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Background: Few studies have focused on the prevalence of abdominal obesity in Chinese
middle-aged and older adults with a normal body mass index (BMI). Furthermore, it is still
unclear whether abdominal obesity is an independent risk factor for type 2 diabetes mellitus
(T2DM). Participants with a normal BMI are usually neglected during assessments of abdominal
obesity-associated T2DM risk since the current recommendations for medical interventions are
mainly focused on overall body mass index rather than fat deposition patterns.

Methods: In this study, 7942 normal-BMI participants aged over 45 years from the China
Health and Retirement Longitudinal Study were included to assess the prevalence of abdominal
obesity defined by waist circumference (WC) or waist-to-height ratio (WHtR). In addition, 4348
normal-BMI individuals with no diabetes at baseline were included to evaluate the association
between abdominal obesity and the risk of T2DM with the Cox proportional hazards model.
Results: The prevalence (95% confidence interval, CI) of increased WC and substantially
increased WC among adults with a normal BMI was 22.0% (21.1%-22.9%) and 18.1%
(17.3%-19.0%), respectively. The adjusted hazard ratios and 95% ClIs for T2DM incidence
were 1.39 (1.05-1.85) and 1.89 (1.42-2.53) for those with increased WC and substantially
increased WC, respectively, compared to the individuals with a normal WC. Similar HRs were
obtained for the association between WHtR and the risk of T2DM. In prediabetic patients, the
HRs (95% Cls) for new-onset T2DM for those with increased WC and substantially increased
WC were 1.85 (1.27-2.69) and 2.46 (1.67-3.61), respectively, when compared with individuals
with normal WC. This positive association was observed in women but not in men or adults with
normal glucose tolerance (NGT).

Conclusion: Abdominal obesity is highly prevalent among middle-aged and older Chinese
adults with a normal BMI, and maintaining a normal waist circumference may be beneficial
in the prevention of T2DM.

Keywords: abdominal obesity, normal body mass index, prevalence, type 2 diabetes
mellitus, hazard ratio

Introduction
Diabetes is a chronic health disorder with an increasing worldwide prevalence. The
2019 estimation of the International Diabetes Federation suggests that 1 in 11 adults

(aged 20-79 years) is living with diabetes (463 million) worldwide." A recent
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population-based cross-sectional study found that the pre-
valence of diabetes and prediabetes was 12.8% and 35.2%,
respectively, among Chinese adults.” The large number of
diabetic and prediabetic adults has made the prevention of
diabetes a major public health issue.

Obesity, a major public health concern, has also been
identified as the major risk factor for type 2 diabetes
mellitus (T2DM).>* Current recommendations for the
prevention of diabetes mainly focus on adults who are
overweight or obese as determined by their body mass
index (BMI).””” However, for participants with a normal
BMI, the diabetes risk associated with abdominal obe-
sity is usually neglected, which may cause fewer oppor-
tunities to identify the disease in individuals at risk.
Furthermore, few studies have investigated the relation-
ship between abdominal obesity and the incidence of
T2DM in people with normal BMI. Compared to people
with BMI defined as overweight or obese, normal-BMI
individuals with abdominal obesity are less likely to
receive medical interventions to reduce related health
risks.

Waist
a measurement for abdominal obesity. In China, a cross-

circumference is  generally used as
sectional survey found that the prevalence of abdominal
obesity, which was defined as waist circumference >
90 cm for men and > 85 cm for women, was 7.9%
among normal-BMI (18.5-23.9 kg/m?) participants aged
over 18 years.® However, it is still unclear whether the
prevalence of abdominal obesity has increased among
middle-aged and elderly adults who are at increased risk
of T2DM development. Currently, the waist-to-height ratio
(WHIR) is generally considered a better measurement for
abdominal obesity diagnosis and the related health risks,
as used in some previous studies; however, the distribution
of WHItR in adults with a normal BMI remains unclear.” "
Including WHtR as another indicator of abdominal obesity
can further verify the robustness of abdominal obesity-
related studies.

Some previous studies have shown that abdominal
associated with T2DM.'*'
However, abdominal obesity has a strong positive correla-
tion with general obesity, which is defined by BMI.
A nationally representative study found that WC was

obesity is positively

highly correlated with BMI, where the Pearson correlation
coefficient between BMI and WC was higher than 0.90 in
men and 0.85 in women."> Therefore, the claim of an
association between abdominal obesity and T2DM being
independent of general obesity defined by BMI needs

further verification in the normal-BMI population. The
main purpose of this study was to determine the preva-
lence of abdominal obesity as defined by waist circumfer-
ence and waist-to-height ratio in normal-BMI adults
among middle-aged and older Chinese and to investigate
its associated risk of T2DM. This study used community-
based longitudinal data for middle-aged and older adults
from the China Health and Retirement Longitudinal
Study.'®

Methods

Study Population

The China Health and Retirement Longitudinal Study
(CHARLS) is an ongoing prospective cohort study of
17,708 participants who were recruited from 450 differ-
ent communities by using the multistage stratified prob-
ability-proportionate-to-size  sampling strategy. The
national baseline survey was conducted between 2011
and 2012. A standard vis-a-vis questionnaire was used
with a computer-assisted personal interview technique.
Participants were followed up again in 2013, 2015, and
2018 and underwent physical examinations in the sur-
veys of 2011, 2013, and 2015. The first and second
waves of laboratory tests for blood samples were com-
pleted at baseline and in 2015, respectively.

For our study, data from the four surveys of
CHARLS during the period from 2011-2018 were
used. In this analysis, 457 participants with malignant
tumors were excluded. We further excluded another 1672
individuals who had missing height, weight, or waist
circumference data in all four surveys. We further
excluded 406 subjects with an age younger than 45
years at baseline. Considering the WHO recommenda-
tion for Asian populations, the normal BMI cutoff defi-
nition by the Working Group on Obesity in China, the
previous evidence regarding ethnic differences in body
composition and obesity-related risk factors in Chinese
populations, and to further remove individuals on the
verge of being overweight for better validation of the
independence of abdominal obesity, we use the BMI
cutoffs 18.5-23.9 kg/m” as a normal BML®*'"2* Thus,
7231 participants with BMI <18.5 kg/m? or BMI> 24 kg/
m? at baseline were excluded from this study. Finally,
7942 participants with normal BMI were used to analyze
the prevalence of abdominal obesity among normal-BMI
adults aged over 45 years.
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In this analysis exploring the association of abdom-
inal obesity with the future incidence of diabetes among
normal-BMI adults, 807 participants with type 2 diabetes
or with unknown diabetes status at baseline were
excluded. We further excluded 2787 participants who
had missing laboratory test data or other variables and
who were lost to follow-up after the baseline survey.
Consequently, 4348 individuals were included in the
main study of the association between abdominal obesity
and the risk of T2DM among adults with a normal BMI
(Figure 1). Furthermore, among the 4348 individuals
included in our main study, 2238 men and 2110 women
were involved in the subgroup study for different gen-
ders. For the subgroup study based on participants with

prediabetes and with normal glucose tolerance, 1901 and
2447 participants were included, respectively.

Measurement and Data Collection

For demographic data, birth date, sex, residence and edu-
cation, behavioral lifestyles (smoking status and alcohol
consumption), and history of diseases were collected from
questionnaire information collected from face-to-face
interviews by trained staff.

For anthropometric and physical performance mea-
sures, height and weight were measured in light clothing
using standardized stadiometers and scales, respectively.
Waist circumference was measured using a measuring
tape. Blood pressure was measured on the left arm three

15173 participants without cancers
and aged over 45 years finished
physical performance measures

7231 participants were excluded:
« Participants with BMI <18.5 kg/m?

A

< (n=1018)
« Participants with BMI 224.0 kg/m?
(n=6213)
y

7942 participants for estimating the
prevalence of abdominal obesity in

normal-BMI adults aged 2 45 years

\ 4
\ 4 h 4 \ 4
766 patients with diabetes 7135 partl_clpants without 41 partu_:lpants with missing
diabetes diabetes status
Exclusion (n = 2787):
* Did not engage in the blood test
P in the wave at baseline (n=2318)
h ¢ Missing data of other variables at
baseline or loss to follow-up after
v the wave 1 (n=469)

4348 normal-BMI participants without
diabetes at baseline for assessing
the association between abdominal
obesity and the risk of diabetes

Y

A 4

350 participants developed
diabetes during follow-up time

Figure | Flowchart of study population.
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3490 participants finished the
wave 4 survey in 2018

508 participants lost follow-up
during the wave 2 to wave 4
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times at 45-second intervals using an electronic sphygmo-
manometer (the mean of 3 measurements was taken as the
final value). The physical examinations were conducted by
trained staff.

For laboratory tests, total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), triglycerides (TGs), glycated hemo-
globin (HbAlc), glucose (fasting plasma glucose or post-
and other blood
biochemical indexes were assayed by an automatic analy-

prandial random plasma glucose),

zer using enzymatic colorimetric tests. Total cholesterol
and triglycerides were measured by the Oxidase method,
low-density lipoprotein cholesterol (LDL-C) and high-
density lipoprotein cholesterol (HDL-C) were measured
by the Direct method, and glycated hemoglobin and glu-
cose were measured by High-performance liquid chroma-
tography (HPLC) and Hexokinase, respectively. All tests
were performed at the Youanmen Center for Clinical
Laboratory of Capital Medical University, Beijing.**

Assessments of Abdominal Obesity

We calculated the waist-to-height ratio by dividing the
waist circumference (cm) by the height (cm). Based on
previously published suggested cutoffs, participants were
categorized by waist circumference < 85 cm (normal WC),
85-90 cm (increased WC) and > 90 cm (substantially
increased WC) for men and < 80 cm (normal WC), 80—
85 cm (increased WC) and > 85 cm (substantially
increased WC) for women.”' Participants were also clas-
sified into three groups by waist-to-height ratio < 0.50
(normal WHtR), 0.50-0.52 (increased WHtR) and > 0.52
(substantially increased WHtR) for men and < 0.50 (nor-
mal WHtR), 0.50-0.55 (increased WHtR) and > 0.55

(substantially increased WHtR) for women.”'°

Assessment of Confounding Covariates

For this study, confounding covariates included sex, age,
residence (rural/urban), education level, smoking status,
alcohol use, BMI, blood pressure, and blood lipids.
Education level was classified into three groups: primary
or lower level, secondary level, and higher level. Smoking
status was dichotomized into currently smoking more than
1 cigarette per day and no more than 1 cigarette per day.
Alcohol use was dichotomized into currently drinking
more than 125 mL and no more than 125 mL per week.
Body mass index (BMI) was calculated as the weight in
kilograms divided by the height in meters squared.
Elevated blood pressure was defined as systolic blood

pressure (SBP) > 140 mmHg and/or diastolic blood pres-
sure (DBP) > 90 mmHg. Elevated total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C) and triglycer-
ides (TGs) were defined by levels > 5.2 mmol/L (200 mg/
dL), > 3.4 mmol/L (130 mg/dL) and > 1.7 mmol/L
(150 mg/dL). Decreased high-density lipoprotein choles-
terol (HDL-C) was defined by levels < 1.0 mmol/L
(40 mg/dL). Elevated glycated hemoglobin (HbAlc) was
defined by levels > 6.0%. We identified prediabetic
patients with impaired fasting glucose (IFG) using the
following clinical measures: fasting plasma glucose
(FPG) concentration ranging between 5.6 mmol/L
(100 mg/dL) to 6.9 mmol/L (125 mg/dL), and/or impaired
glucose tolerance (IGT) as a postprandial random plasma
glucose from 7.8 mmol/L (140 mg/dL) to 11.0 mmol/L
(199 mg/dL) and/or elevated HbAlc between 5.7 and

6.4% (39-47 mmol/mol).**

Assessments of Incident T2DM

The incidence of T2DM was assessed using four identi-
fiers: a self-reported physician-diagnosis history of T2DM
and/or a fasting plasma glucose (FPG) concentration > 7.0
mmol/L (126 mg/dL) and/or a postprandial random plasma
glucose > 11.1 mmol/L (200 mg/dL) and/or HbAlc >
6.5% (48 mmol/mol).**

Statistical Analysis

Estimates of the prevalence and the 95% confidence inter-
val (95% CI) of abdominal obesity defined by waist cir-
normal-BMI
calculated by estimating the parameter of a binomial dis-

cumference among participants  were
tribution for the overall population and subgroups strati-
fied by sex and age. Beeswarm plots were drawn to show
the distribution of waist circumference and WHtR across
the subgroups. To generalize the characteristics of the
participants without diabetes among the normal-BMI par-
ticipants at baseline, continuous variables were expressed
as the means plus standard deviation, and categorical
variables were expressed as frequencies and percentages.
The group differences by gender for continuous variables
were compared with the Wilcoxon rank-sum test, and the
¥2 tests were used for categorical variables.

The Cox proportional hazards model was applied to
assess the association between waist circumference, WHtR,
and the risk of T2DM. Four step-forward multivariable-
adjusted Cox proportional hazards models were built for the
statistical analyses in this study. Model 1 was adjusted for age

and sex. Model 2 was adjusted for the variables in Model 1,
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as well as for residence, education level, smoking status,
alcohol use, and BMI. Model 3 was adjusted for variables
in Model 2, as well as for blood pressure, TC, LDL-C, HDL-
C, and blood pressure. Model 4 was adjusted for variables in
Model 3, as well as for the HbAlc concentration measure.
Hazard ratios (HRs) with corresponding 95% confidence
intervals (ClIs) were calculated from the Cox proportional
hazards model. Kaplan—Meier curves were drawn to analyze
the onset of T2DM related to different WC or WHtR groups.

We also performed sensitivity analyses to evaluate the
robustness of our results. First, we examined the association
between abdominal obesity and the risk of T2DM using
a simplified classification of abdominal obesity, in which we
dichotomized waist circumference and waist-to-height ratio
into normal (WC < 85 cm for men and WC < 80 cm for
women; or WHtR < 0.50) and abdominal obesity (WC >
85 c¢cm for men and WC > 80 cm for women, or WHtR <
0.50). Then, we applied the Cox proportional hazards model
with time-dependent covariates to assess the association
between waist circumference, WHtR, and the risk of T2DM,
in which waist circumference, WHtR, age, smoking status and
alcohol use, BMI, blood pressure, TC, LDL-C, HDL-C, and
TG measures during 20112018 were identified as time-
dependent covariates, while sex, education level, residence,
and baseline HbAlc were identified as time-invariant vari-
ables. In addition, we restricted participants whose BMI was
in the normal range throughout the follow-up period spanning
2011 and 2018 (n=3451). Last, to minimize any potential
reverse causation, we examined the association between
abdominal obesity and the risk of T2DM among only partici-
pants with more than 2 years of follow-up (n=4253).

The following formula was used to calculate the popu-
lation-attributable risk (PAR): p (HR —1)/(1 + p (HR -1)),
where p is the prevalence of exposure (substantially
increased WC or WHtR) in the population and HR is the
hazard ratio for exposed (substantially increased WC or
WHtR) versus unexposed (normal WC or WHtR) and
increased WC or WHItR.

For all analyses, a two-tailed P value < 0.05 or a 95% CI
for HR containing 1.00 was considered statistically signifi-
cant. Statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC, USA) and the beeswarm
package, ggbeeswarm package in R (R version 3.5.1,
R Foundation for Statistical Computing, Vienna, Austria).

Results
Out of 7942 adults with normal BMI and aged 45 years
old at baseline, 4758 (59.9%, 95% CI: 58.8%-61.0%)),

1745 (22.0%, 95% CI: 21.1%-22.9%), and 1439 (18.1%,
95% CI: 17.3%-19.0%) individuals were classified into
three groups with normal, increased, and substantially
increased WC, respectively (Table S1 in the Supplement
Materials). The prevalence of increased WC and substan-
tially increased WC was higher in women and older parti-
cipants (Figure 2). Among 4267 men with a normal BMI,
72.6% (95% CI: 71.3%-73.9%) had a normal WC, 17.8%
(16.7%-19.0%) had an increased WC, and 9.5% (95% CI:
8.7%-10.4%) had a substantially increased WC. Of 3675
women with normal BMI, 54.9% (95% CI: 53.3%-56.5%)
had a WC > 80 cm and were classified into the increased
WC or substantially increased WC groups (Figure 2A).
The prevalence of increased WC varied among the six age
groups. The prevalence of substantially increased WC
increased with age, from 11.9% in participants aged 45—
49 years to 28.6% in those aged 70 years or older
(Figure 2B). Among 7901 participants with T2DM status,
increased WC prevalence was higher in patients with
T2DM than in participants without T2DM (28.9% vs
21.2%). The percentage of substantially increased WC
was higher among subjects with T2DM than in partici-
pants without T2DM (26.1% vs 17.3%). The beeswarm
plot illustrates the distribution of waist circumference in
men, women and participants with or without T2DM as
a continuous variant (Figure 3A and B). The median and
IQR for men and women were 81.0 cm and 8.8 cm and
80.3 cm and 9.4 cm, respectively. For patients with T2DM
and participants without T2DM, the median and IQR were
82.8 cm and 8.9 cm and 80.2 cm and 9.0 cm, respectively.

The prevalence of increased WHtR and substantially
increased WHtR was 29.2% (95% CI: 28.2%-30.2%) and
28.6% (95% CIL: 27.6%-29.6%), respectively, among nor-
mal-BMI participants aged 45 years old (Table S2 in the
Supplement materials). Similar to the prevalence of waist

circumference, the prevalence of increased and substantially
increased WHtR was higher in women, older participants
(Figure S1A, B in the Supplement materials). The distribu-
tions of WHtR in men, women, patients with T2DM and

participants without T2DM are shown in Supplementary
Figure S2A and B.

Of 4348 individuals with a normal BMI and without
T2DM at baseline, 350 new incident cases of T2DM were
identified, 3490 participants were still followed in all four
surveys, and 508 participants were lost to follow-up after
the second survey. Table 1 summarizes the baseline charac-
teristics of the participants. Compared with men, women
were less likely to have a higher waist circumference and
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Figure 2 The prevalence of abdominal obesity determined by waist circumference in subgroups of gender and age. (A). Prevalence of abdominal obesity defined by waist
circumference in different genders. (B). Prevalence of abdominal obesity defined by waist circumference in different age groups.
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Figure 3 Beeswarm plots of the distribution of waist circumference across the subgroups. (A). Beeswarm plots of the distribution of waist circumference grouped by
gender. (B). Beeswarm plots of the distribution of waist circumference in T2DM patients and participants without T2DM.

currently be smoking or drinking alcohol but were more
likely to have a higher WHtR. Figure 4 shows the Kaplan—
Meier unadjusted survival estimates for the different WC
groups. The overall difference in the Kaplan—-Meier curves
for WC (log-rank
P value<0.001). Significant differences among different
WHtR (log-rank
P value<0.001) (Figure S3 in the Supplementary Materials).

WC was positively and strongly associated with the
risk of T2DM among normal-BMI participants (Table 2).
The adjusted HRs for T2DM risk among participants with
an increased WC (85-90 cm for men, 80-85 cm for
women) and substantially increased WC (> 90 cm for
men, > 85 cm for women) were 1.39 (1.05-1.85) and
1.89 (1.42-2.53), respectively, when compared to those

reached statistical significance

groups  were also  observed

with normal WC (< 85 cm for men and < 80 cm for
women, respectively) in Model 4.

No significant association was found between
increased WC and the risk of T2DM for men and
women. Significant associations were found between sub-
stantially increased WC and the risk of T2DM in women,
whereas no significant association was observed in men.
The risk of T2DM for women with WC > 85 cm signifi-
cantly increased by 96% (HR: 1.96; 95% CI: 1.36-2.85) in
comparison to those with normal WC (WC < 80)
(Table 3).

The positive association between abdominal obesity
and the incidence of T2DM was similar across the
subgroups stratified by prediabetes status (Table 3).
The HRs for T2DM incidence for participants with
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Table | Characteristics of the Study Population
General Men Women P

Age, mean (SD), year 59.75 (9.32) 60.33 (9.10) 59.14 (9.51) <0.001
Education Level, No. (%) <0.001

Primary or Lower 3145 (72.3) 1451 (64.8) 1694 (80.3)

Secondary 1158 (26.6) 755 (33.7) 403 (19.1)

Higher 45 (1.0) 32 (1.4) 13 (0.6)
Rural Residence, No. (%) 3763 (86.6) 1964 (87.8) 1799 (85.3) 0.016
Alcohol drinking, No. (%) 772 (17.8) 709 (31.7) 63 (3.0) <0.001
Smoke, No. (%) 1476 (34.0) 1360 (60.8) 116 (5.5) <0.001
BMI, mean (SD), kg/m” 21.5 (1.5) 21.4 (1.5) 21.6 (1.5) <0.001
WC, mean (SD), cm 80.6 (6.7) 80.8 (6.4) 80.4 (7.0) 0.026
WHItR, mean (SD) 0.51 (0.05) 0.49 (0.04) 0.53 (0.05) <0.001
SBP, mean (SD), mmHg 127.0 (21.2) 126.9 (20.2) 127.1 (22.2) 0.260
DBP, mean (SD), mmHg 734 (11.7) 74.0 (12.0) 72.7 (11.3) 0.002
TC, mean (SD), mmol/L 4.92 (0.95) 4.78 (0.92) 5.06 (0.97) <0.001
TG, mean (SD), mmoliL 127 (0.77) 120 (0.74) 1.34 (0.80) <0.001
LDL-C, mean (SD), mmoliL 2.90 (1.08) 2.79 (1.01) 3.01 (1.12) <0.001
HDL-C, mean (SD), mmol/L 141 (0.39) 1.39 (0.40) 1.42 (0.37) <0.001
HbAIc, mean (SD), % 5.07 (0.40) 5.07 (0.40) 5.08 (0.39) 0.601
Prediabetes, No. (%) 1901 (43.7) 1001 (44.7) 900 (42.7) 0.168

Notes: The data were expressed as means (standard deviation) for continuous variables and numbers (percentages) for categorical variables. P-value: from the Wilcoxon
rank-sum test for skewed continuous variables and chi-square test for categorical variables.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HbAlc, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WC, waist circumference; WHtR, waist-to-height ratio.

increased WC and substantially increased WC were 1.85
(95% CI: 1.27-2.69) and 2.46 (95% CI: 1.67-3.61)
compared with individuals with normal WC among par-
ticipants with prediabetes, which was significantly larger
than for those with normal glucose tolerance (1.00 (95%
CI: 0.64-1.55) and 1.34 (95% CI: 0.85-2.11), respec-
tively). Furthermore, among participants with predia-
betes, substantially increased WC was significantly
associated with a higher risk of T2DM compared with
the increased WC group.

Similar results for the association between increased
or substantially increased WHtR and T2DM incidence
were observed (Table S3 in the Supplement materials).

Multiple sensitivity analyses confirmed the robust con-
clusion that abdominal obesity was an independent
risk factor for T2DM (Figure 5; Table S4 in the
Supplement materials). The estimated proportion of

T2DM cases attributed to substantially increased WC
(17.0% of the population) and substantially increased
WHIR (26.6% of the population) was 13.2% (95% CI:
6.1%-20.3%) and 15.8% (95% CI: 6.1%-25.4%),
respectively.

Discussion

Based on the data from the CHARLS, we aimed to study
the prevalence of abdominal obesity among normal-BMI
Chinese adults aged over 45 years and to examine its
associated T2DM risk. A high prevalence of abdominal
obesity was found in middle-aged and elderly Chinese
adults with a normal BMI. We found a significant associa-
tion between abdominal obesity and the incidence of
T2DM in normal-BMI participants aged 45 years old or
older. This association was further confirmed by subgroup
analyses. Women and patients with prediabetes had
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Figure 4 The Kaplan-Meier unadjusted survival estimates for different waist circumference groups.

a significant and stronger association than men and parti-
cipants with normal glucose tolerance.

A recent cross-sectional study in China analyzed
441,306 participants and found that the prevalence of
abdominal obesity (defined as WC > 90 cm for men and
WC > 85 cm for women) was 7.9% (6.8% in men and
9.0% in women) for adults over 18 years old and with
a BMI between 18.5-23.9 kg/m>.® Our study observed that
the overall prevalence of abdominal obesity (WC > 90 cm
for men and WC > 85 cm for women) was 18.1%, and for
normal-BMI adults over 45 years of age, it was 9.5% for
men and 28.1% for women. A study of the prevalence of
normal weight central obesity in general Chinese adults
found that the prevalence of normal weight central obesity

by WHtR (WHtR> 0.5) was 17.06% in 2011, 14.77% in
men and 19.09% in women.”> In our study, the overall
prevalence of participants with WHtR > 0.5 was higher
than that. A possible reason for the inconsistency may be
the age differences between our study and the other study.

Using WC > 90 cm for men and > 85 ¢cm for women as
an abdominal obesity definition, one cross-sectional study,
which included 10,634 Korean adults aged 19 years or
more with a BMI between 18.5 and 24.9 kg/m?, found
that the odds ratios of abdominal obesity for the risk of
diabetes were 1.716 (95% CI: 1.133-2.598) in men and
1.408 (95% CI: 0.939-2.112) in women.?® Using WHIR as
a definition, a cross-sectional study including 117,163
Japanese participants aged 40-64 years found odds ratios
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Table 2 Incidence of T2DM and Hazard Ratios (95% Cl) of Waist Circumference in the Cox Proportional-Hazards Model

Waist Circumference
Normal Increased Substantially Increased
No of subjects 2705 902 741
No of T2DM cases 170 84 96
Person-years 17,180.6 5657.2 4436.2
Incidence rate (1000 person-year) 9.9 14.9 21.6
HR (95% CI)
Model | 1.00 1.48 (1.13-1.93) 2.04 (1.56-2.67)
Model 2 1.00 1.46 (1.10-1.93) 2.01 (1.51-2.68)
Model 3 1.00 1.39 (1.05-1.84) 1.90 (1.42-2.54)
Model 4 1.00 1.39 (1.05-1.85) 1.89 (1.42-2.53)

Notes: Model |: Adjusted for age, sex. Model 2: Included variables in model | and further adjusted for body mass index, district, educational level, smoking consumption,
drinking status. Model 3: Adjusted for factors in model 2 plus systolic blood pressure, diastolic blood pressure, total cholesterol, triglycerides, high-density lipoprotein

cholesterol and low-density lipoprotein cholesterol. Model 4: Model 3 plus HbA,..
Abbreviations: HR, hazard ratio; T2DM, type 2 diabetes mellitus.

for diabetes of 1.35 (95% CI: 1.25-1.46) in men and 1.60
(95% CI: 1.35-1.90) in women.?’ Defining normal-weight
central obesity (NWCO) as a combination of a BMI
between 18.5-23.9 kg/m* and 1) a WC of > 85 cm in
men or > 80 cm in women (NWCO by WC) or 2) a waist-
to-height ratio of > 0.5 (NWCO by WHtR), a cross-sec-
tional study including 4244 Chinese individuals aged 18
years or more found that the odds ratios of NWCO were
1.64 (95% CI: 1.24-2.16) and 1.67 (95% CI: 1.27-2.19) in
men and women, respectively, when compared to those
with normal weight and no central obesity.*’

However, those previous studies were based on
cross-sectional surveys. Our study, based on data
from the CHARLS, which is a large population-based
and well-designed prospective study, confirmed that
abdominal obesity is an independent risk factor for
T2DM in adults with a normal BMI. The risk of
T2DM for normal-BMI participants with substantially
increased WC or substantially increased WHtR signifi-
cantly increased by 89% (HR: 1.89; 95% CI: 1.42-
2.53) and 70% (HR: 1.70; 95% CI: 1.26-2.30) in
comparison to those with normal WC or WHtR,
respectively. In our study, when the participants were
stratified by gender, the association between abdominal
obesity remained significant in women but not in men.
This can be accounted for by the fact that a large group
of male participants with abdominal obesity was
already excluded due to their unhealthy BMI. This

assumption was also verified by Flegal’s study, which
showed that BMI tends to be more strongly correlated
with WC in men than in women.'?

The mechanisms underlying the association of
abdominal obesity and the risk of T2DM have been
previously elucidated in a few studies.”® ' Abdominal
obesity has been proposed to be a marker of increased
visceral and ectopic fat deposition and it is characterized
by adipocyte dysfunction, inflammatory and adipokine
dysregulation, insulin resistance, and impaired insulin
secretion.””* Inflammation caused by expanded visceral
adipose tissue results in increased leptin levels as
a result of the increased production of inflammatory
cytokines and decreased production of protective adipo-
kines and adiponectin. Chronic, low-grade inflammation
caused by altered adipokine secretion may impair glu-
cose tolerance and contribute to the diabetes risk.**-** In
the setting of adipocyte dysfunction, several impair-
ments in liver metabolism can be caused by the expo-
sure to high concentrations of free fatty acids and
glycerol from excess visceral adiposity and this can
lead to reduced hepatic extraction of insulin (exacerbat-
ing hyperinsulinemia) and increased production of hepa-
tic glucose, which explains the link between visceral
obesity, glucose intolerance and type 2 diabetes.”’*" It
is also known that age, sex, genetics, and ethnicity are
broad etiological factors contributing to the variations in

. . . . 29
visceral adipose tissue accumulation.?*=*
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Table 3 Incidence of T2DM and Hazard Ratios (95% ClI) of Waist Circumference for Different Subgroups in the Cox Proportional-Hazards

Model
Wiaist Circumference
Normal Increased Substantially Increased

Men (n=2238)

No of subjects 1682 365 191

No of T2DM cases 104 36 22

Person-years 10,668.8 2256.2 1154.8

Incidence rate® 9.7 16.0 19.1

HR (95% Cl) 1.00 1.48 (0.98-2.23) 1.60 (0.97-2.66)
Women (n=2110)

No of subjects 1023 537 550

No of T2DM cases 66 48 74

Person-years 6511.8 3401.0 32814

Incidence rate® 10.1 14.1 22,6

HR (95% Cl) 1.00 1.29 (0.88-1.90) 1.96 (1.36-2.85)
Prediabetes (n=1901)

No of subjects 1149 402 350

No of T2DM cases 90 53 62

Person-years 7293.5 2476.9 2069.9

Incidence rate® 12.3 21.4 30.0

HR (95% Cl) 1.00 1.85 (1.27-2.69) 2.46 (1.67-3.61)
NGT (n=2447)

No of subjects 1556 500 391

No of T2DM cases 80 31 34

Person-years 9887.2 3180.3 2366.3

Incidence rate® 8.1 9.7 14.4

HR (95% Cl) 1.00 1.00 (0.64—1.55) 1.34 (0.85-2.11)

Notes: *1000 person-year. Model: adjusted for age, sex, body mass index, district, educational level, smoking consumption, drinking status, systolic blood pressure, diastolic
blood pressure, total cholesterol, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and HbA..
Abbreviations: HR, hazard ratio; NGT, normal glucose tolerance; T2DM, type 2 diabetes mellitus.

Our study has several major strengths. First, based on
a representative nationwide sample of the CHARLS, this
is the first Chinese study to report the prevalence of
abdominal obesity defined by WC and WHtR and to assess
its association with the risk of T2DM in Chinese middle-
aged and older adults with normal BMI. Furthermore,
detailed
CHARLS, we adjusted for potential confounding factors

benefiting from the information from the
for each participant from standardized procedures, includ-
ing the standard questionnaire, physical examination, and
laboratory tests. Last, we enhanced the robustness of our
findings by performing extensive subgroup studies by
gender and prediabetes status and conducting multiple
sensitivity analyses.

This study also has some limitations. First, blood
biochemical tests were only performed every two years
of follow-up, which may lead to missed diagnoses.

Postprandial random glucose was used instead of 2
hours postprandial glucose. Second, this study only
focused on the middle-aged and older population,
which does not enable us to calculate the prevalence
of abdominal obesity in adults under 45 years old.
Similarly, the association of abdominal obesity and
T2DM risk may not be generalizable across all age
groups and different races.

Conclusion

In conclusion, the prevalence of abdominal obesity in
middle-aged or older normal-BMI Chinese adults is rela-
tively high, especially among women and T2DM patients.
There was an independent positive association of abdom-
inal obesity defined by waist circumference and waist-to-
height ratio with the risk of diabetes among normal-BMI
participants. It is essential to monitor abdominal obesity
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1.39 (1.02-1.90)
1.91 (1.38-2.65)
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1.49 (0.84-2.30)
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Figure 5 Sensitivity analyses using waist circumference to define abdominal obesity (A). Sensitivity analyses using Time-dependent Cox model. (B). Sensitivity analyses for

participants with normal BMI throughout the follow-up (n=3451). (C). Sensitivity analyses for participants with more than 2 years of follow-up (n=4253).
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and reduce abdominal fat, especially among women and
patients with prediabetes.

Abbreviations
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WC, waist circumference; CHARLS, the China Health and
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tein cholesterol; HDL-C, high-density lipoprotein choles-
terol; TGs, triglycerides; HbAlc, glycated hemoglobin;
SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; IFG, impaired fasting glucose; FPG, fasting plasma
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interval; PAR, population-attributable risk; NWCO, nor-
mal-weight central obesity.
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