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Background: Recently, weight-adjusted-waist index (WWI), a new index for
evaluating obesity, has been developed. This study aimed to examine the
association between WWI and T2DM in Chinese urban adults.

Method: A total of 50978 eligible participants drawn from the prospective
REACTION study (Cancer Risk Assessment in Chinese People with Diabetes)
were included in this study. Participants were divided into 3 groups based on
baseline WWI levels. Pearson correlation analysis and binary logistic regression
analysis were conducted to explore the association of WWI with T2DM risk
factors and with T2DM risk.

Results: The prevalence of obesity, central obesity and T2DM was 14.2%, 46.8%
and 11.0% respectively, with a median age of 57 years. Logistic analysis showed
that the WWI was significantly associated with the risk of T2DM. Compared to the
lowest tertile of WWI (T1) serving as the reference group, the second tertile (T2)
and the third tertile (T3) were associated with a 0.218-fold [1.218 (1.152, 1.288),
P <0.001] and 0.286-fold [1.286 (1.212, 1.364), P <0.001] increase in the odds of
developing T2DM respectively. After adjusting for all factors with the exception of
the stratified variable, this association held true in age, sex, BMI, hypertension,
and hyperlipidemia subgroup and was especially pronounced in those aged <60
years, BM| >24 kg/mz, and males, with interactions between WWI and age, sex,
and BMI (P for interaction <0.05).

Conclusion: WWI was positively associated with T2DM in Chinese urban adults,
especially in young and middle-aged males with BM| >24 kg/m?.
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1 Introduction

Due to the increase in obesity, sedentary lifestyle, high-energy
diet, and population aging (1), the prevalence of diabetes is rising
rapidly worldwide, exerting adverse with a major impact on the
lives and well-being of individuals, families, and societies
worldwide. By 2019, close to 0.5 billion people were living with
diabetes globally, and this number is expected to increase by 25% by
2030 (2). In addition, half (50.1%) of diabetic patients are unaware
of diabetes, and this part of the population has a greater risk of
diabetic complications (3). Asia has been experiencing a rapidly
growing T2DM epidemic, with China and India being the two
major centers in Asia (4). Diabetes and its related complications
(such as kidney failure, peripheral arterial disease, cardiovascular
disease, and infection, etc.) have a serious effect on people’s quality
of life and require a large amount of health services, which greatly
aggravates the social burden.

Obesity jeopardizes public health worldwide, and has become
the fifth leading cause of death worldwide (5) and the leading cause
of preventable death in China (6). According to the latest estimates,
nearly 14% of men and 20% of women in the world’s population
(over 1 billion people in all) will be obese by 2030 (7). Obesity is
now recognized as a chronic, recurrent and multifactorial disease
and also as a major risk factor for non-communicable diseases (8).
Obesity can cause complications through anatomical and metabolic
effects, such as obstructive sleep, diabetes, cardiovascular disease
(CVD), non-alcoholic fatty liver disease (NAFLD), and tumor, the
multi-organ impairment and disease burden caused by these
diseases may become irreversible without timely intervention
(9, 10). Obesity is a major risk factor for T2DM, and weight gain
and obesity are significantly associated with diabetes incidence (11).
Therefore, an effective and accurate obesity assessment parameter is
essential to identifying individuals at high risk of diabetes and
preventing diabetes.

Body mass index (BMI) and waist circumference (WC) are the
most commonly used indexes to evaluate obesity, and accumulated
data have shown that they are closely related to the increased
prevalence of diabetes. However, those indexes can’t fully reflect the
characteristic of obesity, such as the difference between muscle mass
and fat mass, between central fat and peripheral fat, and between
subcutaneous fat and visceral fat (12-14). Therefore, these
traditional measures may not accurately reflect the relationship
between obesity and diabetes risk. Quantitative measurements of
body composition can be achieved by imaging methods such as
computed tomography (CT) or magnetic resonance imaging (MRI),
but those methods increase exposure to ionizing radiation and are
relatively limited in clinical practice (15). Park et al. (16) proposed a
new obesity indicator called “weight-adjusted-waist index (WWI)”
in 2018. WWI combines the advantages of WC while diluting the
correlation with BMI. Therefore, WWI mainly reflects central
obesity (17). Several studies have demonstrated an association
between WWI and hypertension, heart failure, hyperuricemia,
kidney stones, depression, and all-cause and cardiovascular
mortality (16, 18-24).
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Previous studies have shown a positive correlation between
WWI and the prevalence of T2DM in U.S. and Japan (25-27);
however, the relationship between WWI and the prevalence of
T2DM in the general adult population in large-sample urban China
has not been explored. Therefore, this study aims to further
investigate the relationship between WWI and T2DM through a
multi-center and large-sample epidemiological survey of Chinese
urban adults.

2 Methods
2.1 Study population

The study population was drawn from the REACTION (Risk
Evaluation of Cancers in Chinese Diabetic Individuals) study
designed to research the correlation of diabetes and prediabetes
with the risk of cancer in the Chinese population based on the
community. In 2011-2012, 53, 639 participants from eight regional
centers (Dalian, Lanzhou, Zhengzhou, Guangzhou, Guangxi,
Luzhou, Shanghai, and Wuhan) participated in the study and
signed the informed consent form. The subjects of the study were
permanent adult residents from 3 to 5 communities randomly
sampled in the city.

Inclusion and exclusion criteria (1): Inclusion criteria: individuals
aged >18 years old, without restrictions on gender proportion, having
good compliance (being objective and sincere for questionnaires, and
being able to accept regular follow-up) (2). Exclusion criteria:
individuals diagnosed with end-stage renal disease or severe liver
dysfunction (n=245); Participants with a history of mental illness or
advanced malignant tumor (n=176); Participants aged <18 years old
(n=381), lacking important data such as height, weight, WC, systolic
blood pressure (SBP), diastolic blood pressure (DBP), glycated
hemoglobin (HbAlc), fasting blood glucose (FBG), postprandial
blood glucose (PBG), smoking status, or drinking status (n=1, 859).
A total of 50, 978 participants were included (Figure 1).

2.2 Data collection

A standardized questionnaire was used by trained staff and nurses
to collect basic information, medical history, medication history and
lifestyle information. Height, weight and WC were measured in a
standard standing position, wearing light clothing and no shoes, and
recorded to 2 decimal places. WC was defined as the abdominal
circumference at the lower margin of the ribs and the midpoint of the
sacral line. BMI was calculated as weight divided by the square of
height (kg/mz); waist-to-hip ratio (WHR) was calculated as waist
circumference divided by hip circumference; and waist-to-height
ratio (WHtR) was calculated as waist circumference divided by
height. Blood pressure was measured in a standard sitting position,
and patients were asked to rest for at least 5 min before measurement.
Three measurements were taken every 5 minutes, and the average
value was used for statistical analysis.
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total of 53, 639 participants from eight
regional centers were enrolled
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Participants were included in the final
analysis (n=50, 978)
FIGURE 1

Flow chart of the study population.

2.3 Laboratory measurements

Blood samples were collected early in the morning after fasting
for at least 10 hours. Patients without diabetes underwent a 75 g
glucose tolerance test, and venous blood was drawn at 0 minute and
120 minutes. Biochemical indicators included FBG, PBG, total
cholesterol (TC), serum triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
alanine aminotransferase (ALT), aspartate aminotransferase (AST),
fasting insulin and HbAlc, serum creatinine (CREA), etc. The
estimated glomerular filtration rate (eGFR) was estimated using the
CKD-EPI formula updated by Inker et al. (28) in 2021. Fasting
plasma insulin levels were measured by glucose oxidase-peroxidase
method. Mid-morning clean urine was collected for urinary albumin/
creatinine ratio (UACR) determination.

2.4 Variable definition

Overweight was defined as BMI >24kg/m?, obesity was defined as
BMI 228kg/m2, central obesity was defined as male: WC 290cmy
Female: WC 285cm. Hypertension was defined as self-reported
hypertension and/or mean systolic/diastolic blood pressure >140/
90mmHg over three measurements. Diabetes was defined as self-
reported diabetes and/or newly diagnosed diabetes (FBG >7.0mmol/L
and/or PBG 211.1mmol/L and/or HbAlc >6.5%). Hyperlipidemia
was defined as self-reported hyperlipidemia and/or TC 26.2mmol/L
and/or TG 22.3 mmol/L and/or LDL-C >4.Immol/L. WWI were
calculated as WC divided by the square root of weight (cm//kg). All
subjects were divided into three groups according to the tertiles of
WWE: T1 (£10.47), T2 (10.48-11.13), T3 (>11.14).

2.5 Statistical analysis

All statistical analyses were performed using SPSS version 27.0
(IBM, Chicago, IL, USA). Study participants were divided into three
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Exclusion criteria were as follows:

Participants aged <18 years old (n=381);
Participants with end-stage renal disease
or severe liver dysfunction (n=245);
Participants with a history of mental iliness
or advanced malignant tumor (n=176);
Basic information missing (height, weight,
WC, SBP, DBP, HbA1c, FBG, PBG,
smoking, or drinking) (n=1, 859)

groups based on the tertiles of WWI. Normally distributed
continuous variables were expressed as mean + standard deviation
(SD), and non-normally distributed continuous variables were
expressed as median (interquartile range). Categorical variables
were expressed as frequencies and percentages. The 2 test was
used to calculate the comparison of count data between groups, with
P <0.05 as the statistically significant difference. For measurement
data normality analysis was performed firstly, and ANOVA was used
for comparisons if they were met, and non-parametric tests were used
if they were not. Some covariates had missing values, although the
extent of missing data for each variable was less than 20%. These
missing values were addressed through means of mean imputation
and regression imputation. The variance inflation factor (VIF) was
used to assess multicollinearity between predictor variables, with a
threshold VIF value of less than 10 indicating the absence of
multicollinearity, as shown in Supplementary Table S1. Pearson
correlation analysis was used to examine the association between
WWI and clinical risk factors of T2DM. Logistic regression was used
to analyze the association between WWI and T2DM, and the odds
ratio (OR) and 95% confidence interval (CI) were calculated. We
developed three models. Model 1 was not adjusted for confounding
factors. Model 2 was adjusted for age, sex, BMI, SBP, DBP, heart rate
(HR), drinking status, and smoking status. Model 3 was adjusted for
TG, LDL-C, HDL-C, ALT, AST, eGFR, CVD, and use of
antihypertensive and lipid-lowering drugs based on model 2. In
addition, we performed stratified analyses by age, sex, BMI,
hypertension, and hyperlipidemia as follows: by age (<60 and 260
years old, representing the middle-aged and elderly population), sex
(male and female), BMI (<24 kg/m® and >24 kg/m’, representing
normal weight or overweight/obesity), hypertension status, and
hyperlipidemia status. All statistical tests were two-sided, and
P <0.05 was considered statistically significant.

We performed several sensitivity analyses to evaluate the
robustness of the results. First, considering potential biases, we
excluded missing data from the dataset. In addition, considering the
strong relationship between obesity and diabetes, we excluded
participants with BMI >28kg/m’.
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3 Result

3.1 Clinical characteristics of the
study population

A total of 50,978 participants were included in the analysis. All
study subjects were divided into three groups based on the tertiles of
WWI. Table 1 shows the baseline characteristics of the study
population in the WWI tertiles and the comparison among the
three groups with different WWI levels. The majority of the
participants were women (68.6%), and most of them were middle-
aged and elderly, with a median age of 57 years. Compared with

TABLE 1 Basic characteristics of participants by WWI tertile.

10.3389/fendo.2025.1460230

participants in the T1 group, those in the T3 group were older, had
higher values of SBP, DBP, BMI, WC, HC, WHR, WHtR, higher
levels of TyG, HOMA-IR, FBG, PBG, HbAlg, fasting insulin, UACR,
serum TC, TG, LDL-C, HDL-C, lower levels of eGFR and education,
lower proportion of current smokers and alcohol drinkers (all P
<0.001). In the total population, the prevalence of obesity, central
obesity and T2DM was 14.2%, 46.9% and 11.0% respectively. With
the increase of WWT tertiles, the prevalence of T2DM increased (P-
trend <0.001). In addition, the prevalence of hypertension,
hyperlipidemia, CVD and NAFLD also increased gradually with
the higher WWI tertiles (P-trend <0.001). Moreover, participants
in the T3 group had a higher proportion of medication use

Variable Total WWI <10.47 10.48 <WWI <11.13 WWI >11.14
(n = 50,978) (n = 17,003) (n = 16,976) (n = 16,996)
Age, years 57 (51, 63) 54 (48, 59) 56 (51, 62) 61 (55, 69) <0.001
Male, n (%) 16024 (31.4) 5951 (35) 6189 (36.4) 3884 (22.9) <0.001
SBP, mmHg 129.33 (117.00, 143.67) 123.64 (112.33, 137.00) 129.33 (117.43, 143.00) 135.33 (122.00, 150.00) <0.001
DBP, mmHg 76.67 (70.00, 84.00) 75.33 (68.67, 82.67) 77.33 (70.67, 84.67) 77.33 (70.67, 84.67) <0.001
Pulse, (bpm) 78.33 (71.67, 86.33) 78 (71.33, 85.67) 78.33 (71.35, 86.33) 78.67 (72.00, 86.67) <0.001
Height, cm 159.5 (154.3, 165.0) 161.20 (156.40, 167.00) 160.00 (155.00, 166.00) 156.56 (152.00, 162.00) <0.001
Weight, kg 61.80 (55.00, 69.00) 60.00 (54.00, 68.00) 63.00 (56.30, 70.20) 61.90 (55.00, 69.00) <0.001
HC, cm 96.00 (91.20, 101.00) 93.00 (89.00, 98.00) 97.00 (92.10, 101.00) 99.00 (94.00, 104.00) <0.001
WC, cm 85.00 (79.00, 92.00) 78.00 (72.00, 83.00) 85.57 (81.00, 91.00) 92.00 (87.00, 98.00) <0.001
BMI, kg/m2 24.22 (22.06, 26.50) 23.15 (21.11, 25.28) 24.50 (22.51, 26.70) 25.00 (22.81, 27.41) <0.001
WHR 0.89 (0.84, 0.93) 0.83 (0.80, 0.87) 0.89 (0.85, 0.92) 0.93 (0.90, 0.97) <0.001
WHtR 0.53 (0.49, 0.57) 0.48 (0.45, 0.51) 053 (0.51, 0.56) 0.59 (0.56, 0.62) <0.001
FBG, mmol/L 5.54 (5.12, 6.17) 5.42 (5.04, 5.92) 5.56 (5.14, 6.20) 5.65 (5.20, 6.40) <0.001
PBG, mmol/L 7.42 (6.02, 9.70) 6.83 (5.66, 8.57) 7.53 (6.11, 9.77) 8.01 (6.42, 10.85) <0.001
Ins0, uU/mL 7.30 (5.30, 10.20) 6.3 (4.6, 8.8) 7.70 (5.60, 10.50) 8.10 (5.90, 11.30) <0.001
HbALc, (%) 5.90 (5.60, 6.30) 5.8 (5.5, 6.1) 5.90 (5.60, 6.30) 6.00 (5.60, 6.40) <0.001
TyG 8.71 (8.33,9.14) 8.54 (8.19, 8.95) 8.77 (8.39, 9.19) 8.83 (8.45, 9.24) <0.001
HOMA-IR 1.86 (1.28, 2.74) 1.55 (1.09, 2.26) 1.96 (1.36, 2.84) 2.12 (1.47, 3.12) <0.001
HDL-C, mmol/L 1.28 (1.07, 1.51) 1.31 (1.08, 1.56) 1.25 (1.05, 1.48) 1.28 (1.08, 1.50) <0.001
LDL-C, mmol/L 291 (2.31, 3.53) 2.77 (2.19, 3.39) 291 (2.33,3.52) 3.03 (2.43, 3.64) <0.001
TC, mmol/L 5.01 (4.24, 5.77) 4.48 (4.07, 5.61) 5.01 (4.25, 5.78) 5.18 (4.41, 5.92) <0.001
TG, mmol/L 1.33 (0.95, 1.93) 1.16 (0.84, 1.67) 1.41 (1.00, 2.04) 1.46 (1.04, 2.06) <0.001
ALT, U/L 15.00 (11.00, 20.00) 15.00 (10.00, 18.00) 16.00 (11.00, 21.00) 15.00 (11.00, 21.00) <0.001
AST, U/L 20.00 (16.00, 24.00) 19.00 (16.00, 23.00) 20.00 (16.00, 24.00) 20.00 (17.00, 25.00) <0.001
GGT, U/L 20.00 (14.00, 31.00) 18.00 (13.00, 27.00) 21.00 (15.00, 33.00) 21.00 (15.00, 33.00) <0.001
UACR, mg/g 9.17 (5.10, 18.72) 8.05 (4.44, 15.82) 9.20 (5.10, 18.53) 10.58 (5.82, 22.25) <0.001
CREA, pumol/L 65.40 (59.10, 73.30) 65.50 (59.10, 73.60) 66.00 (59.60, 74.40) 64.70 (58.60, 72.20) <0.001
eGFR, mL/min/1.73m* 98.57 (88.79, 105.11) 101.09 (91.74, 107.21) 99.06 (89.61, 105.12) 95.46 (85.18, 102.65) <0.001
(Continued)
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TABLE 1 Continued

Variable Total

(n = 50,978)

WWI <10.47
(n = 17,003)

10.3389/fendo.2025.1460230

10.48 <WWI <11.13
(n = 16,976)

WwI >11.14
(n = 16,996)

Education, n (%)

Tlliteracy 2,361 (4.6) 395 (2.3) 587 (3.5) 1,379 (8.1) <0.001
Primary school 6,333 (12.4) 1,366 (8.0) 1,854 (10.9) 3,113 (18.3) <0.001
Junior high school 16,950 (33.2) 5,168 (30.4) 5,943 (35.0) 5,839 (34.4) <0.001
Senior high school 17,891 (35.1) 7,137 (42.0) 6,104 (35.9) 4,650 (27.4) <0.001
College 6,830 (13.4) 2,717 (16.0) 2,285 (13.5) 1,828 (10.8) <0.001
Smoking status, n (%)
No 43,202 (84.7) 14,048 (82.6) 13,994 (82.4) 15,160 (89.2) <0.001
Occasional smokers 1,223 (2.4) 468 (2.8) 466 (2.7) 289 (1.7) <0.001
Regular smokers 5,860 (11.4) 2,241 (13.2) 2,260 (13.3) 1,319 (7.8) <0.001
Drinking status, n (%)
No 37,540 (73.6) 11,841 (69.6) 12,047 (70.9) 13,652 (80.3) <0.001
Occasional drinkers 9,327 (18.3) 3,731 (21.9) 3,354 (19.8) 2,242 (13.2) <0.001
Regular drinkers 3,336 (6.5) 1,159 (6.8) 1,310 (7.7%) 867 (5.1%) <0.001
Prevalence of diseases, n (%)
New-onset diabetes 5,620 (11.0) 1,214 (7.1) 1,838 (10.8) 2,568 (15.1) <0.001
Prediabetes 5,272 (10.3) 1,582 (9.3) 1,904 (11.2) 1,786 (10.5) <0.001
Diabetes mellitus history 7,823 (15.3) 1,908 (11.2) 2,751 (16.2) 3,164 (18.6) <0.001
Hypertension history 11,472 (22.5) 2,509 (14.8) 3,797 (22.4) 5,166 (30.4) <0.001
Dyslipidemia history 4,593 (9.0) 1,112 (6.5) 1,654 (9.7) 1,827 (10.7) <0.001
CVD history 2,724 (5.3) 512 (3.0) 851 (5.0) 1,361 (8.0) <0.001
NAFLD history 4,042 (7.9) 897 (5.3) 1,531 (9.0) 1,614 (9.5) <0.001
Medication, n (%)
Hypoglycemic drugs 3,998 (7.8) 821 (4.8) 1,305 (7.7) 1,872 (11.0) <0.001
Antihypertensive drugs 7,631 (15.0) 1,608 (9.5) 2,476 (14.6) 3,547 (20.9) <0.001
Lipid-lowering drugs 503 (1.0) 119 (0.7) 180 (1.1) 204 (12) <0.001
Insulin 1,094 (2.1) 243 (14) 345 (2.0) 506 (3.0) <0.001

Data are medians (interquartile ranges) for continuous variables or percentages for categorical variables.

BMLI, body mass index; WHR, waist-to-hip ratio; WHItR, Waist-height ratio; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose;
PBG, postprandial blood glucose; TC, total cholesterol; TGs: triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; UA, uric acid; eGFR, estimated glomerular filtration rate; CREA, creatinine; UACR, urinary albumin/creatinine ratio; CVD, cardiovascular

disease; NAFLD, non-alcoholic fatty liver disease.

(antihypertensive, lipid-lowering, oral glucose-lowering and insulin)
than those in the T1 group.

3.2 Correlations of WWI with T2DM-
related clinical parameters

We used Pearson correlation analysis to examine the
association between WWI and T2DM-related clinical parameters.
The results shows that WWI was positively correlated with age,
WC, WHR, SBP, FBG, PBG, HbAlc, and Scr, and was negatively

Frontiers in Endocrinology

correlated with BMI, DBP, TC, TG, ALT, LDL-C, and eGFR (all
P <0.05). No significant correlation was observed between WWI
and HDL-C, AST (P <0.05) (Table 2).

3.3 Association between WWI Tertile and
T2DM risk in Chinese urban adults

Table 3 shows that the risk of T2DM increased with increasing
WWTI tertiles (P-trend <0.001). In Model 1, univariate analysis
showed that WWI was associated with an increased risk of T2DM.
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TABLE 2 Correlations of WWI with T2DM-related clinical parameters.

Correlation

Variable e P value
coefficient
Age, years 0.394 <0.001
Height, cm -0.267 <0.001
BMLI, kg/m® -0.083 <0.001
WC, cm 0.672 <0.001
WHR 0.083 <0.001
SBP, mmHg 0.114 <0.001
DBP, mmHg -0.066 <0.001
FBG, mmol/L 0.186 <0.001
PBG, mmol/L 0.203 <0.001
HbAlc, (%) 0.163 <0.001
TC, mmol/L -0.067 <0.001
TGs, mmol/L -0.042 0.001
HDL-C, mmol/L 0.017 0.189
LDL-C, mmol/L -0.046 <0.001
ALT, U/L -0.074 <0.001
AST, U/L -0.019 0.146
CREA, pmol/L 0.248 <0.001
eGFR, mL/min/1.73m’ 0317 <0.001

Pearson correlation coefficient.

BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; SBP, systolic
blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; PBG, postprandial
blood glucose; TC, total cholesterol; TGs, triglycerides; LDL-C, low-density lipoprotein
cholesterol; HDL -C, high-density lipoprotein cholesterol; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; UA, uric acid; CREA, creatinine; eGFR, estimated glomerular
filtration rate.

In Model2, age, sex, BMI, SBP, DBP, HR, drinking status, and
smoking status were adjusted. Then, TC, TG, LDL-C, HDL, ALT,
AST, eGFR, CVD, antihypertensive drugs, and lipid-lowering drugs
were added to model 3. The results were shown in Table 3. After
fully adjusting for confounding factors, WWI remained
independently associated with T2DM. Compared with the lowest
tertile of WWI, T2 and T3 were associated with a 0.218-fold [1.218

10.3389/fendo.2025.1460230

(1.152, 1.288), P <0.001] and 0.286-fold [1.286 (1.212, 1.364),
P <0.001] increase in the odds of developing T2DM, respectively.
These results underscored a significant and positive association
between WWI and the risk of T2DM. Additionally, our results
showed that WWT was still positively correlated with T2DM when it
was a continuous variable.

3.4 Subgroup and sensitivity analysis

Stratified analyses were conducted based on age, sex, BMI,
hypertension, and hyperlipidemia to further investigate the
association between WWI and T2DM (Figure 2). The results
showed that the ORs for T2DM significant increased with higher
WWIL. Of note, there was a significant interaction between WWI
and age, BMI and sex (P for interaction <0.05). In those aged <60
years, BMI >24 kg/m? and males, there was a stronger correlation
between WWI and T2DM. However, the interaction with other
stratification factors such as hypertension and hyperlipidemia were
not significant (Supplementary Table S2). The results obtained after
excluding missing data from the dataset are consistent with the
results of the primary analysis (Supplementary Table S3).
Furthermore, the results remained stable after the exclusion of
participants BMI >28kg/m? (Supplementary Table $4).

4 Discussion

WWTI is a new anthropometric indicator to assess adiposity. In
this cross-sectional study examining the relationship between WWTI
and T2DM among Chinese urban adults, we demonstrated a
positive association between WWT and the risk of T2DM, which
was consistent and stable after adjustment for a wide range of
biochemical and lifestyle risk factors. Further stratification analysis
revealed that the positive association between WWI and T2DM
held true in age, sex, BMI, hypertension, and hyperlipidemia
subgroup and was especially stronger in those aged <60 years,
BMI >24 kg/m” and males.

A cross-sectional study in U.S. adults (n = 31,001) by
Zheng et al. (25) observed a strong positive correlation between

TABLE 3 Association between WWI Tertile and T2DM in Chinese urban adults.

Model 1 Model 2 Model 3
OR (95%Cl) P-trend OR (95% Cl) P-trend OR (95% ClI) P-trend
WWI Tertile <0.001 <0.001 <0.001
T1 1.00 1.00
T2 1.647 (1.564, 1.734)* 1.319 (1.249, 1.393)* 1.218 (1.152, 1.288)*
T3 2.263 (2.152, 2.379)* 1.391 (1.313, 1.473)* 1.286 (1.212, 1.364)*
WWI Continuous 1.427 (1.394, 1.460) <0.001 1.145 (1.115, 1.175)* <0.001 1.101 (1.072, 1.131)* <0.001

*Significant data.
Model 1: unadjusted;

Model 2: adjusted for sex, age, education, SBP, SDP, HR, BMI, smoking status, drinking status;

Model 3: additionally adjusted for HDL-C, LDL-C, TG, ALT, AST, eGFR, CVD, antihypertensive drugs, lipid-lowering drugs.
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Subgroup analyses of association between WWI Tertile and T2DM risk in Chinese urban adults.

WWI and the odds of T2DM, and found higher odds of T2DM
among younger and non-hypertensive populations. In a prospective
cohort study (n = 9,205) in the rural areas of northeast China, Yu
et al. (26) found that increasing WWTI was significantly associated
with a higher incidence of newly diagnosed T2DM, indicating that
WWTI could be used as a simple and effective predictors of
T2DM.Another study (27) reported that there was a positive
linear association between baseline WWI and newly diagnosed
T2DM in Japanese adults. Our findings were generally consistent
with the above studies and further demonstrated that WWI could
be a simple and effective predictor for T2DM. Moreover, consistent
with previous study of Zheng et al., we also found a significant
interaction between WWI and age, and showed that the
association between WWT and T2DM was stronger in those aged
<60 years. Likewise, other obesity index, such as WC, was
demonstrated to be more associated with T2DM in individuals
aged <60 years than in those aged > 60 years (29). The reason may
be as follows. Firstly, age affects body composition. Younger people
tend to have more muscle mass, but muscle mass gradually
decreases while fat content increases with age progression
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(30, 31). Secondly, age affects fat distribution
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. Studies have

reported that central obesity is more significant in the elderly
than in the young (32, 33).

As mentioned earlier, obesity leads to the occurrence of
diabetes, but most of the previous studies were conducted using
BMI and WC as indicators of obesity. However, both of BMI and
WC have some disadvantages in evaluating obesity. For example,
BMI neither reflects the distribution of body fat nor can differentiate
between fat and muscle. Although WC can assess the degree of
abdominal obesity, it could not differentiate between subcutaneous
and visceral obesity. Recent studies have shown that central obesity
is more closely associated with T2DM (34-36). Since WWT is
derived from weight-standardized WC which mainly reflects pure
central obesity independent of weight, it can be used as a better
indicator of central obesity than WC. In addition, several studies
have shown that WWT is positively correlated with fat mass and
negatively correlated with muscle mass measured by various
methods (37, 38). Thus, WWI could reflect body composition
and fat distribution, and may be superior to BMI and WC in
accurately evaluating central obesity.

07 frontiersin.org


https://doi.org/10.3389/fendo.2025.1460230
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wou et al.

As a better indicator of central obesity, WWI may induce
diabetes through the following mechanisms: Firstly, altered
adipose tissue metabolism: insulin-resistant factors such as free
fatty acids (FFA), cortisol, and testosterone are active in
abdominally obese individuals. FFA increases the generation of
hepatic lipid and lipoprotein, and may reduce the clearance of the
liver on insulin, causing insulin resistance in muscle and liver (39).
Cortisol and testosterone have a “licensing” effect on adipolysis,
thus amplifying the lipolytic stimulus and inducing insulin
resistance in muscle (40). Secondly, altered endocrine function of
adipose tissue: When adipocyte dysfunction occurs as a result of
adipose tissue dilatation, there is an imbalance between pro-
inflammatory and anti-inflammatory adipokines secreted by
adipose tissue. For example, adipose tissue releases a variety of
pro-inflammatory molecules. Aldosterone, a hormone traditionally
associated with blood pressure regulation, has been implicated in
the inflammatory response within adipose tissue (41). Studies have
shown that aldosterone treatment of cultured adipocytes increases
the expression of interleukin-6 (IL-6), plasminogen activator
inhibitor-1, chemerin, and leptin, which are key players in the
inflammatory cascade that can lead to insulin resistance (42).
Additionally, the chronic low-grade inflammation in obesity,
characterized by an increase in pro-inflammatory cytokines such
as IL-6) and tumor necrosis factor-o, along with C-reactive protein,
creates a state that may precipitate insulin resistance (43, 44). In
contrast, anti-inflammatory factors such as adiponectin can
regulate insulin sensitivity by reducing ectopic fat deposition, but
high accumulation of visceral fat can reduce the concentration of
adiponectin. For instance, excess aldosterone will lead to a decrease
in blood adiponectin levels and correspondingly reduce its
expression in visceral adipose tissue, thereby increasing
susceptibility to a range of metabolic complications (45, 46). The
dysregulation of the above pro-inflammatory and anti-
inflammatory adipokines may have local or systemic effects on
the inflammatory response, leading to the occurrence and
progression of obesity-induced diabetes and other complications
(47). Thus, our study further demonstrated the significance of early
screening of central obesity for the prevention of diabetes and the
potential of WWI as an accurate indicator to reflect central obesity.

A growing number of studies have explored the relationship
between WWI and other diseases. Park et al. (16) research has
found a positive linear association between WWI and
cardiometabolic morbidity and mortality. In addition, two studies
have showed that elevated WWI levels were independently
associated with increased risks of cardiovascular and all-cause
mortality in the Chinese population (19, 23). Subsequently, Fang
et al. (48) found that higher levels of WWI were significantly
associated with an increased risk of CVD in U.S. adults. Zhang
et al. (18) found a significant correlation between WWTI and risk of
heart failure (HF) in a cross-sectional study, which can be used as an
independent linear indicator of the risk of prevalent HF in the
general population. What” more, Li et al. (22) and Liu et al. (49)
showed that WWI was positively associated with an increased risk
of depression. To sum up, increased WWI levels are significantly
associated with a variety of diseases and can be used for early
disease screening.
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The strengths of our study are the large sample size and the fact
that the participants came from eight urban regions in different
geographic areas of China. Nevertheless, this study had some
limitations: First, some of the diseases identified in the survey
were self-reported by participants, which may be underreported
or overreported despite rigorous questionnaire survey according to
the diagnostic criteria of the disease. Second, although we have
adjusted for many important covariates, we cannot rule out any
potential residual confounding. Third, since this was a cross-
sectional study, causal relationship cannot be inferred, which
needs to be further verified in a larger follow-up study.

5 Conclusion

In conclusion, this study showed that WWI was significantly
and positively associated with the risk of T2DM in Chinese urban
adults for the first time, and the association was especially
pronounced in those aged <60 years, BMI >24 kg/m* and males.
We expect that larger prospective cohort studies will be conducted
to further investigate the association between WWT and T2DM and
verify the significance of WWI in screening people at high risk
for T2DM.
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