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Purpose: Obesity has become a public health challenge worldwide and can lead to the
development of diabetes. However, studies examining the associations between different
obesity patterns and the development of type 2 diabetes mellitus (T2DM) in China are
limited. Therefore, this study aimed to explore the associations between three obesity
patterns and the risk of T2DM development in Eastern China.

Methods: A cross-sectional study was conducted at our health examination center, invol-
ving 5860 adults, from June to December 2019. Data, including sociodemographic informa-
tion, lifestyle, and biochemical measurements, were collected, and obesity was classified into
three patterns: overweight and general obesity, abdominal obesity, and compound obesity.
Multivariate logistic regression was used to assess the associations between different obesity
patterns and T2DM risk after adjustment for confounding factors. Subgroup analysis was
used to further explore the associations between obesity patterns and T2DM risk.

Results: A total of 5860 subjects were enrolled in this study. A significant difference in the
T2DM incidence was observed between men and women with normal weight or overweight
and general obesity (p < 0.05); however, no significant differences were observed between
men and women with abdominal obesity and compound obesity. After multivariable adjust-
ment, multivariate logistic regression analysis showed that the odds ratios (ORs) [95%
confidence interval (CI)] for T2DM in individuals with abdominal and compound obesity
were 1.55 [1.08-2.24] and 1.85 [1.25-2.73], respectively, compared with the normal-weight
group. Subgroup analysis showed that different obesity patterns were not independent risk
factors for T2DM development among adults aged > 60 years, whereas abdominal and
compound obesity were highly associated with the risk of T2DM development among
individuals who report current smoking or alcohol drinking.

Conclusion: Abdominal obesity and compound obesity are risk factors for T2DM. More
attention should be paid to obesity prevention among individuals younger than 60 years and
improving control of cigarette and alcohol abuse.
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Introduction

Diabetes mellitus represents a huge public health burden worldwide, and 440 million
people have been diagnosed with diabetes in global. The prevalence of type 2 diabetes
mellitus (T2DM) has increased dramatically over recent decades in the Asia-Pacific
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region.'” China, with a population of 1.38 billion people,
also features the largest population of individuals with dia-
betes (110 million), which has resulted in a great burden on
the national healthcare institutions.” T2DM is a multifactorial
disease associated with various genetic and environmental
factors, including obesity, aging, high-energy and high-fat
dietary intake, and sedentary lifestyles, which have contrib-
uted to the high prevalence of diabetes in China during recent
years.*

Obesity is often associated with numerous complica-
tions, including cardiovascular disease and metabolic disor-
ders, such as T2DM, and obesity and diabetes share
a common insulin resistance pathway and contribute to
chronic hyperglycemia.”® The associations between obesity
and T2DM have long been recognized by past studies. The
characteristics of fat distribution can be used to classify
obesity into either general obesity or abdominal obesity.
Body mass index (BMI) often serves as a common indicator
for identifying general obesity,” and waist circumference
(WC) can be used to determine the status of abdominal fat
accumulation and is often used to define abdominal
obesity.®>'° A recent cohort study investigated a population
of adolescents to explore the association between obesity
and the risk of developing T2DM in adulthood, and the
results showed that increased BMI during adolescence was
related to a high risk of developing T2DM in adulthood."'
Another study also demonstrated that abdominal obesity was
highly associated with an increased risk of T2DM.'?
Therefore, different obesity patterns might represent signifi-
cant risk factors for T2DM development.

However, few studies have explored the different
levels of T2DM risk associated with different obesity
patterns. In addition, individuals with general obesity
may also present with abdominal obesity, which is referred
to as compound obesity. Previous studies may have classi-
fied individuals with compound obesity in either general
obesity or abdominal obesity groups, and the combination
of general obesity and abdominal obesity may have addi-
tive effects on the risk of developing T2DM. Therefore,
previously determined risks of T2DM associated with
general or abdominal obesity may not be accurate due to
the misclassification of compound obesity.

To address these issues, a cross-sectional study was
conducted to explore the association between different
obesity patterns and the risk of developing T2DM. We
also performed subgroup analyses to examine the associa-
tions of different obesity patterns and the risk of T2DM
compared with normal-weight individuals.

Materials and Methods
Study Design and Population

This cross-sectional study was initiated at our health exam-
ination center from June to December 2019. During this
period, All participants attended the health examination
were investigated, and 6,530 subjects were initially
enrolled. The exclusion criteria were as follows: (1) incom-
plete clinical data; (2) receiving the treatment for diabetes in
the past three months; (3) severe mental illness; (4) severe
cardiovascular and cerebrovascular diseases, such as coron-
ary heart disease, arrhythmia, or stroke; (5) severe liver or
kidney dysfunction; (6) malignant tumors and autoimmune
diseases; (7) the inability to complete the investigation inde-
pendently. Finally, 5,860 subjects older than 18 years were
enrolled in this study based on multistage random cluster
sampling. This study was approved by the Ethics Committee
of the Huadong Sanatorium (NO.ECHS2021-03).

Participants completed a questionnaire administered by
a well-trained interviewer; demographic characteristics
included sex and age in years (<60 years or >60 years);
lifestyle factors included the smoking and alcohol intake
status, with smoking defined as more than 3 cigarettes
per day for 12 sequential months, and drinking defined as
alcohol consumption at least 3 times per week for at least 12
months; and personal medical history, including the diagno-
sis of chronic diseases, such as hypertension, diabetes, or
cardiovascular disease.

Assessment of T2DM and Hypertension

T2DM was defined as fasting blood glucose (FBG) > 7.0
mmol/L or participants’ self-reporting of continuous insu-
lin and antidiabetic treatments.'®> Systolic and diastolic
blood pressure was measured by an electronic brachial
sphygmomanometer (T30J, OMRON, Japan). While in
a seated position, participants were measured three times
on the upper arm at 5-min intervals. Participants were also
required not to partake in smoking, alcohol drinking, caf-
feine, tea, or excessive exercise 30 minutes before blood
pressure measurements and were asked to remain silent
during measurements. Hypertension was defined as systo-
lic blood pressure (SBP) > 140 mmHg or diastolic blood
pressure (DBP) > 90 mmHg, or currently using any anti-

hypertensive medications."*

Anthropometric Measurements
Anthropometric variables included height, weight, WC,
and hip circumference (HC). All participants were
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measured in light clothing and bare feet. Weight and
height were measured twice and rounded to the nearest
0.1 kg and 0.5 cm, respectively. BMI, as an indicator of
general obesity, was calculated as body weight (in kg)/
[height (in m)]>. WC, as an indicator of abdominal obesity,
was measured between the costal margin and the iliac crest
to the nearest 0.5 cm while participants gently exhaled."

Definition of Different Obesity Patterns
BMI ranging from 18.5 to 23.9 kg/m* and was regarded as
normal weight; overweight was defined as BMI > 24.0 kg/
m?, and general obesity was defined as BMI > 28.0 kg/m?
without an abnormal WC, based on the Chinese
standard.'® According to the guidelines of the
International Diabetes Federation (IDF) for the Chinese
population, abdominal obesity was defined as WC >
90 cm for men and WC > 80 c¢cm for women, with BMI
in the normal range.!” Compound obesity was defined as
the coexistence of both general and abdominal obesity.

Clinical Measurements

Blood samples were collected for laboratory assays after at
least 8 hours of an overnight fast, and blood samples were
used to examine the levels of high-density lipoprotein
cholesterol (HDL-c), low-density lipoprotein cholesterol
(LDL-c¢), triglycerides (TG), total cholesterol (TC), FBG,
glycated hemoglobin (HbAlc), white blood cells (WBC),
neutrophils (NE) and lymphocytes (LY). The neutrophil to
lymphocyte ratio (NLR) was calculated as the ratio of
neutrophils to lymphocytes.

Statistical Analysis

Continuous variables are presented as the mean + stan-
dard deviation (SD), or the median (interquartile range),
depending on whether the variables are normally distrib-
uted, as tested using the Shapiro—Wilk test. Categorical
variables are presented as the number (percentage). We
compared participants’ characteristics using a Chi-square
test for categorical variables and an analysis of variance
(ANOVA) or Kruskal-Wallis test for continuous vari-
ables. To assess the associations between different obesity
patterns and the risk of T2DM, multiple logistic regres-
sion analysis was conducted after controlling for con-
founding factors. Normal-weight individuals were used
as the reference group, and the analysis was adjusted
for potential confounders, including age, sex, smoking,
drinking, hypertension, TG, HDL-C, and WBC. Subgroup
analysis was also performed, stratified by age (<60 or

>60 years), sex (male or female), smoking (yes or no),
and drinking (yes or no). Because overweight is also
a risk factor for diabetes and the percentage of the
population classified as general obesity was limited, we
merged the overweight and general obesity populations
into a single group. A two-tailed p-value < 0.05 was
considered significant. All statistical analyses were per-
formed using SPSS 25.0 software package (SPSS
Institute, Chicago).

Results

Characteristics of the Study Population

A total of 5,860 participants (3,435 men and 2,425
women) was enrolled in our study (Table 1). The preva-
lences of overweight and general obesity, abdominal obe-
sity, and compound obesity were 1,421 (24.25%), 974
(16.62%), and 649 (11.08%), respectively. The incidences
of T2DM among the overweight and general obesity,
abdominal obesity, and compound obesity groups were
77 (5.4%), 81 (8.3%), and 66 (10.2%), respectively.
A significant difference in the incidence of T2DM was
observed among men and women between the normal-
weight and overweight and general obesity groups (p <
0.05), whereas no significant difference in T2DM was
observed among men and women between the abdominal
(Figure 1).
Significant differences in demographic characteristics, life-

obesity and compound obesity groups

style factors, and blood parameters were observed among
the different obesity patterns (all p < 0.001).

Association Between Different Obesity
Patterns and the Risk of T2DM

All of the assessed obesity patterns were significantly
associated with T2DM risk in the unadjusted model
(Table 2). However, the associations between the three
obesity patterns and the risk of T2DM substantially
decreased after adjusting for confounding factors.
Overweight and general obesity were not identified as
independent factors associated with T2DM incidence in
Model 2. In the fully adjusted Model 2, individuals with
abdominal obesity had a 1.55-fold increase in the odds of
developing T2DM (95% CI: 1.08-2.24; p = 0.018) com-
pared with individuals with normal weight at baseline.
People with compound obesity were nearly twice as likely
to develop T2DM (adjusted OR:1.85, 95% CI: 1.25-2.73;

p = 0.002).
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Table | Comparison of Patients’ Characteristics Among Different Obesity Patterns (n = 5860)

Variables Normal Weight | Overweight and General Obesity | Abdominal Obesity | Compound Obesity | p-value
(n =2816) (n = 1421) (n=974) (n = 649)
Age (n, %) <0.001
260 years 312 (11.1%) 176 (12.4%) 225 (23.1%) 94 (14.5%)
<60 years 2504 (88.9%) 1245 (87.6%) 751 (76.9%) 555 (85.5%)
Male (n,%) 1109 (39.4%) 1002 (70.5%) 789 (80.8%) 536 (82.6%) <0.001
BMI (kg/m?) 21.91 [20.45, 22.98] 25.35 [24.61, 26.31] 26.20 [25.25, 27.05] 29.55 [28.63, 30.86] <0.001
WC (cm) 75.50 + 6.63 84.13 £ 4.12 91.87 + 3.38 97.53 + 6.48 <0.001
HC (cm) 91.25 £ 13.69 96.00 + 3.39 98.16 + 3.56 103.64 £ 5.03 <0.001
Smoking (n,%) 423 (15.0%) 377 (26.5%) 380 (38.9%) 246 (37.9%) <0.001
Drinking (n,%) 271 (9.6%) 265 (18.6%) 250 (25.6%) 164 (25.3%) <0.001
SBP (mmHg) 113.73 £ 14.62 122.81 £ 15.19 124.60 + 14.55 131.14 £ 15.73 <0.001
DBP (mmHg) 68.98 + 94| 7434 = 10.10 74.84 + 10.37 80.56 + 11.06 <0.001
Hypertension (n,%) 137 (4.9%) 173 (12.3%) 137 (14.3%) 161 (25.0%) <0.001
TG (mmol/L) 0.94 [0.67, 1.40] 1.42 [0.98, 2.14] 1.65 [1.16, 2.40] 1.84 [1.32, 2.66] <0.001
TC (mmol/L) 4.66 [4.11, 5.24] 4.79 [4.23, 5.39] 4.76 [4.27, 5.35] 4.79 [4.32, 5.43] <0.001
LDL-C (mmol/L) 2.86 [2.45, 3.32] 3.06 [2.63, 3.50] 3.07 [2.64, 3.47] 3.08 [2.71, 3.52] <0.001
HDL-C (mmol/L) 1.44 [1.23, 1.66] 1.23 [1.07, 1.40] 1.17 [1.03, 1.35] 1.13 [0.99, 1.28] <0.001
FBG (mmol/L) 4.87 [4.63, 5.16] 5.07 [4.78, 5.48] 5.20 [4.90, 5.74] 5.29 [4.92, 5.91] <0.001
Diabetes (n,%) 71 (2.5%) 77 (5.4%) 8l (8.3%) 66 (10.2%) <0.001
HbAlc (%) 5.50 [5.30, 5.70] 5.60 [5.40, 5.80] 5.70 [5.50, 5.90] 5.80 [5.50, 6.10] <0.001
WBC (x10%/L) 5.47 [4.70, 6.40] 5.80 [4.95, 6.90] 6.00 [5.10, 7.00] 6.25 [5.32, 7.20] <0.001
NE (x10%/L) 2.97 [2.43, 3.66] 3.14 [2.58, 3.88] 3.21 [2.69, 3.94] 3.36 [2.80, 4.13] <0.001
LY (x10%/L) 1.84 [1.42, 2.23] 1.97 [1.53, 2.40] 1.93 [1.35, 2.41] 2.11 [1.63, 2.49] <0.001
NLR 1.60 [1.26, 2.36] .61 [1.26, 2.25] 1.70 [1.31, 2.47] 1.76 [1.31, 2.27] <0.001

Notes: Normally distributed continuous variables are presented as the mean * standard deviation; Non-normally distributed continuous variables are presented as the
mean [interquartile range]; Categorical variables are presented as the number (percentage).
Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; TC,
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; FBG, fasting blood glucose; HbAlc, glycated hemoglobin; WBC,
white blood cells; NE, neutrophils; LY, lymphocytes; NLR, neutrophil to lymphocytes ratio.

Subgroup Analysis of Different Obesity
Patterns and the Risk of Developing T2DM

After subgroup analyses stratified by age, sex, smoking,
and drinking, the risk of T2DM was found to increase for
all three obesity patterns compared with normal weight
(Figures 2—4), and all subgroup analyses were conducted
after adjusting for age, sex, smoking, and drinking. People
with compound obesity continued to be associated with
a high-risk value of developing T2DM (Figure 3).

However, obesity patterns were not associated with dia-
betes risk in the population older than 60 years. Neither
overweight and general obesity nor abdominal obesity
were correlated with T2DM in women (all p > 0.05;
Figures 2 and 3); however, among women with compound
obesity, the correlation was significant (p < 0.05).
Abdominal obesity and compound obesity were identified
as independent risk factors of T2DM development among
smokers and alcohol drinkers (p < 0.05).
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Figure | Comparison of the T2DM incidence among different obesity patterns (n = 5860).

Discussion

This cross-sectional study enrolled 5,860 participants and
investigated the associations between different obesity
patterns and the risk of developing T2DM. We used BMI
as an indicator for general obesity and WC as an index for
abdominal obesity. The incidences of diabetes in com-
pound obesity, abdominal obesity, and overweight and
general obesity were 10.2%, 8.3%, and 5.4%, respectively.
Moreover, multivariable regression analysis showed that
abdominal obesity and compound obesity were signifi-
cantly associated with T2DM after adjusting for confound-
ing factors. Different obesity patterns were not found to be
independent risk factors for developing T2DM among
individuals older than 60 years. In addition, abdominal
and compound obesity were highly associated with the

risk of developing T2DM among people who partake in
smoking or alcohol drinking.

People with overweight and general obesity without
abdominal obesity showed no significant association with
T2DM risk after adjusting for confounding factors. Most
studies have used BMI as the primary criteria for the
assessment of general obesity; however, BMI does not
accurately capture information regarding the adipose dis-
tribution throughout the body and is unable to differentiate
fat mass from muscle mass. The observed influence on the
risk of cardiometabolic symptoms was higher for body fat
distribution than for BMI. Thus, visceral adipose tissues
appear to have a great impact on the development of
obesity-related metabolic disorders.'®!'> WC, which is an
index of body fat could serve

distribution, as

Table 2 Multivariate Logistic Regression Model of Associations Between Different Patterns of Obesity and T2DM Risk (n = 5860)

Obesity Patterns Total | Diabetes Unadjusted Model Model | Model 2
(. %) OR [95% CI] | p-value | OR[95% CI] | p-value | OR[95% CI] | p-value
Normal weight 2816 | 71 (2.5%) 1.00 - 1.00 - 1.00 -
Overweight and general 1421 | 77 (54%) | 2.21[1.59,3.08] | <0.001 1.78 [1.26, 2.49] 0.001 1.38 [0.97, 1.96] 0.075
obesity
Abdominal obesity 974 | 81 (8.3%) | 3.50[2.52,4.86] | <0.001 | 2.46[1.74, 3.48] | <0.001| 1.55[1.08, 2.24] 0.018
Compound obesity 649 | 66(10.2%) | 4.38[3.10,6.19] | <0.001 | 3.09[2.15,4.45] | <0.001 1.85[1.25,2.73] 0.002
Notes: Model |, adjusted for age, sex, smoking, and drinking; Model 2, adjusted for age, sex, smoking, drinking, hypertension, TG, HDL-C, and WBC.
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Figure 2 Subgroup analyses for the risks of developing T2DM in the overweight and general obesity group compared with the normal-weight group.
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Figure 3 Subgroup analyses for the risks of developing T2DM in the group with abdominal obesity compared with the normal-weight group.
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Figure 4 Subgroup analyses for the risks of developing T2DM in the group with compound obesity compared with the normal-weight group.
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a standardized parameter for assessing abdominal obesity,
and the distribution of adipose tissue is a well-documented
and significant factor associated with the development of
insulin resistance.”® People with abdominal obesity but
without general obesity showed a high risk of developing
diabetes. The combination of both general and abdominal
obesity displayed an additive effect on diabetes risk. The
subgroup analysis indicated that women with compound
obesity were more likely to develop diabetes compared
with women of normal weight.

Subgroup analysis also indicated that general obesity
and abdominal obesity were not independent risk factors
of T2DM among people older than 60 years. Because
hypofunction and metabolic disturbance can ecasily
develop among older individuals, the effects of obesity
on diabetes development were not obvious, and diabetes
development is likely to be affected by chronic inflam-

mation or sarcopenia.’'

Older individuals commonly
experience a loss of muscle mass and are more suscep-
tible to the

Therefore, physical

development of insulin resistance.?

exercise is recommended as
a sufficient method for improving muscle strength and
mass. Abdominal obesity was identified as an indepen-
dent risk factor for T2DM among people who partake in
smoking and drinking. A recent study indicated that
childhood exposure to parental smoking was associated
with an increased risk of overweight and abdominal
obesity.”> Another study showed that obesity was highly
related to tobacco smoking.?* Active and passive smok-
ing are typically accompanied by increased weight, and
to be either

Furthermore, in our study, people with abdominal obesity

smokers tend obese or overweight.
were more likely to partake in smoking (38.9%); there-
fore, smoking may influence the development of meta-
bolic disorders and induce the abnormal distribution of
fat. In addition, alcohol drinking is known to be asso-
ciated with the risk of hepatic metabolic functional
damage, which could further affect glucose and lipid
metabolism. In this study, a high percentage of people
with abdominal obesity were also alcohol drinkers, and
drinking alcohol drinking might lead to visceral fat accu-
mulation. Moreover, women with general obesity or
abdominal obesity were not as susceptible to T2DM
development compared with men; however, females
with compound obesity deserve more attention because
the coexistence of general obesity and abdominal obesity
has an additive effect on the risk of developing T2DM.

Abdominal obesity represents an abnormal adipose
distribution phenotype and has been associated with

inflammation.?’

insulin  resistance and  chronic
Macrophage infiltration has been identified in abdominal
adipose tissue, and pro-inflammatory cytokines produced
by macrophages have been shown to affect insulin-
dependent tissues and beta cells. In our study, people
with abdominal obesity displayed high NLR wvalues
compared with people with normal weight (1.70 [1.31,
2.47] vs 1.60 [1.26, 2.36]), indicating that inflammation
is correlated with abdominal obesity. Recent studies
have also demonstrated that abdominal obesity was
a strong predictor for incident diabetes.”®?’ Another
study illustrated that obesity and T2DM are associated

8 and several

with increased levels of oxidative stress,’
oxidative stress markers have been associated with
diabetes.”’ Adipose tissue represents the largest endo-
crine organ and produces adipokines that stimulate the
generation of oxidative substances, which can further
affect the occurrence of diabetes. Therefore, programs
and strategies for controlling obesity should be estab-
lished and strengthened to reduce the incidence of
T2DM in China. Several studies have explored effective
interventions for preventing and controlling obesity, and
a recent meta-analysis showed that probiotic and syn-
biotic supplementation could decrease the levels of oxi-
dative stress among adults. Another study demonstrated
that fasting and energy-restricted diets could reduce
serum leptin concentrations.’® Meanwhile, a recent sys-
tematic review and meta-analysis indicated that a diet
with low dietary advanced glycation end products
(AGEs) had a great effect on insulin resistance, particu-
larly in patients with diabetes.>’ These findings suggest
that an evidence-based plan for energy intake should be
considered when designing policies for obesity manage-
ment among adults.

This study has several limitations. First, this study was
a single-center investigation, and the enrolled participants
were primarily residing in the city. Further investigations
should be conducted as multi-center studies that include
various areas. Second, WC was used as an important index
to reflect abdominal obesity; however, another measure,
such as the visceral fat index, which may reflect the
visceral adipose distribution more accurately, should be
compared with WC to determine the accuracy of this
measure. Finally, a cohort study is warranted to further
explore the associations between different obesity patterns
and the risk of developing diabetes.
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Conclusion

In summary, abdominal obesity and compound obesity are
risk factors for T2DM development. More attention should
be paid to preventing obesity among people younger than
60 years, and increased control of cigarette or alcohol
abuse should also be considered. With the increasingly
high burden of diabetes in China, obesity management
should be established to prevent or delay the development
of T2DM.
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