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Association between serum leptin
concentrations and homeostasis
model assessment-insulin
resistance of 2.5 and higher

in normal weight Japanese women

Satomi Minato-Inokawa'?3, Yuuna Hayashida*“, Mari Honda*¢, Ayaka Tsuboi-Kaji'7,
Mika Takeuchi?, Kaori Kitaoka:®, Miki Kurata'*, Bin Wu>®, Tsutomu Kazumi®%20:5>1 &
Keisuke Fukuo®**

Normal weight insulin resistant phenotype was characterized in 251 Japanese female university
students using homeostasis model assessment-insulin resistance. Birth weight, body composition at
age 20, cardiometabolic traits and dietary intake were compared cross-sectionally between insulin
sensitive (<1.6, n=194) and insulin resistant (2.5 and higher, n=16) women. BMI averaged <21 kg/
m? and waist <72 cm and did not differ between two groups. The percentage of macrosomia and
serum absolute and fat-mass corrected leptin concentrations were higher in insulin resistant women
although there was no difference in birth weight, fat mass index, trunk/leg fat ratio and serum
adiponectin. In addition, resting pulse rate, serum concentrations of free fatty acids, triglycerides and
remnant-like particle cholesterol were higher in insulin resistant women although HDL cholesterol
and blood pressure did not differ. In multivariate logistic regression analyses, serum leptin (odds
ratio:1.68, 95% confidential interval:1.08-2.63, p=0.02) was associated with normal weight insulin
resistance independently of macrosomia, free fatty acids, triglycerides, remnant-like particle
cholesterol and resting pulse rate. In conclusion, normal weight IR phenotype may be associated
with increased plasma leptin concentrations and leptin to fat mass ratio in young Japanese women,
suggesting higher leptin production by body fat unit.

It is well-known that obesity and race/ethnicity are risk factors for type 2 diabetes’, characterized by p cell dys-
function and insulin resistance. It is also well-known that the relationship between body weight and diabetes risk
may differ by race/ethnicity?. It is widely recognized that type 2 diabetes in East Asians is characterized primarily
by P cell dysfunction, and less adiposity and hence insulin resistance compared to the disease in Caucasians’.
For example, when homeostasis model assessment-insulin resistance (HOMA-IR)%, a most commonly used
biomarker of insulin resistance, increases from normal glucose tolerance through impaired glucose tolerance to
type 2 diabetes, fasting glucose concentrations increase while there was no change in BMI and fasting insulin
not only in Japanese normal weight people but also in overweight people’. However, a recent study from Japan
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suggests that insulin resistance, in addition to B cell dysfunction, contributed strongly to the development of
type 2 diabetes in a Japanese population®.

In Asian countries, type 2 diabetes is prevalent in people who are underweight or normal weight in addi-
tion to overweight people”®. For example, we previously reported weight history since young adults in Japanese
patients with type 2 diabetes’, in whom two-thirds of them were lean or normal weight at the time of the study
with a mean BMI of 24.1 kg/m?). It is, therefore, important to characterize a normal weight but insulin resistant
phenotype. We investigated this issue in young nondiabetic Japanese adults in the present study.

Subjects and methods

We reanalyzed cross-sectionally 251 normal weight (BMI: 18.5-24.9 kg/m?) women, whose age averaged
20.6 years and BMI 20.6 kg/m? among 307 young Japanese women whose details were reported previously'.
They were students of Department of Food Sciences and Nutrition, Mukogawa Women’s University, and were
recruited as volunteers. Among 251 women, 166 and 181 women provided data on dietary intake and birthweight,
respectively, the latter of which was obtained either through maternal health check notes or child health note-
book records (issued by each municipal office). Women with clinically diagnosed acute or chronic inflammatory
diseases, endocrine, cardiovascular, hepatic, renal diseases, hormonal contraception, unusual dietary habits
were excluded from the study. This research followed the tenets of the Declaration of Helsinki. The study was
approved by the Ethical Committees of Mukogawa Women’s’ University (No. 07-28, on 19/02/2008) and was in
accordance with the Helsinki declaration. All participants gave written informed consent after the experimental
procedure had been explained.

After a 12-h overnight fast, participants underwent blood sampling, measurements of anthropometric indi-
ces, blood pressure and body composition as previously described!*-"*. Blood pressure was measured using an
automated sphygmomanometer (BP-203RV II, Colin, Tokyo, Japan) after participants were seated at least for
5 min. Plasma glucose, serum insulin, triglycerides, cholesterol, high-density lipoprotein (HDL) cholesterol,
free fatty acid (FFA), HbAlc, leptin and adiponectin were quantified as previously reported'®-1*. Remnant-like
particle (RLP) cholesterol was measured by the immunoseparation technique'* using a commercially available
kit (Japan Immunoresearch Laboratories, Takasaki, Japan). Metabolic syndrome was defined according to the
modified criteria of the National Cholesterol Education Program Adult Treatment Panel I1I guidelines'. The
leptin to adiponectin ratio (LAR) was calculated as a marker of compromised adipose tissue function'.

HOMA-IR* was calculated as a product of fasting insulin ({U/mL) and fasting glucose (mg/dL)/405. HOMA-
IR < 1.6 was defined as normal and > 2.5 as insulin resistant (IR)!”. HOMA-IR between 1.6 and 2.4 was referred
to as borderline state and HOMA-IR < 1.6 as insulin sensitive (IS) state instead of normal in the present study.
Homeostasis model assessment-insulin secretion (HOMA-p) was calculated as well*.

A standard 75 g oral glucose tolerance test (OGTT) was done in 99 women. The blood was withdrawn at
0 (fasting), 30 min, 1 h, and 2 h for glucose and insulin measurements. The area under the response curve of
glucose (AUCg) and serum insulin (AUCi) was calculated by the trapezoidal method.

Whole-body dual-energy X-ray absorptiometry (DXA) (Hologic QDR-2000 software version 7.20D, Waltham,
MA) was used to measure lean tissue mass, fat mass, and bone mineral mass for arms, legs (lower-body), trunk
and the total body'2. General adiposity was assessed using BMI and body fat mass index (FMI), the latter was
calculated as body fat mass in kg divided by height in meter squared. Trunk and leg FMI were calculated as well.
Waist circumference and the ratio of trunk to leg fat'® were considered as markers of abdominal fat accumulation.
Muscle characteristics were evaluated by relative appendicular skeletal muscle mass (ASM) as percentage of body
mass (%ASM) and absolute ASM index (ASM/height? in kg/m?). %ASM is suggested to be a better predictor of
insulin resistance and diabetes risk than ASM or ASM index".

Dietary intake of the previous month was assessed using the self-administered diet history questionnaire®.
This has been widely used throughout Japan and its validity with respect to commonly studied nutrition factors
has been confirmed.

Data were presented as mean + SD unless otherwise stated. The leptin to fat mass ratio was computed as previ-
ously described?!. Differences among three groups were analyzed by analysis of variance and then Bonferroni’s
multiple comparison procedure. Stepwise multivariate logistic regression analyses were used to identify most
important determinants of IR state. Independent variables included were variables which showed significant dif-
ference among three groups. Correlations between anthropometric and metabolic variables were investigated by
Pearson’s analysis. A two-tailed p <0.05 was considered statistically significant. All calculations 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

BMI averaged 20.6 + 1.4 kg/m? and HOMA-IR 1.22+0.76 in a total population. IR was present in 16 women
(6.4%) while 194 women (77.3%) were insulin sensitive (Table 1). However, BMI averaged 20.6 kg/m?, waist
71.0 cm and ALT 11 U/L in IR women. Of 251 normal weight Japanese women, 239 (95.2%) had none of meta-
bolic syndrome components, 11 (4.4%) had a single component and nobody had metabolic syndrome. Only one
normal weight woman had 2 components.

The prevalence of macrosomia was higher in IR women whereas there was no difference in birthweight
(Table 1 and Fig. 1). Resting pulse rate was higher in borderline and IR compared to IS but blood pressure did
not differ. Although there was no statistical difference in BMI, waist, %BF, trunk-to-leg fat ratio, body, trunk
and leg FMI, ASMI and %ASM, serum leptin and fat-mass adjusted leptin were higher in borderline and IR
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18 Borderline IR
n=194 n=41 n=16
HOMA-IR: range <16 1.6-2.4 22.5 *
Birthweight (g) 3168 374 3285+356 3366+ 631
Macrosomia (n, %) 4,2.8 2,7.1 2,22.2 0.016
BMI (kg/mz) 20.5+1.5 20.6+1.3 20.6+1.5
Waist (cm) 71.5£5.1 71.3+4.6 71.0£5.1
Trunk/leg fat ratio 1.26+0.23 1.25+0.27 1.32+0.28
% Body fat (%) 279+4.6 29.6+4.5 29.6+4.7
%Trunk fat (%) 289+5.4 30.3+5.5 30.8+6.1
%ASM (%) 289+2.0 28.1+2.1 28.5+2.5
ASMI (kg/m?) 59+0.5 58+0.4 59+0.5
Body FMI (kg/m?) 57+1.3 6.0+1.2 6.1+1.3
Trunk FMI (kg/m?) 2.76+0.70 291+0.71 3.00+0.86
Leg FMI (kg/m?) 2.21+0.47 2.35+0.45 2.27+0.35
Leptin (ng/mL) 8.1+3.2 10.1+4.3 11.4+5.0 ab
Fat mass-adjusted leptin (ng/mL/kg) 0.56+0.17 0.65+0.18 0.73£0.24 ab
Adiponectin (ug/mL) 11.4+4.0 11.4£5.0 112436
LAR 0.82+0.53 1.12+0.89 1.19+£0.79 a
Systolic BP (mmHg) 106+9 106+13 1077
Diastolic BP (mmHg) 61+7 61+8 61+7
Resting pulse (bpm) 63+8 71+11 70+11 ab

Table 1. Birthweight, current body composition, serum liver enzymes and adipocytokines in young normal
weight Japanese women according to homeostasis model assessment-insulin resistance values: insulin
sensitive (IS), borderline and insulin resistant (IR) groups. Mean +SD or n, %. HOMA-IR: homeostasis model
assessment-insulin resistance, BMI: body mass index, ASM: appendicular skeletal muscle mass, ASMI: ASM
index, %ASM: percentage ASM, FMI: fat mass index, BP: blood pressure. bpm: beats per minute. LAR: leptin/
adiponectin ratio. *: p <0.05 or less by Bonferroni’s multiple comparison procedure. a: IS versus borderline, b:
IS versus IR, c: borderline versus IR.
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Figure 1. Percentage of macrosomia, resting pulse rate, serum leptin and adiponectin in young normal-weight
Japanese women who were insulin sensitive (n=194), borderline (n=41) and insulin resistant (n=16) (blue,
yellow and red bar or squares, respectively). Mean + SD. Means not sharing common alphabetical letter are
significantly different with each other at p <0.05 or less by Bonferroni’s multiple comparison procedure.

Scientific Reports |

(2023) 13:8217 |

https://doi.org/10.1038/s41598-023-35490-0

nature portfolio



www.nature.com/scientificreports/

than in IS. Although serum adiponectin did not differ LAR was higher in borderline women and tended to be
higher in IR women (p=0.07) than in IS women. When compared between women with HOMA-IR<1.6 and
those with> 1.6 (Supplementary Table 1), birthweight, prevalence of macrosomia, and FMI were tended to be
higher and ASMI was tended to be lower in women with HOMA-IR > 1.6.

Body FMI showed positive associations with fasting insulin (r=0.15, p=0.02), HOMA-IR (r=0.13, p=0.04),
leptin (r=0.65, p <0.001), fat-mass adjusted leptin (r=0.19, p=0.003) and LAR (r=0.47, p<0.001). In contrast,
ASMI showed no association with these variables.

As HOMA-IR increased, so did fasting glucose, insulin, FFA and HOMA- in a stepwise fashion (Table 2).
However, FFA increased by 38% whereas fasting glucose increased by 10%. Despite a small number of OGTT in
IR (n=3), 2-h insulin and AUCi were significantly higher in IR than in IS while differences in 2-h glucose and
AUCg were not significant. Serum triglycerides, RLP cholesterol and FFA were higher in IR than in IS (Table 2
and Fig. 2). There was no difference in HbAlc and HDL cholesterol.

There was no difference in daily energy intake and macronutrients among three groups of normal weight
women (data not shown). There was no difference in daily intake of saturated fat, monounsaturated fat and
polyunsaturated fat.

In multivariate logistic regression analyses, which included triglycerides, RLP cholesterol, FFA, leptin and
pulse rate as independent variables, serum leptin emerged as a single determinant of normal weight IR (odds
ratio:1.68, 95% confidential interval:1.08-2.63, p=0.02).

Discussion

The current study demonstrated that HOMA-IR > 2.5 was associated with serum leptin and fat-mass adjusted
leptin concentrations in young normal weight Japanese women. It was also associated with FFA, triglycerides
and RLP cholesterol, the last of which is an independent predictor of cardiovascular disease in women??. Fur-
ther, HOMA-IR > 2.5 was associated with higher resting pulse rate. These associations were independent of FMI
and trunk/leg fat ratio, sophisticated measures of body fat mass and abdominal fat accumulation, respectively,
despite remarkable differences in HOMA-IR. Among these variables, serum leptin or fat-mass adjusted leptin
concentrations emerged as an independent determinant of normal weight IR. It is noteworthy that waist and
ALT averaged 71.0 cm and 11.3 U/L, respectively, in women with normal weight IR, suggesting a minimum
abdominal and hepatic fat accumulation, respectively.

Studies on association between HOMA-IR and leptin in normal weight individuals were limited although
significant association was reported in multiple studies in the general population and in diabetic patients?*-?’.
We found two studies: one in European children®® and the other in a general population in China®. Both stud-
ies found a significant and independent association between HOMA-IR and leptin in normal weight people. In
the present study, normal weight IR women had higher leptin levels, leptin to fat mass ratio and LAR, a marker
of adipose tissue dysfunction’®. As adipocyte hypertrophy, another marker of adipose tissue dysfunction, has
been shown to be associated with increased plasma leptin concentrations®, elevated leptin concentrations in IR
women might be related to higher leptin production by body fat unit.

FMI showed positive associations with fasting insulin and leptin in the present study. We?! previously reported
in 481 college female students, in whom 251 normal weight women in the present study were included that
after mutual adjustment both trunk and leg fat mass showed positive associations with leptin whereas trunk
fat mass was negatively, and leg fat mass was positively associated with adiponectin. Trunk fat showed positive

1N Borderline IR *
Fasting glucose (mg/dL) 816 86+6 89+9 a,b
2-h glucose (mg/dL)* 92+24 92+14 117+20
Fasting insulin (uU/mL) 542 942 14+4 a,b,c
2-h insulin (WU/mL)* 37+24 49+11 98+25 b,c
HbAlc (%) 52+0.2 52+0.3 52+0.3
HOMA-f 103 +67 162+65 257 £248 a,b,c
HOMA-IR 09+0.4 2.0+0.3 3.1+09 a,b,c
AUCg (mg/dL/2 h)* 204+43 199+37 251+56
AUCi (uU/mL/2 h)* 73+£32 130+54 146 +22 a,b
Triglycerides (mg/dL) 53+21 67+37 68+29 a,b
Cholesterol (mg/dL) 182+26 184+29 188+25
HDL-C (mg/dL) 7513 7316 77+9
RLP-C (mg/dL) 2.7+0.9 3.0+1.2 3.6+1.7 b
FFA (mEq/L) 0.53+0.21 0.61+£0.23 0.73+£0.34 b

Table 2. Glucose and lipid metabolism in young normal weight Japanese women according to homeostasis
model assessment-insulin resistance values: insulin sensitive (IS), borderline and insulin resistant (IR) groups.
Mean+SD, *: n=89, 7 and 3 in IS, borderline and IR, respectively, HOMA-IR and HOMA-B: homeostasis
model assessment-insulin resistance and secretion, respectively, AUCg and AUCi: area under the response
curve of glucose and insulin, respectively, HDL-C: high-density lipoprotein cholesterol, RLP-C: remnant-like
particle cholesterol, FFA: free fatty acid. *: the same as in Table 1.
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Figure 2. Serum triglycerides, free fatty acid (FFA), high-density lipoprotein (HDL) and remnant-like
particle (RLP) cholesterol in young normal-weight Japanese women who were insulin sensitive (blue squares),
borderline (yellow squares) and insulin resistant (red squares). Mean + SD. Means not sharing common
alphabetical letter are significantly different with each other at p <0.05 or less by Bonferroni’s multiple
comparison procedure.

associations with fasting and 2 h-insulin whereas leg fat showed negative associations with 2 h-insulin but no
association with fasting insulin®'.

As HOMA-IR increased, so did HOMA- in a stepwise fashion. Therefore, 2-h glucose, AUCg and HbAlc
did not differ significantly among three groups. Although 2-h glucose and AUCg were somewhat higher in IR
women, there was no difference between women with HOMA-IR< 1.6 and > 1.6 (Supplementary Table 1).
Normal weight IR women had higher 2-h insulin than the other two groups of women in the present study. This
may be in line with a study in normal-weight, Hispanic women which suggested that 2-h insulin in addition to
HOMA-IR and fasting insulin may be an important clinical marker for insulin resistance™.

Hypertriglyceridemia is a common lipid abnormality in people with visceral obesity, metabolic syndrome
and type 2 diabetes®. Insulin resistance is often an underlying feature and results in increased FFA delivery to
the liver due to increased peripheral lipolysis. Increased FFA flux to the liver results in hypertriglyceridemia,
which may be associated with higher RLP cholesterol**. These findings may be in line with our observation that
women with HOMA-IR > 2.5 had increased FFA, triglycerides and RLP cholesterol.

Increased FFA in IR women may be associated with adipose tissue insulin resistance, which can be evaluated
by adipose tissue insulin resistance (AT-IR) index®, which was calculated as a product of fasting insulin (uU/
mL) and FFA (mEq/L). AT-IR increased in a stepwise fashion from IS through borderline to IR women in the
present study (2.5+ 1.4, 6.3+2.7 and 10.1 £5.1, respectively, all p<0.001). Elevated FFA in IR women also might
be related to adipocyte hypertrophy as fat cell size was reported to be correlated positively with lipolysis and
HOMA-IR in non-obese individuals with type 2 diabetes®®.

The percentage of IR (HOMA 2 2.5) was similar in normal weight middle-aged Japanese people®” and young
Japanese women in the present study (6.2 vs. 6.4%) although the percentage of IS was somewhat smaller in
middle-aged adults (67.5 vs. 77.3%).

The accurate and reliable measures of general and central fat accumulation by DXA are the strength of the
present study. There are several limitations of this study including the cross-sectional design, relatively small
sample size, and a single measurement of biochemical variables. The study population included only female uni-
versity students. However, this also might be considered as a strength since it eliminates potential confounding
factors'?. For example, more than 90% of grade 1 students are 18 years old. This may decrease the interference
of age and environmental factors, including smoking, alcohol, educational, and socioeconomic status. Further,
in almost all students, almost all school expenses were covered by parents, suggesting that socioeconomic status
appears to be less heterogeneous among parents who fed participants of the present study. We did not assess
family history of obesity and current exercise habits. However, although they were not engaged in any regular
sport activity participants had 9367 + 1971 steps/day (mean + SD of 77 participants). Statistical power and sample
size were not calculated. As participants were young Japanese women, the results may not be generalized to other
gender, age populations, races or ethnicities.

In conclusion, normal weight IR phenotype may be associated with increased plasma leptin concentrations
and leptin to fat mass ratio in young Japanese women, suggesting higher leptin production by body fat unit.
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Prospective follow-up studies are needed to see if these phenotypes predict clinical outcomes (i.e., development
of diabetes or cardiovascular disease).

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on
reasonable.

Received: 9 December 2022; Accepted: 18 May 2023
Published online: 22 May 2023

References

1.

2.

10.

11.

12.
13.
14.

15.

16.

17.
18.

19.
20.

21.
. Saeed, A. et al. Remnant-like particle cholesterol, low-density lipoprotein triglycerides, and incident cardiovascular disease. J. Am.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

33.
34.

Zhu, Y. et al. Racial/ethnic disparities in the prevalence of diabetes and prediabetes by BMI: Patient outcomes research to advance
learning (PORTAL) multisite cohort of adults in the U.S. Diabetes Care 42, 2211-2219 (2019).

Yaghootkar, H., Whitcher, B., Bell, J. D. & Thomas, E. L. Ethnic differences in adiposity and diabetes risk—Insights from genetic
studies. J. Intern. Med. 288, 271-283 (2020).

. Yabe, D, Seino, Y., Fukushima, M. & Seino, S. 8 cell dysfunction versus insulin resistance in the pathogenesis of type 2 diabetes in

East Asians. Curr. Diabetes Rep. 15, 602. https://doi.org/10.1007/s11892-015-0602-9 (2015).

. Matthews, D. R. et al. Homeostasis model assessment: Insulin resistance and beta-cell function from fasting plasma glucose and

insulin concentrations in man. Diabetologia 28, 412-419 (1985).

. Matsumoto, K. et al. Glucose tolerance, insulin secretion, and insulin sensitivity in nonobese and obese Japanese subjects. Diabetes

Care 20, 1562-1568 (1997).

. Yoshinari, M. et al. Comparison of the contributions of impaired beta cell function and insulin resistance to the development of

type 2 diabetes in a Japanese community: The Hisayama study. Diabetologia 64, 1775-1784 (2021).

. Gujral, U. P,, Weber, M. B,, Staimez, L. R. & Narayan, K. M. V. Diabetes among non-overweight individuals: An emerging public

health challenge. Curr. Diabetes Rep. 18, 60. https://doi.org/10.1007/s11892-018-1017-1 (2018).

. Olaogun, I, Farag, M. & Hamid, P. The pathophysiology of type 2 diabetes mellitus in non-obese individuals: An overview of the

current understanding. Cureus 12, e7614. https://doi.org/10.7759/cureus.7614 (2020).

. Tanaka, S., Honda, M., Wu, B. & Kazumi, T. Clinical features of normal weight Japanese patients with type 2 diabetes who had

formerly been obese. J. Atheroscler. Thromb. 18, 115-121 (2011).

Takeuchi, M. et al. Weight trajectory since birth, current body composition, dietary intake, and glucose tolerance in young under-
weight Japanese women. Womens Health Rep. (New Rochelle) 3, 215-221 (2022).

Minato-Inokawa, S. et al. Weight trajectories since birth, current body composition and metabolic traits in young normal weight
Japanese women with high percentage body fat. BMJ Open Diabetes Res. Care 10, €003045. https://doi.org/10.1136/bmjdrc-2022-
003045 (2022).

Tanaka, M. et al. FTO, abdominal adiposity, fasting hyperglycemia associated with elevated HbAlc in Japanese middle-aged
women. J. Atheroscler. Thromb. 19, 633-642 (2012).

Kitaoka, K. et al. Increased adipose and muscle insulin sensitivity without changes in serum adiponectin in young female collegiate
athletes. Metab. Syndr. Relat. Disord. 15, 246-251 (2017).

Nakajima, K. et al. Cholesterol in remnant-like lipoproteins in human serum using monoclonal anti apo B-100 and anti apo A-I
immunoaffinity mixed gels. Clin. Chim. Acta 223, 53-71 (1993).

Alberti, K. G. et al. Harmonizing the metabolic syndrome: A joint interim statement of the International diabetes federation task
force on epidemiology and prevention; national heart, lung, and blood institute; American heart association; world heart federation;
international atherosclerosis society; and international association for the study of obesity. Circulation 120, 16401645 (2009).
Finucane, E M. et al. Correlation of the leptin: Adiponectin ratio with measures of insulin resistance in non-diabetic individuals.
Diabetologia 52, 2345-2349 (2009).

Japan Diabetes Society. A marker of insulin resistance. In Diabetes Therapy Guide 2022-2023 17 (Bunkodo, Tokyo, Japan, 2022).
Lim, U. et al. Predicting total, abdominal, visceral and hepatic adiposity with circulating biomarkers in Caucasian and Japanese
American women. PLoS ONE 7(8), 43502 (2012).

Bijlsma, A. Y. et al. Diagnostic criteria for sarcopenia relate differently to insulin resistance. Age (Dordr.) 35, 2367-2375 (2013).
Okubo, H. et al. Validation of self-reported energy intake by a self-administered diet history questionnaire using the doubly labeled
water method in 140 Japanese adults. Eur. J. Clin. Nutr. 62, 1343-1350 (2008).

Singhal, A. et al. Early nutrition and leptin concentrations in later life. Am. J. Clin. Nutr. 75, 993-999 (2002).

Coll. Cardiol. 72, 156-169 (2018).

Awede, B. et al. Adiponectin, in contrast to leptin, is not associated with body mass index, waist circumference and HOMA-IR in
subjects of a west-African population. Physiol. Rep. 6, e13718. https://doi.org/10.14814/phy2.13718 (2018).

Matsubara, M., Katayose, S. & Maruoka, S. Decreased plasma adiponectin concentrations in nondiabetic women with elevated
homeostasis model assessment ratios. Eur. J. Endocrinol. 148, 343-350 (2003).

Huang, K. C. et al. Plasma leptin is associated with insulin resistance independent of age, body mass index, fat mass, lipids, and
pubertal development in nondiabetic adolescents. Int. J. Obes. Relat. Metab. Disord. 28, 470-475 (2004).

Moonishaa, T. M. et al. Evaluation of leptin as a marker of insulin resistance in type 2 diabetes mellitus. Int. J. Appl. Basic Med.
Res. 7, 176-180 (2017).

Nakhjavani, M. et al. Association of plasma leptin levels and insulin resistance in diabetic women: A cross-sectional analysis in
an Iranian population with different results in men and women. Gynecol. Endocrinol. 27, 14-19 (2011).

Nagrani, R. et al. Longitudinal association of inflammatory markers with markers of glycaemia and insulin resistance in European
children. Diabetes Metab. Res. Rev. 38, e3511. https://doi.org/10.1002/dmrr.3511 (2022).

Zuo, H. et al. Association between serum leptin concentrations and insulin resistance: A population-based study from China.
PLoS ONE 8, e54615. https://doi.org/10.1371/journal.pone.0054615 (2013).

Couillard, C. et al. Hyperleptinemia is more closely associated with adipose cell hypertrophy than with adipose tissue hyperplasia.
Int. . Obes. Relat. Metab. Disord. 24, 782-788 (2000).

Tanaka, S. et al. Associations of lower-body fat mass with favorable profile of lipoproteins and adipokines in healthy, slim women
in early adulthood. J. Atheroscler. Thromb. 18, 365-372 (2011).

Vella, C. A. et al. Associations of insulin resistance with cardiovascular risk factors and inflammatory cytokines in normal-weight
Hispanic women. Diabetes Care 36, 1377-1383 (2013).

Subramanian, S. & Chait, A. Hypertriglyceridemia secondary to obesity and diabetes. Biochim. Biophys. Acta 1821, 819-825 (2012).
Satoh, A. et al. High plasma level of remnant-like particle cholesterol in the metabolic syndrome. Diabetes Care 28, 2514-2518
(2005).

Scientific Reports |

(2023) 13:8217 | https://doi.org/10.1038/s41598-023-35490-0 nature portfolio


https://doi.org/10.1007/s11892-015-0602-9
https://doi.org/10.1007/s11892-018-1017-1
https://doi.org/10.7759/cureus.7614
https://doi.org/10.1136/bmjdrc-2022-003045
https://doi.org/10.1136/bmjdrc-2022-003045
https://doi.org/10.14814/phy2.13718
https://doi.org/10.1002/dmrr.3511
https://doi.org/10.1371/journal.pone.0054615

www.nature.com/scientificreports/

35. Kitaoka, K. et al. Determinants and correlates of adipose tissue insulin resistance index in Japanese women without diabetes and
obesity. BMJ Open Diabetes Res. Care 8, €001686. https://doi.org/10.1136/bmjdrc-2020-001686 (2020).

36. Acosta, J. R. et al. Increased fat cell size: A major phenotype of subcutaneous white adipose tissue in non-obese individuals with
type 2 diabetes. Diabetologia 59, 560-570 (2016).

37. Kawamoto, R. et al. Alanine aminotransferase/aspartate aminotransferase ratio is the best surrogate marker for insulin resistance
in non-obese Japanese adults. Cardiovasc. Diabetol. 11, 117. https://doi.org/10.1186/1475-2840-11-117 (2012).

Acknowledgements
We thank all participants for their dedicated and conscientious collaboration.

Author contributions

S.M.L, YH., M.H. and A.T.K. collected data and prepared figures. M.K., K.K., M.K. and B.W. analyzed data
and prepared tables. T.K. wrote the manuscript, and K.F. reviewed and edited it. All authors approved the final
version of the manuscript to be published. T.K. supervised the study, had full access to all the data in the study
and takes responsibility for the integrity of the data and the accuracy of the data analysis. All authors reviewed
the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-35490-0.

Correspondence and requests for materials should be addressed to T.K.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:8217 | https://doi.org/10.1038/s41598-023-35490-0 nature portfolio


https://doi.org/10.1136/bmjdrc-2020-001686
https://doi.org/10.1186/1475-2840-11-117
https://doi.org/10.1038/s41598-023-35490-0
https://doi.org/10.1038/s41598-023-35490-0
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association between serum leptin concentrations and homeostasis model assessment-insulin resistance of 2.5 and higher in normal weight Japanese women
	Subjects and methods
	Ethical approval. 

	Results
	Discussion
	References
	Acknowledgements


