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Abstract
Objective  Previous studies have emphasized the independent effects of anthropometric indices—including body 
mass index (BMI), A Body Shape Index (ABSI), waist-to-height ratio (WHtR), body roundness index (BRI), and Conicity 
Index—on mortality. However, their combined impact, especially in diabetic populations with distinct obesity 
patterns, has been less frequently explored. This study investigates both the independent and combined effects 
of these anthropometric indices on mortality in diabetic Americans and compares their individual and combined 
diagnostic value.

Methods  A nationally representative cohort study was conducted using NHANES data (2005–2018), including 6,572 
diabetic adults. Weighted Cox proportional hazards models and restricted cubic splines were applied to evaluate the 
independent and combined associations of anthropometric indices (BMI, ABSI, WHtR, BRI, and Conicity Index) with all-
cause mortality. The weighted receiver operating characteristic (ROC) curve was used to assess the diagnostic value of 
individual anthropometric indices and their combinations in predicting mortality.

Results  Among all the anthropometric indices, ABSI exhibited the strongest independent association with all-cause 
mortality, outperforming other measures such as BMI, WHtR, BRI, and Conicity Index. A clear linear relationship was 
identified, with higher ABSI tertiles consistently linked to an increased risk of mortality. Notably, within each BMI tertile, 
ABSI effectively differentiated mortality risk, particularly in the highest tertile. Furthermore, ABSI demonstrated the 
highest predictive performance among individual metrics (weighted AUC = 0.653) and showed further improvement 
when combined with BMI (weighted AUC = 0.669).

Conclusion  BMI and ABSI collectively provide a comprehensive evaluation of mortality risk in diabetic populations, 
capturing the synergistic effects of general and central obesity. These findings highlight the importance of integrating 
BMI and ABSI into risk assessments to identify high-risk individuals and guide targeted interventions for reducing 
mortality.
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Introduction
In 2021, an estimated 529 million people worldwide were 
living with diabetes, including approximately 485  mil-
lion individuals aged 20 to 79. Diabetes contributed to 
37.8  million years of life lost (YLLs) due to premature 
mortality and 41.4 million years lost to disability (YLDs), 
resulting in a total of 79.2  million disability-adjusted 
life years (DALYs). By 2050, the global population with 
diabetes is projected to reach 1.31  billion, with roughly 
49.6% of this increase attributed to rising obesity trends 
[1]. Although being overweight or obese is a major risk 
factor for the development of diabetes, emerging evi-
dence suggests that overweight or obese individuals may 
have a lower mortality rate compared to those of normal 
weight. This counterintuitive phenomenon is known as 
the “obesity paradox.” When body mass index (BMI) is 
used as an indicator of obesity, the relationship between 
obesity and mortality among individuals with diabetes 
remains debated. Some studies have shown a positive lin-
ear association between BMI and mortality [2–3], while 
others have reported negative associations [4–9] or even 
U-shaped relationships [10–11]. Given the “obesity para-
dox” observed in patients with diabetes, relying solely on 
traditional indicators like BMI may not provide a com-
prehensive assessment of their prognosis.

Recently, additional anthropometric indices related 
to central obesity have been proposed to improve the 
assessment of the relationship between obesity and the 
prognosis of chronic diseases. These indices include A 
Body Shape Index (ABSI), waist-to-height ratio (WHtR), 
body roundness index (BRI), and Conicity Index, which 
provide simple and non-invasive assessment methods 
that can be easily implemented in settings with limited 
access to advanced technology. This approach facilitates 
early screening and monitoring, especially in resource-
limited communities or primary healthcare settings, 
enabling the timely identification of high-risk individu-
als to help prevent the onset and progression of disease. 
Studies have confirmed associations between ABSI [12–
15], WHtR [12–13], and BRI [12] with all-cause mortal-
ity in individuals with diabetes, while links between the 
Conicity Index and all-cause mortality have been iden-
tified in other populations [16–17]. ABSI, developed by 
Krakauer et al., is a body shape metric that adjusts waist 
circumference (WC) for height and weight [9]. It is posi-
tively correlated with visceral obesity and is independent 
of BMI in patients with diabetes [18]. Previous studies 
have shown that, among individuals with diabetes, ABSI 
has a stronger association with mortality risk compared 
to other central obesity measures, potentially resolving 
the “obesity paradox” [12–15]. The synergistic effects of 

ABSI and BMI have also been preliminarily explored. 
In the general population, the combination of ABSI and 
BMI provides better mortality risk stratification than the 
combination of BMI with other abdominal obesity met-
rics [9, 19]. Similarly, this combined advantage of BMI 
and ABSI has also been preliminarily observed in dia-
betic populations [12].

Previous studies have examined the effects of anthro-
pometric indices on mortality, focusing primarily on 
their independent impacts while often overlooking their 
combined effects. BMI, a commonly used measure of 
overall obesity, fails to account for body fat distribution—
a critical factor in obesity-related health risks. Indicators 
of central obesity, such as ABSI, which reflect abdomi-
nal fat accumulation, provide complementary insights. 
Despite their importance, the combined effect of BMI 
with ABSI and other central obesity indices, particu-
larly in diabetic populations with distinct obesity pat-
terns, remains underexplored. This study aims to address 
this gap by investigating both the independent asso-
ciations of various anthropometric indices (ABSI, BMI, 
WHtR, BRI, and Conicity Index) with all-cause mortal-
ity and the combined impact of BMI with these central 
obesity indices in a cohort of American adults with dia-
betes. Furthermore, it compares their individual and 
combined diagnostic value for predicting mortality risk. 
This research provides new insights into obesity-related 
mortality risks, contributing to a deeper understanding 
of diabetes epidemiology.

Methods
Study design and participants
The National Health and Nutrition Examination Survey 
(NHANES) is a comprehensive research initiative aimed 
at assessing the health and nutritional status of adults 
and children in the United States. The study protocols 
were approved by the Research Ethics Review Board of 
the National Center for Health Statistics, and written 
informed consent was obtained from all participants to 
ensure their rights were protected. Data were gathered 
from seven survey cycles conducted between 2005 and 
2018, accessible through the NHANES website (​h​t​t​p​​s​:​/​​/​
w​w​w​​.​c​​d​c​.​​g​o​v​​/​n​c​h​​s​/​​n​h​a​n​e​s​/​i​n​d​e​x​.​h​t​m). The survey ​i​n​i​t​i​
a​l​l​y included 39,749 participants aged 20 years or older. 
For this study, the target population was individuals diag-
nosed with diabetes, totaling 7,445 individuals, who were 
identified based on the diagnostic criteria established by 
the American Diabetes Association (ADA). Specifically, 
diabetes was defined by the presence of any of the fol-
lowing: a self-reported diagnosis of diabetes, the use of 
insulin or oral hypoglycemic medications, fasting blood 
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glucose (FBG) levels of ≥ 126 mg/dL, or HbA1c levels of 
≥ 6.5%. From this target group, individuals with missing 
data on key variables—WC, height, weight, or survival 
status—were excluded to ensure data completeness and 
reliability. After these exclusions, a total of 6,572 partici-
pants were retained for the final analysis. The selection 
process was summarized in the flowchart provided in 
Supplementary Material Figure S1.

Evaluation of variables
In this study, the selected anthropometric indicators 
and the calculation formula are as follows: BMI = weight 
(kg) / height (cm) 2. WHtR = WC (cm) / height (cm). 
BRI = 364.2-365.5×√1-[(WC (cm)/2Π)/(0.5×height 
(cm))]2 [20]. Conicity Index = WC (cm) / (0.109×√weight 
(kg)/height (m)) [21]. ABSI = WC (cm)/(BMI (kg/
m2)2/3×height (cm)1/2 [9]. The methods for measuring 
weight, height, and WC are detailed on the NHANES 
website.

Evaluation of covariates
Based on previous studies [14, 22–23], we selected mor-
tality risk factors and variables suspected to be con-
founders as covariates. Demographic and health-related 
information—including gender, age, education level, 
marital status, income-to-poverty ratio, systolic blood 
pressure (SBP), smoking habits, alcohol use, drug use, 
and disease status—was collected through household 
interviews conducted by NHANES. Current smoking 
was defined as having smoked at least 100 cigarettes in 
a lifetime and being a current smoker [24], while cur-
rent drinking was classified as alcohol consumption more 
than once per month in the past year [24]. Hyperten-
sion was identified by a self-reported diagnosis, the use 
of antihypertensive medication, or measured SBP ≥ 140 
mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg. 
Chronic kidney disease (CKD) was diagnosed through 
self-reported physician assessments, an estimated glo-
merular filtration rate (eGFR) < 60 mL/min/1.73  m², or 
a urinary albumin-to-creatinine ratio (UACR) ≥ 30  mg/g 
[25]. The eGFR was calculated using the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) equation 
[26]. Chronic heart failure (CHF), coronary heart disease 
(CHD), stroke, and cancer were based on self-reported 
diagnoses. Clinical indicators—including white blood 
cell (WBC) count, red blood cell (RBC) count, platelet 
(PLT) count, hemoglobin, serum albumin, alanine ami-
notransferase (ALT), aspartate transaminase (AST), total 
cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), 
and HbA1c—were measured in the NHANES laboratory. 
To improve the accuracy of the results, missing data were 
imputed using both the template method (R package 
‘VIM’) and multiple imputation (R package ‘mice’).

Mortality assessment
Mortality data were sourced from the National Death 
Index (NDI) records maintained by the National Cen-
ter for Health Statistics, with updates available through 
December 31, 2019. The primary outcome of this study 
was all-cause mortality, with causes of death catego-
rized based on the International Statistical Classification 
of Diseases, 10th Revision (ICD-10). All-cause mortal-
ity included deaths from various causes such as heart 
disease (codes 054–068), malignant neoplasms (codes 
019–043), accidents (codes 112–123), cerebrovascular 
diseases (code 070), diabetes mellitus (code 046), and 
other causes. The follow-up period was calculated from 
the date of the initial interview to the date of death or 
December 31, 2019, whichever occurred first.

Statistical analysis
The analysis was performed using RStudio, with statisti-
cal significance set at a two-sided P-value of < 0.05. To 
account for NHANES’ complex sampling design, sam-
ple weights were applied, with adjustments made for 
clustering and stratification. Continuous variables were 
expressed as means (standard error (SE)), while categori-
cal variables were presented as frequencies (percent-
ages). We calculated the mortality rates for each group 
in terms of deaths per 1,000 person-years and provided 
95% confidence intervals (CI) to assess the precision of 
the estimates. Poisson regression analysis was used to 
evaluate the association between mortality risk and the 
various anthropometric indices, adjusting for poten-
tial confounders including gender, age, education level, 
marital status, income-to-poverty ratio, alcohol con-
sumption, smoking status, WBC, RBC, PLT, hemoglobin, 
serum albumin, ALT, AST, TC, HDL-C, LDL-C, HbA1c, 
SBP, use of diabetic medications, insulin use, hyperten-
sion, CKD, CHF, CHD, stroke, and cancer. Kaplan-Meier 
survival curves were used to assess the time to the first 
death event, with comparisons made using the log-rank 
test. To assess the relationship between anthropometric 
indices and all-cause mortality, weighted Cox propor-
tional hazards regression models were used, with haz-
ard ratios (HR) and 95% CI reported. Three models were 
constructed. Model 0 did not adjust for any covariate. 
Model 1 adjusted for age and gender. Model 2 addition-
ally adjusted for education status, marital status, income-
to-poverty ratio, alcohol consumption, smoking status, 
WBC, RBC, PLT, hemoglobin, serum albumin, ALT, 
AST, TC, HDL-C, LDL-C, HbA1c, SBP, use of diabetic 
medications, insulin use, as well as hypertension, CKD, 
CHF, CHD, stroke, and cancer. We conducted a multicol-
linearity diagnostic analysis to ensure the robustness of 
our model adjustments. Variance Inflation Factors (VIF) 
were calculated for all covariates included in the model. 
A commonly accepted threshold of 5 was used to assess 
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potential multicollinearity. The results showed that all 
VIF values were below this threshold, indicating that no 
significant multicollinearity was present in the model. 
The median of the tertiles of each anthropometric indi-
ces was used as a continuous variable to test P for trend. 
Restricted cubic spline (RCS) analysis was used to inves-
tigate the dose-response relationships between anthro-
pometric indices and all-cause mortality. We evaluated 
the predictive performance of individual and combined 
indices for all-cause mortality using weighted receiver 
operating characteristic (ROC) curves. For the com-
bined indices, we utilized logistic regression to generate 
a composite predictive score, which was analyzed using 
the pROC package in R to compute the correspond-
ing weighted area under the curve (AUC), as well as to 
determine optimal thresholds. Differences in weighted 
AUCs between indices were statistically tested using the 
roc.test function based on DeLong’s test. To examine the 
robustness of our study, we performed a sensitivity anal-
ysis: participants who died from accidental causes were 
excluded.

Results
Table 1 presents the characteristics of participants strati-
fied by BMI tertiles (Tertile 1: BMI < 28.28, Tertile 2: BMI 
28.28–34.10, Tertile 3: BMI ≥ 34.10) and survival status 
(Non-death vs. Death). A higher proportion of females 
was observed in higher BMI categories, and the propor-
tion of females was lower among deceased participants 
compared to survivors. Older participants were more 
prevalent among deceased individuals across all BMI ter-
tiles, with mean age decreasing as BMI tertile increased. 
Notably, the mean age was significantly higher among 
those who died. Lower educational attainment and wid-
owed/divorced/separated marital status were more com-
mon among deceased participants across all BMI tertiles. 
Higher BMI tertiles were associated with increased 
weight, WC, BMI, WHtR, BRI, and ABSI. Among 
deceased participants, WC, WHtR, BRI, Conicity Index, 
and ABSI were higher compared to survivors within the 
same BMI tertile, whereas weight and BMI were lower. 
Deceased participants exhibited lower RBC and PLT 
counts, while higher BMI tertiles were associated with 
increased WBC, RBC, and PLT counts. Hemoglobin and 
serum albumin levels were consistently lower among 
deceased participants, with serum albumin levels gradu-
ally decreasing across BMI tertiles. ALT and AST levels 
peaked in BMI Tertile 3, with AST levels significantly 
higher in deceased participants compared to survivors. 
HDL-C levels declined as BMI tertile increased, whereas 
LDL-C and HbA1c levels rose with higher BMI ter-
tiles. TC and LDL-C levels were generally lower among 
deceased participants across all BMI tertiles. Conversely, 
SBP was consistently higher among deceased individuals 

in all BMI tertiles. The prevalence of hypertension, CKD, 
CHD, and cancer was markedly higher among deceased 
individuals across all BMI tertiles. Stroke and CHF were 
also more common among deceased participants, partic-
ularly in the highest BMI tertile.

Table  2 presents the mortality rates for different vari-
ables, including BMI, WHtR, BRI, Conicity Index, and 
ABSI, along with death rates (per 1,000 person-years) 
and their corresponding 95% CI. The analysis was 
adjusted for potential confounders, including gender, age, 
education level, marital status, income-to-poverty ratio, 
alcohol consumption, smoking status, blood parameters 
(such as WBC, RBC, PLT, hemoglobin), serum albu-
min, ALT, AST, TC, HDL-C, LDL-C, HbA1c, SBP, use 
of diabetic medications, insulin use, as well as the pres-
ence of hypertension, CKD, CHF, CHD, stroke, and can-
cer. Mortality rates decreased progressively across BMI 
tertiles. The highest mortality rate was observed in the 
first tertile (BMI < 28.28) at 3.1 per 1,000 person-years 
(95% CI: 2.8–3.3), while the lowest was in the third ter-
tile (BMI ≥ 34.10) at 1.7 per 1,000 person-years (95% CI: 
1.6–1.9). The differences were statistically significant 
(P < 0.001). The highest mortality rate for WHtR was in 
the first tertile (WHtR < 0.61) at 2.5 per 1,000 person-
years (95% CI: 2.2–2.7), while the second and third ter-
tiles showed identical mortality rates of 2.2 per 1,000 
person-years (95% CI: 2.0–2.4). The differences were 
statistically significant (P = 0.013). Similar to WHtR, the 
first tertile (BRI < 5.65) had the highest mortality rate at 
2.5 per 1,000 person-years (95% CI: 2.2–2.7), while the 
second and third tertiles both had mortality rates of 2.2 
per 1,000 person-years (95% CI: 2.0–2.4). The differences 
were statistically significant (P = 0.013). The first tertile 
(Conicity Index < 133.54) had the lowest mortality rate 
at 1.6 per 1,000 person-years (95% CI: 1.4–1.8), while 
the third tertile (≥ 140.50) had the highest rate at 3.2 per 
1,000 person-years (95% CI: 2.9–3.5). However, the dif-
ferences were not statistically significant (P = 0.103). 
Mortality rates showed a clear upward trend across ABSI 
tertiles. The lowest mortality rate was in the first ter-
tile (ABSI < 0.82) at 1.2 per 1,000 person-years (95% CI: 
1.0–1.4), while the highest was in the third tertile (≥ 0.86) 
at 4.0 per 1,000 person-years (95% CI: 3.7–4.3). The dif-
ferences were highly statistically significant (P < 0.001). 
Supplementary Material Table S1 presents mortality 
rates stratified by BMI tertiles and further subdivided 
by tertiles of other anthropometric indices (WHtR, BRI, 
Conicity Index, and ABSI). In BMI Tertile 3 (≥ 34.10), the 
first ABSI tertile (< 0.82) had the lowest mortality rate at 
1.0 per 1,000 person-years (95% CI: 0.8–1.3), while the 
third ABSI tertile (≥ 0.86) had the highest at 2.9 per 1,000 
person-years (95% CI: 2.5–3.3), showing a significant 
upward trend in mortality with increasing ABSI tertiles 
(P = 0.004).
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The Kaplan-Meier survival curves illustrate differences 
in survival probabilities across tertiles for various metrics, 
including BMI, WHtR, BRI, Conicity Index, and ABSI, as 
shown in Fig. 1. BMI shows a clear and significant differ-
ence (p < 0.0001), with Tertile 1 (lowest BMI) having the 
poorest survival and Tertile 3 (highest BMI) the best. 
WHtR and BRI demonstrate no significant differences 

between tertiles (p = 0.13). The Conicity Index reveals 
significant differences (p < 0.0001), with Tertile 3 showing 
the poorest survival. Similarly, ABSI has significant dif-
ferences (p < 0.0001), where Tertile 3 (highest ABSI) has 
the lowest survival probability. The number-at-risk tables 
provide additional insight into participant distribution 
and follow-up duration for each tertile. Supplementary 

Table 1  Participant characteristics stratified by BMI tertiles and survival status
Characteristics BMI Tertile 1 (< 28.28) BMI Tertile 2 (28.28 ~ 34.10) BMI Tertile 3 (≥ 34.10)

Non-death Death Non-death Death Non-death Death
Gender, %
  Male, % 958 (57.6%) 310 (58.9%) 963 (53.5%) 234 (61.1%) 735 (39.2%) 174 (54.0%)*
  Female, % 705 (42.4%) 216 (41.1%) 838 (46.5%) 149 (38.9%) 1142 (60.8%) 148 (46.0%)*
Age, years 58.00 (0.54) 71.83 (0.60)* 57.92 (0.40) 70.88 (0.66)* 53.13 (0.36) 62.84 (0.767)*
Education
  Under vocational school, % 931 (56.0%) 360 (68.4%)* 989 (54.9%) 253 (66.1%)* 998 (53.2%) 207 (64.3%)
  Vocational schools and above, % 732 (44.0%) 166 (31.6%)* 812 (45.1%) 130 (33.9%)* 879 (46.8%) 115 (35.7%)
Marital status
  Married or living with partner, % 1089 (65.5%) 244 (46.4%)* 1143 (63.5%) 215 (56.1%)* 1094 (58.3%) 164 (50.9%)*
  Widowed, divorced, separated, or single, % 574 (34.5%) 282 (53.6%)* 658 (36.5%) 168 (43.9%)* 783 (41.7%) 158 (49.1%)*
Income-to-poverty ratio 2.90 (0.06) 2.26 (0.078)* 2.93 (0.07) 2.19 (0.10)* 2.81 (0.05) 2.56 (0.14)*
Weight, kg 70.66 (0.43) 67.93 (0.58)* 88.22 (0.39) 87.32 (0.78)* 113.09 (0.65) 112.98 (1.23)*
Height, cm 167.30 (0.41) 165.49 (0.47)* 168.15 (0.35) 167.67 (0.70)* 167.04 (0.35) 167.18 (0.73)*
WC, cm 93.15 (0.31) 94.40 (0.47) * 107.71 (0.27) 110.49 (0.58)* 125.40 (0.40) 127.43 (0.77)*
BMI, kg/m2 25.11 (0.08) 24.70 (0.15)* 31.09 (0.07) 30.95 (0.08)* 40.39 (0.16) 40.37 (0.43)*
WHtR 0.558 (0.002) 0.571 (0.003)* 0.642 (0.002) 0.660 (0.003)* 0.752 (0.002) 0.763 (0.005)*
BRI 4.56 (0.04) 4.85 (0.06)* 6.44 (0.04) 6.89 (0.08)* 9.41 (0.06) 9.74 (0.14)*
Conicity Index 131.91 (0.27) 135.54 (0.37)* 136.74 (0.28) 140.80 (0.61)* 140.32 (0.24) 142.72 (0.51)*
ABSI 0.841 (0.002) 0.866 (0.002)* 0.841 (0.002) 0.866 (0.004)* 0.827 (0.001) 0.841 (0.003)*
WBC, 1000 cells/uL 7.19 (0.08) 7.83 (0.16)* 7.72 (0.08) 7.66 (0.14)* 8.41 (0.07) 8.65 (0.27)*
RBC, million cells/uL 4.62 (0.02) 4.36 (0.03)* 4.73 (0.02) 4.46 (0.03)* 4.77 (0.02) 4.62 (0.04)*
PLT, 1000 cells/uL 236.98 (2.19) 225.29 (4.09)* 240.19 (2.38) 228.42 (4.34)* 258.59 (3.03) 247.51 (7.13)*
Hemoglobin, g/dL 14.04 (0.06) 13.44 (0.09)* 14.20 (0.05) 13.11 (0.66)* 14.07 (0.05) 13.94 (0.12)*
Serium albumin, g/L 42.44 (0.12) 41.23 (0.20)* 42.03 (0.12) 40.48 (0.20)* 40.45 (0.12) 39.44 (0.27)*
ALT, U/L 25.01 (0.53) 23.17 (0.70)* 27.95 (0.57) 22.92 (0.72)* 30.77 (0.76) 30.09 (4.08)*
AST, U/L 25.27 (0.33) 27.57 (0.72)* 26.13 (0.43) 25.58 (0.70)* 27.58 (0.66) 29.81 (1.91)*
TC, mmol/L 4.87 (0.04) 4.60 (0.06)* 4.88 (0.04) 4.61 (0.08)* 4.84 (0.04) 4.74 (0.09)*
HDL-C, mmol/L 1.36 (0.01) 1.35 (0.02)* 1.19 (0.01) 1.20 (0.03)* 1.17 (0.01) 1.16 (0.03)*
LDL-C, mmol/L 2.76 (0.03) 2.53 (0.05)* 2.79 (0.03) 2.62 (0.09)* 2.83 (0.03) 2.77 (0.10)*
HbA1c, % 6.82 (0.05) 6.90 (0.07)* 7.09 (0.05) 7.01 (0.09)* 7.12 (0.04) 7.24 (0.13)*
SBP, mmHg 123.67 (0.85) 127.60 (2.05)* 123.74 (0.83) 126.04 (1.74)* 122.25 (0.84) 125.47 (1.94)*
Current drinking, % 119 (7.2%) 18 (3.4%)* 128 (7.1%) 10 (2.6%)* 149 (7.9%) 6 (1.9%)*
Current smoking, % 306 (18.4%) 112 (21.3%) 284 (15.8%) 56 (14.6%) 290 (15.5%) 63 (19.6%)*
Using diabetic pills, % 1120 (67.3%) 350 (66.5%)* 1241 (68.9%) 273 (71.3%) 1324 (70.5%) 231 (71.7%)
Using insulin, % 237 (14.3%) 109 (20.7%)* 303 (16.8%) 100 (26.1%)* 364 (19.4%) 112 (34.8%)*
Hypertension, % 933 (56.1%) 389 (74.0%)* 1207 (67.0%) 315 (82.2%)* 1343 (71.6%) 265 (82.3%)*
CKD, % 548 (33.0%) 341 (64.8%)* 616 (34.2%) 270 (70.5%)* 677 (36.1%) 207 (64.3%)*
CHF, % 61 (3.7%) 75 (14.3%)* 88 (4.9%) 79 (20.6%)* 143 (7.6%) 74 (23.0%)*
CHD, % 97 (5.8%) 88 (16.7%)* 143 (7.9%) 94 (24.5%)* 144 (7.7%) 54 (16.8%)*
Stroke, % 91 (5.5%) 67 (12.7%)* 117 (6.5%) 64 (16.7%)* 116 (6.2%) 52 (16.1%)*
Cancer, % 184 (11.1%) 127 (24.1%)* 234 (13.0%) 88 (23.0%)* 189 (10.1%) 70 (21.7%)*
*Compared to Non-death within the same BMI tertile group, the Death group exhibits a statistically significant difference (P < 0.05), with adjustments made for 
sample weights. WC Waist circumference, BMI Body mass index, WHtR Waist-to-height ratio, BRI Body roundness index, ABSI A body shape index, WBC White blood 
cell, RBC Red blood cell, PLT Platelet, ALT Alanine aminotransferase, AST Aspartate transaminase, TC Total cholesterol, HDL-C High-density lipoprotein cholesterol, 
LDL-C Low-density lipoprotein cholesterol, SBP Systolic blood pressure, CKD Chronic kidney disease, CHF Chronic heart failure, CHD Coronary heart disease
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Material Figure S2 presents Kaplan-Meier survival curves 
stratified by BMI tertiles and further grouped by tertiles 
of other anthropometric indices (WHtR, BRI, Conicity 
Index, and ABSI). Across all BMI tertiles, ABSI tertiles 
showed significant differences in survival probabilities 
(P = 0.0001 for BMI Tertile 1, P < 0.0001 for Tertiles 2 and 
3). Survival probabilities declined markedly with increas-
ing ABSI tertiles, with the lowest survival observed in 
Tertile 3.

Figure  2 illustrates the HR 95% CI and trend tests 
(P for trend) for BMI, WHtR, BRI, Conicity Index, and 
ABSI across tertiles under three statistical models 
(Model 0, Model 1, and Model 2). In the fully adjusted 
model, participants in the higher tertile (Tertile 2) for 
BMI (HR = 0.70, 95% CI: 0.59–0.83), WHtR (HR = 0.84, 

95% CI: 0.70–0.99), BRI (HR = 0 0.84, 95% CI: 0.70–0.99) 
were negatively associated with all = cause mortality 
compared to those in the lowest tertile (Tertile 1). Con-
versely, in the fully adjusted model, participants in the 
highest tertile (Tertile 3) for ABSI (HR = 1.55, 95% CI: 
1.24–1.93) was positively associated with all-cause mor-
tality compared to those in the lowest tertile (Tertile 1). 
Additionally, the association between Conicity Index and 
all-cause mortality was not statistically significant in the 
fully adjusted model. Supplementary Material Table S2 
presents weighted Cox proportional hazards regression 
analysis of mortality stratified by BMI tertiles and fur-
ther grouped by tertiles of other anthropometric indices 
(WHtR, BRI, Conicity Index, ABSI). ABSI is significantly 
associated with all-cause mortality across all BMI tertiles, 

Table 2  Mortality Rates Stratified by Anthropometric Indices (BMI, WHtR, BRI, Conicity Index, ABSI) and Tertiles
Anthropometric Indices Total Number Number of 

deaths
Death rate per 1000 
person years

Death rate per 1000 
person years, 95%CI

Pvalue

BMI
  Tertile 1 (< 28.28) 172,069 526 0.0031 0.0028–0.0033 < 0.001
  Tertile 2 (28.28 ~ 34.10) 183,446 383 0.0021 0.0019–0.0023
  Tertile 3 (≥ 34.10) 184,010 322 0.0017 0.0016–0.0019
WHtR
  Tertile 1 (< 0.61) 178,906 440 0.0025 0.0022–0.0027 0.013
  Tertile 2 (0.61 ~ 0.69) 182,532 406 0.0022 0.0020–0.0024
  Tertile 3 (≥ 0.69) 178,087 385 0.0022 0.0019–0.0024
BRI
  Tertile 1 (< 5.65) 178,873 440 0.0025 0.0022–0.0027 0.013
  Tertile 2 (5.65 ~ 7.56) 182,372 406 0.0022 0.0020–0.0024
  Tertile 3 (≥ 7.56) 178,280 385 0.0022 0.0019–0.0024
Conicity index
  Tertile 1 (< 133.54) 190,408 300 0.0016 0.0014–0.0018 0.103
  Tertile 2 (133.54 ~ 140.50) 179,980 390 0.0022 0.0020–0.0024
  Tertile 3 (≥ 140.50) 169,137 541 0.0032 0.0029–0.0035
ABSI
  Tertile 1 (< 0.82) 196,027 235 0.0012 0.0010–0.0014 < 0.001
  Tertile 2 (0.82 ~ 0.86) 181,232 343 0.0019 0.0017–0.0021
  Tertile 3 (≥ 0.86) 162,266 653 0.0040 0.0037–0.0043
BMI Body mass index, WHtR Waist-to-height ratio, BRI Body roundness index, ABSI A body shape index

Adjusted for gender, age, education status, marital status, income-to-poverty ratio, alcohol consumption, smoking status, WBC, RBC, PLT, hemoglobin, serium 
albumin, ALT, AST, TC, HDL-C, LDL-C, HbA1c, SBP, diabetic pills using, insulin using, hypertension, CKD, CHF, CHD, stroke and cancer

Fig. 1  Kaplan-Meier Survival Analysis of All-Cause Mortality BMI Body mass index, WHtR Waist-to-height ratio, BRI Body roundness index, ABSI A body 
shape index
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particularly in the unadjusted and partially adjusted 
models, with ABSI Tertile 3 in BMI Tertile 3 showing a 
significant risk increase even in the fully adjusted model.

After adjusting for confounding factors such as gen-
der, age, education level, marital status, income-to-
poverty ratio, alcohol consumption, smoking status, 
WBC, RBC, PLT, hemoglobin, serum albumin, ALT, 
AST, TC, HDL-C, LDL-C, HbA1c, SBP, use of diabetes 
medications, insulin use, and histories of hypertension, 
CKD, CHF, CHD, stroke, and cancer, Fig.  3 shows the 
dose-response relationships between BMI, WHtR, BRI, 
Conicity Index, and ABSI with all-cause mortality. BMI, 
WHtR, and BRI exhibit significant U-shaped curves, 
with the lowest mortality risks observed at BMI = 35.57, 
WHtR = 0.68, and BRI = 7.69, respectively. Deviations 
from these optimal values on either side are associ-
ated with increased mortality risk (P overall < 0.001, P 
non-linear < 0.001). The relationship between the Conic-
ity Index and all-cause mortality is overall significant 
(P overall = 0.016) but shows no significant non-linear 
trend (P non-linear = 0.297). Mortality risk remains rela-
tively stable at lower Conicity Index values but begins 
to increase as the Conicity Index exceeds approximately 

136.99, suggesting a threshold effect. The association 
between ABSI and all-cause mortality is highly signifi-
cant (P overall < 0.001), with no evidence of a non-linear 
trend (P non-linear = 0.593). A clear dose-response rela-
tionship is observed, with mortality risk progressively 
increasing as ABSI values rise. The reference point for 
ABSI is approximately 0.84, where the HR equals 1. Sup-
plementary Material Figure S3 illustrates RCS curves for 
the association between anthropometric indices (WHtR, 
BRI, Conicity Index, ABSI) and mortality risk, stratified 
by BMI tertiles. In the third BMI tertile, ABSI demon-
strates a significant nonlinear relationship with mortality 
risk (P non-linear = 0.047), where mortality risk increased 
sharply at higher ABSI values.

Based on the analysis of Table 3; Fig. 4, ABSI showed 
the best diagnostic performance among single metrics, 
with an weighted AUC of 0.653 (95% CI: 0.635–0.670), 
significantly outperforming other single metrics (BMI, 
WHtR, BRI, and Conicity Index). Its optimal cutoff value 
was 0.853, with a sensitivity of 0.591 and a specificity of 
0.653. BMI and Conicity Index achieved weighted AUCs 
of 0.578 and 0.590, respectively, slightly lower than ABSI, 
while WHtR and BRI had the lowest performance with 

Fig. 3  RCS Analysis of Anthropometric Indicators and Their Relationship with All-Cause Mortality BMI Body mass index, WHtR Waist-to-height ratio, BRI 
Body roundness index, ABSI A body shape index, HR Hazard ratios, CI Confidence intervals Adjusted for gender, age, education status, marital status, 
income-to-poverty ratio, alcohol consumption, smoking status, WBC, RBC, PLT, hemoglobin, serium albumin, ALT, AST, TC, HDL-C, LDL-C, HbA1c, SBP, 
diabetic pills using, insulin using, hypertension, CKD, CHF, CHD, stroke and cancer

 

Fig. 2  Weighted Cox Proportional Hazards Regression Analysis of Anthropometric Indicators and Their Relationship with All-Cause Mortality BMI Body 
mass index, WHtR Waist-to-height ratio, BRI Body roundness index, ABSI A body shape index Model 0 did not adjust for any covariate Model 1 adjusted 
for gender, age Model 2 adjusted for gender, age, education status, marital status, income-to-poverty ratio, alcohol consumption, smoking status, WBC, 
RBC, PLT, hemoglobin, serium albumin, ALT, AST, TC, HDL-C, LDL-C, HbA1c, SBP, diabetic pills using, insulin using, hypertension, CKD, CHF, CHD, stroke and 
cancer
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weighted AUCs of 0.526. Combining BMI with other 
metrics further improved diagnostic performance, with 
BMI & ABSI achieving the highest weighted AUC of 
0.669 (95% CI: 0.653–0.686), significantly better than 
other combinations. BMI & Conicity Index followed 
with an weighted AUC of 0.666, while BMI & WHtR and 
BMI & BRI achieved weighted AUCs of 0.637 and 0.640, 
respectively.

Supplementary Material Table S3 presents the results 
of the sensitivity analysis conducted after excluding indi-
viduals who died from accidental causes (n = 315). ABSI 
demonstrated a significant association with higher mor-
tality risk, particularly in the third tertile (HR = 1.60, 95% 
CI: 1.26–2.03, P < 0.001). In the BMI-stratified analysis, 
individuals with high BMI (≥ 34.20) showed a significant 
increase in mortality risk associated with the third tertile 
of ABSI (HR = 2.03, 95% CI: 1.33–3.11, P = 0.001).

Discussion
Using data from NHANES database (2005–2018), we 
conducted a nationally representative longitudinal cohort 
study involving 6,572 diabetic adults. This study inves-
tigated the independent associations of various indices 
(BMI, ABSI, WHtR, BRI, Conicity Index) with all-cause 
mortality and the combined impact of BMI with ABSI 
and other central obesity indices in a cohort of American 
adults with diabetes. These results suggest that anthro-
pometric indices are strongly associated with all-cause 
mortality in diabetes, with ABSI exhibiting a closer cor-
relation than other individual metrics. Combining BMI 
with ABSI and other central obesity measures further 
improves diagnostic performance, with the combina-
tion of BMI and ABSI showing the highest effective-
ness. This study highlights the superior diagnostic value 
of ABSI and its combination with BMI in predicting all-
cause mortality in diabetes, offering valuable insights for 
improving risk assessment and clinical decision-making.

Previous research has extensively examined the effects 
of various anthropometric indices on mortality in dia-
betic populations, yielding inconsistent conclusions and 
primarily focusing on their independent impacts while 
overlooking their combined effects. For BMI, some stud-
ies have reported a linear positive correlation with mor-
tality [2–3], while others have found negative correlations 
[4–9] or non-linear (U-shaped) associations [10–11]. Our 
findings show that BMI exhibited a U-shaped relation-
ship with mortality, with the lowest risk observed in the 
highest tertile (Tertile 3), supporting the “obesity para-
dox.” Unlike BMI, ABSI, WHtR, and BRI are surrogate 
markers of central obesity. In one study with an average 
follow-up period of 10.2 years, all-cause mortality rates 
for ABSI, WHtR, and BRI were significantly higher in the 
fourth quartile compared to the second, and the com-
bination of ABSI and BMI was associated with a higher 
all-cause mortality risk compared to combinations of 
BMI with other body metrics [12]. A prospective cohort 
study conducted in Italy found no evidence of an obe-
sity paradox with WHtR or ABSI and notably identified 
ABSI as a better predictor of mortality risk associated 
with central adiposity than WC [13]. Research using the 
NHANES database revealed a linear positive correlation 
between ABSI and all-cause mortality [14], a finding sim-
ilarly observed in the Australian population with diabetes 
[15]. Among these studies, ABSI stands out as having a 
particularly strong association with diabetes-related all-
cause mortality compared to other central obesity surro-
gate markers and has been established as a risk factor for 
mortality in general populations across the U.S., Europe, 
and Asia [9, 27–29]. The Conicity Index, although not yet 
studied in diabetic populations, has been identified as an 
independent risk factor for all-cause mortality among 
older, non-cancer patients in China and as a predictor 

Table 3  Weighted ROC curves for Predicting all-cause Mortality 
using Anthropometric indicators and their combinations
Anthro-
pometric 
Indices

Weighted 
AUC

Weight-
ed AUC 
95% CI

Cutoff 
value

Sensitivity Spec-
ific-
ity

BMI 0.578 0.560–
0.596

31.195 0.611 0.512

WHtR 0.526a 0.508–
0.544

0.642 0.521 0.532

BRI 0.526a 0.508–
0.544

6.407 0.521 0.532

Conicity 
Index

0.590bc 0.573–
0.608

139.822 0.475 0.663

ABSI 0.653abcd 0.635–
0.670

0.853 0.591 0.653

BMI&WHtR 0.637abcde 0.620–
0.654

15.91–
51.3 & 
0.40–
1.01

0.732 0.480

BMI&BRI 0.640abcdf 0.624–
0.657

15.91–
63.4 & 
1.49–
19.13

0.661 0.553

BMI&Conicity 
Index

0.666abcdefg 0.650–
0.683

15.91–
48.8 & 
122.55-
170.41

0.657 0.609

BMI&ABSI 0.669abcdefgh 0.653–
0.686

15.91–
51.3 & 
0.81–
1.06

0.616 0.654

BMI Body mass index, WHtR Waist-to-height ratio, BRI Body roundness index, 
ABSI A body shape index, HR Hazard ratios, CI Confidence intervals

a: Significantly different compared to BMI (P < 0.05), b: Significantly different 
compared to WHtR (P < 0.05), c: Significantly different compared to BRI (P < 0.05), 
d: Significantly different compared to Conicity Index (P < 0.05), e: Significantly 
different compared to ABSI (P < 0.05), f: Significantly different compared to the 
combination of BMI and WHtR (P < 0.05), g: Significantly different compared to 
the combination of BMI and BRI (P < 0.05), h: Significantly different compared to 
the combination of BMI and Conicity Index (P < 0.05)
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of all-cause mortality in patients with CKD [16–17]. To 
date, no research has compared these indices within the 
same diabetic cohort. More importantly, no studies have 
investigated the combined effects of BMI with ABSI and 
the other three central obesity surrogate markers on all-
cause mortality in diabetic patients. Notably, the syner-
gistic effects of ABSI and BMI have been preliminarily 
explored in the general population, with findings show-
ing that the combination of ABSI and BMI provides bet-
ter mortality risk stratification than combinations of BMI 
with other abdominal obesity metrics [9, 19].

We conducted a comprehensive evaluation of multiple 
anthropometric indices, including BMI, ABSI, WHtR, 
BRI, and Conicity Index, within the same diabetic cohort 
to assess their predictive value. Our findings revealed 
distinct patterns among these indices. As shown in 
Figs.  2 and 3, WHtR and BRI exhibited slight decreas-
ing trends in mortality rates across tertiles; however, 
Fig.  4 demonstrated their limited predictive value. The 
Conicity Index showed a modest increase in mortality 
risk at higher tertiles, but this association became non-
significant after adjusting for potential confounders, as 
illustrated in Figs. 2 and 3. In contrast, ABSI consistently 
demonstrated the strongest and most significant linear 
association with mortality risk. It maintained its signifi-
cance across all statistical models, even after adjusting 
for confounders such as demographic factors, clinical 
parameters, and comorbidities. With a weighted AUC of 
0.653, ABSI outperformed all other indices in diagnostic 
performance, as depicted in Fig.  4. These results align 
with previous studies, highlighting ABSI as the most 

prominent anthropometric predictor of mortality, with-
out evidence of the “obesity paradox.” More importantly, 
our study provides novel insights into the combined 
effects of BMI with ABSI and the other three central 
obesity markers—WHtR, BRI, and Conicity Index—on 
mortality risk, emphasizing their interplay and collec-
tive impact. In Figure S2, we observed that ABSI’s third 
tertile had the lowest survival probabilities across all BMI 
categories. Consistently, in Table S2, the third tertile of 
ABSI had the highest mortality risk compared to the low-
est tertile across all BMI categories. Sensitivity analyses, 
excluding accidental deaths (as shown in Table S3), con-
firmed the robustness of these findings. The highest ABSI 
tertile was significantly associated with increased mortal-
ity risk, and this association was particularly pronounced 
in individuals with higher BMI. Differences in weighted 
AUCs between indices were statistically tested in Table 3. 
For the combined indices, we utilized logistic regression 
to generate a composite predictive score and analyzed its 
corresponding weighted AUC using the weighted ROC 
curve. The results indicated that combining ABSI with 
BMI further enhanced diagnostic performance, achiev-
ing the highest weighted AUC (0.669), which was sig-
nificantly superior to both individual indices and other 
combined metrics. This underscores the complementary 
value of these two measures.Overall, these findings high-
light ABSI’s critical role as a robust and reliable predictor 
of mortality. Whether used independently or in combi-
nation with BMI, ABSI offers substantial clinical value 
in mortality risk assessment, underscoring the need to 

Fig. 4  Weighted ROC Curves for Predicting All-Cause Mortality Using Anthropometric Indicators and their combinations BMI Body mass index, WHtR 
Waist-to-height ratio, BRI Body roundness index, ABSI A body shape index
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integrate it with traditional metrics in future research 
and clinical practice.

The mechanisms underlying the association between 
the combination of BMI and ABSI and all-cause mor-
tality in individuals with diabetes are complex and mul-
tifaceted. BMI is a commonly used metric for assessing 
general obesity, but it does not differentiate between fat 
and lean mass or provide insights into fat distribution 
[30]. ABSI, on the other hand, adjusts waist circumfer-
ence for height and BMI, offering a more refined assess-
ment of central obesity and visceral fat accumulation, 
independent of overall body mass [31]. In diabetic popu-
lations, the combination of high BMI and high ABSI may 
signify a synergistic effect of excessive overall fat and cen-
tral fat accumulation, exacerbating metabolic dysfunc-
tion more than either metric alone [32–33]. Visceral fat, 
a metabolically active tissue, secretes pro-inflammatory 
cytokines such as interleukin-6 and tumor necrosis fac-
tor-alpha, driving systemic inflammation [34]. Chronic 
inflammation is a critical driver of insulin resistance, a 
hallmark of diabetes, and accelerates atherosclerosis, 
increasing cardiovascular risk [35]. Elevated WBC lev-
els observed in the third BMI tertile, particularly among 
deceased patients compared to survivors, underscore the 
inflammatory burden. While high BMI reflects greater 
overall energy reserves, it can mask the detrimental 
effects of central obesity if fat distribution is not consid-
ered [36]. High BMI combined with high ABSI suggests 
significant abdominal fat concentration, signaling exces-
sive visceral fat. This is particularly hazardous in diabetic 
patients, where insulin sensitivity is already compro-
mised. Excess visceral fat worsens insulin resistance, 
impairs glycemic control, and increases the risk of vascu-
lar complications such as nephropathy, retinopathy, and 
macroangiopathy [37]. As demonstrated in our baseline 
characteristics table (Table  1), the prevalence of hyper-
tension, CKD, and CHD was significantly higher among 
deceased individuals across all BMI tertiles. Stroke and 
CHF were also more common among deceased partici-
pants, particularly in the highest BMI, with SBP consis-
tently elevated in deceased individuals within each BMI 
tertile. This underscores the relationship between central 
obesity and vascular dysfunction, which may contribute 
to increased mortality.

Furthermore, the prothrombotic state induced by cen-
tral obesity heightens the risk of stroke and myocardial 
infarction [38]. Excess visceral fat also impairs liver func-
tion, promoting NAFLD, which can progress to steato-
hepatitis and cirrhosis, further increasing morbidity and 
mortality [39]. Consistent with our study findings, ALT 
and AST levels peaked in BMI Tertile 3, with AST levels 
being significantly higher in deceased participants com-
pared to survivors. High BMI and elevated ABSI may also 
indicate sarcopenic obesity—a condition characterized 

by increased fat mass and reduced muscle mass. In older 
diabetic patients, sarcopenic obesity can result in dimin-
ished physical function, greater frailty, and heightened 
vulnerability to adverse outcomes [40]. In our study, 
hemoglobin and serum albumin levels were consistently 
lower among deceased participants, with serum albumin 
levels gradually declining across BMI tertiles, particularly 
in individuals with higher BMI. These findings suggest 
the combined effects of sarcopenia and central obesity. 
Sarcopenic obesity exacerbates insulin resistance and 
inflammation, creating a vicious cycle that significantly 
increases mortality risk. In summary, the combined 
assessment of BMI and ABSI offers a more comprehen-
sive evaluation of an individual’s obesity profile [41]. 
While BMI captures overall fat, ABSI provides critical 
insights into fat distribution and central obesity. The syn-
ergistic effect of these metrics likely represents the com-
bined impact of general and central obesity on metabolic 
dysfunction, chronic inflammation, and increased car-
diovascular and microvascular complications in diabetic 
patients. This integrated approach highlights the impor-
tance of considering both general and central obesity in 
health risk assessments. It emphasizes that fat distribu-
tion is as important as fat quantity, particularly in high-
risk populations such as those with diabetes.

This study is a prospective analysis based on the 
NHANES database, with data collection conducted in 
strict adherence to standard operating procedures (SOPs) 
to ensure accuracy and consistency. Regular quality con-
trol measures and reviews were implemented to uphold 
high data quality standards. However, several limitations 
should be acknowledged. First, due to the inherent con-
straints of observational study designs, it is impossible 
to completely rule out reverse causality. Second, the data 
collected through interview surveys or questionnaires 
may be subject to recall bias, as participants are required 
to rely on their memory to provide information about 
their medical history, lifestyle habits, and other key vari-
ables. Third, as study variables were collected at a single 
time point, we could not assess the impact of changes 
over time in these variables on mortality risk. Lastly, 
we cannot entirely exclude the possibility that other 
unknown confounding factors may have influenced the 
results.

Conclusion
This study highlights the significant association between 
the combination of BMI and ABSI and all-cause mor-
tality among American adults with diabetes. High BMI 
and ABSI jointly represent the compounding effects of 
general and central obesity, amplifying risks through 
metabolic dysfunction, systemic inflammation, and vas-
cular complications. ABSI demonstrated superior predic-
tive value, especially when combined with BMI. These 



Page 11 of 12Wei et al. Diabetology & Metabolic Syndrome           (2025) 17:48 

findings underscore the importance of incorporating 
both metrics into mortality risk assessments to identify 
high-risk individuals and guide targeted interventions for 
improved metabolic health and reduced mortality.
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