
BMJ Open Diab Res Care 2022;10:e003013. doi:10.1136/bmjdrc-2022-003013

Open access�

1

Open access�

Higher fasting glucose, triglycerides, 
resting pulse rate and high-sensitivity C 
reactive protein in adipose insulin-
resistant but normal weight young 
Japanese women

Satomi Minato-Inokawa,1,2,3 Mari Honda,4,5 Ayaka Tsuboi-Kaji,1,6 Mika Takeuchi,1 
Kaori Kitaoka,1,7 Akiko Takenouchi,8 Miki Kurata,1,8 Bin Wu,4,9 
Tsutomu Kazumi  ‍ ‍ ,1,4,10 Keisuke Fukuo1,4,8

For numbered affiliations see 
end of article.

Correspondence to
Dr Tsutomu Kazumi;  
​kazumi@​mukogawa-​u.​ac.​jp

To cite: Minato-Inokawa S, 
Honda M, Tsuboi-Kaji A, 
et al. Higher fasting glucose, 
triglycerides, resting pulse 
rate and high-sensitivity C 
reactive protein in adipose 
insulin-resistant but normal 
weight young Japanese 
women. BMJ Open Diab 
Res Care 2022;10:e003013. 
doi:10.1136/
bmjdrc-2022-003013

Received 28 June 2022
Accepted 5 November 2022

Original research

Cardiovascular and metabolic risk

© Author(s) (or their 
employer(s)) 2022. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Introduction  Adipose insulin-resistant but normal 
weight phenotype has not been reported and hence was 
characterized in young Japanese women.
Research design and methods  Body composition, 
a broad range of cardiometabolic health and dietary 
intake were cross-sectionally measured in 166 normal 
weight young Japanese women. They were grouped into 
tertile of adipose tissue-insulin resistance (AT-IR) index 
(fasting insulin×free fatty acids) and analyzed by analysis 
of variance and then Bonferroni’s multiple comparison 
procedure.
Results  Body mass index averaged <21 kg/m2 and 
waist <72 cm, and did not differ among three groups of 
women. Fasting glucose and triglycerides and homeostasis 
model assessment-insulin resistance were higher in 
the highest compared with the median and lowest AT-
IR tertile. However, there was no difference in fat mass 
and distribution, high-density lipoprotein cholesterol and 
blood pressure. In addition, high-sensitivity C reactive 
protein (hsCRP) and resting pulse rate were higher as 
well. In multivariate logistic regression analyses, fasting 
glucose (OR: 1.10, 95% CI: 1.02 to 1.18, p=0.012), 
fasting triglycerides (OR: 1.04, 95% CI: 1.02 to 1.06, 
p<0.001), resting pulse rate (OR: 1.07, 95% CI: 1.03 to 
1.11, p<0.001) and hsCRP (OR: 2.30, 95% CI: 1.01 to 5.2, 
p=0.04) were associated with the high AT-IR tertile.
Conclusions  Adipose insulin-resistant but normal weight 
phenotype may be associated with increased sympathetic 
nervous system and low-grade systemic inflammation 
in addition to glucose and lipid dysmetabolism through 
mechanisms unrelated to adiposity in young Japanese 
women.

INTRODUCTION
Large studies showed that a body mass index 
(BMI) in the normal weight range (defined as a 
BMI of 18.5–24.9 kg/m2) associates with a lower 
risk of cardiometabolic diseases and all-cause 
mortality.1 2 However, not all normal weight 
subjects have this low risk. Normal weight obesity 

is characterized by the presence of high body fat 
despite having a normal BMI.3 Normal weight 
obese people have a higher risk of cardiomet-
abolic diseases than individuals with normal 
weight and without high body fat.4 5

It is also reported that metabolically unhealthy 
(or obese) normal weight subjects have a higher 
risk of all-cause mortality and/or cardiovas-
cular events compared with people who are 
of normal weight and metabolically healthy 
(or non-obese).6–8 Although currently, there is 
not a standard definition of metabolic health, 
a person was considered metabolically healthy 
when fewer than two parameters of the meta-
bolic syndrome were present in most studies.6 
As insulin resistance is a key metabolic trait not 
only of obesity but also of the metabolically 
unhealthy (or obese) normal weight pheno-
type,8 homeostasis model assessment-insulin 
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resistance (HOMA-IR), in addition to the number of 
parameters of the metabolic syndrome, was used to distin-
guish metabolically obese from non-obese normal weight 
subjects in some studies.9 10 HOMA-IR is calculated by the 
product of fasting concentrations of insulin and glucose and 
hence is a surrogate marker of liver insulin resistance.11 In 
a manner completely analogous to HOMA-IR, the product 
of fasting concentrations of insulin and free fatty acid (FFA) 
is a validated index of the adipose tissue-insulin resistance 
(AT-IR).12 13 We showed that this index may be useful in 
assessing adipose insulin resistance even in women without 
diabetes and obesity.14 As studies are missing that character-
ized normal weight people with adipose insulin resistance, 
we investigated this issue in normal weight Japanese women, 
populations in which confounding factors are so scarce.15 
Because we reported that endurance training lowered fat 
mass and AT-IR in young women,16 we excluded female 
collegiate athletes in the present study.

SUBJECTS AND METHODS
Among 210 young Japanese women whose details were 
reported previously,14 we excluded 44 women who were 
underweight or overweight and reanalyzed cross-sectionally 
166 normal weight women in the present study. They were 
students of the Department of Food Sciences and Nutrition, 
Mukogawa Women’s University and were recruited as volun-
teers. Women with clinically diagnosed acute or chronic 
inflammatory diseases, endocrine, cardiovascular, hepatic 
and renal diseases, hormonal contraception, and unusual 
dietary habits were excluded from the study.

After a 12-hour overnight fast, which was slightly above the 
recommended Japanese guidelines of 10-hour fasting for 
oral glucose tolerance testing, participants underwent blood 
sampling, measurement of anthropometric indices, blood 
pressure and body composition as previously described.14–16 
Brachial blood pressure and pulse rates were measured 
using an automated sphygmomanometer (BP-203RV II, 
Colin, Tokyo, Japan) after participants were seated at least 
for 5 min. The measurements were repeated after 2–3 min, 
and the average of the measurements was used for anal-
yses. Plasma glucose, serum aspartate aminotransferase 
and alanine aminotransferase (AST and ALT, respectively), 
insulin, triglycerides, cholesterol, high-density lipoprotein 
(HDL) cholesterol, FFA, high-sensitivity C reactive protein 
(hsCRP), and leukocytes were measured as previously 
reported.14–16 Low-density lipoprotein (LDL) cholesterol 
was calculated using the Friedewald’s formula. HOMA-IR 
and AT-IR were calculated as depicted in the Introduction 
section.

Whole-body dual-energy X-ray absorptiometry (DXA) 
(Hologic QDR-2000 software V.7.20D, Waltham, Massachu-
setts, USA) was used to measure lean tissue mass, fat mass, 
and bone mineral mass for arms, legs (lower body), trunk 
and the total body.15 General adiposity was assessed using 
BMI, percentage body fat and fat mass index (FMI), the 
latter of which was calculated as body fat mass in kilograms 
divided by height in meter squared. Waist circumference 

and the ratio of trunk to leg fat17 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/height2 in kg/m2). %ASM is suggested to 
be a better predictor of insulin resistance and diabetes risk 
than ASM or ASM index.18

Dietary intake was assessed using the self-administered 
diet history questionnaire.19 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. Due to deviation from normal distribution, hsCRP 
was logarithmically transformed for analyses. Participants 
were divided by tertile of AT-IR and the highest tertile was 
referred to as adipose insulin-resistant group. Differences 
among three groups were analyzed by analysis of variance 
(ANOVA) and then Bonferroni’s multiple comparison 
procedure. Stepwise multivariate logistic regression analyses 
were used to identify most important determinants of the 
high AT-IR. Independent variables included were variables, 
which showed significant difference among three groups. A 
two-tailed p<0.05 was considered statistically significant. All 
calculations were performed with SPSS system V.23.0.

RESULTS
BMI averaged 20.6 kg/m2, waist 71.5 cm and fasting glucose 
81 mg/dL, and there was no difference in BMI and waist 
among three groups (table  1). Their serum concentra-
tions of triglyceride and liver enzymes were normal as well 
(table 2).

HOMA-IR and fasting insulin increased in a stepwise 
fashion from the low through the high AT-IR tertile (table 1). 
However, there was no difference in age, percentage body 
fat, FMI, trunk/leg fat ratio, ASM index, %ASM, serum 
adiponectin and leptin. Fasting glucose was modestly but 
significantly increased in the high compared with low AT-IR 
tertile (table  1 and figure  1). Two-hour glucose concen-
trations were higher in women with the median and high 
compared with low AT-IR tertile, but differences were not 
significant (ANOVA p=0.34). Post hoc power analyses 
yielded 0.20 in the setting of the present study, indicating a 
weak statistical power.

Fasting triglycerides (figure  1) and FFA were higher in 
the high AT-IR tertile compared with the other two groups 
of women, whereas serum, LDL and HDL cholesterol did 
not differ (table 2). Leukocyte counts and hsCRP (figure 1) 
were higher in the high compared with the median AT-IR 
tertile (table 2). Resting pulse rate was higher in the high 
AT-IR tertile compared with the other two groups of women, 
whereas AST and blood pressure did not differ. ALT was 
higher in the high compared with the median tertile.

Women in the high compared with the low AT-IR tertile 
consumed less vegetables (p=0.07), green and yellow vege-
tables in particular, and hence less vitamin A (table  3). 
However, there was no difference in daily intake of energy 
and macronutrients among three groups of women.
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In multivariate logistic regression analyses (table  4), 
fasting glucose, triglycerides, resting pulse rate and hsCRP 
were associated with the high AT-IR tertile independent of 
ALT and green-yellow vegetable intake.

DISCUSSION
The current study has confirmed associations of AT-IR with 
fasting glucose and triglycerides as previously reported by 
us,14 and demonstrated that AT-IR but normal weight was 
associated positively with resting pulse rate and hsCRP, a 
marker of systemic low-grade inflammation through mecha-
nisms unrelated to adiposity. Normal weight young Japanese 
women with the high AT-IR tertile were indeed in the adipose 
insulin-resistant state because their AT-IR (6.3±3.4, table 1) 
was equivalent to or even higher than AT-IR (4.3±2.4) in 
overweight Japanese women.14

Suppression of hepatic glucose production by insulin is 
critical for maintenance of normal glucose homeostasis, and 
impairment in this process plays an important role in the 
pathogenesis of type 2 diabetes. There is general agreement 
that the acute suppression of hepatic glucose production 
by insulin is mediated by both a direct (hepatic) and an 
indirect (extrahepatic) effect on the liver.20 As reviewed by 
Lewis et al,20 there is abundant evidence that insulin’s effect 
on adipose tissue lipolysis is a key signal mediating insulin’s 

extrahepatic effect to inhibit hepatic glucose production. 
These findings may be related to the independent asso-
ciation of AT-IR but normal weight with fasting glucose 
concentrations in the present study since hepatic glucose 
production has been shown to correlate with fasting glucose 
concentrations.21 22

Fat cell lipolysis results in the release of FFA to the circula-
tion, which is used for hepatic production of very low-density 
lipoprotein triglycerides.23 Consequently, high spontaneous 
subcutaneous fat cell lipolysis activity and resistance to the 
antilipolytic effect of insulin have been reported to be asso-
ciated with elevated triglyceride and low HDL cholesterol 
concentrations.24 As AT-IR is the product of fasting insulin 
and FFA, adipose tissue insulin-resistant but normal weight 
women had elevated FFA, suggesting that they had high 
spontaneous subcutaneous fat cell lipolysis activity, which 
may be associated with elevated triglyceride in the present 
study.

Facchini et al studied whether insulin-resistant individ-
uals had a higher heart rate than insulin-sensitive subjects.25 
Insulin sensitivity was measured using insulin-mediated 
glucose disposal quantified by the insulin suppression test 
in apparently healthy normotensive individuals without 
diabetes. Heart rate was continuously monitored during 
sleep by an electronic device measuring RR intervals. They 

Table 1  Anthropometric and metabolic features of young Japanese women grouped by tertile of AT-IR index

AT-IR index

Low Median High

Range −1.86 1.87–3.30 3.40 *

Age (years) 20.8 ± 1.3 20.7 ± 1.2 20.7 ± 1

BMI (kg/m2) 20.6 ± 1.5 20.6 ± 1.6 20.5 ± 1.3

Waist (cm) 71.6 ± 5.1 71.5 ± 4.9 71.2 ± 5

Trunk/leg fat ratio 1.24 ± 0.18 1.25 ± 0.22 1.34 ± 0.29

% body fat (%) 28 ± 4.7 27.1 ± 4.5 28.2 ± 4.4

ASM index (kg/m2) 5.9 ± 0.5 6 ± 0.4 5.8 ± 0.4

FMI (kg/m2) 5.7 ± 1.3 5.5 ± 1.3 5.7 ± 1.2

%ASM (%) 28.8 ± 2.1 29.1 ± 1.9 28.5 ± 2

Leptin (ng/mL) 7.5 ± 3.3 8.4 ± 3.5 8.9 ± 3.7

Adiponectin (mg/L) 11.7 ± 4 11.8 ± 4.6 11.3 ± 4.2

Fasting glucose (mg/dL) 80 ± 7 81 ± 5 83 ± 6 ‡

2-hour glucose (mg/dL) 89 ± 20 96 ± 25 94 ± 25

Fasting insulin (μU/mL) 3.5 ± 1.4 5.5 ± 1.4 9 ± 3.2 †‡§

HOMA-IR 0.6 ± 0.3 1.1 ± 0.3 1.8 ± 0.7 †‡§

AT-IR 1.4 ± 0.4 2.6 ± 0.4 6.3 ± 3.4 †‡§

Mean±SD: n=55 or 56, except for 2-hour glucose: n=40, 34 and 25 in low, median and high tertile, respectively.
*P<0.05 or less by Bonferroni's multiple comparison procedure.
†Low versus median.
‡Low versus high.
§Median versus high.
ASM, appendicular skeletal muscle mass; AT-IR, adipose tissue-insulin resistance; BMI, body mass index; % body fat, 
percentage body fat; FMI, fat mass index; HOMA-IR, homeostasis model assessment-insulin resistance.
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found that insulin-resistant individuals, with compensa-
tory hyperinsulinemia, had a higher nocturnal heart rate, 
suggesting that the increased nocturnal heart rates are 
secondary to insulin-induced sympathetic activity.25 These 
observations may be in line with the present finding that 
adipose tissue insulin-resistant but normal weight women 
had elevated resting pulse rate, which may be associated 
with heart rates in young healthy women.

CRP is a hepatic acute phase protein largely regulated by 
circulating levels of interleukin-6. Although the activated 
leukocyte is widely assumed to be the major source of circu-
lating interleukin-6 in clinical inflammation, it was demon-
strated that human subcutaneous adipose tissue secreted 
interleukin-6 in healthy subjects.26 Studies including ours 
showed that total body fat and abdominal/central fat were 
associated with hsCRP,27–32 whereas we have shown an associ-
ation between abdominal/central fat and AT-IR in Japanese 
women.14 Therefore, it is likely that abdominal fat may be 
a link of association between hsCRP and AT-IR in adipose 
tissue insulin-resistant but normal weight women in the 
present study.

Adipose tissue and the liver are major sites of storage for 
carotenoids, which are vital antioxidants and rich in vege-
tables, green-yellow vegetables in particular, and fruits.33 
Harari et al measured serum and adipose tissue carot-
enoids concentrations and tissue-specific insulin resistance 
in subjects without diabetes with a wide range of BMI and 
insulin resistance.34 They found that serum carotenoids 
were correlated inversely with insulin resistance in the liver 
evaluated by hepatic glucose production and adipose tissue 
evaluated by AT-IR. Because serum carotenoids concentra-
tions were correlated positively with consumption of green-
yellow vegetables,35 the latter finding may be in line with the 
present finding that women with the high AT-IR tertile had 
lower intake of green-yellow vegetables (87 g/day), which 
was lower than the recommended dose in adults (120 g/
day) by the Ministry of Health, Labor and Welfare, Japan.36

Table 2  Cardiometabolic features of young Japanese women grouped by tertile of adipose tissue-insulin resistance index

Adipose tissue-insulin resistance index

Low Median High *

Triglyceride (mg/dL) 47 ± 16 51 ± 18 69 ± 34 †‡

Cholesterol (mg/dL) 182 ± 30 178 ± 22 187 ± 28

HDL cholesterol (mg/dL) 73 ± 12 75 ± 14 74 ± 12

LDL cholesterol (mg/dL) 100 ± 27 93 ± 17 100 ± 23

FFA (mEq/L) 0.45 ± 0.17 0.5 ± 0.13 0.71 ± 0.26 †‡

hsCRP (μg/dL) 22 ± 34 16 ± 26 50 ± 116 ‡

log hsCRP 1.08 ± 0.42 0.93 ± 0.42 1.16 ± 0.58 ‡

Leukocytes (x109/L) 5.8 ± 1.7 5.5 ± 1.4 6.4 ± 1.7 ‡

AST (U/L) 17.7 ± 4 17.4 ± 4.2 18.2 ± 7.4

ALT (U/L) 12.3 ± 4.1 12.1 ± 3.4 14.9 ± 8.5 ‡

Systolic BP (mm Hg) 109 ± 10 106 ± 10 107 ± 12

Diastolic BP (mm Hg) 64 ± 7 62 ± 7 63 ± 8

Resting pulse rate (bpm) 63 ± 10 65 ± 8 71 ± 11 †‡

Mean±SD (n=55 or 56) AST and ALT: aspartate- and alanine-aminotransferase, FFA: free fatty acid, hsCRP: high-sensitivity 
C-reactive protein, HDL and LDL; high- and low-density lipoprotein.
*P<0.05 or less by Bonferroni's multiple comparison procedure.
†Low versus high.
‡Median versus high.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; bpm, beats per minute; FFA, free fatty 
acid; HDL, high-density lipoprotein; hsCRP, high-sensitivity C reactive protein; LDL, low-density lipoprotein.

Figure 1  Fasting glucose and triglyceride, resting pulse 
rate and high-sensitivity C reactive protein (hsCRP) 
(logarithmically transformed) in normal weight young 
Japanese women with the low (blue squares, n=55), median 
(yellow squares, n=56) and high (red squares, n=55) tertile of 
adipose tissue-insulin resistance index. 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. bpm, beats per minute.
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Studies are limited on adipose insulin resistance in normal 
weight people. Dumesic et al37 compared 10 normal weight 
women with polycystic ovary syndrome and 18 control 
women matched for age and BMI and found that AT-IR was 
higher in women with polycystic ovary syndrome (4.5 vs 2.8, 
p=0.007) and positively correlated with serum androgen. 
Kim et al studied normal weight versus obese adolescents 
with and without pre-diabetes or type 2 diabetes.38 They 
found that AT-IR was 2.2-fold higher in obese normal 
glucose tolerance, 4.3-fold higher in impaired glucose toler-
ance, and 4.6-fold higher in type 2 diabetes compared with 
normal weight adolescents (approximately 3.8, calculated 
by 15 μU/mL×0.25 mEq/L, figure 1), which is comparable 
with AT-IR (3.4) found in normal weight Japanese women.

The strength of the present study includes the accurate 
and reliable measures of general and central fat accumula-
tion by DXA and the homogeneous study population with 
few confounding factors.15 It is well known that socioeco-
nomic status is associated with resting heart rate and systemic 
inflammatory markers.39 40 Participants are female university 
students, in whom more than 95% of grade 1 students are 
18 years old. This may decrease the interference of age and 
environmental factors, such as smoking, alcohol, educa-
tional, and socioeconomic status. Further, in almost all 
students, almost all school expenses for 4 years were covered 
by their parents, suggesting that socioeconomic status 

appears to be less heterogeneous even among parents. 
There are several limitations of this study that include the 
cross-sectional design, relatively small sample size, and a 
single measurement of biochemical variables. We did not 
measure daily physical activity, which may influence resting 
pulse rates. Statistical power and sample size were not calcu-
lated. As participants were young Japanese women, the 
results may not be generalized to other gender, age popula-
tions, races or ethnicities.

In conclusion, adipose insulin-resistant but normal weight 
young Japanese women consumed less green-yellow vegeta-
bles and had higher hsCRP and resting pulse rate in addi-
tion to higher fasting glucose and triglycerides through 
mechanisms unrelated to adiposity. Studies are needed to 
see if increased consumption of green-yellow vegetables 
ameliorates increased cardiometabolic risk.

Author affiliations
1Mukogawa Joshi Daigaku Eiyo Kagaku Kenkyujo, Nishinomiya, Hyogo, Japan
2Laboratory of Community Health and Nutrition, Department of Bioscience, 
Graduate School of Agriculture, Ehime University, Matsuyama, Ehime, Japan
3Center for the Promotion of Interdisciplinary Education and Research, Kyoto 
University, Kyoto, Japan
4Open Research Center for Studying of Lifestyle-Related Diseases, Mukogawa 
Women’s University, Nishinomiya, Hyogo, Japan
5Department of Health, Sports, and Nutrition, Faculty of Health and Welfare, Kobe 
Women's University, Kobe, Hyogo, Japan
6Department of Nutrition, Osaka City Juso Hospital, Osaka, Japan
7Department of Advanced Epidemiology, Noncommunicable Disease (NCD) 
Epidemiology Research Center, Shiga University of Medical Science, Otsu, Shiga, 
Japan
8Department of Food Sciences and Nutrition, Mukogawa Joshi Daigaku, 
Nishinomiya, Hyogo, Japan
9First Affiliated Hospital of Kunming Medical University, Kunming, China
10Department of Medicine, Kohan Kakogawa Hospital, Kakogawa, Japan

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

Contributors  SMI, MH, ATK and MT collected data and prepared Tables 1-4. KK, 
AT, MK and BW analyzed data and prepared Fig. 1. TK wrote the manuscript, and 
KF reviewed and edited it. All authors approved the final version of the manuscript 
to be published. TK 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.

Table 3  Daily dietary intake of young Japanese women grouped by tertile of adipose tissue-insulin resistance index

Adipose tissue-insulin resistance index

Low Median High *

Energy (kcal) 2093 ± 1149 1888 ± 490 1893 ± 442

Carbohydrate (%) 54 ± 6.2 54.3 ± 5.7 53.9 ± 5.3

Protein (%) 13.5 ± 1.6 13.2 ± 1.6 13.5 ± 2

Fat (%) 31.1 ± 5.3 30.7 ± 5.2 30.7 ± 4.6

Vitamin A (µg) 671 ± 366 563 ± 327 500 ± 230 †

Vegetables (g) 265 ± 167 214 ± 143 213 ± 84

Green-yellow vegetables (g) 124 ± 102 95 ± 72 87 ± 44 †

Mean±SD (n=55 or 56).
*P<0.05 or less by Bonferroni's multiple comparison procedure.
†Low versus high.

Table 4  Multivariate logistic regression analysis for the 
high tertile of adipose tissue-insulin resistance index

Independent 
variables OR

95% CI

P valueLower Upper

Fasting glucose 1.10 1.02 1.18 0.012

Triglyceride 1.05 1.02 1.07 <0.001

log hsCRP 2.30 1.01 5.23 0.046

Resting pulse rate 1.06 1.02 1.11 0.004

Other independent variables included: ALT and green-yellow 
vegetables.
ALT, alanine aminotransferase; hsCRP, high-sensitivity C reactive 
protein.



6 BMJ Open Diab Res Care 2022;10:e003013. doi:10.1136/bmjdrc-2022-003013

Cardiovascular and metabolic risk

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  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 February 2008) and was in accordance with the Helsinki 
Declaration. All participants gave written informed consent after the experimental 
procedure had been explained.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Tsutomu Kazumi http://orcid.org/0000-0002-8855-9268

REFERENCES
	 1	 Di Angelantonio E, Bhupathiraju S, ShN B, et al. Body-Mass index 

and all-cause mortality: individual-participant-data meta-analysis of 
239 prospective studies in four continents. Lancet 2016;388:776–86.

	 2	 Bhaskaran K, Dos-Santos-Silva I, Leon DA, et al. Association of BMI 
with overall and cause-specific mortality: a population-based cohort 
study of 3·6 million adults in the UK. Lancet Diabetes Endocrinol 
2018;6:944–53.

	 3	 Wijayatunga NN, Dhurandhar EJ. Normal weight obesity and 
unaddressed cardiometabolic health risk-a narrative review. Int J 
Obes 2021;45:2141–55.

	 4	 Franco LP, Morais CC, Cominetti C. Normal-weight obesity 
syndrome: diagnosis, prevalence, and clinical implications. Nutr Rev 
2016;74:558–70.

	 5	 Romero-Corral A, Somers VK, Sierra-Johnson J, et al. Normal 
weight obesity: a risk factor for cardiometabolic dysregulation and 
cardiovascular mortality. Eur Heart J 2010;31:737–46.

	 6	 Stefan N, Schick F, Häring H-U. Causes, characteristics, and 
consequences of metabolically unhealthy normal weight in humans. 
Cell Metab 2017;26:292–300.

	 7	 Schulze MB. Metabolic health in normal-weight and obese 
individuals. Diabetologia 2019;62:558–66.

	 8	 Klitgaard HB, Kilbak JH, Nozawa EA, et al. Physiological and lifestyle 
traits of metabolic dysfunction in the absence of obesity. Curr Diab 
Rep 2020;20:17.

	 9	 Wildman RP, Muntner P, Reynolds K, et al. The obese without 
cardiometabolic risk factor clustering and the normal weight with 
cardiometabolic risk factor clustering: prevalence and correlates of 
2 phenotypes among the US population (NHANES 1999-2004). Arch 
Intern Med 2008;168:1617–24.

	10	 Benziger CP, Bernabé-Ortiz A, Gilman RH, et al. Metabolic 
abnormalities are common among South American Hispanics 
subjects with normal weight or excess body weight: the CRONICAS 
cohort study. PLoS One 2015;10:e0138968.

	11	 Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model 
assessment: insulin resistance and beta-cell function from fasting 
plasma glucose and insulin concentrations in man. Diabetologia 
1985;28:412–9.

	12	 Søndergaard E, Jensen MD. Quantification of adipose tissue insulin 
sensitivity. J Investig Med 2016;64:989–91.

	13	 Søndergaard E, Espinosa De Ycaza AE, Morgan-Bathke M, et al. 
How to measure adipose tissue insulin sensitivity. J Clin Endocrinol 
Metab 2017;102:1193–9.

	14	 Kitaoka K, Tsuboi A, Minato-Inokawa S, et al. Determinants and 
correlates of adipose tissue insulin resistance index in Japanese 
women without diabetes and obesity. BMJ Open Diabetes Res Care 
2020;8:e001686.

	15	 Tanaka M, Yoshida T, Bin W, et al. FTO, abdominal adiposity, fasting 
hyperglycemia associated with elevated HbA1c in Japanese middle-
aged women. J Atheroscler Thromb 2012;19:633–42.

	16	 Kitaoka K, Takeuchi M, Tsuboi A, et al. Increased adipose and 
muscle insulin sensitivity without changes in serum adiponectin 

in young female collegiate athletes. Metab Syndr Relat Disord 
2017;15:246–51.

	17	 Lim U, Turner SD, Franke AA, et al. Predicting total, abdominal, 
visceral and hepatic adiposity with circulating biomarkers 
in Caucasian and Japanese American women. PLoS One 
2012;7:e43502.

	18	 Bijlsma AY, Meskers CGM, van Heemst D, et al. Diagnostic 
criteria for sarcopenia relate differently to insulin resistance. Age 
2013;35:2367–75.

	19	 Okubo H, Sasaki S, Rafamantanantsoa HH, 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 2008;62:1343–50.

	20	 Lewis GF, Carpentier AC, Pereira S, et al. Direct and indirect 
control of hepatic glucose production by insulin. Cell Metab 
2021;33:709–20.

	21	 Dinneen S, Gerich J, Rizza R. Carbohydrate metabolism in non-
insulin-dependent diabetes mellitus. N Engl J Med 1992;327:707–13.

	22	 DeFronzo RA. The triumvirate: β-cell, muscle, liver: a collusion 
responsible for NIDDM. Diabetes 1988;37:667–87.

	23	 Ebbert JO, Jensen MD. Fat depots, free fatty acids, and 
dyslipidemia. Nutrients 2013;5:498–508.

	24	 Rydén M, Arner P. Subcutaneous adipocyte lipolysis contributes 
to circulating lipid levels. Arterioscler Thromb Vasc Biol 
2017;37:1782–7.

	25	 Facchini FS, Stoohs RA, Reaven GM. Enhanced sympathetic 
nervous system activity. The linchpin between insulin resistance, 
hyperinsulinemia, and heart rate. Am J Hypertens 1996;9:1013–7.

	26	 Mohamed-Ali V, Goodrick S, Rawesh A, et al. Subcutaneous adipose 
tissue releases interleukin-6, but not tumor necrosis factor-alpha, in 
vivo. J Clin Endocrinol Metab 1997;82:4196–200.

	27	 Yudkin JS, Stehouwer CD, Emeis JJ, et al. C-reactive protein in 
healthy subjects: associations with obesity, insulin resistance, and 
endothelial dysfunction: a potential role for cytokines originating 
from adipose tissue? Arterioscler Thromb Vasc Biol 1999;19:972–8.

	28	 Pannacciulli N, Cantatore FP, Minenna A, et al. C-reactive protein 
is independently associated with total body fat, central fat, and 
insulin resistance in adult women. Int J Obes Relat Metab Disord 
2001;25:1416–20.

	29	 Lemieux I, Pascot A, Prud'homme D, et al. Elevated C-reactive 
protein: another component of the atherothrombotic profile of 
abdominal obesity. Arterioscler Thromb Vasc Biol 2001;21:961–7.

	30	 Piché M-E, Lemieux S, Weisnagel SJ, et al. Relation of high-
sensitivity C-reactive protein, interleukin-6, tumor necrosis factor-
alpha, and fibrinogen to abdominal adipose tissue, blood pressure, 
and cholesterol and triglyceride levels in healthy postmenopausal 
women. Am J Cardiol 2005;96:92–7.

	31	 Kazumi T, Kawaguchi A, Hirano T, et al. C-reactive protein in 
young, apparently healthy men: associations with serum leptin, 
QTc interval, and high-density lipoprotein-cholesterol. Metabolism 
2003;52:1113–6.

	32	 Wu B, Huang J, Zhang L, et al. An integrative approach to 
investigate the association among high-sensitive C-reactive protein, 
body fat mass distribution, and other cardiometabolic risk factors in 
young healthy women. Methods 2018;145:60–6.

	33	 Marcelino G, Machate DJ, Freitas KdeC, et al. β-Carotene: 
preventive role for type 2 diabetes mellitus and obesity: a review. 
Molecules 2020;25:5803.

	34	 Harari A, Coster ACF, Jenkins A, et al. Obesity and insulin resistance 
are inversely associated with serum and adipose tissue carotenoid 
concentrations in adults. J Nutr 2020;150:38–46.

	35	 Shibata A, Sasaki R, Ito Y, et al. Serum concentration of beta-
carotene and intake frequency of green-yellow vegetables among 
healthy inhabitants of Japan. Int J Cancer 1989;44:48–52.

	36	 Ministry of Health, Labour and Welfare, Japan. The National 
health and nutrition survey. Available: https://www.mhlw.go.jp/stf/​
newpage_08789.html

	37	 Dumesic DA, Phan JD, Leung KL, et al. Adipose insulin resistance 
in normal-weight women with polycystic ovary syndrome. J Clin 
Endocrinol Metab 2019;104:2171–83.

	38	 Kim JY, Bacha F, Tfayli H, et al. Adipose tissue insulin resistance 
in youth on the spectrum from normal weight to obese and from 
normal glucose tolerance to impaired glucose tolerance to type 2 
diabetes. Diabetes Care 2019;42:265–72.

	39	 Zhang A, Hughes JT, Brown A, et al. Resting heart rate, physiological 
stress and disadvantage in Aboriginal and Torres Strait Islander 
Australians: analysis from a cross-sectional study. BMC Cardiovasc 
Disord 2016;16:36.

	40	 Muscatell KA, Brosso SN, Humphreys KL. Socioeconomic status 
and inflammation: a meta-analysis. Mol Psychiatry 2020;25:2189–99.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8855-9268
http://dx.doi.org/10.1016/S0140-6736(16)30175-1
http://dx.doi.org/10.1016/S2213-8587(18)30288-2
http://dx.doi.org/10.1038/s41366-021-00858-7
http://dx.doi.org/10.1038/s41366-021-00858-7
http://dx.doi.org/10.1093/nutrit/nuw019
http://dx.doi.org/10.1093/eurheartj/ehp487
http://dx.doi.org/10.1016/j.cmet.2017.07.008
http://dx.doi.org/10.1007/s00125-018-4787-8
http://dx.doi.org/10.1007/s11892-020-01302-2
http://dx.doi.org/10.1007/s11892-020-01302-2
http://dx.doi.org/10.1001/archinte.168.15.1617
http://dx.doi.org/10.1001/archinte.168.15.1617
http://dx.doi.org/10.1371/journal.pone.0138968
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1136/jim-2016-000098
http://dx.doi.org/10.1210/jc.2017-00047
http://dx.doi.org/10.1210/jc.2017-00047
http://dx.doi.org/10.1136/bmjdrc-2020-001686
http://dx.doi.org/10.5551/jat.11940
http://dx.doi.org/10.1089/met.2017.0011
http://dx.doi.org/10.1371/journal.pone.0043502
http://dx.doi.org/10.1007/s11357-013-9516-0
http://dx.doi.org/10.1038/sj.ejcn.1602858
http://dx.doi.org/10.1016/j.cmet.2021.03.007
http://dx.doi.org/10.1056/NEJM199209033271007
http://dx.doi.org/10.2337/diab.37.6.667
http://dx.doi.org/10.3390/nu5020498
http://dx.doi.org/10.1161/ATVBAHA.117.309759
http://dx.doi.org/10.1016/0895-7061(96)87747-8
http://dx.doi.org/10.1210/jcem.82.12.4450
http://dx.doi.org/10.1161/01.atv.19.4.972
http://dx.doi.org/10.1038/sj.ijo.0801719
http://dx.doi.org/10.1161/01.atv.21.6.961
http://dx.doi.org/10.1016/j.amjcard.2005.02.051
http://dx.doi.org/10.1016/S0026-0495(03)00184-7
http://dx.doi.org/10.1016/j.ymeth.2018.04.016
http://dx.doi.org/10.3390/molecules25245803
http://dx.doi.org/10.1093/jn/nxz184
http://dx.doi.org/10.1002/ijc.2910440109
https://www.mhlw.go.jp/stf/newpage_08789.html
https://www.mhlw.go.jp/stf/newpage_08789.html
http://dx.doi.org/10.1210/jc.2018-02086
http://dx.doi.org/10.1210/jc.2018-02086
http://dx.doi.org/10.2337/dc18-1178
http://dx.doi.org/10.1186/s12872-016-0211-9
http://dx.doi.org/10.1186/s12872-016-0211-9
http://dx.doi.org/10.1038/s41380-018-0259-2

	Higher fasting glucose, triglycerides, resting pulse rate and high-­sensitivity C reactive protein in adipose insulin-­resistant but normal weight young Japanese women
	Abstract
	Introduction﻿﻿
	Subjects and methods
	Results
	Discussion
	References


