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AbstrAct
Aims This study aimed to examine the association of 
different anatomical forms of obesity with adipose tissue 
insulin resistance and to assess the diagnostic value and 
contribution of obesity to adipose tissue insulin resistance.
Methods This cross- sectional study included a total of 
499 subjects aged 50 years or over. Multivariate regression 
analysis was conducted to clarify the association of 
different forms of obesity with adipose tissue insulin 
resistance (calculated as fasting insulin level×fasting free 
fatty acids level). Receiver operating characteristic cure 
analyses were used to assess the diagnostic value of 
each anthropometric indicator for adipose tissue insulin 
resistance. Attributable risk per cent and population 
attributable risk per cent were calculated to assess the 
contribution of obesity to adipose tissue insulin resistance.
Results After adjustment for potential confounders, we 
showed that anthropometric indicators were all positively 
associated with adipose tissue insulin resistance. In males, 
waist circumference (WC) was the strongest associated 
factor (OR, 3.43 (95% CI 2.03 to 5.82)) and indicator (area 
under the curve (AUC): 0.79) of adipose tissue insulin 
resistance among those indicators. Here, abdominal 
obesity (WC≥90 cm) accounted for 64.9% of adipose 
tissue insulin resistance in the abdominal obese males. 
Accordingly, body mass index (BMI) was the strongest 
associated factor (OR,3.08 (95% CI 2.04 to 4.66)) and 
indicator (AUC: 0.78) of adipose tissue insulin resistance in 
females. Here, general obesity of BMI≥25 kg/m2 accounted 
for 66.2% of the adipose tissue insulin resistance in 
the general obese females. We further demonstrated 
that adipose tissue insulin resistance was associated or 
trended to be associated with the metabolic diseases of 
cardiovascular disease, type 2 diabetes and fatty liver in 
subjects with normal BMI and WC.
Conclusions Maintaining WC in males and BMI in 
females to a normal range could be an important strategy 
to significantly reduce the occurrence of adipose tissue 
insulin resistance and the subsequent metabolic diseases.

InTRoduCTIon
Adipose tissue is a highly insulin- responsive 
organ that largely contributes to both glucose 
and lipid metabolism.1 Impairment of insulin 
action on the adipose tissue, herein termed 
as adipose tissue insulin resistance, is an 
important contributor to systemic insulin 
resistance2 and is a major risk factor for meta-
bolic diseases, including diabetes,3 4 non- 
alcoholic steatohepatitis5 6 and cardiovascular 

disease (CVD).7 The current gold standard 
of measuring adipose tissue insulin sensitivity 
is the multistep pancreatic clamp technique 
that accurately determines lipolysis fluxes by 
employing tracer dilution techniques during 
continuous intravenous insulin infusion.8 
However, the utilization of this method has 
been restricted by its technical complexity 
and expensive cost. In recent years, a simpli-
fied measurement method has been well 
established by calculating the adipose tissue 
insulin resistance index (Adipo- IRI) from the 
plasma concentrations of fasting insulin and 

significance of this study

What is already known about this subject?
 ► Animal and mechanistic studies have shown that hy-
pertrophy and hyperplasia of adipocytes can induce 
inflammation as a major cause of adipose tissue in-
sulin resistance.

 ► Current population- based studies have only demon-
strated that adipose tissue insulin resistance is high-
er in subjects with general obesity.

What are the new findings?
 ► General obesity and obesity in the upper body and 
abdomen are all associated with increased risk of 
adipose tissue insulin resistance.

 ► Abdominal and general obesity are superior clinical 
markers in predicting adipose tissue insulin resis-
tance in males and females, respectively.

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

 ► Adipose tissue insulin resistance was associated 
or trended to be associated with metabolic disease 
even in subjects who did not exhibit general and ab-
dominal obesity. This result indicates that metabolic 
disease can also develop in lean subjects, which 
may be attributed to a decrease in insulin sensitivity 
in the adipose tissue.

 ► Prevalence of metabolic disease in subjects with 
adipose tissue insulin resistance is relatively high-
er than their partners with same obesity phenotype, 
which indicates that targeting adipose tissue insulin 
resistance per se rather than obesity may be a novel 
strategy to prevent metabolic diseases, even in the 
lean subjects.
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fasting free fatty acids (FFA), which was found to be well 
correlated with a 50% suppression of lipolysis (IC50) as 
measured by the multistep pancreatic clamp technique 
(r=0.86).9 10 To demonstrate feasibility of this method, the 
Adipo- IRI has been used in several population studies.4 6 7

Some basic molecular studies supported by animal 
studies have well documented that hypertrophy and 
hyperplasia of adipocytes can induce inflammation as a 
major underlying cause of insulin resistance of adipose 
tissue.11–14 To our knowledge, there were only limited 
population- based studies that have assessed the relation-
ship between obesity and adipose tissue insulin resistance. 
Several recent studies have examined the differences 
of Adipo- IRI across the spectrum from normal weight 
to obesity as defined by body mass index (BMI), which 
demonstrated that the Adipo- IRI in young15 16 and adult4 
obese subjects was about twofold higher than normal 
weight subjects. Obesity is a highly heterogeneous condi-
tion whereby fat is distributed in different regions of the 
body, which can be assessed by various anthropometric 
measurements or indicators. These anthropometric 
indicators include BMI, neck circumference (NC), waist 
circumference (WC) and waist/hip ratio (WHR), which 
have been used to measure total, upper or abdominal 
obesity, respectively. Several studies have indicated that 
abdominal (WC/WHR) and upper body (NC) obesity 
were either similar or stronger indicators of metabolic 
diseases than general obesity (ie, BMI).17–19 When the 
utilization of WC was not applicable in some clinical situ-
ations, such as pregnancy, ascites and abdominal tumors, 
the NC could be used as a more convenient clinical alter-
native. Therefore, more detailed information about the 
relationship of obesity to adipose tissue insulin resistance 
is needed, such as what anatomical forms of obesity are 
most closely related to adipose tissue insulin resistance? 
The predictive value and contribution of obesity to 
adipose tissue insulin resistance in the general popu-
lation are also unclear. Elucidation of such important 
questions could be useful in understanding how obesity 
influences adipose tissue insulin resistance on a popula-
tion level, which could therefore provide a direct basis 
for choosing the adipose tissue to target when treating 
metabolic disorder.

In this study, we have systemically examined the asso-
ciation of the distinct forms of anatomical obesity as 
defined by various anthropometric indicators with 
adipose tissue insulin resistance; and we also determined 
which anthropometric indicators have better predictive 
value for adipose tissue insulin resistance. Furthermore, 
we also assessed the contribution of obesity to adipose 
tissue insulin resistance.

SubjeCTS And MeTHodS
Subjects
This cross- sectional study was conducted from April to 
October of 2017 in the community of Lishui, a city in 
the Zhejiang Province, China. All the residents in the 

community at age of 50 or over (n=546) were invited 
to participate in the study. The trained local commu-
nity workers contacted each invited subject by using a 
door- to- door method. Five hundred and twelve residents 
agreed to participate in the study and were scheduled 
for a personal interview and a clinic visit. After excluding 
subjects for any pathology or medical intervention that 
could alter the anthropometric indicators, including 
neck malformation, prior neck surgery, thyromegaly, 
cancer and incomplete information of anthropometric 
parameters or laboratory examination, 499 subjects were 
finally included in this analysis. All subjects gave written 
informed consent before entering the study in accor-
dance with the Declaration of Helsinki. The protocol was 
approved by the Committee of Lishui Central Hospital.

data collection
A standard questionnaire completed by an in- person 
interview was used to collect the information, including 
demographics (age, sex, income and education level), 
behavior (smoking and alcohol drinking status) and the 
history of current diseases and corresponding medica-
tions used.

A standardized protocol was performed to obtain the 
anthropometric information, including weight, height, 
NC, WC, hip circumference (HC) and blood pressure. 
Weight and height were assessed to the nearest 0.1 kg and 
0.1 cm by an electronic weight scale and vertical height 
meter with the study subjects wearing only light clothing 
and no shoes. A measuring tape was used to measure 
the following body circumferences. NC was measured 
along the inferior margin of the laryngeal prominence 
and perpendicular to the long axis of the neck, with the 
subject remaining standing and the head in the hori-
zontal plane position. WC was measured at the horizontal 
plane between the inferior costal margin and the iliac 
crest along the mid- axillary line. HC was measured at the 
widest point between the waist and the thigh. All circum-
ferences were recorded to within 0.1 cm. Blood pressure 
was measured three times using a mercury sphygmoma-
nometer after at least a 5 min rest in the sitting position, 
and the mean value of the three readings was recorded.

All laboratory examinations were performed in the 
Central Hospital of Lishui. Blood samples were obtained 
after an overnight fast to assess the fasting plasma glucose 
(FPG), fasting insulin, lipid profiles and FFA. Participants 
without a validated history of diabetes underwent a 75 g 
oral glucose tolerance test, whereas participants with 
a history of diabetes underwent a 100 g carbohydrate 
diet test; and in the latter, blood samples were collected 
2 hours after glucose loading (2- hour plasma glucose 
(PG)) to assess glucose tolerance. PG was measured by the 
hexokinase/glucose oxidation method. FFA levels were 
measured with an enzymatic method. Insulin levels were 
measured by radioimmunoassay. Total cholesterol (TC), 
triglycerides (TG) and high- density lipoprotein choles-
terol (HDL- C) were measured by the oxidase method, 
and low- density lipoprotein cholesterol (LDL- C) was 
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derived from the lipids measured using the Friedewald 
calculation.20

definitions
Alcohol drinking and smoking status were classified 
as: never drank/smoked, drinking/smoking and quit 
drinking/smoking. Education level was classified as low 
(illiteracy or primary education), intermediate (junior to 
senior secondary education or vocational education) and 
high (higher vocational or university education).

Diabetes mellitus was diagnosed as FPG ≥7.0 mmol/L 
and/or 2- hour PG≥11.1 mmol/L, or when on drug treat-
ment for diabetes mellitus. Hypertension was defined 
as systolic blood pressure (SBP) ≥140 mm Hg and/or 
diastolic blood pressure (DBP) ≥90 mm Hg or when 
the subject is on antihypertensive medications. The 
definition of dyslipidemia includes TG≥1.7 mmol/L 
or TC≥5.2 mmol/L or HDL- C≤1.0 mmol/L (as per 
Joint Committee for Developing Chinese guidelines 
on Prevention Treatment of Dyslipidemia in Adults) or 
when the subject is on drug treatment for hyperlipid-
emia. Prevalent CVD was defined as a history of coronary 
heart disease, heart failure and stroke.

BMI was calculated as the ratio of weight (kg) to the 
square of the height (m). General obesity was defined 
as BMI≥25 kg/m2 (WHO/IASO/IOTF, 2000) and 
abdominal obesity as WC≥90 cm for male or WC≥80 cm 
for female. Adipo- IRI was calculated as fasting insulin 
level×fasting plasma FFA level.9 10 Adipose tissue insulin 
resistance was defined as the highest tertile (P66.7) of the 
Adipo- IRI.21

Statistical analysis
All analyses and graphs were performed using the SPSS 
software V.23 for Windows (SPSS, Chicago, Illinois, USA, 
RRID: SCR_002865) and R V.3.3.1 (R development core 
team; available from http://www. r- project. org/, RRID: 
SCR_001905). The data were expressed as means±SD 
for normal continuous variables, median (IQR) for non- 
normal continuous variables or numbers (percentages) 
for categorical variables. To examine differences in char-
acteristics between groups with adipose tissue insulin 
resistance versus groups with non- adipose tissue insulin 
resistance, we performed two- sample t- test for normal 
continuous variables, Mann- Whitney U test for non- 
normal continuous variables and χ² test for categorical 
variables. Correlations between anthropometric indica-
tors and Adipo- IRI were assessed by linear regression anal-
ysis. The association of anthropometric indicators with 
adipose tissue insulin resistance was assessed by logistic 
regression analysis, in which the potential confounding 
factors were adjusted as indicated. Z- score transforma-
tion was performed for anthropometric indicators before 
the regression analysis to fulfill the comparability of 
variables. Receiver operating characteristic (ROC) cure 
analysis was used to identify the cut- off point of anthropo-
metric indicators for adipose tissue insulin resistance. To 
assess the contribution of obesity to adipose tissue insulin 

resistance among the obese subjects versus the whole 
study subjects, attributable risk per cent (ARP) (1) and 
population attributable risks per cent (PARP) (2) were 
estimated. ARP and PARP can be calculated as follows:

 ARP = (Ie − Io)/Ie × 100%,  (1)

 PARP = (It − Io)/It × 100%,  (2)

It denotes the prevalence of adipose tissue insulin 
resistance in all subjects of the study; Ie is the prevalence 
of adipose tissue insulin resistance in obese subjects and 
Io is the prevalence of adipose tissue insulin resistance 
in non- obese subjects. All analyses were performed sepa-
rately for gender. P<0.05 were considered to be statisti-
cally significant.

ReSulTS
Characteristics of the participants
In this cross- sectional study, 232 (46.5%) males and 267 
(53.5%) females with a mean age of 60.1±6.8 years were 
included. Among them, 85 (17.0%) subjects had diabetes, 
40 (8.0%) subjects had CVD and 51 (10.2%) subjects 
had fatty liver. The medium Adipo- IRIs were 1.87 (IQR 
1.22–3.10) and 2.84 (IQR 2.00–4.19) for male and female 
subjects, respectively. According to the distribution of 
the Adipo- IRI, P66.7 was 2.94 in males and 3.87 in females, 
which were defined as the cut- off points for adipose tissue 
insulin resistance. Based on these cutoffs, 77 males and 89 
females were defined as exhibiting adipose tissue insulin 
resistance. The values of all anthropometric indicators 
were distributed differently between the subjects with 
and without adipose tissue insulin resistance, and indi-
viduals with adipose tissue insulin resistance were more 
likely to be more obese and to have a history of diabetes, 
hypertension, CVD and fatty liver (table 1).

obesity defined by various anthropometric indicators 
associated with adipose tissue insulin resistance
After adjusting for potential confounding factors of age, 
income, education level, current smoking and drinking 
status, SBP, DBP, FPG, 2 h- PG, HDL- C, LDL- C, TG and 
TC, we found BMI (male: β=0.61, female: β=0.72), NC 
(male: β=0.48, female: β=0.64), WC (male: β=0.67, 
female: β=0.68) and WHR (male: β=0.41, female: 
β=0.33) to be significantly correlated in both males 
and females with Adipo- IRI, as shown in online supple-
mentary figure S1. Further, all anthropometric indica-
tors were also independently and positively associated 
with the presence of adipose tissue insulin resistance. 
For males, the strength (OR (95% CI)) of association 
with adipose tissue insulin resistance were the following: 
BMI: 2.65 (1.65 to 4.27), NC: 2.96 (1.37 to 3.21), WC: 
3.43 (2.03 to 5.82) and WHR: 1.59 (1.03 to 2.44). For 
females, the corresponding strength of association with 
adipose tissue insulin resistance were BMI: 3.08 (2.04 
to 4.66), NC: 2.65 (1.77 to 3.98), WC: 2.91 (1.97 to 
4.30) and WHR: 1.78 (1.26 to 2.52) (table 2). Among 
these anthropometric indicators, WC (OR=3.43 (2.03 

http://www.r-project.org/
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Table 1 Characteristic of participants categorized by gender and insulin resistance status of adipose tissue

Adipose- IR
(n=77)

Male

P value
Adipose- IR
(n=89)

Female

P value
Non- adipose- IR
(n=155)

Non- adipose- IR
(n=178)

Age, years 58.9±6.9 60.9±6.8 0.03 61.2±7.3 59.7±6.7 0.41

Average income/month, yuan 1600 (1175–3000) 2000 (1250–2500) 0.93 1600 (1000–2500) 1600 (1187–2500) 0.61

Education, n (%)     0.05     –

  Low 31 (40.3) 84 (54.2) 62 (69.7) 124 (69.7)

  Intermediate 35 (45.5) 45 (29.0) 24 (27.0) 41 (23.0)

  High 11 (14.3) 26 (16.8) 3 (3.4) 13 (7.3)

Current smoking status, n (%)     0.14     –

  No smoking 16 (20.8) 25 (16.1) 89 (100.0) 178 (100.0)

  Smoking 33 (42.9) 88 (56.8) 0 0

  Quit smoking 28 (36.4) 42 (27.1) 0 0

Current drinking status, n (%)     0.35     0.19

  No drinking 17 (22.1) 42 (27.1) 60 (67.4) 107 (60.1)

  Drinking 56 (72.7) 99 (63.9) 29 (32.6) 66 (37.1)

  Quite drinking 4 (5.2) 14 (9.0) 0 5 (2.8)

Body mass index, kg/m2 24.3±2.8 21.6±2.5 <0.001 24.9±2.9 22.2±2.5 <0.001

Neck circumference, cm 37.9±2.6 35.8±2.3 <0.001 34.8±2.3 32.8±2.1 <0.001

Waist circumference, cm 90.9±7.4 82.7±7.8 <0.001 89.8±8.0 81.3±8.0 <0.001

Waist- hip ratio 0.9±0.1 0.9±0.1 <0.001 0.9±0.1 0.9±0.1 <0.001

Fasting plasma glucose, 
mmol/L

5.6 (5.3–6.0) 5.3 (5.0–5.6) <0.001 5.7 (5.4–6,4) 5.3 (5.0–5.7) <0.001

2 hour plasma glucose, 
mmol/L

8.1 (7.0–9.7) 7.1 (5.9–8.8) 0.001 8.1 (7.0–10.5) 6.7 (5.8–8.0) <0.001

Systolic blood pressure,
mm Hg

126.2±14.3 120.8±13.4 0.010 133.2±14.2 122.2±16.8 <0.001

Diastolic blood pressure,
mm Hg

76.0±8.7 72.9±8.4 0.012 75.9±8.8 70.2±8.4 <0.001

Total cholesterol, mmol/L 5.0 (4.3–5.7) 4.7 (4.1–5.2) 0.003 5.3 (4.6–5.8) 5 (4.3–5.4) 0.018

Triglycerides, mmol/L 1.9 (1.3–2.7) 1.2 (0.8–1.6) <0.001 1.7 (1.3–2.4) 1.2 (0.9–1.6) <0.001

HDL- C, mmol/L 1.1 (0.9–1.4) 1.3 (1.1–1.6) <0.001 1.3 (1.1–1.4) 1.4 (1.2–1.6) 0.005

LDL- C, mmol/L 2.7 (2.2–3.1) 2.5 (2.1–2.8) 0.020 2.7 (2.3–3.2) 2.6 (2.2–3.0) 0.25

Adipose- IRI 3.7 (3.1–4.8) 1.4 (1.1–1.9) <0.001 5.2 (4.1–6.7) 2.3 (1.7–2.8) <0.001

Dyslipidemia, n (%) 61 (79.2) 69 (44.5) <0.001 70 (78.7) 100 (56.2) <0.001

Diabetes, n (%) 14 (18.2) 20 (12.9) 0.28 27 (30.3) 24 (13.5) 0.001

Hypertension, n (%) 32 (41.6) 36 (23.2) 0.004 54 (60.7) 55 (30.9) <0.001

CVD, n (%) 7 (9.1) 8 (5.2) 0.25 12 (13.5) 13 (7.3) 0.10

Fatty liver, n (%) 13 (16.9) 8 (5.2) 0.003 19 (21.3) 11 (6.2) <0.001

Data expression: means±SD for normal continuous variables, median (IQR) for non- normal continuous variables or numbers and percentages 
for categorical variables. Statistics analysis: two- sample t- test for normal continuous variables, Mann- Whitney U test for non- normal 
continuous variables and χ² test for categorical variables.
Adipose- IRI, adipose tissue insulin resistance index; Average income, average monthly income per person in family; CVD, cerebral- 
cardiovascular diseases; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol.

to 5.82)) in males and BMI (OR=3.08 (2.04 to 4.66)) 
in females were the strongest indicators associated with 
adipose tissue insulin resistance. In males, the strength 
of association of adipose tissue insulin resistance with 
TG (OR=3.21 (1.28 to 8.04)) was similar to that with 

WC. Other plasma lipids in males were not associated 
with adipose tissue insulin resistance, including TC, 
HDL- C and LDL- C. The lipid profiles were not associ-
ated with adipose tissue insulin resistance in females 
(online supplementary table S1).

https://dx.doi.org/10.1136/bmjdrc-2019-000741
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Figure 1 ROC curves of each anthropometric indicator for distinguishing Adipo- IR in male (A) and female (B) subjects in 
the study population. AUC, area under the curve; BMI, body mass index; NC, neck circumference; ROC, receiver operating 
characteristic; WC, waist circumference; WHR, waist/hip ratio.

Table 2 Association of anthropometric indicators with adipose tissue insulin resistance stratified by gender

Model I Model II Model III

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Male

  BMI 3.12 (2.17 to 4.49) <0.001 3.30 (2.19 to 4.96) <0.001 2.65 (1.65 to 4.27) <0.001

  Neck circumference 2.83 (2.00 to 3.99) <0.001 2.78 (1.91 to 4.04) <0.001 2.96 (1.37 to 3.21) <0.001

  Waist circumference 3.49 (2.36 to 5.16) <0.001 3.62 (2.38 to 5.50) <0.001 3.43 (2.03 to 5.82) <0.001

  WHR 2.12 (1.53 to 2.92) <0.001 2.09 (1.49 to 2.94) <0.001 1.59 (1.03 to 2.44) 0.036

Female

  BMI 3.04 (2.19 to 4.22) <0.001 3.23 (2.29 to 4.56) <0.001 3.08 (2.04 to 4.66) <0.001

  Neck circumference 2.96 (2.13 to 4.13) <0.001 3.02 (2.14 to 4.25) <0.001 2.65 (1.77 to 3.98) <0.001

  Waist circumference 2.92 (2.11 to 4.03) <0.001 3.03 (2.17 to 4.24) <0.001 2.91 (1.97 to 4.30) <0.001

  WHR 1.91 (1.44 to 2.53) <0.001 1.98 (1.48 to 2.66) <0.001 1.78 (1.26 to 2.52) 0.001

Data were from logistic regression analysis. OR: odds ratio (per SD increase in each anthropometric indicators).
Model Ⅰ, unadjusted; Model Ⅱ, adjusted for age, income, education level, current smoking status and current drinking status; Model Ⅲ, 
Model Ⅱ+adjusted for SBP, DBP, FPG, 2 h- PG, HDL- C, LDL- C, TG and TC.
BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL- C, high density lipoprotein cholesterol; 2h- PG, 2- 
hour plasma glucose; LDL- C, low density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WHR, 
waist/hip ratio.

To confirm the association, subgroup analysis was 
performed. WC and BMI were still the strongest anthro-
pometric indicators associated with adipose tissue insulin 
resistance in males and females after excluding subjects 
with diabetes, CVD or fatty liver individually or with all 
these diseases combined (online supplementary table 
S2).

diagnostic value of anthropometric indicators for adipose 
tissue insulin resistance
To compare the diagnostic value of anthropometric indi-
cators in identifying the presence of adipose tissue insulin 
resistance, we performed a ROC analysis. The power 
of anthropometric indicators in identifying adipose 

tissue insulin resistance was very close in both genders, 
with the area under the curve (AUC) for males being 
WC: 0.79, BMI: 0.77, NC: 0.75 and WHR: 0.69; and for 
females being WC: 0.78, BMI: 0.77, NC: 0.77 and WHR: 
0.67 (figure 1). Therefore, for males, WC was the best 
indicator in identifying adipose tissue insulin resistance, 
whereas for females, BMI was the best indicator. The 
diagnostic power for adipose tissue insulin resistance of 
WC and BMI were higher than the lipid profile including 
TC (AUC: 0.62 for male, 0.59 for female), TG (AUC: 0.74 
for male, 0.72 for female), HDL- C (AUC: 0.59 for male, 
0.54 for female) and LDL- C (AUC:0.35 for male, 0.40 for 
female) regardless of the gender (online supplementary 

https://dx.doi.org/10.1136/bmjdrc-2019-000741
https://dx.doi.org/10.1136/bmjdrc-2019-000741
https://dx.doi.org/10.1136/bmjdrc-2019-000741
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Table 3 The attribution risk of obesity for the prevalence of adipose tissue insulin resistance

It (%) Io (n0/N0) Ie (ne/Ne)
ARP 
(%)

PARP 
(%)

Total

  General obesity (BMI≥25 kg/m2) 33.3 95/393 71/106 63.9 27.3

  Abdominal obesity (WC≥90 cm for male and WC≥80 cm for female) 33.3 43/243 123/256 63.1 46.8

Male

  General obesity (BMI≥25 kg/m2) 33.3 49/190 28/42 61.3 22.5

  Abdominal obesity (WC≥90 cm) 33.3 33/158 44/74 64.9 37.2

  Cut- off point in this study (WC≥83.5 cm) 33.3 7/91 70/141 84.5 76.9

Female

  General obesity (BMI≥25 kg/m2) 33.3 46/203 43/64 66.2 31.8

  Abdominal obesity (WC≥80 cm) 33.3 10/85 79/182 72.8 64.5

  Cut- off point in this study (BMI≥21.77 kg/m2) 33.3 7/98 82/169 85.4 78.7

ARP, attributable risk per cent; BMI, body mass index; Ie, prevalence of adipose tissue insulin resistance for the obese group included 
in obesity defined by BMI≥25 kg/m2 (whole body obesity), WC≥80 cm for female/90 cm for male (abdominal obesity) or cut- off value in 
this study (WC≥83.5 cm for male and BMI≥21.77 kg/m2 for female); Io, prevalence of adipose tissue insulin resistance for non- obese 
population; It, prevalence of adipose tissue insulin resistance for the study population; PARP, population attributable risk per cent; WC, waist 
circumference.

table S1). According to the maximum value of the Youden 
index, the best cut- off points for determining adipose 
tissue insulin resistance in males were WC ≥83.5 cm for 
males with a sensitivity of 90.9% and specificity of 54.2%; 
and in females, it was BMI≥21.77 kg/m2 with a sensitivity 
of 92.1% and specificity of 51.1% (online supplementary 
table S3).

Contribution of obesity to adipose tissue insulin resistance in 
the study population
To assess the contribution of obesity to adipose tissue 
insulin resistance in the obese subjects, ARP was calcu-
lated (table 3). General obesity in obese males and 
females attributed to 61.3% and 66.2% of the adipose 
tissue resistance, respectively, whereas abdominal obesity 
attributed to 64.9% and 72.8% of the adipose tissue 
insulin resistance, respectively, in abdominal obese males 
and females. Obesity, defined by cut- off values derived 
from the ROC analysis in males (WC ≥83.5 cm) and 
females (BMI ≥21.77 kg/m2), attributed to 84.5% and 
85.4% of the adipose tissue insulin resistance.

We also assessed the contribution of obesity to adipose 
tissue insulin resistance in the study population, that is, 
PARP. Here, general obesity attributed to 27.3% of the 
adipose tissue resistance in the entire study population, 
22.5% in males and 31.8% in females. Abdominal obesity 
attributed to 46.8% of adipose tissue insulin resistance in 
the entire study population, 37.2% in males and 64.5% 
in females. When obesity was defined by the ROC anal-
ysis cut- off points, abdominal obesity (WC ≥83.5 cm) 
attributed to 76.9% of the adipose tissue insulin resis-
tance in males, and general obesity (BMI ≥21.77 kg/m2) 
attributed to 78.7% of adipose tissue insulin resistance in 
females.

Clinical implication of adipose tissue insulin resistance
To better understand the potential influence of adipose 
tissue insulin resistance on metabolic disease, we stratified 
the participants into four different obesity phenotypes as 
B0W0 (no general obesity+no abdominal obesity), B0W1 
(no general obesity+abdominal obesity), B1W0 (general 
obesity+no abdominal obesity) and B1W1 (general 
obesity+abdominal obesity). As shown in online supple-
mentary table S4, phenotype B1W1 had the highest 
prevalence of adipose tissue insulin resistance of 70.7% 
(70/99). Notably, 17.8% (42/236) of participants with 
the phenotype B0W0 also had adipose tissue insulin resis-
tance. We further demonstrated that participants with 
adipose tissue insulin resistance had a relatively higher 
prevalence of type 2 diabetes, CVD and fatty liver than 
their same obesity phenotype partner without adipose 
tissue insulin resistance (figure 2). Although most of the 
comparisons were not statistically significant, the ORs of 
the metabolic disease in the phenotype B0W0 were signif-
icant or trended to be significant (online supplementary 
table S5), which indicated that adipose tissue insulin 
resistance was associated or trended to be associated 
with the metabolic diseases in subjects with this obesity 
phenotype.

dISCuSSIon
In this study, we have demonstrated that the different 
anatomical forms of obesity defined by various anthro-
pometric indicators including BMI, NC, WC and WHR 
were all positively and independently associated with 
the presence of adipose tissue insulin resistance in both 
males and females. In males, WC was the strongest indi-
cator associated with adipose tissue insulin resistance 
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Figure 2 Prevalence of metabolic diseases in the different groups. A0/A1, without/with adipose tissue insulin resistance; B0/
B1, without/with general obesity; CVD, cardiovascular disease; W0/W1, without/with abdominal obesity.

and was also the best marker for adipose tissue insulin 
resistance. Additionally, abdominal obesity (WC ≥90 cm) 
accounted for 64.9% of the adipose tissue insulin resis-
tance in the obese male subjects. In females, BMI was the 
strongest indicator associated with and the major marker 
of adipose tissue insulin resistance. General obesity 
(BMI≥25 kg/m2) accounted for 66.2% of adipose tissue 
insulin resistance in the obese female subjects. To the 
best of our knowledge, this is the first study to investigate 
the relationship between different phenotypes of obesity 
and adipose tissue insulin resistance.

Sex differences were found in adipose tissue insulin 
resistance. First, the levels of Adipo- IRI in females(2.84) 
were higher than those in males(1.87). This finding was 
similar to the result from the Manfred James Müller’s 
study on peripheral insulin resistance.22 In this study, 
most of the participants were most likely postmenopausal 
women (aged 50 years and over). They exhibit lower 
serum estrogen levels than premenopausal women,23 and 
estrogen deficiency was associated with increased inflam-
mation24 and development of obesity- induced insulin 
resistance, which may be a reason for females in this 
study to exhibit higher adipo- IRI.14 25 26 Sex hormones 
also contribute to the different body fat distribution,23 24 
where males tended to have more central fat distribution 
whereas females tended to have more peripheral and 
subcutaneous fat distribution.22 27 This at least in part 
explains why our study found WC, which reflects abdom-
inal obesity, to be the strongest indicator associated with 
and is the major marker of adipose tissue insulin resis-
tance in males, whereas BMI, which reflects general 
obesity, was found to be the strongest factor and major 
marker of adipose tissue insulin resistance in females.

This study provides direct evidence that delineated the 
relationship between obesity, adipose tissue insulin resis-
tance and metabolic diseases. Although we demonstrated 
that abdominal obesity and general obesity were the most 
closely associated with adipose tissue insulin resistance in 
males and females, respectively, our attribution analysis 
nevertheless showed that general and abdominal obesity 
accounted for only 27.3% and 46.8% of the adipose tissue 
insulin resistance in the study population, respectively. 
These results indicated that reasons other than obesity 
may also account for adipose tissue insulin resistance. We 
found that 18% of participants with normal BMI and WC 
exhibited adipose tissue insulin resistance. This taken 

together with the results of adipose tissue insulin resis-
tance being associated with the prevalence of CVD and 
a trend towards association with the prevalence of type 2 
diabetes and fatty liver in subjects with phenotype B0W0, 
led us to conclude that adipose tissue insulin resistance 
may also exist and contribute to diseases in lean subjects. 
The etiology of adipose tissue insulin resistance in lean 
subjects, especially in elderly lean subjects who were also 
participants of this study, deserves further investigation. 
Although the prevalence of these metabolic diseases in 
phenotypes B1W1 and B0W1 with adipose tissue insulin 
resistance was also higher than their counterparts with 
same obesity phenotypes, a statistical significance was 
not reached. This may be partly due to the relatively 
small sample size and small number of participants with 
metabolic diseases in this study. This hypothesis could 
be supported by more significant differences in the 
obesity phenotype B0W0 where we had larger sample 
sizes (B0W0: n=236; B0W0: n=157; B1W0: n=7; B1W1: 
n=99). These results taken together indicate that adipose 
insulin resistance may serve as a therapeutic target for 
controlling the occurrence of metabolic diseases, even in 
lean subjects.

Since adipose tissue insulin resistance might be the 
important origin of systemic (peripheral) insulin resis-
tance and a risk factor for some metabolic diseases,3–7 
there is an urgent need in elucidating the more 
apparent clinical markers. WC for males (AUC: 0.79) 
and BMI for females (AUC: 0.78) are the highest value 
anthropometric indicators for the diagnosis of adipose 
tissue insulin resistance. In fact, these indicators have 
even higher diagnostic values than TG ((AUC: 0.74 for 
male, 0.72 for female), which has been conventionally 
associated with insulin resistance, and taken together 
with their non- invasive, low cost and convenience in 
taking these physical measurements, lead us to propose 
that these anthropometric indicators could be superior 
clinical alternatives to diagnose adipose tissue insulin 
resistance.

The major strength of this study was the associa-
tion between obesity and adipose insulin resistance, 
which was confirmed by subgroups analysis in which 
subjects with diabetes, CVD or fatty liver were individ-
ually excluded, or all three conditions combined that 
were excluded. However, this study still has limitations 
inherent to its cross- sectional design, and the community 
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population limited to those aged 50 years and over may 
weaken its representativeness or application to the whole 
population.

In conclusion, since we demonstrated that obesity, 
defined by WC and BMI, contribute to about two- thirds 
of the observed adipose tissue insulin resistance in 
males and females, respectively; and together with the 
finding that WC and BMI were the strongest indicators 
associated with or were the best predictive markers for 
adipose tissue insulin resistance, we reason that main-
taining the WC in males and BMI in females to their 
respective favorable ranges would be an important 
strategy to reduce the occurrence of adipose tissue 
insulin resistance with the ensuing improvement in 
metabolic disorder and diseases. People with adipose 
tissue insulin resistance showed a relatively higher risk 
of metabolic disease than their same obesity phenotype 
counterpart without adipose tissue insulin resistance. 
Thus, our efforts should be exerted at exploring for 
interventions that are directed at adipose tissue insulin 
resistance per se rather than at obesity.
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