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Abstract

Aim To assess the clinical utility of novel anthropometric indices and other traditional anthropometric indices in
identifying the risk of type 2 diabetes mellitus (T2D) among South African adult females.

Methods In the first South African National Health and Nutrition Examination Survey (SANHANES-1), traditional
[body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR)] and
novel [a-body shape index (ABSI), abdominal volume index (AVI), body adiposity index (BAI), body roundness index
(BRI), conicity index (Cl), and Clinica Universidad de Navarra-Body Adiposity Estimator (CUN-BAE)] anthropometric
indices were assessed. T2D was diagnosed using glycated haemoglobin (HbA1c) > 6.5% among participants without
known T2D. Basic statistics and multiple regression analyses were explored the association between anthropometric
indices and newly diagnosed T2D. Receiver operating characteristic (ROC) curve analysis was used to measure the
predictive ability of both traditional and novel indices.

Results Among 2 623 participants, 384 (14.6%) had newly diagnosed T2D. All anthropometric indices mean values
were significantly higher among participants with T2D (most p < 0.001). Higher mean values increased T2D odds e.g.,
in the model adjusted for age, employment, residence, and population group, odds ratio (OR) and 95% confidence
interval (Cl) for T2D with some of anthropometric indices were: 1.86 (1.60-2.15) for WC, 1.84 (1.59-2.13) for WHtR, 1.73
(1.51-1.99) for AVI, 1.71 (1.49-1.96) for BRI and 1.86 (1.57-2.20) for CUN-BAE. The top quartile for all indices had the
highest T2D odds (p < 0.05). These outcomes were the highest for WC, AVI, and CUN-BAE and remained so even after
removing the confounding effects of age, employment, population group, and residence. Based on the ROC analysis,
none of the anthropometrical indices performed excellently (i.e, had an area under the curve [AUC] > 0.80). The WC,
WHTIR, AVI, BRI, and CUN-BAE, however, performed acceptably (AUCs 0.70-0.79), while also exhibiting corresponding
cutoff values of 86.65 cm, 0.57, 15.52, 3.83, and 38.35, respectively.

Conclusions The data shows that traditional and novel anthropometric indices similarly identifying newly diagnosed
T2D among adult South African females. We recommend the continuing the use of traditional indices, as they are
affordable and easy to use in our setting.
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Introduction

South Africa, like many other countries undergoing rapid
urbanization and lifestyle transitions, has witnessed a sig-
nificant increase in type 2 diabetes mellitus (T2D) with a
recent systematic review estimating a prevalence of 15.3%
among adults aged 15 years and older [1]. Given the high
prevalence of T2D, early diagnosis and treatment are
imperative to reduce the associated morbidity and mor-
tality. However, biochemical diagnoses using oral glucose
tolerance tests (OGTT) are time consuming and cumber-
some deterring the widespread and frequent use of these
biochemical tests in asymptomatic individuals. In the
era where glycated haemoglobin (HbAlc) has become a
common and reliable test for diabetes diagnosis, the role
of anthropometric indices should not be overlooked.
These indices provide additional insights into body fat
distribution, visceral adiposity, and overall obesity, which
are important factors in the development of insulin resis-
tance and T2D [2]. For instance, while HbAlc reflects
long-term glycemic control, anthropometric indices can
help identify individuals at risk of developing diabetes
before significant changes in blood glucose levels are
detectable by HbAlc. Therefore, there is a need to iden-
tify individuals at high risk for T2D before undertaking
biochemical testing. This is particularly true in resource
constrained settings like South Africa.

Obesity is a major risk factor for T2D and easily deter-
mined using cost-effective tools such as a non-elastic
tape measure to determine waist circumference (WC)
and heights, and a calibrated scale to measure weights;
these can be used to calculate body mass index (BMI),
etc. Considering that >80% of individuals with T2D are
generally living with obesity [3], measuring adiposity is a
practical tool to identify individuals at high risk for the
condition. Together with WC and BMI, other traditional
measures of adiposity include waist-to-hip ratio (WHR).
More recently, due to the shortcomings of these tradi-
tional adiposity measures, BMI, for instance, does not
differentiate between fat mass and lean body mass, lead-
ing to potential misclassification of individuals with high
muscle mass as overweight or obese [4]. WC and WHR
provide a more direct assessment of central adiposity
but still fall short in distinguishing between subcutane-
ous and visceral fat, which have different metabolic risks.
Furthermore, these measures do not account for fat dis-
tribution or the potential variability in adiposity related
to age, sex, and ethnicity [5]. Therefore, researchers have
explored novel anthropometric indices to enhance the
predictive accuracy at identifying individuals at high risk
for T2D [6, 7].

Several novel anthropometric indices, such as the body
roundness index (BRI) [7], a body shape index (ABSI)
[8], body adiposity index (BAI) [9], Clinica Universidad
de Navarra-Body Adiposity Estimator (CUN-BAE) [10],
abdominal volume index (AVI) [11], and conicity index
(CI) [12], have been proposed as alternatives to tradi-
tional measures for assessing diabetes risk. These indices
combine multiple anthropometric variables, including
waist and hip circumferences, height, and weight, to offer
a more comprehensive evaluation of body composition
and fat distribution compared to traditional methods.

In recent years, novel anthropometric indices have
been developed to improve the assessment of obesity-
related health risks, each offering unique characteristics
that enhance their predictive power in specific contexts
[13, 14]. ABSI, proposed by Krakauer et al. (2012) [8] and
Biolo et al. (2015) [15], is based on WC, height, and BMI
and can serve as an indicator of abdominal obesity. Simi-
larly, the AVI focuses on estimating the volume of the
abdomen by incorporating both WC and height, making
it a more precise tool for assessing central obesity and its
associated risks, such as diabetes, metabolic syndrome
and cardiovascular disease [11]. Thomas et al. (2013)
[16], proposed the BRI as a predictor of visceral adipos-
ity tissue and body fat percentage. BRI has demonstrated
efficacy as a reliable predictor of metabolic syndrome, of
which T2D is a component, across various nationalities
and ethnic groups [17]. The BAI offers another alterna-
tive by estimating body fat percentage using hip circum-
ference and height. Unlike BMI, BAI is less influenced by
muscle mass, making it a potentially more accurate indi-
cator of adiposity [9]. Additionally, CI evaluates central
adiposity using WC, weight, and height, effectively iden-
tifying those at higher cardiovascular risk [12]. Lastly, the
CUN-BAE estimates body fat percentage based on BMI,
age, and sex, proving accurate across various age groups
and genders, making it a valuable tool for risk stratifica-
tion in clinical settings [10].

Although these traditional and novel anthropometric
indices have been shown to associate with T2D, most
studies have focused on high-income countries [18, 19],
rendering findings less generalizable, including among
adult South African females [20, 21]. In South Africa, the
clinical utility of the association of traditional and novel
anthropometric indices with T2D has not been widely
studied in national studies. Therefore, this study aims
to investigate the associations of novel anthropometric
indices (ABSI, AVI, BAI, BRI, CI, and CUN-BAE) with
newly diagnosed T2D and to compare their performance
with the traditional indices of BMI, WC, WHR and
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waist-to-height ratio (WHtR) in identifying T2D among
South African adult females.

Methods

Study population and design

This study used data from the first South African
National Health and Nutrition Examination Survey
(SANHANES-1) conducted in 2012. SANHANES-1 was
a cross-sectional survey aimed at assessing the nutri-
tional status and health conditions of the South African
populace as described in detail elsewhere [20, 22]. The
survey used a stratified cluster sampling approach with
multiple stages. A total of 1000 census enumeration areas
(EAs) mapped using aerial photography in 2007 were
used to produce the Master Sample. The EAs were cho-
sen based on their province and locality type. From the
Master Sample, 500 EAs were chosen to represent the
socio-demographic profile of South Africa. Random sam-
ples of 20 visiting points (VPs) were chosen at random
from each EA, providing a total sample of 10,000 homes.
The multistage cluster sampling design of SANHANES-1
meant that some individuals had different probabilities
of being selected, potentially leading to biased estimates.
To address this, sample weights were applied to correct
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for biases at the EA, household, and individual levels, and
adjusted for non-response. The survey was designed to
be generalisable to the entire population of South Afri-
cans living in households. Sampling weights were thus
benchmarked to the 2012 midyear population estimates
[23]. The weighting process described was conducted
using SAS version 9.3 in conjunction with CALMAR
macro for benchmarking. As depicted in Fig. 1, the final
sample comprised 8 166 households that were both valid
and occupied, encompassing of 27 580 eligible individu-
als of all age groups. Among these eligible individuals,
92.6% (25 532) participated in the interviews, 43.6% (12
025) volunteered for physical examinations, including
anthropometric measurements, and 29.3% (8 078) con-
sented to provide blood samples for biomarker analysis.
Among these individuals, 14 283 had missing data for
glycated haemoglobin (HbAlc), which was used to diag-
nose T2D and were consequently excluded. This means
that HbAlc was not measured for these individuals,
which were due to various factors such as non-partici-
pation in certain study components or exclusions based
on defined study criteria. Is it worth mentioning that we
further conducted a comparative analysis of background
characteristics (e.g., age, gender) between participants

Number of the SANHANES-1 participants (n=27 580)

Excluded (n=23 514)

(n=1073)

Males (n=8 158), Females with missing data on glycated
haemoglobin (HbA1lc) (n=14 283), Females aged <20 years

Female participants aged >=20 years with HbAlc measured (n=2 623)

Fig. 1 Flow diagram of subject selection for this study
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who had their HbAlc measured and those who did not.
The results indicated that, there were no significant dif-
ferences between the two groups (p>0.05). This analy-
sis suggests that while missing data are present, they
are unlikely to bias the overall findings. However, in this
study, which focused on females, the 8 158 males were
excluded, leaving a sample of 3 696 females. We further
excluded females under the age of 20 years; hence, the
realized sample was 2 623 eligible females aged 20 years
and older. Figure 1 illustrates a summarized flowchart
depicting participant selection for this study. For further
details regarding the SANHANES-1 methodology, con-
tent, and laboratory procedures, additional information
can be found elsewhere [20, 22].

Data collection and measurements

Sociodemographic variables

Sociodemographic data included for these analyses were
age, population groups, employment status and residence
location (rural vs. urban settings). These data were cap-
tured using a validated survey questionnaire.

Assessments of traditional anthropometric parameters,
blood pressure and body composition

Anthropometric measurements including height, weight,
WC were taken using standard methods based on the
International Society for the Advancement of Kinan-
thropometry [24]. Height was measured in centimetres
using a stadiometer (Seca Model 213; Medical Scales
and Measuring Systems), and weight in kilograms using
a digital scale (Model A1ZE, East Rand; electronic
scales). Two measurements were taken and recorded
in the appropriate section of the clinical examination
form. If the two measurements differed by more than
0.1 cm, a third measurement was taken. The average of
two measurements that were nearest to each other were
selected for further analysis. BMI was then calculated
as weight (kg)/height squared (m?). The recommended
World Health Organization (WHO) cut-off points were
used to determine underweight (BMI<18.5 kg/m?), nor-
mal weight (BMI=18.5 kg/m?- 24.9 kg/m?), overweight
(BMI=25.0 kg/m?-29.9 kg/m?) and obesity (BMI>30 kg/
m?) [25]. WC was measured in the horizontal plane mid-
way between lowest rib and the iliac crest during nor-
mal breathing, while hip circumference was measured
at the widest part of the buttocks while standing; both
measurements used a non-stretch measuring tape for
accuracy [26]. WHR and WHtR were measured by divid-
ing the WC by the hip circumference and by the height,
respectively.

Assessment of novel anthropometric indices AVI, BRI, and
CUN-BAE e
ABSI was calculated as = m (27].
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BAI was calculated as (hip circumference/(height)”1.5)
— 18 [9]. Where: hip circumference is in centimetres and
height is in metres.

AVI was calculated as [2 ¢cm (waist)? + 0.7 cm (waist—
hip)?]/1,000, in which both waist and hip measurements
are in centimetres (cm) [1].

CI was calculated using the formula below [28].

waist circumference

Conicity index =
0.109 / body weight(kg)
height(m)

CUN-BAE was calculated as —44.988+(0.503 x age) +
(10.689 x sex) + (3.172 x BMI) — (0.026 x BMI2) + (0.181
X BMI X sex) — (0.02 x BMI X age) — (0.005 x BMI? X sex)
+ (0.00021 x BMI* x age) where female=1 for sex, and
age in years [10].

Body roundness index was calculated using the follow-
ing formula:

SIEN

BRI =365:2—-365:5 1
. \/ ((0.5 x height)?2

Blood pressure

Blood pressure (BP) was measured on the right arm twice
following the American Heart Association (AHA) guide-
lines [29], with participants seated and using an auto-
mated monitor (Omron Health Care Co., Ltd., Kyoto,
Japan). The average of the two measurements was con-
sidered for data analysis. Hypertension was defined as
mean systolic BP>=140 mmHg and/or diastolic BP>=90
mmHg and/or use of antihypertensive medication [29].

Assessment of glycated hemoglobin and lipid profile

Blood samples, approximately 15-20 mL, were collected
from consenting females by a registered nurse after
they had fasted for at least 8 h and were transported to
accredited laboratories (Pathcare and Lancet Laborato-
ries) within 24 h for analyses. HbA1lc was measured using
high-performance liquid chromatography (HPLC). A
6.5% threshold for HbAlc was used to diagnose T2D [30].
The concentration of triglycerides was assessed using the
phosphoglycerides oxidase peroxidase method while low-
density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C) were obtained using the
colorimetric non precipitation method. The cut-off point
for abnormal triglycerides was >1.5 mmol/L, HDL-C
was <1.2 mmol/L and that of LDL-C was >3 mmol/L
[31]. Quality control ensured accuracy (coefficient of
variation: 0.5-3.75%). No deviations from established
standards were reported. Ethical approval was obtained
from the Research Ethics Committee (REC) of the South
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African Human Sciences Research Council (HSRC) (REC
number: 6/16/11/11), which is in accordance with the
Declaration of Helsinki. Informed written consent was
obtained from all the survey participants.

Statistical analyses

All analyses were performed using the SPSS 28.0 statis-
tical software (SPSS 28.0 for Windows; SPSS, Inc., Chi-
cago, IL). We used Kolmogorov—Smirnov test to assess
the normality of the data. Continuous variables are pre-
sented as means and standard deviations (M+SD) for
normal distribution and median with 25th -75th percen-
tiles for skewed variables. Comparisons were conducted
between groups using the Student’s ¢ test and Mann—
Whitney U test as appropriate. Prevalence data, stratified
by type 2 diabetes (T2D) status, were compared using
the chi-square test (x*). To assess relationship between
anthropometric indices and T2D, each anthropometric
index was categorized into quartiles. Logistic regression
analysis was employed to calculate odds ratios (ORs) and
95% confidence intervals (Cls), showing the association
between increasing quartiles of each index and the pres-
ence of T2D. The lowest quartile (Q1) served as the refer-
ence group.

The adjusted models were developed through a system-
atic process that involved selecting relevant covariates
based on both prior research and theoretical consider-
ations. The covariates were chosen to account for poten-
tial confounders that could influence the relationship
between anthropometric indices and T2D. Initially, age
was selected as a primary covariate, given its well-estab-
lished association with T2D risk (Model 2) [6]. Further
adjustments were made to include employment status,
residential area, and population group (Model 3), as these
factors are known to impact both anthropometric mea-
sures and T2D prevalence based on the literature and
theoretical frameworks related to social determinants of
health [32].

The fit and appropriateness of the logistic regression
models were evaluated using several methods. The like-
lihood ratio test was employed to compare the good-
ness of fit between nested models, specifically evaluating
whether the inclusion of additional covariates signifi-
cantly improved the model’s explanatory power. This test
allowed us to assess whether the more complex mod-
els (e.g., Model 3) provided a better fit to the data than
simpler models (e.g., Model 1). The data was weighted
to produce estimates that represent the country’s socio-
demographic profile (e.g. age, population group, and
residence), based on the 2001 population census. The
area under the curve (AUC) from the receiver operat-
ing characteristics (ROC) analysis was calculated, along
with 95% Cls, to evaluate the discriminatory power of the
anthropometric indices for T2D. The AUC is a measure
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of discrimination, and the AUC=0.5; 0.6<AUC<0.7;
0.7<AUC<0.8, 0.8<AUC<0.9, and 20.9 corresponded
to no discrimination, poor, acceptable, excellent, and out-
standing discrimination, respectively [31]. The optimal
novel anthropometric indices cut-off points were deter-
mined through ROC analysis using the Youden index
[maximum (sensitivity+specificity—1). P-values<0.05
were used to characterize statistically significant results.

Results

Table 1 summarizes the sociodemographic characteris-
tics and cardiovascular risk factors of 2 623 females with
and without T2D. Overall, 14.6% were newly diagnosed
with T2D. The mean age of the participants was 44.5
years with T2D participants significantly older than their
counterparts. In fact, all attributes considered (sociode-
mographic characteristics and cardiovascular risk fac-
tors) were significantly different between participants
with and without T2D (all p<0.001), except for HDL-C.
The prevalence of other cardiometabolic disorders that
commonly co-exist with T2D were as follows in women
with and without newly diagnosed T2D: hypertension
64.94% vs. 34.61%, p<0.001, elevated triglycerides 61.31%
vs. 25.33%, p<0.001, high LDL-C 54.43% vs. 33.78%,
p<0.00land low HDL-C 1.20% vs. 3.08%, p=0.068
(Results are included in Table 1).

Table 2 presents the anthropometrical indices of South
African women with and without T2D; always show-
ing significantly higher values in participant with newly
diagnosed T2D compared with their counterparts (all
»<0.001).

Table 3 shows the consistent increasing likelihood of
T2D per standard deviation higher level of anthropomet-
ric measures in crude models (model 1); after adjustment
for age (model 2), and sociodemographic factors (model
3). Notably, both WHtR and CUN-BAE showed a two-
fold increase in the likelihood of T2D, as indicated by
the crude odds ratios. However, this estimate attenuated
after adjustment for sociodemographic factors for WHtR,
while the estimates increased for CUN-BAE. Equivalent
estimates across increasing quartiles of anthropometric
indices are shown in Table 4. The odds ratios were consis-
tently higher across high quartiles.

Finally, based on the ROC analysis, we observed that
none of the anthropometrical indices (both traditional
and novel) exhibited the AUC values above 0.8 (Table 5
and Fig. 2). The only indices that performed acceptably
to predict T2D were WC and WHtR (traditional indi-
ces, yielding the AUC above 0.7 and cutoff points of
>86.65 cm and 0.57, respectively); and the AVI, BRI, and
CUN-BAE (novel indices, yielding the AUC above 0.7 and
the cutoff points of 15.52, 93.83 and 38.35, respectively).
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Table 1 Sociodemographic characteristics of South African women by type 2 diabetes mellitus (T2D) status

Total (n=2623) T2D absent (n=2239) T2D present P
(n=384) value

Age in years, Mean +SD 445+17.0 423+166 572£13.6 <0.001
Employment status, n (%) <0.001
Unemployed 870(38.85) 796(41.41) 74(23.34)
Employed 569(25.41) 503(26.17) 66(20.82)
Students, retired, housewife 676(30.3) 525(27.4) 151(47.6)
Sick, disabled, unable to work 124(5.5) 98 (5.1) 26(8.2)
Population group, n (%) <0.001
African 1721(65.91) 1502(67.41) 219(57.18)
White 53(2.02) 46(2.06) 7(1.82)
People of mixed ethnic heritage ‘Coloured’ 700(26.80) 600(26.92) 100(26.10)
Indian 137(5.24) 80(3.59) 57(14.88)
Residence, n (%) <0.001
Urban formal 1364(52.00) 1110(49.57) 254(66.14)
Urban informal 331(12.61) 304(13.57) 27(7.03)
Rural formal (farms) 510(19.44) 439(19.60) 71(18.48)
Rural informal (tribal) 418(15.93) 386(17.23) 32(8.33)
Cardiovascular risk factors, n (%)
HbA1C (=6.5%) 384(14.6) - -
HDL-C (< 1.2 mmol/L) 49(2.8) 46(3.1) 3(1.2) 0.099
LDL-C (>3 mmol/L) 639(36.7) 504(33.8) 135(54.4) <0.001
Triglycerides (> 1.5 mmol/L) 794(30.6) 561(25.3) 233(61.3) <0.001
Hypertension (SBP >=140/90 mmHg), and those on medication ~ 917(39.1) 691(34.6) 226(64.9) <0.001
or treatment
Metabolic syndrome 636(43.5) 457(36.4) 179(85.6) <0.001
Waist circumference (>89 cm) 1341(53.5) 1049(48.9) 292(81.1) <0.001
Body mass index 112(4.5) 105(4.9) 7(1.9) <0.001
Underweight < 18.5 (kg /m?) 632(25.5) 547(25.5) 85(234)
Overweight 25.0-29.9 (kg/mz) Obesity > 30 (kg /m?) 1035(41.2) 804(37.4) 231(63.5)

HbATc: glycated haemoglobin; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; SBP: Systolic Blood pressure; DBP: Diastolic
blood pressure.

Table 2 Anthropometric indices of South African women by type 2 diabetes mellitus (T2D) status

Total (n=2612) T2D absent (n1=2148) T2D Present (n=364) Pvalue

Body mass index (kg/m?)* 28.00(23.49-33.53) 27.00(22.86-32.91) 31.70(27.82-36.12) <0.001
Traditional anthropometric indices

Waist circumference (cm)* 89.00(77.50-100.00) 87.00(76.00-98.00) 98.45(89.93-108.00) <0.001
Waist-to-hip ratio” 0.86+0.09 0.85+0.09 091+0.11 <0.001
Waist-to-height ratio* 0.57(0.49-0.64) 0.55(0.49-0.63) 0.63(0.58-0.69) <0.001
Novel anthropometric indices*

A body shape index 0.07(0.06-0.07) 0.07(0.06-0.07) 0.08(0.070-0.074) <0.001
Abdominal volume index 15.92(12.21-20.11) 15.38(11.87-19.35) 19.49(16.40-23.40) <0.001
Body adiposity index 34.61(29.41-40.20) 34.12(28.85-39.79) 37.42(32.96-42.52) <0.001
Body roundness index 4.71(3.21-6.33) 441(3.05-5.96) 6.12(5.00-7.56) <0.001
Conicity index 1.23(1.15-1.30) 1.22(1.14-1.29) 1.29(1.22-1.36) <0.001
CUN-BAE 40.52(33.49-46.68) 39.11(32.60-45.92) 45.52(41.05-49.75) <0.001

Normality was tested by Kolmogorov-Smirnov test: * Skewed distribution: Median (25th -75th percentile); * Normal distribution: Mean+Standard Deviation. CUN-
BAE: Clinica Universidad de Navarra-Body Adiposity Estimator.

Discussion anthropometric indices such as BMI, WC or WHItR.
This study demonstrates that the ability of novel anthro-  That AVI, BRI and CUN-BAE did not outperform WC
pometric indices such as AVI, BRI, and CUN-BAE to and WHItR in predicting T2D is in line with studies from
predict newly diagnosed T2D using HbAlc is accept-  Spain [33] and Pakistan [34].

able; but without appreciably outperforming traditional
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Table 3 Odds ratios (OR) and 95% confidence intervals (95%Cls) for type 2 diabetes mellitus (T2D) presented per standard deviation
higher level of traditional and novel anthropometric indices among South African women

Model 1 (Unadjusted) Mode 2 (adjusted) Model 3 (adjusted)

Crude OR 95%Cl P value aOR 95%Cl P value aOR 95%ClI P value
Traditional anthropometric indices
Body mass index 1.61 1.45-1.79 <0.001 161 143-1.80 <0.001 1.58 1.38-1.81 <0.001
Waist circumference 1.98 1.76-2.22 <0.001 1.85 1.63-2.09 <0.001 1.86 1.60-2.15 <0.001
Waist-to-hip ratio 1.98 1.76-2.24 <0.001 1.66 1.46-1.89 <0.001 1.73 1.48-2.01 <0.001
Waist-to-height ratio 2.04 1.81-2.29 <0.001 1.86 1.64-2.11 <0.001 1.84 1.59-2.13 <0.001
Novel anthropometric indices
A body shape index 1.39 1.23-1.56 <0.001 1.46 1.27-1.67 <0.001 1.50 1.27-1.76 <0.001
Abdominal volume index 1.83 1.64-2.04 <0.001 1.70 1.37-2.10 <0.001 172 1.35-2.20 <0.001
Body adiposity index 145 1.30-1.61 <0.001 0.88 0.72-1.07 0.196 0.83 0.67-1.04 0.102
Body roundness index 1.88 1.68-2.09 <0.001 1.36 1.36-2.08 <0.001 1.67 1.31-2.14 <0.001
Conicity index 1.94 1.70-2.20 <0.001 146 1.27-1.68 <0.001 145 1.24-1.71 <0.001
CUN-BAE 2.19 1.92-2.50 <0.001 4.13 2.13-7.99 <0.001 372 1.74-7.97 <0.001

Model 1: unadjusted; Model 2: adjusted for age; Model 3: adjusted for age, population group, residence and employments. Model 2 and model 3 were additionally
adjusted for BMI in the Novel anthropometric indices. aOR: adjusted odds ratio. CUN-BAE; Clinica Universidad de Navarra-Body Adiposity Estimator. We have computed the

OR per standard deviation change in the level of each anthropometric indices.

The current study identified WC and WHIR as two tra-
ditional anthropometric indices with satisfactory screen-
ing performances for identifying females at risk for T2D.
This accords with the literature where WC and WHItR are
recognized as robust indicators of central obesity and the
development of diabetes [35, 36]. Our findings align with
previous research which emphasise the importance of
central adiposity in diabetes risk assessment [37].

Another finding of note is that individuals in the high-
est quartiles of AVI, BRI, and CUN-BAE exhibited the
highest odds ratios for the occurrence of T2D. This sug-
gests that individuals with elevated abdominal adiposity,
and BRI are at a greater risk for T2D. These findings are
in keeping with other studies that have reported the asso-
ciations of increased CUN-BAE [38], BRI [39], and AVI
[40] with a greater risk for T2D.

The current study has some notable strengths that
range from using a large population-based cohort and
considering various sociodemographic confounders
including age, population group, residence and employ-
ments status. This study’s limitations include its cross-
sectional design, which prevents the establishment of
causal relationships. The dataset did not have informa-
tion regarding the childbirth status of women, which is
a limitation since recent childbirth alters the body fat
distribution in women and may affect our findings [41].

It is important to acknowledge the limitation related to
the narrow range of BMI observed in our sample (28.00
[23.49-33.53]). This limited variability may reduce the
external validity of our findings, particularly when gener-
alizing to populations with a wider or different distribu-
tion of BMI. As a result, the associations observed in this
study may not fully capture the relationships between
BMI and T2D in populations with lower or higher BMI
ranges. Future research should aim to include a more
diverse range of BMI values to ensure that findings are
more broadly applicable across different populations.
While the current WC cut-off points are primarily based
on the homogeneous population labelled as “Asian popu-
lation’, our study highlights the need for further research
to establish appropriate cut-off values particularly in a
region as ethnically diverse as South Africa. Additionally,
HbA1lc and not oral glucose tolerance tests were used to
diagnose T2D; HbAlc may not have adequately identi-
fied all individuals with T2D [42].

In conclusion, traditional measures like WC and
WHtR, as well as novel indices such as AVI, BRI, and
CUN-BAE, performed similarly in identifying T2D
among adult South African females. However, the chal-
lenge of computing these novel anthropometric indices
argue against their promotion as alternatives to the use of
traditional indices in the local clinical setting.
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Table 4 Odds ratio (OR) and 95% confidence intervals (95% Cl) for type 2 diabetes mellitus (T2D) across increasing quartiles of
anthropometric indices

Model 1 Model 2 Model 3
Variables OR 95%Cl aOR 95%Cl aOR 95%Cl
Body mass index
Q1 (<23.5) Ref Ref Ref
Q2(23.6-28.1) 247%% 1.38-441 2.82% 151-5.24 2.32% 1.15-4.71
Q3(28.2-33.5) 4.72%* 2.74-8.13 5.08** 2.73-942 4.38** 2.23-8.60
Q4(33.6+) 7.53%* 460-12.32 7.60%* 444-13.00 6.28** 345-1141
Waist circumference
Q1(<78) Ref Ref Ref
Q2(79-89) 4.16%* 2.09-8.29 3.48%* 1.79-6.79 4.52% 1.95-1045
Q3(90-100) 6.97** 3.70-13.16 6.09%* 3.28-11.31 6.28%* 2.82-14.00
Q4(101+) 16.32%* 9.16-29.08 12.13%* 6.85-21.51 13.69%* 6.14-30.53
Waist-to-hip ratio
Q1(<0.80) Ref Ref Ref
Q2(0.81-0.86) 2.54%% 1.34-4.81 1.99** 1.06-3.73 1.92 0.94-3.91
Q3(0.87-0.92) 391 2.19-6.97 2.84%* 1.58-5.12 2.59%* 1.37-4.89
Q4(0.934) 6.38** 3.38-10.77 3.80%* 2.25-6.40 3.95% 2.18-7.15
Waist-to-height ratio
Q1(<0.5) Ref Ref Ref
Q2(0.56-0.6) 2.53*% 1.30-4.91 1.98 0.98-3.88 225 097-5.17
Q3(0.61-0.69) 5.20%* 2.70-10.03 4.02%* 2.09-7.77 3.53%* 1.63-7.66
Q4(0.74) 10.89** 6.38-18.60 7.15%% 4.04-12.66 7.32%% 3.54-15.16
A body shape index
Q1(<0.06) Ref Ref Ref
Q2 (0.061-0.069) 0.93 0.55-1.60 0.97 0.54-1.72 1.05 0.56-1.97
Q3(0.07-0.079) 1.89%* 1.23-2.90 1.70% 1.06-2.74 1.73% 1.01-2.96
Q4 (0.08+) 1.92%* 1.92-2.87 1.96* 1.12-342 1.97* 1.06-3.66
Abdominal volume index
Q1(k12.21) Ref Ref Ref
Q2(12.22-15.96) 537% 2.75-10.51 5.37%* 2.82-10.24 6.40%* 3.11-13.16
Q3(15.97-20.11) 7.81%* 4.22-14.46 7 43%* 3.89-14.21 7.35%% 351-1542
Q4(20.12+4) 19.92%* 11.13-35.65 13.83** 6.68-28.64 16.52%* 7.10-3843
Body adiposity index
Q1(<2941) Ref Ref Ref
Q2(29.42-34.62) 1.89%* 1.09-3.29 1.44 0.79-2.60 1.30 0.67-2.52
Q3(34.63-40.20) 3.06** 1.82-5.13 149 0.77-2.88 149 0.74-3.03
Q4(40.21+4) 4.39** 2.79-6.90 1.16 0.54-2.48 1.16 0.52-2.60
Body roundness index
Q1(<3.22) Ref Ref
Q2(3.23-4.72) 2.53% 1.30-4.91 1.84 0.85-3.99 2.02 0.85-4.83
Q3(4.73-6.33) 5.20% 2.70-10.03 3.27% 1.56-6.83 2.88%* 1.25-6.64
Q4(6.34+) 10.89%* 6.38-18.60 4.40%* 1.85-10.45 4.85%% 1.84-12.76
Conicity index
Q1 (<1.15) Ref Ref Ref
Q2 (1.16-1.23) 1.44 0.80-2.61 1.14 0.63-2.09 1.08 0.54-2.16
Q3(1.24-1.30) 2.35% 1.41-3.92 1.45 0.86-2.46 153 0.86-2.70
Q4(1.314) 4.771%* 2.53-6.67 1.86%* 1.08-3.19 1.90%* 1.04-345
Clinica Universidad de Navarra-Body Adiposity Estimator
Q1(<33.50) Ref Ref Ref
Q2(33.51-40.53) 9.44%% 4.78-1867 4.24%% 2.10-8.57 4.67%% 206-10.57
Q3(40.54-46.68) 16.93** 8.63-33.22 5.79%* 2.67-12.55 6.31% 249-1597
Q4(46.69+) 28.85%* 14.99-55.52 5.83% 2.18-15.54 7.24%% 2.17-24.13

Model 1: unadjusted; Model 2: adjusted for age; Model 3: adjusted for age, employment, residence and population group; Q1, Q2, Q3 &Q4: quartiles; Model 2 and
model 3 were additionally adjusted for BMI in the Novel anthropometric indices; aOR: adjusted odds ratio; Ref: reference group. **p<0.001, *p<0.05 indicates the significant
ability of each index to measure the risk of T2D.
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Table 5 Area under the curve (AUC), optimal cut-off points (using Youden Index), sensitivity and specificity for novel anthropometric
indices in receiver operating characteristic (ROC) analysis to predict type 2 diabetes mellitus (T2D)
AUC  95%Cl Pvalue Cut-off point sensitivity 1-specificity Youden’sindex

Traditional anthropometric indices

Body mass index 067 064-069 <0.001 2453 0.88 0.65 0.54
Waist circumference 071  068-0.74 <0.001 86.65 0.83 0.52 0.35
Waist-to-hip ratio 069 066-0.72 <0.001 084 0.80 0.54 0.34
Waist-to-height ratio 0.72 069-0.75 <0.001 057 0.79 043 0.22
Novel anthropometric indices

A body shape index 061 058-064 <0.001 007 0.80 0.67 046
Abdominal volume index 071 068-0.73 <0.001 1552 0.80 049 0.29
Body adiposity index 063 060-066 <0.001 3200 0.79 0.60 0.39
Body roundness index 0.72 069-0.75 <0.001 383 0.89 0.61 0.50
Conicity index 069 066-0.71 <0.001 1.18 0.85 0.63 048
Clinica Universidad de Navarra-Body Adiposity Estimator  0.70  068-0.73 <0.001 3835 0.86 0.53 039

AUC: area under the curve; ROC: receiver operating characteristic

ROC Curve

Source of the
Curve

— BMI

— WHR
WHtR

—WC

— BRI

— ABSI
CUNBAE

—ClI
AVI

— BAI
Reference Line

ITivi

Sens

%o 02 0.4 06 08 1.0
1 - Specificity
Diagonal segments are produced by ties.
Fig. 2 The receiver operating characteristic (ROC) curve depicting accuracy of traditional and novel anthropometric indices in predicting diabetes mel-
litus (T2D). BMI: body mass index (AUC 0.67); WHR: waist-to-hip ratio (AUC 0.69); WHtR: waist-to-height ratio (AUC 0.72); WC: waist circumference (AUC

0.71); BRI: body roundness index (AUC 0.72); ABSI: a body shape index (AUC 0.61); CUN-BAE: clinica universidad de navarra-body adiposity estimator (AUC
0.70); Cl: conicity index (0.69); AVI: abdominal volume index (AUC 0.71); BAI: body adiposity index (AUC 0.63).
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