent tend 
to develop type 2 diabetes at much lower levels of BMI than do members 
of other race/ethnic groups [36], adipose tissue insulin resistance 
associated with reduced leg fat may be an important determinant of 
cardiometabolic health in young Asian people. Consequently, and 
finally, weight gain since young adulthood should be minimized to 
avoid ectopic fat accumulation in Asian people, those with positive 
family history of diabetes [15] and those with lower birthweight [14] in 
particular. 
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