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Associations of adipose insulin
resistance index with pancreatic 3
cell function (inverse) and glucose
excursion (positive) in young
Japanese women

Satomi Minato-Inokawa'?, Mari Honda®*, Ayaka Tsuboi-Kaji'*, Mika Takeuchi?,
Kaori Kitaoka®, Miki Kurata®?, Bin Wu38, Tsutomu Kazumi3°*? & Keisuke Fukuo®3’

The relationship of adipose tissue insulin resistance (AT-IR, a product of fasting insulin and free fatty
acids) and homeostasis-model assessment-insulin resistance (HOMA-IR) to B-cell function was studied
cross-sectionally in the setting of subtle glucose dysregulation. Associations of AT-IR and HOMA-IR
with fasting and post-glucose glycemia and B-cell function inferred from serum insulin kinetics

during a 75 g oral glucose tolerance test were studied in 168 young female Japanese students. B-cell
function was evaluated by disposition index calculated as a product of the insulinogenic index (IGl) and
Matsuda index. AT-IR, not HOMA-IR, showed positive associations with post-glucose glycemia and
area under the glucose response curve although both indices were associated with fasting glycemia.
HOMA-IR, not AT-IR, was associated positively with log 1Gl whereas both indices were inversely
associated with Matsuda index. AT-IR, not HOMA-IR, showed inverse associations with log disposition
index. Associations of adipose tissue insulin resistance with B-cell function (inverse) and glucose
excursion in young Japanese women may suggest that lipotoxicity to pancreatic B-cells for decades
may be associated with B cell dysfunction found in Japanese patients with type 2 diabetes. Positive
association of HOMA-IR with insulinogenic index may be associated with compensatory increased
insulin secretion.

Keywords Adipose tissue insulin resistance, p-cell function, Homeostasis-model assessment-insulin
resistance, Oral glucose tolerance test, Glucose disposal rate, Insulinogenic index

Insulin resistance and impaired insulin secretion are major hallmarks of type 2 diabetes. In the course of the
development of the disease, insulin resistance may cause elevation of blood glucose, which may increase insulin
secretion to maintain glucose homeostasis. However, chronic insulin resistance may lead to B cell exhaustion
and eventually to  cell dysfunction and/or cell death to cause overt diabetes. It is widely recognized that type 2
diabetes is characterized primarily by P cell dysfunction in East Asians whereas insulin resistance predominates
in Caucasians’.

In subjects with normal B-cell function, a relationship between insulin sensitivity and insulin responses is
hyperbolicz. Therefore, the product of these two variables, referred to as the disposition index (DI), can evaluate
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the ability of the B-cell to compensate for insulin resistance. As prospective studies showed that DI predicted the
development of future diabetes®, low DI is an early marker of inadequate $-cell compensation.

Chronically elevated circulating concentrations of glucose and lipid in the form of free fatty acids (FFA) have
toxic effects, referred to as glucotoxicity and lipotoxicity, respectively, both of which emerged as established
mechanisms participating in the loss of p-cell function*’. Homeostasis-model assessment- insulin resistance
(HOMA-IR) is an index that focuses on glucose metabolism, which encompasses hepatic and muscle tissue, and
is calculated as a product of fasting insulin and glucose®. HOMA-IR is a proxy of hepatic and muscle insulin
resistance and elevated HOMA-IR may be associated with elevations in blood glucose and eventually glucotoxic-
ity. As the adipose tissue insulin resistance (AT-IR) index is calculated as a product of fasting insulin and FFA”S,
elevated AT-IR may be associated with elevations in circulating FFA and eventually lipotoxicity. We showed that
AT-IR may be a simple and useful surrogate index of adipose tissue insulin resistance even in young and middle-
aged Japanese women without diabetes and obesity’. We further suggested that the adipose insulin-resistant
but normal weight phenotype may be associated with increased sympathetic nervous system and low-grade
systemic inflammation'®. We recently reported that AT-IR was associated with reduced leg fat, a subtle partial
lipodystrophy-like phenotype associated with reduced adipose tissue expandability in young Japanese women!!.

Studies on associations of AT-IR with pancreatic B-cell function were scarce and limited in the setting of
obesity as described later. Further, little is known in non-obese populations. We, therefore, tested, in non-obese
populations, whether AT-IR may be associated with pancreatic -cell function, whether the relationship to p-cell
function may be different between AT-IR and HOMA-IR, and whether the relationship may differ concerning
age, which has a substantial influence on glucose metabolism. To do this, we investigated the relationship of
AT-IR and HOMA-IR to glucose-stimulated insulin secretion and B-cell function (glucose-stimulated insulin
secretion adjusted for insulin resistance/insulin sensitivity) not only in young Japanese women but also in middle-
aged Japanese women, who were nondiabetic and nonobese.

Methods

We cross-sectionally studied 168 Japanese female students (50 collegiate athletes and 118 non-athletes) of the
University, and 68 biological mothers of the students, who underwent a standard 75 g oral glucose tolerance
test (OGTT) as previously reported!!~!%. Athletes were students of the Department of Health and Sports Sci-
ences and nonathletes were students of the Department of Food Sciences and Nutrition. We excluded women
with clinically diagnosed acute or chronic diseases, those on hormonal contraception and those on a diet to
lose weight from the study. Nobody reported to receiving any medications or having regular supplements. The
study was in accordance with the Helsinki declaration. All subjects were recruited as volunteers and gave writ-
ten consent after the experimental procedure had been explained. Participant recruitment and data collections
were described in detail previously'2.

After a 12-h overnight fast, height and weight were measured and participants underwent a standard 75 g
OGTT with glucose and insulin measurements at 0 (fasting), 30 min, 1 h, and 2 h. 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%). FFA was measured using enzymatic colorimetric methods (Wako, Tokyo, Japan).
Incremental 30 min glucose and insulin concentrations were calculated in each participant (AGlucose30 and
Alnsulin30, respectively). Area under the response curve of glucose (AUCg) and insulin (AUCi) were calculated
by the trapezoidal method. HOMA-IR, the Matsuda index, and the insulinogenic index (IGI)), a measure of
glucose-stimulated insulin secretion, were calculated as previously reported®'>!°. People with borderline-type
OGTT and IGI < 0.4 have been reported to have a high risk of progressing to type 2 diabetes'”. AT-IR was calcu-
lated as a product of fasting FFA and insulin”®. To evaluate -cell function, DI (the insulin secretion x sensitivity
index) was calculated as the product of IGI and Matsuda index.

Data were presented as mean + SD. Due to deviation from normal distribution, IGI and DI were logarithmi-
cally transformed for analyses. Bivariate correlations of AT-IR and HMA-IR with other parameters were evalu-
ated by Pearson correlation analysis. Differences between the two groups were analyzed with a t-test and  * test
when appropriate. A two-tailed value of p <0.05 was considered significant. Statistics were performed with SPSS
system 23.0 (SPSS Inc, Chicago, IL).

Ethical approval
The study was approved by the Ethics Committees of the Mukogawa Women’s University (No. 07-28 on
19/02/2008).

Results
Young and middle-aged women on average were normoglycemic (Table 1). Normal glucose tolerance was found
in 161 young (95.8%) and 51 middle-aged women (78.5%) as previously reported'*!*. Glucose levels at 4 time
points, AUCg, and HbA1lc were higher in middle-aged mothers. They had higher AGlucose30, lower Alnsulin30,
and hence lower IGI and disposition index. However, their IGI averaged 1.1, which is much higher than 0.4'7, sug-
gesting preserved glucose-stimulated insulin secretion in mothers. Extremely high mean IGI and ODI in young
women were due to extremely low AGlucose30 (5 mg/dL and lower) in 13 students. Extremely low AGlucose30
was found in two mothers as well. There was no difference in 1-h and 2-h insulin, AUCi, HOMA-IR, AT-IR, and
Matsuda index probably because middle-aged women were non-obese rather lean although BMI was higher in
middle-aged compared with young women.

In young women (Table 2 and Fig. 1), AT-IR, but not HOMA-IR, showed positive associations with post-
glucose glycemia including 2-h glucose and area under the glucose response curve although both indices were
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Young Middle-aged

n=168 n=65 p values
Age (years) 204+1.0 |489+34 <0.001
BMI (kg/m?) 20.8+2.3 | 21.7+2.6 0.011
Fasting glucose (mg/dL) 84+7 89+9 <0.001
30-min glucose (mg/dL) 123+25 138+31 <0.001
1-h glucose (mg/dL) 103£32 | 133+42 <0.001
2-h glucose (mg/dL) 92+21 113+28 <0.001
Fasting insulin (uU/mL) 58+3.1 47+2.8 0.013
30-min insulin (pU/mL) 54+32 39+24 0.001
1-h insulin (uU/mL) 42+25 42+24 0.987
2-h insulin (WU/mL) 36+24 37+29 0.865
AGlucose30 (mg/dL) 39+24 49+27 0.005
AlInsulin30 (uU/mL) 48+30 34+23 0.001
AUCg (mg/dL/2 h) 205+41 248+56 <0.001
AUCi (WU/mL/2 h) 78+36 71+38 0.180
HbALc (%) 52402 | 55+0.3 <0.001
HOMA-IR 1.2+0.7 1.1+£0.7 0.146
AT-IR 29+2.1 2.7+1.8 0.415
Insulinogenic index 46+13.0| 1.0£1.0 0.029
Disposition index 43+128 | 9.2+10.3 0.034
Matsuda index 8.9+4.0 9.5+4.6 0.309

Table 1. Anthropometric and metabolic features of young and middle-aged women. Mean + SD. AUCg and
AUCi: area under the concentration curve of plasma glucose and serum insulin, respectively. BMI body mass
index, AT-IR adipose tissue insulin resistance, HOMA-IR homeostasis-model assessment-insulin resistance,
AGlucose30 and Alnsulin30 incremental 30 min glucose and insulin concentrations, respectively.

AT-IR HOMA-IR

r pvalues |r p values
Fasting glucose 0.149 0.012 | 0.333 <0.001
30-min glucose 0.240 0.002 | 0.146 0.058
1-h glucose 0.178 0.021 | —0.044 0.570
2-h glucose 0.247 0.001 | 0.060 0.443
Fasting insulin 0.722 <0.001 | 0.836 <0.001
AUCg 0.248 0.001 | 0.049 0.532
AUCiH 0.521 <0.001 | 0.475 <0.001
HOMA-IR 0.475 <0.001 |1
AT-IR 1 0.475 <0.001
IGI -0.085 0.276 | —0.004 0.957
Matsuda index -0.554 <0.001 | —0.696 <0.001
DI -0.105 0.176 | —0.070 0.365
log IGI -0.016 0.836 | 0.152 0.050
log DI -0.246 0.001 | -0.129 0.096

Table 2. Correlation coefficients (r) of adipose tissue insulin resistance (AT-IR) and homeostasis-model
assessment-insulin resistance (HOMA-IR) in young women. Abbreviations are the same as in Table 1. Bold
figures denote significant associations.

associated with fasting glycemia. Both indices were inversely associated with the Matsuda index. HOMA-IR was
associated positively with log IGI but not with log DI. In contrast, AT-IR showed no association with log IGI but
an inverse association with log DI (Table 2 and Fig. 2).

We divided young women into two groups according to a median AT-IR. Women with elevated AT-IR had
lower log DI and higher AUCg (Fig. 2).

In middle-aged women (Table 3), both AT-IR and HOMA-IR showed an inverse association with the Mat-
suda index, no association with log IGI, and an inverse association with log DI and hence a positive association
with AUCg.
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Figure 1. Scatter plots between adipose tissue insulin resistance index (AT-IR) and post-glucose glycemia
during a 75 g oral glucose tolerance test in young Japanese women.
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Figure 2. Upper panel: scatter plots between adipose tissue insulin resistance index (AT-IR) and area under
the glucose response curve (AUCg) and log disposition index (DI). Lower panel: AUCg and log DI in young
Japanese women with the low and high AT-IR (green and red symbols, respectively). *p=0.01.

Discussion

The present study has shown that elevated adipose tissue insulin resistance (measured by AT-IR) was associated
with impaired p-cell function (glucose-stimulated insulin secretion adjusted for insulin sensitivity evaluated by
DI) and hence with higher glucose excursion (evaluated by AUCg) in women in their early twenties, in whom
more than 95% had normal glucose tolerance and BMI averaged 20.8 kg/m?. In contrast, HOMA-IR showed a
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AT-IR HOMA-IR

r pvalues |r p values
Fasting glucose | 0.213 0.009 0.498 0.000
Fasting insulin 0.771 0.000 0.946 0.000
AUCg 0.411 0.001 0.367 0.003
HOMA-IR 0.739 0.000 1
AT-IR 1 0.739 0.000
IGI -0.118 |0.348 -0.026 |0.839
Matsuda index -0.713 | 0.000 -0.680 | 0.000
DI -0.331 |0.007 —-0.258 | 0.038
log IGI 0.029 0.817 0.099 0.435
log DI -0.429 | 0.000 —-0.394 | 0.001

Table 3. Correlation coefficients (r) of adipose tissue insulin resistance (AT-IR) and homeostasis-model
assessment-insulin resistance (HOMA-IR) in middle-aged women. Abbreviations are the same as in Table 1.
Bold figures denote significant associations.

positive association with glucose-stimulated insulin secretion (measured by IGI) and no association with log DI
in young women. In middle-aged women, both AT-IR and HOMA-IR were associated with -cell dysfunction
and higher glucose excursion.

Associations of AT-IR with pancreatic -cell function were reported. in obese adolescents, obese youth with
impaired glucose tolerance, and obese middle-aged people including lean controls whose BMI averaged 25 kg/
m?!%-2%, However, little is known in non-obese populations. The present study has shown that an inverse associa-
tion of AT-IR with DI was found even in young Japanese women whose BMI averaged 20.8 kg/m?* and HbAlc
5.2 %. The positive association of HOMA-IR with IGI (glucose-stimulated insulin secretion) in young women
may be in line with the hyperbolic relationship between insulin resistance and insulin secretion®. Despite the
inverse association with the Matsuda index, there was no association of HOMA-IR with B-cell function (DI).

Lipotoxicity to pancreatic p-cells’ may be a likely explanation for an inverse association of AT-IR with DI as
AT-IR is calculated as a product of fasting insulin and FFA”®. Studies reported that higher FFA levels were associ-
ated with lower insulin secretion®'-*. For example, in children and adults with normal glucose tolerance. Higher
fasting FFA levels were cross-sectionally associated with lower insulin secretion and prospectively associated with
a greater risk of subsequent type 2 diabetes*'. We found an inverse association of fasting FFA concentrations with
log DI in young and middle-aged Japanese women (r = — 0.21, p = 0.007 and r = — 0.28, p = 0.027, respectively)
(paper in preparation). We also reported that in another set of young Japanese female students, higher fasting
and postprandial FFA levels were associated with lower meal-induced insulin response®.

Subcutaneous gluteofemoral AT is the largest and safe place to store excess fat to protect against cardiometa-
bolic diseases””?®. As previously reviewed””*’, a major determinant of metabolic health is the ability of subcutane-
ous gluteofemoral (leg) fat to expand. The impaired ability of leg fat to store excess lipids leads to hypertrophic,
dysfunctional, and insulin-resistant adipose cells?’. Asian populations including Japanese may have a reduced
ability to expand gluteofemoral fat®. It is proposed that increased FFA overflow from dysfunctional AT associ-
ated with impaired expansion of subcutaneous AT may lead to ectopic lipid accumulation on the one hand and
may be toxic to B-cell function on the other hand in non-obese Asian people. Taken together, the present study
suggests that AT-IR associated with impaired adipose tissue expandability'! may be at play through lipotoxicity
in the very early stage of the development of impaired B-cell function in Japanese, in whom type 2 diabetes is
characterized primarily by B cell dysfunction'. We reported in young Japanese female university students that
low gluteofemoral fat was associated with a positive family history of type 2 diabetes and low birthweight®"*2,
both of which are well-known risk factors for type 2 diabetes®3*.

Glucotoxicity to pancreatic f cell function* may be associated with an inverse association of HOMA-IR with
DI in middle-aged women, in whom fasting serum triglycerides averaged 81 mg/dL’.

The strength of the present study includes a homogeneous study population with few confounding factors™.
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 varia-
tion, which would bias the results toward the null. We used crude measures of insulin sensitivity/IR and insulin
secretion, which may be less accurate. Statistical power including the sample size calculation was not estimated.
As we studied young Japanese women only, results may not be generalized to other genders, age populations,
races, or ethnicities.

In conclusion, an inverse association of AT-IR with DI, an early marker of inadequate p-cell compensation
and a reliable predictor of type 2 diabetes?, in young Japanese female university students may suggest that lipo-
toxicity to pancreatic B-cells’ may be associated with impaired p cell function found in Japanese patients with
type 2 diabetes'. Nearly half of all adults with type 2 diabetes mellitus live in Asia, mainly in India and China’®.
A systematic review suggested that East Asian people including Japanese had high sensitivity to insulin but a
severely limited innate capacity to secrete insulin®’. This limited capacity may be associated with the inverse
association of AT-IR with DI observed in young and middle-aged Japanese people in the present study.
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