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INTRODUCTION

Obesity is a growing risk factor among adults, and its ac-
curate identification remains a public health priority. While 
body mass index (BMI) is widely used, it does not account for 
fat distribution [1]. Combining BMI with central obesity indi-
cators – such as waist circumference (WC), waist-to-hip ratio 
(WHR), and waist-to-height ratio (WtHR) – has been shown 
to improve mortality risk prediction [2,3]. Nevertheless, these 
indicators have limitations, such as the absence of standard-
ized measurement procedures [4]. Accordingly, the potential 
predictive role of non-traditional anthropometric indicators – 
such as the weight-adjusted waist index (WWI), the conici-
ty index (C-index), and relative fat mass (RFM) – has been 
highlighted [5-7]. However, their clinical interpretation may 
be limited by the complexity of the required calculations. 

AIMS

To develop a novel, clinically applicable and easily in-
terpretable anthropometric method for the classification of 
central obesity, and to assess its predictive value for all-cause 
and cancer mortality in comparison with both traditional 
(BMI, WC, WHR, WtHR) and non-traditional (WWI, C-index, 
RFM) anthropometric indicators.

METHODS

This study included 45698 adult men and women from 
the Italian EPIC cohort (1993–1998). Demographic, lifestyle, 
and medical history data were collected enrollment using 
standardized questionnaires. Anthropometric measurements 
(height, weight, waist and hip circumferences) were used to 
calculate indicators. To calculate Delta Waist (ΔW) a line-
ar regression was performed on WC as a function of height, 
weight, sex, age, sex/height and sex/age interaction. The 
model was weighted based on health risk categories de-
fined by NICE [8]: participants with no increased risk were 
assigned a weighting factor of 1, those with increased risk a 
weighting factor of 0.5, and those with high or very high risk 
a weighting factor of 0. Predicted waist circumference was 
derived from this model by standardizing age to 35 years and 
reclassifying high/very high risk individuals into the nearest 
increased risk group stratified by waist circumference, assign-
ing them the highest value of BMI. On this basis, weighting 
factor was recalculated. ΔW was calculated as the difference 
between observed and predicted WC. Pearson correlation 
coefficients were calculated between ΔW, the other non-tra-
ditional and traditional indicators. Cox proportional hazards 
models, with age as the primary time variable, were used to 
assess the association between ΔW, or other anthropometric 
variables, and the risk of all-cause and cancer mortality. All 
models were stratified by study center and adjusted for years 
of education, smoking status, physical activity level, diabetes, 
hypertension, and menopausal status for women (model 1). 
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All models were also adjusted for BMI (model 2). All analy-
ses were performed separately for men and women. Hazard 
ratios (HRs) and 95% confidence intervals were estimated. 
Model performance was assessed using the Bayesian Infor-
mation Criterion (BIC), with lower values indicating better fit. 
Statistical significance was set at p < 0.05.

RESULTS

During a median follow-up of 15 years, all-cause and can-
cer deaths were 1002 and 548 in men and 1473 and 888 
in women, respectively. ΔW showed a lower correlation with 
BMI (men: r=0.64; women: r=0.71) than WC (men: r=0.87; 
women: r=0.91), WtHR (men: r=0.84; women: r=0.90) and 
WHR (men: r=0.69; women: r=0.75). A strong positive cor-
relation was observed between RFM and BMI (men: r=0.84; 
women: r=0.85), while correlations between WWI, C-index 
and BMI were lower than r=0.5 in both sexes. WWI, C-in-
dex and RFM were positively correlated with WC, WtHR, 
WHR in both sexes. After adjustment for covariates, the es-
timated HRs of all-cause and cancer mortality according to 
BMI, WC, WtHR, WHR, ΔW, WWI, C-index and RFM are 
shown in Table 1. In both sexes ΔW was associated with an 
increased risk of both all-cause mortality (men: HR 1.02 (95% 
CI 1.01-1.03); women: HR 1.02 (95% CI 1.01-1.02)) and 
cancer mortality (men: HR 1.02 (95% CI 1.01-1.03); wom-
en: HR 1.01 (95% CI 1.003-1.02)) (model 1). Adjustment for 
BMI did not affect the association between ΔW and all-cause 
mortality in both sexes and cancer mortality in men, but mod-
ified the association between ΔW and cancer mortality in 
women (model 2). The other indicators were associated with 
an increased risk of all-cause mortality in men and women 
and with cancer mortality in men, while in women the associ-
ation with cancer mortality was observed for all indicators ex-
cept WHR, WWI and C-index (model 1). After adjusting for 
BMI no association was found between RFM and all-cause 
mortality in both sexes, nor between WHR and all-cause 
mortality in women. Furthermore, in women after adjusting for 
BMI, WC, WtHR, and RFM were no longer associated with 
cancer mortality (model 2). In the BIC analysis, the model with 
ΔW showed the lowest value in both men and women for 
all-cause mortality (men: BIC=14650; women: BIC=24329). 
Lower BIC values for cancer mortality were found for C-index 
in men (BIC=8096) and for WHR in women (BIC=15009).

CONCLUSIONS

ΔW represents a new anthropometric indicator of cen-
tral obesity, easy to use and understand. In the Italian EPIC 
cohort it was associated with all-cause mortality risk in both 
sexes, with better results than other anthropometric indicators 
already validated and standardized.
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Table 1. Estimated HRs of all-cause and cancer mortality according to BMI, WC, WtHR, WHR, ΔW, C-index, WWI and RFM.

 




