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Coronary artery disease (CAD) is a leading cause of morbidity and mortality globally, highlighting the 
need for improved risk assessment tools. Traditional measures like body mass index (BMI) do not fully 
capture the risk associated with body fat distribution. The weight-adjusted waist index (WWI) has 
emerged as a potential anthropometric measure that may provide a more precise evaluation of central 
adiposity and its cardiovascular risks. We analyzed data from 49,240 participants in the National 
Health and Nutrition Examination Survey (NHANES) from 1999 to 2020. Participants were stratified 
into quartiles based on WWI: Q1 (WWI < 10.43), Q2 (10.43 ≤ WWI < 10.99), Q3 (10.99 ≤ WWI < 11.56), and 
Q4 (WWI ≥ 11.56). The primary outcome was self-reported coronary artery disease (CAD). Multivariate 
logistic regression, generalized additive models, and stratified analyses were conducted. The predictive 
performance of WWI versus body mass index (BMI) for CAD was assessed using receiver operating 
characteristic (ROC) curves, with differences in area under the curve (AUC) evaluated by DeLong’s 
test. Multivariate logistic regression analysis showed a positive association between WWI and CAD 
prevalence, which persisted after adjusting for confounding variables. Higher WWI was associated 
with increased risk of CAD, with Group 4 showing the highest risk compared to Group 1 (OR 2.06, 95% 
CI 1.37–3.09, P < 0.001). This relationship was not observed between BMI and CAD risk. Subgroup 
analysis revealed that the association between WWI and CAD prevalence was more pronounced in 
participants aged ≤ 60 years (P for interaction < 0.001). ROC curve analysis demonstrated that WWI had 
superior predictive ability for CAD compared to BMI (AUC 0.694 vs. 0.547, De-long test P < 0.001). WWI 
demonstrated a stronger association with CAD prevalence compared to BMI in the US population, with 
this relationship particularly pronounced among younger adults. Longitudinal studies are needed to 
establish this relationship.

Keywords  Weight-adjusted waist index, Coronary artery disease, Obesity, Body mass index, Cardiovascular 
risk assessment

Coronary artery disease (CAD) remains a significant global health concern, characterized by high morbidity and 
mortality rates1. According to recent epidemiological data, cardiovascular diseases, predominantly heart disease 
and stroke, accounted for approximately 17.7 million deaths worldwide in 20192. The socioeconomic impact 
of CAD is substantial, encompassing direct healthcare costs, productivity losses, and reduced quality of life. 
Patients with CAD face adverse outcomes, including recurrent hospitalizations, decreased functional capacity, 
and an elevated risk of severe complications such as heart failure and sudden cardiac death3.

Traditionally, body mass index (BMI) has been widely utilized as an anthropometric measure to assess 
cardiovascular risk4. However, BMI exhibits notable limitations in accurately reflecting body fat distribution 
and predicting CAD risk. Research has demonstrated that central obesity, rather than overall adiposity, is more 
closely associated with cardiovascular risk factors and outcomes5. Considering these limitations, the weight-
adjusted waist index (WWI) has been proposed as a novel anthropometric measure more correlated with central 
adiposity6. WWI is calculated by dividing waist circumference (WC) by the square root of body weight, aiming to 
provide a more precise assessment of central adiposity and its associated risks7. Recent studies have explored the 
potential of WWI in predicting cardiovascular outcomes. Fang et al. found that higher WWI levels were associated 
with increased odds of cardiovascular disease in US adults, with stronger associations observed in individuals 
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under 50 years of age8. Han et al. demonstrated that elevated WWI levels were independently associated with 
higher risks of cardiovascular and all-cause mortality in a prospective cohort study9. Furthermore, Qin et al. 
reported a positive association between WWI and abdominal aortic calcification scores in adults aged ≥ 40 years, 
suggesting WWI’s potential as a biomarker for subclinical atherosclerosis10.

Despite these advances, the association between WWI and CAD risk in the general population remains 
largely unexplored. This study aimed to investigate the relationship between WWI and CAD prevalence using 
data from the National Health and Nutrition Examination Survey (NHANES) spanning 1999 to 2020. The 
predictive capacities of WWI and BMI for CAD risk were compared. The findings of this study may contribute 
to improving cardiovascular risk assessment and inform the development of more targeted public health 
interventions. While the cross-sectional nature of this study inherently limits causal inference, these preliminary 
findings provide valuable insights that may guide future research endeavors.

Methods
Participants and study design
The data for this study was derived from NHANES database, a nationally representative survey program 
conducted by the National Center for Health Statistics (NCHS) of the Centers for Disease Control and 
Prevention (CDC). It aimed to comprehensively assess the health and nutritional status of non-institutionalized 
civilian residents in the United States. NHANES interviews covered various domains, including demographic, 
socioeconomic, dietary, and health-related factors. The NHANES research plan received ethical approval from 
the National Center for Health Statistics ethics review board. All participants provided written informed consent 
prior to enrollment in the study. Further details regarding the study protocol and procedures can be found in 
the National Health and Nutrition Examination Survey documentation (www.cdc.gov/nchs/nhanes/index.htm).

We accessed NHANES data spanning 1999 to 2020 and collected data on 116,876 individuals initially. 
Exclusion criteria were applied as follows: age below 20 years or at least 85 years, pregnancy or cancer, missing 
CAD data, and incomplete data on weight, height or waist preventing calculation of the WWI. Ultimately, a total 
of 49,240 patients were included in the analysis. The detailed patient selection and screening process is illustrated 
in Fig. 1.

Fig. 1.  Flow diagram of the patient selection process.

 

Scientific Reports |         (2025) 15:7077 2| https://doi.org/10.1038/s41598-025-90877-5

www.nature.com/scientificreports/

http://www.cdc.gov/nchs/nhanes/index.htm
http://www.nature.com/scientificreports


Assessment of weight-adjusted-waist index
WWI was designed as an exposure variable in our study. WWI was an anthropometric index on WC and weight 
to estimate obesity, calculated using the formula7: WWI (cm/

√
kg) = WC (cm) /

√
Weight

(√
kg

)
. The 

body measures data about WC and weight were collected in the MEC by trained health technicians.

Assessment of coronary artery disease
The primary outcome was the prevalence of CAD. The CAD data were derived from the NHANES questionnaire 
interviews, which were carried out by well-trained health professionals, and every question was standardized. 
Participants were asked the following questions: “Have you ever been told by a doctor or other health professional 
that you have CAD?”, “Have you been told by a doctor or other health professional that you have angina pectoris?”, 
and “Have you been told by a doctor or other health professional that you have a myocardial infarction?. If they 
answered “yes” to one or more of these questions, they were considered to have CAD7.

Data collection
The following patient information was also collected: Demographic data included age, sex, and race. Life 
Signs comprised BMI, weight, waist, systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse. 
Laboratory parameters were obtained from fasting blood samples and consisted of lipid profile (triglycerides 
[TG], low-density lipoprotein [LDL], high-density lipoprotein [HDL], total cholesterol [TC]), and metabolic 
indicators (fating plasma glucose [FPG] ), liver function markers (albumin, alanine aminotransferase [ALT], 
and aspartate aminotransferase [AST]), renal function markers (blood urea nitrogen [BUN] and creatinine 
[Cr]), complete blood count (white blood cell [WBC], lymphocyte [LY], monocyte [MONO], neutrophil [NE], 
red blood cells [RBC], hemoglobin [Hb], hematocrit [HCT], red cell distribution width [RDW], and platelets 
[PLT]). Questionnaire data encompassed smoking status and comorbidities status, including CAD, hypertension, 
diabetes, hypercholesterolemia, congestive heart failure (HF), stroke, and chronic pulmonary disease. Smoking 
was categorized as having smoked over 100 cigarettes within a year. All detailed measurement processes of these 
variables were publicly available at www.cdc.gov/nchs/nhanes/.

Statistical analysis
All experiments were adjusted for weighted variables and survey design to ensure that the included population 
was nationally representative. The data weight of 1999–2002 was obtained by multiplying the WTMEC4YR by 
4/21.2. The data weight of 2017–2020 was obtained by multiplying the WTMECPRP by 3.2/21.2, while for other 
cycles, the WTMEC2YR was multiplied by 2/21.2.

Continuous variables were expressed as means with 95% confidence intervals (95% CI) and categorical 
variables were expressed as percentiles with 95% CI to illustrate variability and statistical reliability based on the 
data distribution. All participants were divided into four groups according to WWI quartiles: Q1 (WWI < 10.43, 
n = 12,310), Q2(10.43 < WWI < 10.99, n = 12,310), Q2(10.99 < WWI < 11.56, n = 12,310), Q4 (WWI > 11.56, 
n = 12,310). Differences across groups of WWI quartiles were examined for categorical or continuous variables 
using weighted t-tests or weighted chi-square tests. Three weighted logistic regression models were utilized to 
analyze the association between WWI and CAD. The results were expressed as odds ratios (OR) with 95% CI. 
Model 1 was unadjusted, while Model 2 accounted for sex, age, and race. Model 3 was further adjusted for 
additional parameters, including diabetes, stroke, smoke, albumin, ALT, BUN, Cr, MONO, NE, RBC, PLT. The 
selection of covariates in Model 3 were chosen based on clinical experience and stepwise regression, and only 
those variables with a significance level of p < 0.05 were retained. Subgroup analysis was conducted to estimate 
the consistency of the effect in different groups including sex, age (≤ 60, > 60years), race, BMI (≤ 28, > 28 kg/m2), 
SBP (≤ 140, > 140mmHg), WBC (≤ 10, > 10 × 10⁹/L), albumin (≤ 35, > 35 g/L), smoke, diabetes and stroke. These 
subgroups were categorized based on commonly used clinical thresholds. Shapes describing the association 
of WWI and BMI with prevalence of CAD were generated using the generalized additive model (GAM) and 
smoothed curve fitting. Receiver operative characteristic (ROC) analysis curves were performed to further 
evaluate the predictive efficacy of the WWI and BMI. The area under the curve (AUC) values were calculated 
and compared using the DeLong test. All statistical analyses were performed using the R software environment 
(Version 4.3.2; The R Foundation; available at http://www.R-project.org). A two-tailed p-value of less than 0.05 
was considered statistically significant.

Results
Baseline characteristics of the participants
49,240 individuals met the eligibility criteria and were included in the analysis (Fig. 1). There were 49.69% males 
and 50.31% females. Totally, 1,749 individuals experienced CAD, accounting for 2.96% of all participants.

The baseline characteristics were shown in Table 1. In higher quartiles of WWI, a notably higher rate of CAD 
was observed (P<0.001). Furthermore, individuals in these higher WWI groups tended to be females and had 
advanced age as well as higher levels of BMI, weight, waist, SBP, DBP, pulse, TG, LDL, TC, FPG, ALT, AST, BUN, 
WBC, LY, MONO, NE, RDW, PLT, CAD, hypertension, diabetes, hypercholesterolemia, congestive HF, stroke, 
chronic pulmonary disease and smoke, but lower levels of HDL, albumin, Cr, RBC, Hb, HCT than those in the 
lower WWI groups (all P < 0.001).

Relationship between WWI and CAD prevalence
In Model 1, using the Q1 group as the reference, a significant positive association between WWI and CAD 
was observed, with OR values of 2.86 (95% CI 2.11 to 3.88), 5.17 (95% CI 3.77 to 7.09), and 9.30 (95% CI 6.74 
to 12.82) for the Q2, Q3, and Q4 groups respectively (P for trend < 0.001). In Model 2, after adjusting for sex, 
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Total Q1 (WWI < 10.43) Q2(10.43 < WWI < 10.99) Q3(10.99 < WWI < 11.56) Q4 (WWI > 11.56) P-value

Age, Mean(95%CI) 45.22 (44.90 ,45.55) 36.47 (36.07 ,36.86) 43.80 (43.42 ,44.19) 49.47 (49.03 ,49.90) 55.62 (55.12 ,56.12) < 0.001

Sex, %(95%CI) < 0.001

 Male 49.69 (49.21 ,50.18) 55.96 (54.87 ,57.03) 54.64 (53.50 ,55.78) 49.29 (48.15 ,50.43) 34.74 (33.57 ,35.92)

 Female 50.31 (49.82 ,50.79) 44.04 (42.97 ,45.13) 45.36 (44.22 ,46.50) 50.71 (49.57 ,51.85) 65.26 (64.08 ,66.43)

Race, %(95%CI) < 0.001

 Mexican American 8.77 (7.80 ,9.85) 5.50 (4.84 ,6.24) 9.08 (8.11 ,10.15) 10.90 (9.55 ,12.42) 10.64 (9.27 ,12.18)

 Other Hispanic 6.30 (5.54 ,7.15) 5.43 (4.66 ,6.31) 6.30 (5.39 ,7.34) 6.99 (6.09 ,8.00) 6.77 (5.91 ,7.74)

 Non-Hispanic white 65.91 (63.97 ,67.79) 67.33 (65.49 ,69.12) 65.93 (63.71 ,68.09) 64.05 (61.65 ,66.38) 65.94 (63.56 ,68.25)

 Non-Hispanic black 11.32 (10.32 ,12.40) 14.07 (12.90 ,15.33) 10.37 (9.35 ,11.49) 10.35 (9.28 ,11.53) 9.72 (8.66 ,10.90)

 Other race-including multi-racial 7.70 (7.10 ,8.35) 7.67 (6.99 ,8.41) 8.33 (7.55 ,9.18) 7.71 (6.93 ,8.57) 6.93 (6.14 ,7.82)

Life Signs, Mean(95%CI)

 BMI (kg/m2) 28.84 (28.71 ,28.97) 24.83 (24.71 ,24.95) 27.99 (27.86 ,28.12) 30.57 (30.40 ,30.74) 33.74 (33.52 ,33.96) < 0.001

 Weight(kg) 82.46 (82.09 ,82.83) 73.97 (73.58 ,74.37) 81.33 (80.86 ,81.81) 86.78 (86.22 ,87.35) 91.17 (90.49 ,91.86) < 0.001

 Waist(cm) 98.40 (98.07 ,98.73) 85.31 (85.05 ,85.56) 96.02 (95.74 ,96.30) 104.13 (103.79 ,104.47) 113.73 (113.30 ,114.17) < 0.001

 SBP(mmHg) 121.94 (121.65 ,122.23) 116.24 (115.90 ,116.59) 120.52 (120.10 ,120.93) 124.69 (124.22 ,125.16) 128.87 (128.34 ,129.41) < 0.001

 DBP(mmHg) 71.82 (71.55 ,72.09) 70.00 (69.69 ,70.31) 72.77 (72.43 ,73.11) 73.10 (72.73 ,73.48) 71.74 (71.32 ,72.15) < 0.001

 Pulse 72.11 (71.89 ,72.33) 70.73 (70.43 ,71.04) 71.93 (71.59 ,72.27) 72.66 (72.33 ,72.99) 73.72 (73.36 ,74.08) < 0.001

 Smoke 45.07 (44.16 ,45.99) 40.60 (39.09 ,42.13) 45.08 (43.70 ,46.47) 47.86 (46.52 ,49.20) 48.29 (47.02 ,49.57) < 0.001

Laboratory, Mean(95%CI)

 TG(mmol/L) 1.33 (1.32 ,1.35) 1.08 (1.05 ,1.10) 1.34 (1.32 ,1.37) 1.49 (1.46 ,1.52) 1.52 (1.48 ,1.56) < 0.001

 LDL(mmol/L) 2.98 (2.96 ,3.00) 2.82 (2.78 ,2.85) 3.07 (3.04 ,3.10) 3.11 (3.07 ,3.15) 2.97 (2.93 ,3.01) < 0.001

 HDL(mmol/L) 1.39 (1.38 ,1.40) 1.48 (1.47 ,1.50) 1.37 (1.35 ,1.38) 1.34 (1.33 ,1.36) 1.34 (1.32 ,1.36) < 0.001

 TC(mmol/L) 4.99 (4.97 ,5.01) 4.80 (4.76 ,4.83) 5.06 (5.02 ,5.10) 5.13 (5.09 ,5.18) 5.02 (4.96 ,5.07) < 0.001

 FPG(mmol/L) 5.81 (5.78 ,5.84) 5.37 (5.33 ,5.42) 5.66 (5.62 ,5.71) 5.98 (5.93 ,6.03) 6.46 (6.38 ,6.54) < 0.001

 Albumin(g/L) 42.72 (42.64 ,42.81) 43.88 (43.77 ,43.98) 43.08 (42.97 ,43.18) 42.23 (42.14 ,42.33) 41.18 (41.06 ,41.31) < 0.001

 ALT(U/L) 25.50 (25.23 ,25.77) 22.88 (22.53 ,23.22) 26.30 (25.86 ,26.75) 27.55 (26.90 ,28.21) 25.82 (25.34 ,26.31) < 0.001

 AST(U/L) 24.74 (24.55 ,24.92) 24.27 (23.95 ,24.59) 24.72 (24.40 ,25.05) 25.27 (24.91 ,25.64) 24.81 (24.40 ,25.21) 0.002

 BUN(mmol/L) 4.83 (4.80 ,4.86) 4.59 (4.54 ,4.63) 4.72 (4.68 ,4.77) 4.90 (4.85 ,4.95) 5.24 (5.18 ,5.29) < 0.001

 Cr(umol/L) 77.22 (76.87 ,77.58) 77.97 (77.48 ,78.46) 77.08 (76.48 ,77.68) 76.85 (76.27 ,77.42) 76.78 (75.86 ,77.70) 0.006

 WBC, ×10⁹/L 7.26 (7.21 ,7.30) 6.75 (6.69 ,6.80) 7.20 (7.14 ,7.26) 7.44 (7.38 ,7.50) 7.84 (7.77 ,7.90) < 0.001

 LY, ×10⁹/L 2.15 (2.14 ,2.17) 2.06 (2.04 ,2.07) 2.15 (2.13 ,2.17) 2.21 (2.19 ,2.23) 2.24 (2.21 ,2.27) < 0.001

 MONO, ×10⁹/L 0.56 (0.56 ,0.57) 0.53 (0.53 ,0.54) 0.56 (0.55 ,0.56) 0.57 (0.57 ,0.58) 0.60 (0.59 ,0.60) < 0.001

 NE, ×10⁹/L 4.29 (4.26 ,4.32) 3.93 (3.89 ,3.97) 4.25 (4.20 ,4.29) 4.40 (4.36 ,4.45) 4.73 (4.68 ,4.78) < 0.001

 RBC, ×10¹²/L 4.74 (4.72 ,4.75) 4.75 (4.73 ,4.76) 4.76 (4.74 ,4.77) 4.75 (4.73 ,4.76) 4.68 (4.67 ,4.69) < 0.001

 Hb, g/L 14.35 (14.31 ,14.39) 14.45 (14.40 ,14.49) 14.47 (14.42 ,14.51) 14.35 (14.30 ,14.40) 14.06 (14.00 ,14.11) < 0.001

 HCT, % 42.28 (42.17 ,42.38) 42.51 (42.39 ,42.63) 42.54 (42.40 ,42.67) 42.27 (42.14 ,42.40) 41.61 (41.47 ,41.76) < 0.001

 RDW, % 13.08 (13.06 ,13.11) 12.82 (12.79 ,12.85) 12.96 (12.93 ,12.99) 13.19 (13.15 ,13.22) 13.48 (13.44 ,13.52) < 0.001

 PLT, ×10⁹/L 253.91 (252.65 ,255.16) 247.60 (245.99 ,249.21) 254.60 (252.92 ,256.29) 256.45 (254.26 ,258.64) 259.02 (256.89 ,261.16) < 0.001

Comorbidities, %(95%CI)

 Hypertension 28.52 (27.75 ,29.31) 12.57 (11.80 ,13.38) 23.84 (22.83 ,24.89) 35.35 (34.18 ,36.55) 49.66 (48.49 ,50.83) < 0.001

 Diabetes 8.35 (8.03 ,8.69) 1.89 (1.59 ,2.26) 4.88 (4.38 ,5.43) 9.79 (9.06 ,10.58) 20.77 (19.92 ,21.64) < 0.001

 Hypercholesterolemia 34.88 (34.17 ,35.59) 19.93 (18.82 ,21.09) 33.83 (32.59 ,35.10) 41.20 (39.70 ,42.71) 47.33 (45.94 ,48.72) < 0.001

 Congestive HF 1.73 (1.59 ,1.89) 0.45 (0.35 ,0.59) 0.94 (0.78 ,1.14) 1.96 (1.67 ,2.30) 4.34 (3.91 ,4.82) < 0.001

 Stroke 2.25 (2.11 ,2.41) 0.68 (0.55 ,0.84) 1.57 (1.34 ,1.83) 2.48 (2.17 ,2.83) 5.15 (4.63 ,5.73) < 0.001

 Chronic Pulmonary Disease 6.80 (6.44 ,7.19) 3.66 (3.27 ,4.09) 5.67 (5.11 ,6.28) 7.19 (6.56 ,7.87) 12.35 (11.46 ,13.29) < 0.001

Outcome, %(95%CI)

 CAD 2.96 (2.71 ,3.24) 0.74 (0.55 ,0.98) 2.08 (1.74 ,2.49) 3.70 (3.28 ,4.17) 6.46 (5.78 ,7.22) < 0.001

Table 1.  Weighted baseline characteristics of participants grouped by quartiles of WWI. WWI, weight-
adjusted waist index; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, 
triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TC, total cholesterol; FPG, fating 
plasma glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; 
Cr, creatinine; WBC, white blood cell; LY, lymphocyte; MONO, monocyte; NE, neutrophil; RBC, red blood 
cell; Hb, hemoglobin; HCT, hematocrit; RDW, red cell distribution width; PLT, platelet; CAD, coronary artery 
disease; HF, heart failure.
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age and race, WWI still showed a positive correlation with CAD (Q4 vs. Q1: OR (95% CI): 2.49 (1.72, 3.59), 
p < 0.001, P for trend < 0.001). In Model 3, the WWI was still independently related to the increased risk of 
CAD (Q4 vs. Q1: OR (95% CI): 2.06 (1.37, 3.09), p = 0.001, P for trend < 0.001). Furthermore, when WWI was 
considered as a continuous variable in the model for analysis, we observed that for each unit increase in the 
WWI, the probability of developing CAD increased by 156% in Model 1 (p < 0.001), 56% in Model 2 (p < 0.001), 
34% in Model 3 (p < 0.001) respectively (Table 2).

GAM and smoothed curve fitting for the association of WWI and CAD prevalence
The GAM and smoothed curve fitting revealed a positive relationship between WWI and the prevalence of 
CAD (Fig. 2A). As WWI increased, the prevalence of CAD exhibited an overall upward trend. Furthermore, the 
association between BMI and CAD demonstrated an inverted U-shaped pattern (Fig. 2B).

Subgroup analysis for the association of WWI and CAD prevalence
Subgroup analysis revealed differential associations between WWI and CAD across age groups. For 
participants ≤ 60 years old, the odds ratio (OR) was 1.71 (95% CI: 1.48, 1.98), while for those > 60 years old, the 
OR was 1.20 (95% CI: 1.09, 1.33) (Table 3). A significant interaction effect between age and WWI in relation 
to CAD risk was observed (P for interaction < 0.001). No statistically significant interactions were detected for 
other examined factors (all P for interaction > 0.05).

Comparative predictive performance of WWI and BMI for CAD prevalence
The ROC curve analysis showed that the AUC of WWI was 0.694(95% CI: 0.690, 0.698), and the AUC of BMI 
was 0.547(95% CI: 0.542, 0.551) (Fig. 3). WWI has moderate predictive ability for CAD, and its predictive ability 
was superior to BMI (De-long test P < 0.001). The best threshold of WWI was 11.23, and the sensitivity and 
specificity were 0.671 and 0.618, respectively.

Discussion
This study investigated the relationship between WWI and CAD prevalence using data of 49,240 participants 
from the NHANES. The main findings were: ①There was a significant positive association between WWI and 
CAD prevalence, which persisted after adjusting for confounding factors. ②Subgroup analysis indicated a 
stronger association between WWI and CAD in individuals aged ≤ 60 years compared to those > 60 years. ③ROC 
analysis showed that WWI had superior predictive performance for CAD compared to BMI. These results 
suggested that WWI could serve as a valuable tool for assessing CAD risk in the general population, potentially 
offering improved risk stratification compared to traditional anthropometric measures.

Obesity has long been recognized as a significant risk factor for cardiovascular disease11–13. Traditionally, 
BMI and WC have been the primary metrics used to assess obesity and its associated health risks14. Labounty 
TM et al. conducted a prospective study of 13,874 patients, revealing that obesity, as measured by BMI, was 
associated with an increased risk of CAD (OR 1.25 per + 5 kg/m2, 95% CI 1.20–1.30, P < 0.001)15. However, 
BMI has limitations in distinguishing between fat mass and lean mass. Consequently, researchers have explored 

OR (95% CI) P Value P for trend

Model 1 < 0.001

 Quartile 1 Reference

 Quartile 2 2.86 (2.11, 3.88) < 0.001

 Quartile 3 5.17 (3.77, 7.09) < 0.001

 Quartile 4 9.30 (6.74, 12.82) < 0.001

 WWI 2.56 (2.35, 2.79) < 0.001

Model 2 < 0.001

 Quartile 1 Reference

 Quartile 2 1.51 (1.10, 2.09) 0.013

 Quartile 3 1.84 (1.30, 2.59) 0.001

 Quartile 4 2.49 (1.72, 3.59) < 0.001

 WWI 1.56 (1.37, 1.77) < 0.001

Model 3 < 0.001

 Quartile 1 Reference

 Quartile 2 1.59 (1.12, 2.25) 0.011

 Quartile 3 1.79 (1.22, 2.64) 0.004

 Quartile 4 2.06 (1.37, 3.09) 0.001

 WWI 1.34 (1.17, 1.54) < 0.001

Table 2.  Weighted associations of WWI with CAD in logistic analysis model. Model 2 adjust for: sex, age, race. 
Model 3 adjust for: sex, age, race, diabetes, stroke, smoke, albumin, ALT, BUN, Cr, MONO, NE, RBC, PLT. 
WWI, weight-adjusted waist index; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; 
MONO, monocyte; NE, neutrophil; RBC, red blood cell; PLT, platelet; CAD, coronary artery disease.
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alternative measures of adiposity. De Koning et al. performed a meta-analysis of 15 prospective studies 
(n = 258,114) and found that WC(RR 1.63, 95% CI 1.31–2.04) and waist-to-hip ratio (WHR) (RR 1.95, 95% CI 
1.55–2.44)were more strongly associated with CAD risk than BMI16. More recently, the WWI has emerged as a 
novel anthropometric measure that combines elements of both WC and body weight7,17. WWI exhibits a positive 
correlation with the total abdominal fat area, visceral fat area, and the percentage of total tissue fat. Conversely, 
it shows a negative correlation with the appendicular skeletal muscle mass6. This characteristic of WWI may 
serve as an effective complement to the limitation of the BMI in reflecting central obesity. Previous studies have 
explored the relationship between WWI and cardiovascular outcomes. Fang et al. conducted a cross-sectional 
study of 21,040 US adults using NHANES data from 2009 to 2016, finding that each unit increase in WWI was 
associated with a 48% increased risk of cardiovascular disease (OR: 1.48, 95% CI: 1.25–1.74) after adjusting for 
covariates8. Han et al. examined 26,882 NHANES participants from 2005 to 2014 with a mean follow-up of 
68.95 months, reporting that individuals with WWI ≥ 11.33 had a 95% higher risk of cardiovascular mortality 
(HR = 1.95, 95% CI 1.30–2.93) compared to those with lower WWI9. Qin et al. analyzed 3,082 adults aged ≥ 40 
years from NHANES 2013–2014, demonstrating a positive association between WWI and abdominal aortic 
calcification scores (β = 0.34, 95% CI 0.05–0.63)10. These studies consistently showed that higher WWI levels were 
associated with increased cardiovascular risk. Several studies have indicated that other cardiometabolic indices, 
such as the triglyceride-glucose (TyG) index18, the stress hyperglycemia ratio (SHR)19, and the homeostasis 
model assessment of insulin resistance (HOMA-IR)20, were also related to cardiovascular risk, which typically 
rely on the combination of 2–3 laboratory test values. In contrast, the weight-adjusted waist index (WWI) 
utilizes anthropometric data, allowing for immediate risk assessment without the need for additional laboratory 
tests. This enhances the convenience of risk prediction by simplifying the parameters involved in the evaluation 
process.

This study provided compelling evidence for the association between WWI and CAD prevalence in a large, 
representative sample of US adults. Our study’s larger sample size (n = 49,240) and longer time frame (1999–

Fig. 2.  Generalized additive model for WWI (A) and BMI (B) for predicting the prevalence of CAD.
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2020) offered more robust and generalizable results. Our findings revealed a monotonic increasing relationship 
between WWI and CAD prevalence. However, the association between BMI and CAD did not exhibit a 
consistent pattern, displaying a non-monotonic relationship that complicates its use as a reliable predictor in 
cardiovascular risk assessment (Fig. 2B). DeLong’s test showed a superior predictive performance of WWI for 
CAD compared to BMI (P < 0.001). ROC analysis identified an optimal WWI threshold of 11.23 for CAD risk 
prediction, which could potentially be integrated with traditional risk factors and CKD metrics to enhance risk 
stratification frameworks. These findings underscored the limitations of BMI that were previously discussed, 
particularly its inability to accurately reflect central adiposity and its associated risks. In contrast, WWI emerged 
as a more effective predictor of CAD within our study cohort, offering a more consistent and robust association 
across varying levels of central adiposity. WWI was readily calculated using easily obtainable measurements 
(WC and weight), requiring no specialized equipment or invasive procedures. This simplicity rendered WWI 
an attractive candidate for large-scale screening programs or resource-constrained settings. The subgroup 
analysis revealed a more robust association between WWI and CAD in individuals aged ≤ 60 years, a finding 
of particular significance. This observation could be attributed to the cumulative effect of multiple risk factors 
in older adults, potentially attenuating the relative impact of WWI. Alternatively, it might have indicated that 
WWI was especially valuable for early risk stratification in younger cohorts. Notably, our subgroup analyses 
demonstrated consistent predictive performance of WWI across different sex and racial/ethnic groups, with 
no significant interaction effects (P for interaction > 0.05), suggesting its broad applicability across diverse 
populations. The enhanced predictive value of WWI in younger individuals aligns with emerging concepts 

OR 95%CI Low 95%CI High P value P(interaction)

Sex 0.900

 Male 1.34 1.21 1.49 < 0.001

 Female 1.33 1.16 1.52 < 0.001

Age < 0.001

 <=60 1.71 1.48 1.98 < 0.001

 > 60 1.2 1.09 1.33 < 0.001

Race 0.144

 Mexican American 1.28 1.01 1.62 0.045

 Other Hispanic 1.38 1.01 1.89 0.044

 Non-Hispanic White 1.31 1.18 1.46 < 0.001

 Non-Hispanic Black 1.13 0.93 1.36 0.215

 Other Race-Including Multi-Racial 1.74 1.32 2.29 < 0.001

BMI 0.895

 <=28 1.28 1.14 1.45 < 0.001

 > 28 1.27 1.12 1.44 < 0.001

SBP 0.032

 <=140 1.4 1.27 1.55 < 0.001

 > 140 1.16 1 1.35 0.005

WBC 0.051

 <=10 1.31 1.19 1.43 < 0.001

 > 10 1.71 1.31 2.23 < 0.001

Albumin 0.462

 <=35 1.14 0.76 1.73 0.523

 > 35 1.34 1.23 1.47 < 0.001

Smoke 0.901

 Yes 1.34 1.21 1.49 < 0.001

 No 1.33 1.17 1.51 < 0.001

Diabetes 0.555

 Yes 1.29 1.11 1.5 0.001

 No 1.36 1.23 1.5 < 0.001

Stroke 0.064

 Yes 1.09 0.87 1.37 0.463

 No 1.37 1.25 1.51 < 0.001

Table 3.  Subgroup analysis for the association of WWI and CAD. Adjusted for: sex, age, race, diabetes, stroke, 
smoke, albumin, ALT, BUN, CR, MONO, NE, RBC, PLT. ALT, alanine aminotransferase; BUN, blood urea 
nitrogen; Cr, creatinine; MONO, monocyte; NE, neutrophil; RBC, red blood cell; PLT, platelet; NHANES, the 
National Health and Nutrition Examination Survey; CAD, coronary artery disease; WWI, weight-adjusted 
waist index; BMI, body mass index; CAD, coronary artery disease.
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in cardiovascular-kidney-metabolic (CKM) syndrome, where dysfunctional adipose tissue is recognized as a 
crucial early driver of CKM progression21. By enhancing early identification of at-risk individuals, particularly 
in younger demographics, WWI could potentially facilitate more efficient allocation of healthcare resources and 
mitigate the long-term economic burden of CAD. Given WWI’s stronger correlation with visceral adiposity, its 
implementation in screening protocols could potentially aid in early CKM risk stratification and intervention, 
particularly in younger populations.

Fig. 3.  ROC curves for the prediction of the prevalence of CAD of WWI and BMI. ROC: receiver operating 
characteristic; AUC, area under the curve; WWI, weight-adjusted waist index; BMI, body mass index.
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The pathophysiological mechanisms underlying the association between increased WWI and CAD risk 
can be explained through several molecular and cellular pathways. Adipose tissue, particularly visceral fat, is 
metabolically active and secretes various adipokines and pro-inflammatory cytokines22. In an animal study, De 
Taeye et al. demonstrated that diet-induced obesity in mice led to increased expression of pro-inflammatory 
genes in adipose tissue, including TNF-α and IL-6, which contribute to systemic inflammation and insulin 
resistance23. At the cellular level, Mussbacher M et al. showed that adipocytes from obese individuals exhibit 
increased activation of the NF-κB pathway, promoting the release of inflammatory mediators that can directly 
impact vascular endothelial function24. Furthermore, excessive visceral adiposity is associated with altered lipid 
metabolism. Elevated free fatty acids induce oxidative stress and endoplasmic reticulum stress in endothelial 
cells, leading to endothelial dysfunction and accelerated atherosclerosis25,26. Additionally, obesity-induced 
leptin resistance could lead to sympathetic nervous system activation and increased blood pressure, further 
contributing to CAD risk27. A study demonstrated that a low eicosapentaenoic acid to arachidonic acid (EPA/AA) 
ratio is associated with increased vulnerability of coronary plaques, as assessed by optical coherence tomography 
(OCT), indicating a potential mechanistic link between altered lipid metabolism and plaque instability28. These 
mechanisms collectively elucidated how increased adiposity, as reflected by higher WWI, may contribute to the 
development and progression of CAD through inflammation, endothelial dysfunction, insulin resistance, and 
altered lipid metabolism.

Strengths and limitations
Our study has several notable strengths. First, we utilized two decades of nationally representative data from 
NHANES, with standardized measurements ensuring high data quality and reliability. Second, our study 
demonstrates the superior predictive performance of WWI compared to BMI through rigorous statistical 
analyses, including ROC curves and DeLong’s test. Third, we performed extensive subgroup analyses that 
validated WWI’s consistent performance across different demographic groups. Finally, our findings provide 
practical implications for clinical practice by identifying an optimal WWI threshold for CAD risk prediction.

This study had several limitations that should be considered when interpreting the results. Firstly, the cross-
sectional design limited our ability to establish causal relationships between WWI and CAD prevalence. Secondly, 
the reliance on self-reported CAD diagnosis might introduce recall bias and potentially underestimate the true 
prevalence. Thirdly, the NHANES dataset, while representative of the US population, might not be generalizable 
to other populations with different ethnic compositions or lifestyle factors. Validation studies in other regions 
are essential, particularly in Asian populations where different patterns of central adiposity might necessitate 
population-specific WWI thresholds29. Fourthly, despite comprehensive adjustment for major confounders, 
residual confounding from unmeasured variables such as socioeconomic status and physical activity levels may 
still influence these associations, which needs to be considered in clinical application. Future research should 
address these limitations by conducting prospective studies with longer follow-up periods, incorporating more 
diverse populations, and including a wider range of potential confounding factors.

Conclusion
This study provided compelling evidence that the WWI is significantly associated with CAD prevalence in 
a large, diverse cohort from the NHANES dataset (1999–2020). Compared with BMI, WWI demonstrated 
superior predictive performance for CAD, particularly in younger individuals (aged ≤ 60 years). This finding 
highlighted the potential of WWI as a more sensitive indicator of cardiovascular health, which may enhance risk 
stratification and early intervention strategies. Given its simplicity, WWI can be easily incorporated into routine 
clinical assessments and large-scale public health initiatives, especially in resource-limited settings. Because of 
the cross-sectional nature of this study inherently limits causal inference, future prospective longitudinal studies 
are particularly needed to establish temporal relationships and potential causality between WWI and CAD 
development.

Data availability
Data are accessible in a public, open access repository. Open access data can be found on the NHANES website: 
https://www.cdc.gov/nchs/nhanes/index.htm.
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