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Abstract
Background The weight-adjusted waist index (WWI) is a quantitative anthropometric index that can be applied to 
evaluate obesity. This study examined the relationship between adult United States (US) residents’ risk of diabetes 
mellitus type 2 (T2DM) and WWI.

Methods The NHANES (National Health and Nutrition Examination Survey) 2001–2018 provided the data for this 
investigation. This study used multifactorial logistic regression analysis, smoothed curve fitting, subgroup analysis, and 
interaction tests to assess the association between WWI and T2DM. Additionally, threshold effects were calculated 
using a two-stage linear regression model. The receiver operating characteristic(ROC) curves evaluated the diagnostic 
ability of the WWI and commonly used obesity indicators.

Results 20,477 participants were enrolled in the analysis, and patients with greater levels of WWI had a higher 
prevalence of T2DM. WWI and T2DM have a non-linear relationship, with a positive association found on the left side 
of the breakpoint (WWI = 12.35) (OR = 1.82, 95%CI:1.64–2.02), whereas, on the right side, no such relationship was 
found (OR = 0.9, 95%CI:0.61–1.34). For every unit rise in WWI, the probability of having T2DM increased by 67% after 
controlling for all other variables (OR:1.67,95%CI:1.53–1.83). Based on subgroup analyses, individuals under 40 had a 
higher correlation between WWI and T2DM (P < 0.001).ROC analyses showed that WWI had the best discrimination 
and accuracy in predicting T2DM compared to other obesity indicators (WC, BMI, and Weight).

Conclusion Higher WWI values had a higher prevalence of T2DM in US individuals, especially in adults under 40. WWI 
has the strongest ability to predict T2DM. Therefore, the importance of WWI in the early identification of T2DM in US 
adults should be emphasized.
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Introduction
T2DM is a chronic metabolic disease that often leads 
to damage to the cardiovascular system and is the most 
common cause of death in people with type 2 diabe-
tes [1], and it has been estimated that about 6.7 million 
people will die from diabetes or diabetes complications 
in 2021 alone [2].T2DM is spreading and becoming more 
prevalent, making it a major global healthcare burden 
and public health problem [3]. The number of people 
with diabetes is projected to rise to 783 million by 2025 
[4]. Healthcare expenditures for people with diabetes 
are three times higher than for the general non-diabetic 
population, with $673  billion spent on the treatment of 
diabetes and its associated complications alone in 2015 
[4]. T2DM complications are difficult to reverse once 
they have occurred; however, clinical trials have demon-
strated that people with T2DM can be prevented through 
a healthy diet and aerobic exercise [5–7]. Despite the 
availability of clinical guidelines for T2DM and its com-
plications, the prevention and management of T2DM 
remains poor overall. Therefore, there is an urgent need 
to develop and implement new preventive and therapeu-
tic strategies for the early detection to recognize T2DM.

Obesity has become an important global health prob-
lem [8]. Obesity, especially abdominal obesity, is strongly 
associated with the development of diabetes [9–11]. Pre-
viously, obesity was customarily assessed by body mass 
index (BMI) and waist circumference (WC), which are 
often used in combination for a more comprehensive 
assessment of central obesity risk, especially abdominal 
fat accumulation [12, 13]. However, BMI does not differ-
entiate between body fat distribution [14] and WC does 
not differentiate between visceral and subcutaneous fat, 
a drawback found in previous studies, which showed 
that even people with low levels of both BMI and WC 
have visceral obesity and are at a similarly high risk of 
developing diabetes [15]. Therefore, a new obesity index 
called WWI (waist circumference divided by the square 
root of body weight) was proposed. WWI distinguishes 
between fat and muscle mass and explains centripetal 
obesity, which is not related to body weight [16–18]. In 
addition, WWI has the advantage of being proportional 
to age, reflecting changes in abdominal composition with 
age. It has been found that WWI can predict the changes 
that occur in fat and muscle composition associated with 
aging, and these changes can be used in a variety of pop-
ulations [19, 20].

It has been found that increased WWI may be associ-
ated with the development of cardiovascular disease and 
non-alcoholic fatty liver [21–23]. It has been demon-
strated that WWI was positively associated with T2DM 
[24]. Therefore, the present study further expanded the 
sample compared to previous studies by using NHANES 
data from 2001 to 2018 to investigate the relationship 

between WWI and T2DM in the US adult population, 
and to explore the predictive role of commonly used obe-
sity indicators in the development of T2DM, and to find 
better indicators for early identification of the develop-
ment of T2DM.

Methods
Survey description
This cross-sectional investigation included 91,348 par-
ticipants, and all population data were isolated from the 
NHANES database. This database survey plays a critical 
role in providing comprehensive data that helps research-
ers and healthcare professionals understand health and 
nutrition trends. This survey uses a multistage, strati-
fied, subgroup probability sampling investigation design. 
Every participant signed a written informed consent 
form, which was authorized by the NCHS Ethics Review 
Board [25, 26].

Study population
The NHANES database from 2001 to 2018 was used for 
this study. Initially, participants with T2DM and WWI 
data were integrated into our investigation. A total of 
91,348 individuals were enlisted in the research, exclud-
ing patients with missing data on WWI (n = 15094), 
T2DM diagnosis (n = 49,132), age less than 20 years 
(n = 6032), and pregnant women (n = 622). For our final 
analysis, included in this study were 20,477 adults with 
complete data. (Fig. 1)

Exposure and outcome variables
The exposure variable WWI (cm/√kg) is an innovative 
anthropometric measurement of central obesity. The 
measurement is taken by a licensed healthcare profes-
sional who has received the necessary training. The sub-
ject’s abdomen is relaxed, and the waist circumference 
is measured horizontally around the abdomen to ensure 
data accuracy. The soft ruler is placed on the right mid-
line of the axilla, which is the midpoint of the line con-
necting the upper edge of the iliac bone and the lower 
border of the 12th rib. Weight was recorded using a 
digital scale [27]. Subsequently, all participants were cat-
egorized into quartiles based on transforming the WWI 
continuous variable into a categorical variable. The out-
come variable was T2DM, and participants in this study 
were identified as T2DM cases based on the relevant 
questionnaires and laboratory tests that met the follow-
ing criteria: fasting blood glucose (FBG) ≥ 7 mmol/L; gly-
cosylated hemoglobin (HbA1c%) ≥ 6.5%; 2-hour blood 
glucose ≥ 11.1 mmol/L at the time of the oral glucose tol-
erance test (OGTT); your doctor has told you that you 
have diabetes and you have been taking oral glucose-low-
ering medication or insulin injection [28, 29].
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Covariates
The study included covariates that might confound the 
correlation between WWI and T2DM, the study catego-
rized participants into different racial groups, including 
Mexican Americans, non-Hispanic Whites, non-His-
panic Blacks, and other races. Education levels were clas-
sified into three categories: less than high school, high 
school or general educational development (GED), and 
above high school. Household income was defined using 
the poverty-income ratio (PIR), with three categories: 
low income (PIR < 1.3), moderate income (1.3 ≤ PIR < 3.5), 
and high income (PIR ≥ 3.5) [30]. Smoking status was cat-
egorized as current, former, or never smokers. Alcohol 
intake was assessed with a “yes or no” question related 

to consuming at least 12 drinks per year. Physical activ-
ity was categorized into three groups: the inactive group, 
consisting of individuals not physically active in their lei-
sure time, and the moderate and vigorous group, based 
on questions about weekly cycles of moderate-intensity 
and vigorous exercise. Total energy intake was obtained 
from dietary interviews and the NHANES database, 
with the dietary interviews conducted in part by the 
United States Department of Agriculture (USDA) and 
the United States Department of Health and Human Ser-
vices (DHHS), with the National Center for Health Sta-
tistics (NCHS) being responsible for all aspects of the 
survey sample design and data collection, and with the 
USDA Food Surveys and Research Group (FSRG) being 

Fig. 1 NHANES participant inclusion flowchart
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responsible for the dietary data collection methodology 
and for data review and processing. All NHANES partici-
pants were asked to conduct two 24-hour dietary recall 
interviews, with the first dietary interview conducted 
at a Mobile Examination Center (MEC) and the second 
interview conducted by telephone 3 to 10 days later. Total 
energy intake was obtained from the two 24-hour dietary 
recalls and averaged [31]. BMI was calculated using the 
formula weight (kg)/height (m²), and participants were 
categorized as normal weight (< 25  kg/m²), overweight 
(25–30 kg/m²), or obese (≥ 30 kg/m²). Hypertension was 
defined by self-reported high blood pressure, systolic 
blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 
mmHg [32]. The complete measurement technique 
for these variables is easily accessible in the NHANES 
database.

Statistical analysis
This study utilized R (version 4.2) and Empower soft-
ware (version 5.0) for statistical analyses, adhering to 
NHANES analysis guidelines and considering appro-
priate sample weights. Statistical significance was set at 
P < 0.05. Continuous variables were expressed as mean 
standard deviation and categorical variables as num-
bers and percentages. Continuous variables were tested 
for normality, and if they did not conform to normal 
distribution, the Kruskal-Wallis test was used for non-
parametric tests, the U test was used for conformity to 
normal distribution, and the chi-square test was used for 
categorical variables. The association between WWI and 
diabetes mellitus was explored via multivariate logistic 
regression analysis. The models used for analysis were: 
Model 1: Unadjusted data. Model 2: Adjusted for age, sex, 
and race. Model 3: Adjusted for age, sex, race, education, 
BMI, poverty-to-income ratio, smoking status, alcohol 
intake, HDL, LDL, hypertension, physical activity, and 
total energy intake. Subgroup analyses were conducted to 
test interactions among variables like age, sex, BMI, and 
hypertension. Insignificant interaction p-values implied 
reliable results across populations; otherwise, specific 
populations might exhibit different outcomes. The study 
employed smoothed curve fitting to explore nonlinear 
correlations between WWI and T2DM. Upon detecting 
a nonlinear relationship, a recursive algorithm deter-
mined the significant inflection point of the WWI-T2DM 
relationship, followed by threshold effect analysis. This 
meticulous statistical approach allowed for a comprehen-
sive exploration and understanding of the relationship 
between WWI and T2DM within the studied population.

Results
Baseline characteristics
The study included a sample of 20,477 adults aged 20 
years or older, with 18.11% having Type 2 diabetes 

mellitus (T2DM). The average age was (50.15 ± 17.80) 
years with a roughly equal distribution of males (49.68%) 
and females (50.32%). The WWI was categorized into 
quartiles: Q1 (8.38–10.45), Q2 (10.45–11.02), Q3 (11.02–
11.61), and Q4 (11.61–15.52). Variables such as age, 
gender, education, race, BMI, poverty-to-income ratio, 
smoking status, alcohol intake, HDL, LDL, hypertension, 
physical activity, and total energy intake exhibited statis-
tically significant differences among the four WWI quar-
tiles (all p < 0.05). Compared to those in the lowest WWI 
quartile, individuals in the highest WWI quartile were 
more likely to be female, elderly, non-Hispanic whites 
and Mexican Americans, less educated, inactive, smok-
ers, and alcohol consumers. Additionally, a positive asso-
ciation was observed between higher WWI levels and 
hypertension, BMI, and LDL levels, while lower levels of 
total dietary energy, poverty-to-income ratio, and HDL 
were noted in the highest WWI quartile (Table 1). This 
detailed analysis provides a comprehensive overview of 
the demographic and health-related characteristics of the 
study participants across different WWI quartiles, shed-
ding light on potential associations with T2DM.

Association of WWI with T2DM
Table 2 investigates the relationship between WWI con-
tinuous and categorical variables and T2DM. A higher 
risk of developing T2DM appears to be linked to higher 
WWI, according to the current findings. In all multifac-
torial logistic regression models (Model 1: OR = 2.83, 95% 
CI: 2.69–2.97; Model 2: OR = 2.46, 95% CI: 2.32–2.60; 
Model3: OR = 1.67,95% CI:1.53–1.83), increased WWI 
was positively associated with a higher risk of devel-
oping T2DM. In model 3, after adjusting for potential 
confounding variables, there was a 42% increase in the 
chance of developing T2DM for every unit increase in 
WWI. Furthermore, this trend remained statistically sig-
nificant after WWI was classified as a categorical vari-
able, with the risk of developing T2DM in the higher 
WWI quartile being 1.96 times higher than in the low-
est WWI quartile in all multivariate logistic regression 
models (OR = 2.96,95%CI:2.35–3.73). Smooth curve fit-
ting revealed a nonlinear relationship between WWI and 
T2DM (Fig.  2). In the fully adjusted model, a nonlinear 
inverse L-shaped association was detected between 
WWI and T2DM, with a threshold effect analysis yield-
ing a breakpoint point (K) of 12.35, and to the left of 
the breakpoint WWI was significantly and positively 
correlated with T2DM (OR = 1.82, 95% CI:1.64–2.02, 
P < 0.0001). On the right side of the breakpoint, however, 
there was no remarkable correlation between WWI and 
T2DM (OR = 0.90, 95% CI:0.61–1.34, P = 0.6106). The test 
P value for the log-likelihood ratio was 0.001(Table 3).
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Characteristics Weight-adjusted waist index P-value
Q1(8.38-10.45) Q2 (10.45-11.02) Q3(11.02 - 11.61) Q4 (11.61-15.52)
N=5119 N=5119 N=5119 N=5120

Age(year) 38.41 ± 14.57 47.32 ± 15.89 53.87 ± 16.38 60.99 ± 16.05 <0.001
Age, (%) <0.001
20-39 3030 (59.19%) 1775 (34.67%) 1137 (22.21%) 644 (12.58%)
40-59 1543 (30.14%) 2085 (40.73%) 1864 (36.41%) 1469 (28.87%)
≥60 546 (10.67%) 1259 (24.59%) 2118 (41.38%) 3139 (61.31%)
Gender, (%) <0.001
Male 3017 (58.94%) 2833 (55.34%) 2510 (49.03%) 1813 (35.41%)
Female 2102 (41.06%) 2286 (44.66%) 2609 (50.97%) 3307 (64.59%)
Race, (%) <0.001
Mexican American 514 (10.04%) 839 (16.39%) 1044 (20.39%) 1024 (20.00%)
Non-Hispanic White 2232 (43.60%) 2277 (44.48%) 2198 (42.94%) 2431 (47.48%)
Non-Hispanic Black 1447 (28.27%) 996 (19.46%) 918 (17.93%) 753 (14.71%)
Other Race 926 (18.09%) 1007 (19.67%) 959 (18.73%) 912 (17.81%)
Education levels, (%) <0.001
Less than high school 858 (16.76%) 1110 (21.71%) 1514 (29.61%) 1855 (36.30%)
High school or GED 1098 (21.45%) 1184 (23.15%) 1221 (23.88%) 1214 (23.76%)
Above high school 3162 (61.78%) 2820 (55.14%) 2378 (46.51%) 2041 (39.94%)
PIR, (%) <0.001
Low income 1213 (25.55%) 1287 (27.37%) 1440 (30.69%) 1751 (37.70%)
Moderate income 1734 (36.53%) 1758 (37.38%) 1863 (39.71%) 1907 (41.06%)
High income 1800 (37.92%) 1658 (35.25%) 1389 (29.60%) 986 (21.23%)
Smoking status, (%) <0.001
Former 849 (16.60%) 1242 (24.28%) 1495 (29.22%) 1559 (30.49%)
Current 1326 (25.92%) 1104 (21.58%) 1019 (19.92%) 893 (17.47%)
Never 2940 (57.48%) 2769 (54.13%) 2602 (50.86%) 2661 (52.04%)
alcohol intake, (%) <0.001
Yes 643 (15.00%) 701 (16.56%) 756 (18.32%) 714 (18.50%)
No 3645 (85.00%) 3532 (83.44%) 3371 (81.68%) 3145 (81.50%) No
BMI, (%) <0.001
Normal weight 2932 (57.31%) 1612 (31.53%) 982 (19.25%) 570 (11.20%)
Overweight 1530 (29.91%) 2047 (40.04%) 1894 (37.14%) 1469 (28.87%)
Obesity 654 (12.78%) 1453 (28.42%) 2224 (43.61%) 3050 (59.93%)
Physical activity, (%)
Inactive
Yes

1389 (27.21%) 1447 (28.33%) 1444 (28.29%) 1675 (32.92%) <0.001

No 3716 (72.79%) 3660 (71.67%) 3661 (71.71%) 3413 (67.08%)
Moderate
Yes

2712 (53.10%) 2313 (45.30%) 2086 (40.93%) 1681 (33.19%) <0.001

No 2395 (46.90%) 2793 (54.70%) 3010 (59.07%) 3384 (66.81%)
Vigorous
Yes

2261 (44.30%) 1375 (26.97%) 810 (15.94%) 441 (8.77%) <0.001

No 2843 (55.70%) 3724 (73.03%) 4270 (84.06%) 4590 (91.23%)
Hypertension, (%) <0.001
Yes 855 (16.76%) 1518 (29.80%) 2105 (41.26%) 2890 (56.53%)
No 4247 (83.24%) 3576 (70.20%) 2997 (58.74%) 2222 (43.47%)
Diabetes, (%) <0.001
Yes 226 (4.41%) 586 (11.45%) 1060 (20.71%) 1836 (35.86%)
No 4893 (95.59%) 4533 (88.55%) 4059 (79.29%) 3284 (64.14%)
HDL (mmol/L) 1.49 ± 0.44 1.38 ± 0.42 1.35 ± 0.40 1.33 ± 0.38 <0.001

Table 1 Baseline parameters by weight-adjusted waist index for research participants



Page 6 of 11Li et al. BMC Public Health         (2024) 24:2025 

Subgroup analysis
The associations between WWI and the risk of develop-
ing type 2 diabetes were found to be stable (all P < 0.05) in 
subgroup analyses and interaction tests stratified by age, 
sex, BMI, and hypertension. However, it was found that 
the most crucial interaction factor affecting the connec-
tion between WWI and T2DM was age, and subgroup 
analyses suggested a stronger association between WWI 
and T2DM among participants aged < 40 years (P < 0.001). 

In the population without hypertension, the relationship 
between WWI and T2DM was more substantial than in 
the hypertensive population (P < 0.05). The positive cor-
relation between WWI and T2DM was comparable in 
populations with different gender and BMI status and 
may exert in different populations (Fig. 3).

ROC analysis
In this cross-sectional study, the area under the curve 
(AUC) values were calculated to compare the predictive 
accuracy of WWI with other obesity indicators (WC, 
BMI, and Weight) for T2DM (Fig. 4). We found that the 
AUC value of WWI was higher than the other 3 obesity 
indicators in predicting T2DM, T2DM: AUC (95% CI): 
0.7332 (0.7249–0.7416). The difference in AUC values 

Table 2 Associations between weight-adjusted waist index and the risk of T2DM
WWI Model 1 Model 2 Model 3

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P-value
WWI(Continuous) 2.83 (2.69, 2.97) <0.0001 2.46 (2.32, 2.60) <0.0001 1.67 (1.53, 1.83) <0.0001
WWI(Quartile)
Q1(8.38-10.45) Reference Reference Reference
Q2(10.45 - 11.02) 2.80 (2.39, 3.28) <0.0001 2.23 (1.90, 2.63) <0.0001 1.48 (1.19, 1.85) 0.0004
Q3(11.02 - 11.61) 5.65 (4.87, 6.57) <0.0001 3.87 (3.31, 4.54) <0.0001 2.02 (1.63, 2.52) <0.0001
Q4(11.61 - 15.52) 12.10 (10.47, 13.99) <0.0001 7.66 (6.53, 8.99) <0.0001 2.96 (2.35, 3.73) <0.0001
P for trend 3.36 (3.16, 3.56) <0.0001 2.73 (2.55, 2.92) <0.0001 1.73 (1.56, 1.91) <0.0001
Model 1: Unadjusted for relevant covariates

Model 2: Adjusted for age, sex, and race

Model 3: Adjusted for covariates in Model 2 plus education, BMI, poverty-to-income ratio, smoking status, alcohol intake, HDL, LDL, hypertension, physical activity, 
and total energy intake

Table 3 Threshold effect analysis of WWI on T2DM using a two-
piecewise linear regression model
WWI Adjusted OR (95% CI) P-value
Model 1 1.67 (1.53, 1.83) <0.0001
Model 2
Breakpoint (K) 12.35
 < 12.35 1.82 (1.64, 2.02) <0.0001
 > 12.35 0.90 (0.61, 1.34) 0.6106
Logarithmic likelihood ratio test 
P value

0.001

Model 1: Standard linear model

Model 2: Two-piecewise linear

Adjusted for age, sex, race, education, BMI, poverty-to-income ratio, smoking 
status, alcohol intake, HDL, LDL,

hypertension, physical activity, and total energy intake

Fig. 2 Smooth curve shows nonlinear positive link between WWI and 
T2DM

 

Characteristics Weight-adjusted waist index P-value
Q1(8.38-10.45) Q2 (10.45-11.02) Q3(11.02 - 11.61) Q4 (11.61-15.52)
N=5119 N=5119 N=5119 N=5120

LDL(mmol/L) 2.81 ± 0.85 3.05 ± 0.92 3.04 ± 0.96 2.96 ± 0.96 <0.001
TEI, kcal/day 2275.31 ± 960.06 2118.21 ± 828.62 1961.04 ± 780.86 1786.80 ± 706.05 <0.001
The P value was obtained by using the weighted chi-square test and the weighted linear regression model,

with mean±sd for continuous variables and (%) for categorical variables

Abbreviations: Q Quartile, PIR Ratio of family income to poverty, BMI Body mass index, HDL High-density, LDL Low-density lipoprotein, TEI Total energy intake

Table 1 (continued) 
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between WWI and the other obesity indicators was sta-
tistically significant (all P < 0.001) indicating that WWI 
was the most accurate predictor of T2DM compared to 
WC, BMI, and Weight, WWI was the best predictor of 
T2DM (Table 4).

Discussion
Assessing the relationship between the adult US popula-
tion between WWI and T2DM was the aim of this study. 
In this cross-sectional study that recruited 20,477 par-
ticipants, there was a nonlinear relationship between the 
chance of getting T2DM and WWI, with WWI to the left 
of the breakpoint being significantly and positively asso-
ciated with T2DM prevalence (WW I = 12.35). WWI to 
the left of the breakpoint was positively associated with 
T2DM prevalence, whereas the association to the right 
was not statistically significant. Tests of interactions 
and subgroup analysis supported the strength of this 
positive correlation across BMI and gender, especially in 
the adult population aged < 40 years, where there was a 
stronger association between WWI and T2DM (inter-
action P < 0.001). According to these findings, < 40 years 

Table 4 Comparison of AUC values between WWI and other obesity indicators
Test AUC 95%CI low 95%CI UPP Best threshold Specificity Sensitivity P for different in AUC
T2DM
 WWI 0.7332 0.7249 0.7416 11.2017 0.6459 0.7126 Reference
 BMI 0.5104 0.5001 0.5208 25.9850 0.4391 0.5840 <0.0001
 WC
 Weight

0.7080
0.6234

0.6992
0.6136

0.7168
0.6333

98.6500
78.6500

0.5832
0.5375

0.7178
0.6326

<0.0001
<0.0001

AUC: area under the curve

95%CI: 95% confidence interval

Fig. 4 ROC curve for diagnosing T2DM

 

Fig. 3 Subgroup analysis of WWI’s association with T2DM
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of young adults’ development of type 2 diabetes may be 
independently correlated with elevated WWI.

Obesity is increasingly becoming a health problem 
worldwide, and it has a substantial correlation with the 
emergence of numerous illnesses. In particular, it tar-
gets the recognized harmful intra-abdominal cellulite. 
An extraordinary association between the occurrence of 
T2DM and abdominal obesity has been demonstrated by 
earlier research [33]. Although T2DM has been linked to 
traditional obesity-related indices like waist-to-hip ratio 
(WHR), WC, and BMI, there is still an obesity paradox. 
BMI has several limitations. The fact that it cannot dis-
criminate between muscle and fat mass is one of its pri-
mary disadvantages. Because people with significant 
muscle mass tend to have higher BMIs, BMI may not 
be a reliable indicator of how body fat is distributed. In 
addition, racial disparities, gender, and age all have an 
impact on the validity of BMI. In elderly adults, changes 
may occur in muscle mass and fat distribution. There-
fore, Weight gain resulting from high lean body mass 
and high-fat body mass cannot be distinguished by BMI 
[34, 35]. There are also non-traditional obesity indicators 
that, despite widespread interest, are difficult to quantify 
and have extremely limited practical clinical application. 
There are also indicators with highly centralized mean 
values and slight variance, which make it impossible to 
determine a clinical threshold, leading to limited clinical 
practice [36].

The WWI is a new obesity index that combines the 
advantages of WC with lessening its impacts, making 
it a more accurate and thorough measure for assessing 
abdominal obesity. WWI is applicable to various racial 
and demographic groups, and the outcomes could be 
more dependable and consistent when presented in mul-
ticenter or cross-racial research [37]. Park et al. found 
that a new and reliable obesity index, WWI, was devel-
oped by a considerable cohort study in South Korea by 
investigating and calculating waist circumference and 
body weight data of 465,629 subjects, suggesting that 
WWI may be independent of BMI in predicting T2DM 
in subjects with average and high body mass index [38]. 
In their study, Kim et al. stated that WWI had a posi-
tive correlation with fat mass and a negative correlation 
with bone and muscle mass [39]. Yu et al. conducted a 
prospective study in which they discovered a substantial 
and positive correlation between the incidence of new-
onset T2DM and an increase in WWI among 9205 non-
diabetic rural adult patients from northeastern China 
[40]. Sun et al. revealed that in the Japanese population, 
WWI had a positive and linear relationship with new-
onset T2DM, which can be used as an indicator of weight 
control in managing patients with T2DM [41]. The above 
studies demonstrated the reliability and promising appli-
cation of WWI. The initial study is the one that examined 

the connection between WWI and T2DM prevalence. In 
adult Americans. Additionally, a cross-sectional analysis 
was carried out by the researchers to look into this rela-
tionship. According to the current data, there appears to 
be a positive correlation between increased WWI and 
T2DM. That correlation is powerful in individuals under 
40, which could be explained by the different distribution 
of body fat between younger and older adults [42]. The 
above investigations in different racial populations simi-
larly demonstrated the stability of the WWI index in dif-
ferent racial populations. In summary, the WWI index is 
simple to calculate, has stability in predicting T2DM, and 
can predict the occurrence of T2DM early, thus poten-
tially reducing the incidence of T2DM.

Obesity is associated with the development and pro-
gression of T2DM. However, the underlying mechanis-
tically, leptin, lipocalin, and other adipokines, as well as 
a variety of bioactive proteins like tumor necrosis factor 
and interleukin 6 (IL-6), can be continuously secreted by 
visceral adipose tissue, which promotes the body to expe-
rience hypoxic stress and inflammatory response and 
impair pancreatic β-cell function [43, 44]. On the other 
hand, obesity is closely related to dysregulation of lipid 
and glucose metabolism [45]. Metabolic disorders are 
closely associated with lipocalin, cellular oxidative stress 
[13], and the renin-angiotensin-aldosterone system [14], 
it eventually results in the loss of pancreatic islet β-cells 
and insulin resistance, which in turn causes diabetes mel-
litus [46–49]. In addition, during visceral adipose tissue 
accumulation, pro-inflammatory macrophages in adi-
pose further contribute to the immuno-permeability 
of the organs [47]. Specific isoforms of adipose-derived 
ceramidase can reduce insulin activity and lead to insulin 
resistance [48]. Age-related changes to body composition 
include the reorganization of fat mass, which increases 
the likelihood of ectopic fat deposition in the liver and 
skeletal muscle as well as visceral fat deposition in the 
abdomen. Research has indicated that beyond the age of 
20, there is a 2–3% decrease in the rate of resting energy 
expenditure per decade [49]. Our study further empha-
sizes and validates that controlling abdominal obesity is 
crucial in reducing the risk of T2DM.

This study found that people in the highest quartile of 
WWI were more likely to be female, elderly, and inactive 
compared to those in the lowest quartile of WWI, while 
total dietary energy was relatively low, previous studies 
have found that overweight/obesity occurs when energy 
intake chronically exceeds energy expenditure [50]. How-
ever, with aging and declining physical activity, even 
when energy intake from food decreases and body weight 
decreases, waist circumference may also increase and is 
considered to be related to decreased growth hormone 
secretion, delayed hypogonadism, changes in thyroid and 
adrenal function, insulin, and changes in appetite-related 
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peptides (leptin, ghrelin) [51]. It has been found that 
high-protein diets are effective in weight loss and that 
high protein can help control weight by increasing satiety 
and thermogenesis and maintaining/increasing fat-free 
mass, but increasing protein intake at the expense of fat 
or carbohydrates and decreasing starch intake by increas-
ing other macronutrients may bring about weight loss 
while increasing waist circumference [52, 53]. Human 
nutritional intake includes sugar protein fat catabolism, 
only total energy intake was analyzed in this study, and 
future studies will be conducted to investigate the effects 
of different nutrient intakes on WWI in adults to find a 
healthier diet to combat abdominal obesity.

Comparison with previous studies
This study has various advantages. Unlike previous stud-
ies on WWI and T2DM [24], this paper adjusted various 
confounders in the model as much as possible, increasing 
factors such as energy intake. Hence, we used more com-
prehensive and representative data from the NHANES 
database in the study and obtained more reliable results 
by adjusting the model to exclude the influence of con-
founders to the greatest extent. Second, this article stud-
ies the prediction of WWI, weight, WC, and BMI on 
the prediction of T2DM in adults, and finds for the first 
time that WWI may be a better predictor of T2DM than 
weight, WC, and BMI, which provides a direction for us 
to prevent and reduce the risk of T2DM in adults through 
the measurement of WWI.

Limitations
This research is imperative to acknowledge the limita-
tions. First, due to the cross-sectional study design of this 
study, the authors could not obtain a clear causal rela-
tionship to distinguish the association between WWI and 
diagnosed or newly occurring diabetes. Despite using a 
nationally representative dataset, the authors’ results are 
based on information from 2001 to 2018, with the most 
recent data coming from 5 years ago, subject to data bias. 
Second, the influence of additional potential confounders 
could not be totally ruled out by the authors, even after 
some potential covariates were taken into account.

Conclusion
In summary, this investigation discovered an obvious 
correlation between the incidence of T2DM and WWI. 
This implies WWI could be a biomarker for T2DM in 
American adults under 40, potentially aiding in the man-
agement and prevention of T2DM in the adult popula-
tion. However, future confirmation of this will require 
numerous prospective studies.
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