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ABSTRACT
Introduction Determinants and correlates of a novel index 
of adipose tissue insulin resistance (AT- IR) (the product 
of fasting insulin and free fatty acid concentrations) were 
investigated in Japanese women without diabetes and 
obesity.
Research design and methods Cross- sectional 
associations of AT- IR with fat mass and distribution, and 
IR- related cardiometabolic variables were examined in 210 
young and 148 middle- aged women whose average body 
mass index (BMI) was <23 kg/m2 and waist was <80 cm. 
Multivariate linear regression analyses were used to 
identify most important determinants of AT- IR.
Results Young and middle- aged women did not differ in 
AT- IR (3.5±2.7 and 3.2±2.1, respectively). In both young 
and middle- aged women, AT- IR was positively associated 
with trunk/leg fat ratio, a sophisticated measure of 
abdominal fat accumulation, fasting plasma glucose (FPG), 
fasting triglycerides (FTG), serum alanine aminotransferase 
and γ-glutamyl- transpeptidase (all p<0.05). Furthermore, 
in middle- aged but not in young women, AT- IR showed 
positive associations with BMI, waist, fat mass index, 
low- density lipoprotein cholesterol, apolipoprotein B and 
systolic and diastolic blood pressure (BP) (all p<0.05). 
AT- IR showed no association with hemoglobin A1c, high- 
density lipoprotein (HDL) cholesterol and apolipoprotein 
A1 in two groups of women. On multivariate analysis 
including waist, FPG, FTG, HDL cholesterol and systolic BP 
as independent variables, FPG, FTG and HDL cholesterol 
emerged as independent determinants of AT- IR in young 
women (cumulative R2=0.141) and waist in middle- aged 
women (cumulative R2=0.056). In a model which included 
trunk/leg fat ratio instead of waist, trunk/leg fat ratio and 
systolic BP were determinants of AT- IR in middle- aged 
women (cumulative R2=0.093). Results did not alter in 
young women.
Conclusions AT- IR may be a simple and useful surrogate 
index of adipose tissue insulin resistance even in 
populations without diabetes and obesity.

INTRODUCTION
Increased plasma concentrations of free fatty 
acid (FFA) are known to play an important 
role in the pathogenesis of insulin resistance 

(IR) of the muscle, liver and adipose tissue, a 
characteristic feature of type 2 diabetes.1 The 
important role of insulin in adipose tissue is 
to suppress triglyceride (TG) hydrolysis and 
release of FFA and glycerol into the circula-
tion and to stimulate glucose uptake and TG 
synthesis.2 Excess adipose tissue FFA release 
resulting from increased lipolysis secondary 
to adipose tissue IR may induce or aggravate 
IR in muscle and liver in obesity and type 2 
diabetes.3

Unfortunately, no consensus exists on how 
to determine adipose tissue insulin sensi-
tivity.4 5 The gold standard to measure adipose 
tissue IR is a hyperinsulinemic- euglycemic 
clamp procedure in conjunction with a fatty 
acid tracer infusion.6 However, owing to 

Significance of this study

What is already known about this subject?
 ► Adipose tissue insulin resistance (AT- IR) (the product 
of fasting insulin and free fatty acid concentrations) 
was less studied in populations without diabetes and 
obesity.

What are the new findings?
 ► Even in young and middle- aged Japanese women 
whose average body mass index was <23 kg/m2 
and waist was <80 cm, AT- IR was associated pos-
itively with fasting glucose, fasting triglycerides and 
trunk/leg fat ratio, a sophisticated measure of ab-
dominal fat accumulation.

 ► Furthermore, in middle- aged women, AT- IR showed 
positive associations with low- density lipoprotein 
cholesterol, apolipoprotein B and systolic blood 
pressure.

How might these results change the focus of 
research or clinical practice?

 ► AT- IR may be useful in assessing AT- IR even in wom-
en without diabetes and obesity.
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feasibility, cost and labor intensiveness, this procedure 
limits the number of subjects and hence large- scale 
studies are difficult.

One potential method to investigate adipose tissue IR 
is a novel index of the adipose tissue insulin resistance 
(AT- IR), which is calculated by the product of fasting 
concentrations of insulin and FFAs4 5 7 and is equivalent 
to the homeostatic model assessment of insulin resistance 
(HOMA- IR) index.8 This index has been validated using 
the gold standard to measure AT- IR, a hyperinsulinemic- 
euglycemic clamp procedure in conjunction with a fatty 
acid tracer infusion.4 5 AT- IR has been shown to be asso-
ciated with hepatic fat content, a marker of ectopic fat 
deposition, in patients with non- alcoholic steatohepa-
titis.9 It has been shown that AT- IR was associated with 
obesity, metabolic syndrome, prediabetes and type 2 
diabetes.10–16 However, most studies which employed 
AT- IR investigated people with obesity and/or type 2 
diabetes and were conducted in Western countries.10–16 
We, therefore, investigated determinants, correlates and 
usefulness of AT- IR in Japanese women without diabetes 
and obesity, populations in which confounding factors 
are so scarce.17 Because we have shown that endurance 
training lowered AT- IR in young women,18 we excluded 
female collegiate athletes in the present study.

SUBJECTS AND METHODS
We cross- sectionally studied 210 young and 148 middle- 
aged Japanese women whose details were reported 
elsewhere.17–21 Young women were female Japanese 
students of Department of Food Sciences and Nutrition, 
Mukogawa Women’s University and middle- aged women 
were the biological mothers of 148 students who partic-
ipated in the study. Subjects with clinically diagnosed 
acute or chronic inflammatory diseases, endocrine, 
cardiovascular, hepatic, renal diseases, hormonal contra-
ception, unusual dietary habits were excluded from the 
study.

After a 12- hour overnight fast, blood samples were 
obtained and blood pressure (BP) and anthropometric 
index were measured. Systolic and diastolic BP were 
measured using a fully automated sphygmomanometer 
(BP- 203RV II, Colin, Tokyo, Japan) after participants had 
rested at least 5 min. Plasma glucose (PG) was determined 
by the hexokinase/glucose-6- phosphate dehydrogenase 
method (interassay 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 TG, cholesterol, 
high- density lipoprotein (HDL) cholesterol, apolipopro-
tein AI (apoAI) and apolipoprotein B-100 (apoB), FFA, 
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT) and γ-glutamyl- transpeptidase (GGT) were 
measured as previously reported.17–19 Low- density lipo-
protein (LDL) cholesterol was calculated using the Frie-
dewald’s formula. HOMA- IR was calculated as a product 
of fasting PG and insulin levels.8 AT- IR was calculated as 

a product of fasting concentrations of insulin (µU/mL) 
and FFA (mEq/L).4 5 Metabolic syndrome was defined 
according to the modified criteria of the National 
Cholesterol Education Program Adult Treatment Panel 
III guidelines with the Japanese definition of abdominal 
obesity.22

Whole- body dual- energy X- ray absorptiometry (DXA) 
(Hologic QDR-2000 software V.7.20D, Waltham, Massa-
chusetts, USA) was used to measure lean tissue mass, fat 
mass and bone mineral mass for arms, legs (lower body), 
trunk and the total body.17 General adiposity was assessed 
using body mass index (BMI) and fat mass index (FMI), 
the latter of which was calculated as body fat mass in kg 
divided by height in meter squared. Waist circumfer-
ence and the ratio of trunk to leg fat23 were considered 
markers of abdominal fat accumulation.

Data were presented as mean±SD unless otherwise 
stated. Due to deviation from normal distribution, liver 
enzymes were logarithmically transformed for analysis. 
Bivariate correlations of AT- IR with cardiometabolic 
parameters were evaluated by Pearson’s correlation anal-
ysis. Stepwise multiple linear regression analyses were 
performed to further identify the most significant vari-
ables contributing to the variation of AT- IR. A two- tailed 
p<0.05 was considered to be statistically significant. All 
calculations were performed with SPSS system V.15.0 
(SPSS, Chicago, Illinois, USA).

RESULTS
On average, 210 young and 148 middle- aged women 
were normoglycemic, normolipidemic and normoten-
sive (table 1). Their serum liver enzyme concentrations 
were normal as well. Middle- aged compared with young 
women had higher BMI, waist circumference, FMI and 
trunk/leg fat ratio. Fasting PG was higher, FFA was some-
what higher but fasting insulin tended to be lower in 
middle- aged compared with young women. Therefore, 
AT- IR and HOMA- IR did not differ in two age groups 
(table 1). Serum apoAI and HDL cholesterol were slightly 
but significantly higher in middle- aged compared with 
young women even in the presence of higher TG in the 
former. LDL cholesterol, apoB, liver enzyme concentra-
tions and BP all were higher in middle- aged women.

Among 118 young non- athlete women and 65 
middle- aged women who underwent a standard 75 
g oral glucose tolerance test,20 21 7 young and 14 
middle- aged women had prediabetes diagnosed 
based on glycemia criteria (fasting and 2- hour PG) 
of the American Diabetes Association.24 AT- IR tended 
to be higher in middle- aged women with prediabetes 
compared with those with normal glucose toler-
ance (3.7±2.5 vs 2.4±1.4, p=0.06, figure 1), although 
HOMA- IR did not differ (1.5±1.1 vs 0.9±0.5, p=0.11). 
In young women, AT- IR (4.1±3.0 vs 2.8±2.0, p=0.12) 
and HOMA- IR (1.5±1.3 vs 1.2±0.6, p=0.23) did not 
differ between prediabetes and normal glucose toler-
ance. We could not compare AT- IR in women with 
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and without metabolic syndrome due to the small 
number of women with metabolic syndrome (three 
middle- aged women in total). However, AT- IR was 
higher in middle- aged women with BMI ≥25 kg/m2 
(n=22) compared with underweight women (n=10) 
(4.3±2.4 vs 2.5±1.2, p<0.05) (figure 1) but not in 
young women (data not shown).

AT- IR strongly associated with HOMA- IR both in young 
and middle- aged women (table 2). In young women, 
AT- IR positively associated with trunk/leg fat ratio. In 
addition, fasting PG and fasting TG positively associated 
with AT- IR as well. Furthermore, ALT and GGT showed 
positive, although modest, associations with AT- IR. These 
associations were confirmed in middle- aged women. In 
addition, AT- IR showed positive associations with BMI, 

waist circumference and FMI, and with LDL cholesterol, 
apoB and systolic and diastolic BP in middle- aged but 
not in young women. There was no association with HDL 
cholesterol and apoA1 in two groups of women.

We have done multivariate analysis for AT- IR as a 
dependent variable. In the model including five diag-
nostic components of metabolic syndrome as inde-
pendent variables, fasting PG, fasting TG and HDL 
cholesterol emerged as significant determinants of AT- IR 
in young women independently of waist circumference 
and systolic BP. These three variables explained 14.1% of 
the variation in AT- IR in young women. In middle- aged 
women, waist circumference was the only determinant of 
AT- IR, accounting for 5.6% of the variation. When trunk/
leg fat ratio was included instead of waist circumference, 
trunk/leg fat ratio and systolic BP emerged as indepen-
dent determinants of AT- IR in middle- aged women and 
explained 9.3% of AT- IR variability. Results of young 
women did not alter.

DISCUSSION
The current study has demonstrated that lean Japa-
nese women in early 20s showed positive associations 
of AT- IR, a novel index of adipose tissue insulin resis-
tance, with trunk/leg fat ratio, fasting PG and TG, 
ALT and GGT. Among these variables, fasting PG, 
fasting TG and HDL cholesterol were independent 
determinants of AT- IR. In middle- aged Japanese 
women without diabetes, association between AT- IR 
and obesity and prediabetes, although marginally 
significant (p=0.06), was confirmed as previously 
reported in adolescents,12 15 middle- aged and elderly 
people with obesity.10 13 14 16 AT- IR also showed positive 

Table 1 Anthropometric and cardiometabolic features of 
young and middle- aged Japanese women

Young Middle- aged

P valuen=210 n=148

AT- IR 3.5±2.7 3.2±2.1 0.417

Age (years) 20.7±1.2 49.8±3.6 <0.001

Body mass index (kg/m2) 20.3±2.3 22.0±2.8 <0.001

Waist circumference (cm) 71.2±5.7 78.7±8.1 <0.001

Fat mass index (kg/m2) 5.5±1.7 6.7±2.4 <0.001

Trunk/leg fat ratio 1.25±0.25 1.64±0.39 <0.001

Fasting glucose (mg/dL) 82±7 89±14 <0.001

Fasting insulin (μU/mL) 6.0±3.1 5.4±2.8 0.070

Fasting FFA (mEq/L) 0.56±0.22 0.60±0.23 0.118

HbA1c (%) 5.2±0.2 5.5±0.4 <0.001

HOMA- IR 1.22±0.82 1.21±0.71 0.896

Triglyceride (mg/dL) 58±38 81±36 <0.001

Cholesterol (mg/dL) 182±29 224±35 <0.001

HDL cholesterol (mg/dL) 74±13 77±16 0.030

Non- HDL cholesterol
(mg/dL)

108±25 147±33 <0.001

LDL cholesterol (mg/dL) 97±25 130±30 <0.001

Apolipoprotein A1
(mg/dL)

164±20 178±22 <0.001

Apolipoprotein B (mg/dL) 68±15 93±19 <0.001

AST (U/L)* 18±5 21±13 0.003

ALT (U/L)* 13±6 20±18 <0.001

GGT (U/L)* 14±4 22±20 <0.001

Systolic blood pressure 
(mm Hg)

108±11 121±16 <0.001

Diastolic blood pressure 
(mm Hg)

63±8 74±11 <0.001

Mean±SD
*logarithmically transformed for analyses.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
AT- IR, adipose tissue insulin resistance; FFA, free fatty acid; 
GGT, γ-glutamyl- transpeptidase; HbA1c, hemoglobin A1c; 
HDL, high- density lipoprotein; HOMA- IR, homeostatic model 
assessment of insulin resistance; LDL, low- density lipoprotein.

Figure 1 Adipose tissue insulin resistance index (AT- IR) in 
middle- aged women. Mean±SD. Left panel: underweight 
(n=10, yellow column), normal weight (n=112, green column) 
and middle- aged women with obesity (n=22, red column). 
Analysis of variance; p=0.020. *P<0.05 versus underweight 
by Bonferroni’s multiple comparison procedure. Right panel: 
women with normal glucose tolerance (NGT, n=51, green 
column) and prediabetes (n=14, yellow column).
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associations with a broad range of cardiometabolic 
risk factors, including all diagnostic components of 
metabolic syndrome. Among those variables, central 
or abdominal fat accumulation (waist circumference 
and trunk/leg fat ratio) was an independent deter-
minant of AT- IR in middle- aged Japanese women 
without diabetes. These findings suggest that AT- IR 
may be a simple and useful surrogate index of adipose 
tissue insulin resistance.

In the present study, AT- IR associated with waist circum-
ference, a better predictor of diabetes risk for Asian 
women,25 and an essential component for the diagnosis of 
metabolic syndrome in Japan,26 in middle- aged Japanese 
women but not in young women. However, young women 
showed significant association with trunk/leg fat ratio, a 
sophisticated measure of abdominal fat accumulation.23 
A recent study in middle- aged Japanese men without 

diabetes and obesity has demonstrated that moderate 
abdominal subcutaneous fat accumulation was associated 
with reduced adipose tissue insulin sensitivity.27 Because 
trunk fat consists of abdominal subcutaneous and visceral 
fat, these findings may indicate a pathophysiological 
importance of central fat accumulation in adipose tissue 
insulin sensitivity in lean Japanese women in early 20s 
and in middle- aged Japanese men and women without 
diabetes and obesity and suggest the usefulness of AT- IR 
in epidemiological and clinical studies.

Association between adipose IR assessed by AT- IR 
and prediabetes has previously been reported in 
adolescents,13 15 middle- aged and elderly people with 
obesity11 14 16 and confirmed in middle- aged Japanese 
women without diabetes, although marginally signifi-
cant (p=0.06), in the present study. Furthermore, direct 
association of AT- IR with fasting PG and fasting TG was 
evident even in lean Japanese women in early 20s whose 
fasting PG averaged 82 mg/dL and fasting TG 58 mg/
dL. These findings suggest that adipose IR may be asso-
ciated with the worsening of fasting PG and TG within 
respective normal reference range. In contrast, there was 
no association of AT- IR with HDL cholesterol and apoA1, 
major apolipoprotein of HDL particles, in two age 
groups of women whereas inverse correlation between 
AT- IR and HDL cholesterol was evident in youth with 
obesity.15 This discrepancy may be due in part to high 
HDL cholesterol, which is accounted for by genetic defi-
ciency of cholesteryl ester transfer protein, in Japanese 
people.28 Indeed, HDL cholesterol averaged 77 mg/dL 
in middle- aged Japanese women while it was 49 mg/dL 
in normal weight youth.15 However, it is noted that HDL 
cholesterol emerged as an independent determinant of 
AT- IR in young women in the present study.

Pont et al29 investigated a stable isotope kinetic study of 
apoB- containing lipoproteins in insulin- resistant women 
with abdominal obesity, normal fasting triglyceridemia 
and normal glucose tolerance. They found an increased 
production rate of apoB in very low density lipoprotein 
by the liver, leading to significantly higher apoB concen-
trations, suggesting a hepatic resistance to the inhibitory 
effect of insulin on very low density lipoprotein apoB 
production at an early stage of IR linked with abdominal 
obesity.29 In the present study, middle- aged compared 
with young women had higher waist circumference and 
apoB, although only 3 of 148 middle- aged women met 
the criteria for metabolic syndrome. AT- IR correlated 
with apoB, non- HDL and LDL cholesterol in middle- 
aged but not in young women. These findings suggest 
that at a very early stage of IR in the absence of abdom-
inal obesity, adipose IR may be associated in part with 
increased serum number of apoB- containing lipoprotein 
particles, which are highly atherogenic.30

Stronger associations among biomarkers of metabolic 
syndrome in women with obesity compared with lean 
women31 may be in line with our observation that associ-
ations of AT- IR with ALT, GGT and BP were stronger in 
middle- aged compared with young women.

Table 2 Correlation analysis between AT- IR and 
anthropometric and cardiometabolic variables in young and 
middle- aged Japanese women

r

Young Middle- aged

Age 0.036 0.102

BMI −0.007 0.206*

Waist circumference −0.062 0.249**

FMI 0.003 0.264**

Trunk/leg fat ratio 0.142* 0.269**

Fasting glucose 0.266** 0.213**

Fasting insulin 0.791** 0.771**

Fasting FFA 0.629** 0.547**

HbA1c 0.058 0.047

HOMA- IR 0.674** 0.739**

Triglyceride 0.194** 0.215**

Cholesterol 0.086 0.184*

HDL cholesterol 0.047 −0.072

Non- HDL cholesterol 0.072 0.230**

LDL cholesterol 0.015 0.200*

Apolipoprotein A1 0.090 −0.023

Apolipoprotein B 0.076 0.236**

AST 0.012 0.124

ALT 0.143* 0.349**

GGT 0.136* 0.264**

Systolic blood pressure 0.043 0.228**

Diastolic blood pressure −0.003 0.193*

Mean±SD.
*P<0.05, **p<0.01 or less.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
AT- IR, adipose tissue insulin resistance; BMI, body mass index; 
FFA, free fatty acid; FMI, fat mass index; GGT, γ-glutamyl- 
transpeptidase; HbA1c, hemoglobin A1c; HDL, high- density 
lipoprotein; HOMA- IR, homeostatic model assessment of insulin 
resistance; LDL, low- density lipoprotein.
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Higher average AT- IR, although not significant, in 
young compared with middle- aged women was due to 
higher fasting insulin (p=0.07) in young women despite 
lower BMI and waist circumference. However, results of 
table 1 other than AT- IR, fasting insulin and HOMA- IR 
clearly showed that insulin sensitivity is superior in young 
compared with middle- aged women, who were not in 
insulin- resistant condition as their HOMA- IR averaged 
1.2. These observations suggest that effects of adiposity 
on fasting insulin concentrations may not be as strong in 
insulin- sensitive subjects without diabetes and obesity as 
in insulin- resistant subjects with obesity.

The homogeneous study population with few 
confounding factors17 and the accurate and reliable 
measures of general and central fat accumulation by 
DXA are the strength of the present study. Several limita-
tions of this study include the cross- sectional design, 
relatively small sample size and a single measurement 
of biochemical variables. Statistical power was not calcu-
lated. As participants were young and middle- aged Japa-
nese women, the results may not be generalized to other 
gender, age populations, races or ethnicities.

In conclusion, AT- IR associated with a broad range 
of cardiometabolic risk factors, including all diagnostic 
components of metabolic syndrome, in healthy Japanese 
women without diabetes. AT- IR is a simple surrogate 
index of adipose tissue insulin resistance, a key patho-
physiological component of type 2 diabetes, which can be 
used in large- scale clinical and epidemiological studies.
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