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Background and aims: Body adiposity index (BAI) and conicity index have been known as useful measures in
predicting cardio-metabolic diseases. This study aimed to evaluate the predictive potential of BAI and conicity
index for the risk of metabolic syndrome (MetS) in comparison with body mass index (BMI), waist circumference
(WQ), hip circumference (HC), and waist-hip ratio (WHR).

Methods: In this cross-sectional study, 174 adults (87 with MetS and 87 healthy individuals) were recruited from
a medical weight loss center. Anthropometric parameters, systolic and diastolic blood pressures (SDP and DBP),
lipid profile, and fasting blood sugar (FBS) were measured.

Results: All anthropometric parameters were significantly higher in subjects with MetS than in healthy subjects.
Both in MetS and healthy subjects, females had significantly higher BAI and BMI than males. In the fully adjusted
model, the odds of MetS increased for each unit increase in BAI by 27 % (p = 0.001), in BMI by 33 % (p = 0.001),
in WC by 13 % (p < 0.001), and in HC by 9 % (p = 0.005). ROC curve analysis showed that all the anthro-
pometric parameters displayed clinical importance in predicting MetS, but WHR had the largest area under the
curve (AUC) in total, male, and female patients. In participants with MetS, the conicity index was negatively
correlated with FBS; BAI was positively associated with HDL level.

Conclusion: All studied anthropometric parameters had acceptable accuracy for predicting MetS. Traditional
parameters, particularly the WHR, exhibited a higher predictive power concerning MetS. The results underscore

the reliability of conventional anthropometric measures in clinical and epidemiological settings.

1. Introduction

Metabolic syndrome (MetS) is a collection of at least three of five
medical risk factors including high blood pressure, high fasting blood
sugar (FBS), central obesity, high serum triglyceride (TG), and low
serum high-density lipoprotein (HDL). Metabolic syndrome increases
the chance of developing chronic diseases such as cardiovascular dis-
ease, stroke, and diabetes [1-4]. According to the criteria used for the
definition of MetS, the prevalence estimates differ across and within the
regions.

Metabolic syndrome is closely related to overweight or obesity. With
the increase of obesity, the clustering of MetS components increases
remarkably [5]. Body mass index (BMI) is a widely used method for
assessing body fat content and degree of obesity. Waist circumference

(WQ) is also the most commonly used method for assessing the degree of
abdominal obesity. Although, both methods are easy and practical
anthropometric indices to assess the general and visceral fat in adults,
however, the methods have some shortcomings such as they may be
influenced by age, gender, and ethnic differences [6]. BMI does not
consider muscle mass, bone density, and body composition [7]. The WC
evaluation method is not univocally standardized. Moreover, in people
with grade 2 or 3 obesity, it is difficult to measure the WC. In addition,
WC does not distinguish between visceral fat and subcutaneous fat [8].
For that, new methods including body adiposity index (BAI) and conicity
index have been projected as obesity indices, to overcome the defects of
BMI and WC.

Body adiposity index is a method of calculating the amount of body
fat by comparing a person’s height to the size of hips, without
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considering body weight. BAI has been established to be a useful mea-
sure in estimating the risk of developing chronic diseases such as type 2
diabetes [9], and cardiovascular diseases [10]. BAI may also be bene-
ficial in predicting cardiometabolic risk factors in adults [11].

The conicity index is an anthropometric indicator to evaluate central
adiposity using waist circumference, height, and weight measures. The
conicity index has been known as a superior abdominal obesity index in
predicting cardiometabolic diseases and their risk factors [12-14].

Prior research in this domain has predominantly focused on specific
population groups, such as individuals with diabetes, postmenopausal
women, or the elderly [15], [-17] or has been geographically concen-
trated in African and East Asian countries [17-20]. There is a notable
paucity of studies within the Middle Eastern region. Given the distinct
cultural and lifestyle factors in this area, which may significantly in-
fluence the association between obesity indices and the risk of MetS, this
study aimed to address this gap. Therefore, the objective of this study
was to compare the predictive potential of anthropometric parameters
including conicity index, BAI, BMI, WC, hip circumference (HC), and
waist-hip ratio (WHR) concerning the risk of MetS in the XXX
population.

2. Methods
2.1. Participants

One hundred and seventy-four adult volunteers (aged 30-50 years)
were recruited from a medical weight loss center (XXX) using a conve-
nience sampling method. According to the ATP (III) criteria, 87 of the
participants (20 males and 67 females) had MetS and another 87 healthy
individuals (23 males and 64 females, recruited from those who atten-
ded the nutrition clinic for routine health examinations) served as the
control group. Written informed consent was obtained from each sub-
ject. The study was approved by the Ethical Committee of XXX, on
March 6, 2023.

Inclusion criteria for MetS group comprised having at least 3 of 5
ATP (III) criteria as follows: abdominal obesity, given as WC > 88 cm for
women and >102 for men, serum triglyceride (TG) > 150 mg/dL, high-
density lipoprotein cholesterol (HDL-c) < 50 mg/dL for women and
<40 mg/dL for men, blood pressure >130/85 mm Hg, fasting blood
glucose (FBG) > 100 mg/dL. The inclusion criteria for the control group
were an age range between 30 and 50 years, having no obvious symp-
toms of other disease, and not taking any medication at the time of
sampling.

Exclusion criteria were BMI >40 kg/m?, infectious or chronic in-
flammatory diseases, history of psychiatric diseases, receiving anti-
obesity, anti-inflammatory or anti-hypertensive medications, thyroid
disorders, endocrine diseases, smoking, excessive consumption of
alcohol, pregnancy and lactating, menopause and diet therapy during
three months before the study.

2.2. Anthropometric measurements

The participant’s body weight was assessed using a SECA scale
(Model 769, Hamburg, Germany) to the nearest 0.1 kg; subjects had
light clothes with no shoes and their standing height was measured to
the nearest 0.5 cm. BMI was computed as the body weight (kg)/height
(m) [2]. Waist circumference was measured horizontally midway be-
tween the lower border of the ribs and the iliac crest using inelastic tape.
Hip circumference was measured at the widest point of the hip. Body
adiposity index and conicity index were calculated with the following
formulas [18].

Conicity index = 0.10971 WC(m)[ Weight(Kg)/Height(m)]’l/ 2

Body adiposity index = [100*hip circumference (m)/height (m)*-°] - 18
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2.3. Blood pressure, lipid profile, and fasting blood sugar

The participant’s systolic and diastolic blood pressures (SBP and
DBP, respectively) were evaluated by an automatic oscillometric device.
After overnight fasting, five ml of venous blood was collected and serum
was separated and stored at —70 °C until analysis. Serum levels of HDL-c
and triglyceride (TG) concentrations were assessed using a Biochemical
Auto-analyzer Instrument and enzymatic kits (XXX). Serum FBS level
was measured using the glucose oxidase method with the commercial kit
XXX).

2.4. Assessment of physical activity

To evaluate the physical activity of participants, the study utilized a
shortened form of the International Physical Activity Questionnaire
(IPAQ) over a seven-day recall period, as described by Craig et al. [21]
This questionnaire assessed different physical activity levels, including
walking, moderate-intensity, and vigorous-intensity activities. Physical
activity was quantified using the metabolic equivalent of task (MET)
minutes per week. Based on the IPAQ results, participants’ total
MET-min/week scores were categorized into low, moderate, and high
activity levels.

2.5. Statistical analysis

The data were examined using SPSS 21 software (SPSS Inc., Chicago,
IL, USA). The normality of the data was assessed using the skewness and
kurtosis test. The results were presented as frequency (%) for the qual-
itative data and as mean + SD or median (IQR) for normal or non-
normal distributed quantitative data, respectively. To compare the
two groups, the independent samples test or Mann-Whitney U test was
used. Binary regression was used to calculate the odds ratio (OR) and 95
% confidence interval (CI) for MetS as the outcome considering age,
gender, physical activity, SBP, DBP, TG, FBS, and HDL as confounder
factors. The Partial test was used to assess the relationship between
anthropometric factors and MetS components, with considering age,
gender, and physical activity as covariates. The relative abilities of
various anthropometric criteria were compared using receiver operator
characteristics (ROC) to predict MetS. A p-value <0.05 was considered
significant for all statistical assessments.

3. Results

As shown in Table 1, participants in the MetS group were signifi-
cantly older than healthy individuals (p = 0.004). Participants in the
MetS group had mostly moderate physical activity levels, while healthy
individuals had mostly low physical activity (p = 0.049). All anthro-
pometric parameters (conicity index, BAI, BMI, WC, HC, and WHR) were
significantly higher in subjects with MetS than in healthy subjects (p <
0.01). Subjects with MetS had significantly higher levels of SBP, DBP,
TG, FBG, and lower levels of HDL compared to healthy individuals (p <
0.01) (Table 1).

As shown in Table 2, in the total studied population, females had
significantly greater BAI (p < 0.001), BMI (p < 0.001), and WHR (p =
0.002) than males. Other anthropometric parameters (conicity index,
WC, and HC) did not significantly differ between females and males, in
the total population. In subjects with MetS, females had significantly
higher BAI (p < 0.001) and BMI (p = 0.005) than males. In healthy
people, females had significantly higher BAI (p < 0.001), BMI (p =
0.001), and WHR (p = 0.002).

As shown in Table 3, in multivariate analysis after adjusting for age,
gender, and physical activity each unit increase in BAI increased the
odds of MetS by 12 % [OR (95 % CI): 1.12 (1.04, 1.20), p = 0.002]. Each
unit increase in BMI increased the odds of MetS by 23 % [OR (95 % CI):
1.23 (1.12, 1.34), p < 0.001]. Each unit increase in WC increased the
odds of MetS by 7 % [OR (95 % CI): 1.07 (1.04, 1.10), p < 0.001]. Each
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Table 1
Characteristics of participants.
MetS (n = 87) Healthy individuals (n = p
87)
Age (year)” 40.09 + 6.89 37.29 +5.87 0.004
Gender”
Male 20 (23.0) 23 (26.4) 0.60
Female 67 (77.0) 64 (73.6)
Physical activity level”
Low 35 (40.2) 48 (55.2) 0.049
Moderate 52 (59.8) 39 (44.8)
High 0 0
Conicity 1.37 £ 0.10 1.28 +0.11 <0.001
Index’
BAT" 37.69 £ 5.72 34.39 + 6.82 0.001
BMI* 33.39 + 4.05 29.57 + 4.93 <0.001
wc? 109.41 £+ 11.24 97.31 + 14.04 <0.001
HC* 114.31 £ 9.54 109.59 + 10.19 0.002
WHR" 0.96 + 0.06 0.88 + 0.07 <0.001
SBP" 120.00 (110.00, 110.00 (100.00, 130.00) 0.003
135.00)
DBP¢ 80.00 (70.00, 90.00) 80.00 (70.00, 80.00) <0.001
TG 182.00 (146.00, 99.00 (76.00, 140.00) <0.001
254.00)
FBS® 107.00 (99.00, 93.50 (85.00, 98.00) <0.001
114.00)
HDLS 40.29 + 8.21 48.68 +10.82 <0.001

BAL: body adiposity index; BMI: body mass index; WC: waist circumference; HC:
hip circumference; WHR: waist-hip ratio; SBP: systolic blood pressures; DBP:
diastolic blood pressures; TG: triglyceride; FBS: fasting blood sugar; HDL: high-
density lipoprotein.

@ Data are presented as mean =+ SD.

> Data are presented as number (percent).

¢ Data are presented as median (percentiles 25, 75).

unit increase in HC increased the odds of MetS by 5 % [OR (95 % CI):
1.05 (1.01, 1.08), p = 0.007]. In model 2, considering age, gender, and
physical activity, SBP, DBP, TG, FBS, and HDL as confounding factors,
each unit increase in BAI increased the odds of MetS by 27 % [OR (95 %
CI): 1.27 (1.10, 1.45), p = 0.001]. Each unit increase in BMI increased
the odds of MetS by 33 % [OR (95 % CI): 1.33 (1.12, 1.59), p = 0.001].
Each unit increase in WC increased the odds of MetS by 13 % [OR (95 %
CI):1.13(1.06,1.21), p < 0.001]. Each unit increase in HC increased the
odds of MetS by 9 % [OR (95 % CI): 1.09 (1.03, 1.16), p = 0.005].

In participants with MetS, the conicity index was negatively corre-
lated with FBS (r = —0.35, p = 0.002). BAI had a positive association
with HDL level (r = 0.30, p = 0.007). BMI, WC, HC, and WHR were not
significantly correlated with MetS components (p > 0.05) (data are not
shown). In healthy subjects, there was a significant positive relationship
between FBS with BAI (r = 0.28, p = 0.009), BMI (r = 0.36, p = 0.001),
WC (r =0.31, p=0.005), and HC (r = 0.30, p = 0.005). There was also a
significant positive relationship between HDL and BAI (r = 0.25, p =
0.02) (data are not shown).

According to ROC curve analysis, all the anthropometric parameters
displayed clinical importance in predicting MetS, but WHR had the
largest area under the curve (AUC) (Fig. 1). As shown in Table 4, AUC

Table 2
Comparison of anthropometric indices between females and males.
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(95 % CI) was 0.719 (0.643, 0.795) for conicity index, 0.644 (0.561,
0.726) for BAI, 0.712 (0.635, 0.788) for BMI, 0.739 (0.665, 0.813) for
WG, 0.629 (0.547, 0.712) for HC, and 0.790 (0.721, 0.859) for WHR.
Both in males and females, WHR was superior to other parameters in
predicting MetS (Fig. 1 and Table 4).

4. Discussion

In the present study, subjects with MetS had a significantly higher
conicity index, BAI, BMI, WC, HC, and WHR than healthy subjects. The
findings were in agreement with the results of Quaye et al. study for all
the parameters, except for the conicity index which had no significant
difference between MetS and healthy subjects [18]. Wang et al. also
found higher BAI, conicity index, BMI, WC, and WHR in MetS partici-
pants than their healthy counterparts, both in men and women [22].
Khosravian et al. in a study on 1488 people found a significant difference
in conicity index, BMI, WC, HC, and WHR between people with Mets and
without MetS [16].

In the present study, the odds of MetS increased by increasing BAI,
BMI, WC, and HC. Similar results have also been reported by Djibo et al.
in a study on postmenopausal women [23] and Amiri et al. in a study on
patients with type 2 diabetes [24]. In our work, the odds ratio and CI
were irrationally too large and wide for the conicity index and WHR,
therefore we did not include the results in the article.

In the present study, WHR, followed by WC, was the strongest pre-
dictor of MetS. In agreement with our result, Gadelha et al., in a study on
postmenopausal women, found that WC and WHR had a stronger

Table 3
Correlation of MetS Odds ratio with anthropometric indices.

Univariate Multivariate (model Multivariate (model
D 2)
Odds p Odds p Odds p
ratio (CI) ratio (CI) ratio (CI)
Conicity - - - - - -
Index
BAI 1.09 0.001 1.12 0.002 1.27 0.001
(1.03, (1.04, (1.10,
1.14) 1.20) 1.45)
BMI 1.21 <0.001 1.23 <0.001 1.33 0.001
(1.12, (1.12, (112,
1.31 1.34) 1.59)
wC 1.08 <0.001 1.07 <0.001 1.13 <0.001
(1.05, (1.04, (1.06,
1.11) 1.10) 1.21)
HC 1.05 0.003 1.05 0.007 1.09 0.005
(1.02, (1.01, (1.03,
1.08) 1.08) 1.16)
WHR - - - - - -

BALI: body adiposity index; BMI: body mass index; WC: waist circumference; HC:
hip circumference; WHR: waist-hip ratio.

Modell: Covariates considered are age, gender, and physical activity; Model 2:
Covariates considered are covariates for model 1 plus SBP, DBP, TG, FBS, and
HDL.

Total Mets Healthy individuals

Female (n = 131) Male (n = 43) P Female (n = 67) Male (n = 20) p Female (n = 64) Male (n = 23) p
Conicity Index 1.33 £ 0.11 1.30 £ 0.13 0.12 1.37 + 0.09 1.36 + 0.15 0.91 1.30 +£ 0.12 1.24 + 0.08 0.06
BAI 38.10 + 5.60 29.75 + 4.75 <0.001 39.53 + 4.48 31.52 £ 5.10 <0.001 36.61 + 6.26 28.22 + 3.90 <0.001
BMI 32.37 £ 4.71 28.76 + 4.43 <0.001 34.05 + 3.90 31.20 + 3.85 0.005 30.62 + 4.88 26.63 + 3.81 0.001
WC 104.11 + 13.84 101.09 + 14.61 0.22 109.15 £+ 10.90 110.30 £+ 12.56 0.69 98.83 + 14.68 93.09 + 11.29 0.06
HC 111.80 + 9.86 112.39 + 11.01 0.74 113.61 + 8.95 116.65 + 11.23 0.21 109.91 + 10.46 108.69 + 9.57 0.63
WHR 0.93 + 0.07 0.89 + 0.07 0.002 0.96 + 0.06 0.94 + 0.07 0.22 0.90 + 0.08 0.84 + 0.04 0.002

BALI: body adiposity index; BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR: waist-hip ratio.

Data presented as mean + SD. Independent Samples Test.
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Fig. 1. Receiver Operating Characteristic curve according to sensitivity (y-axis) and specificity (x-axis). BMI: body mass index; WC: waist circumference; HC: hip

circumference; WHR: waist-hip ratio.

Table 4
Area Under the Curve (AUC) of anthropometric indices in predicting MetS.

Total Males Females
AUC(CD) p AUC(CD) p AUC(CD) p

Conicity 0.719 <0.001 0.743 0.006 0.695 <0.001

Index (0.643, (0.583, (0.605,
0.795) 0.904) 0.785)

BAI 0.644 0.001 0.700 0.02 0.637 0.007
(0.561, (0.537, (0.541,
0.726) 0.863) 0.732)

BMI 0.712 <0.001 0.824 <0.001 0.682 <0.001
(0.635, (0.697, (0.591,
0.788) 0.951) 0.773)

WwC 0.739 <0.001 0.838 <0.001 0.690 <0.001
(0.665, (0.711, (0.599,
0.813) 0.965) 0.781)

HC 0.629 0.003 0.729 0.01 0.587 0.08
(0.547, (0.568, (0.489,
0.712) 0.891) 0.685)

WHR 0.790 <0.001 0.942 <0.001 0.744 <0.001
(0.721, (0.850, (0.659,
0.859) 1.000) 0.830)

BALI: body adiposity index; BMI: body mass index; WC: waist circumference; HC:
hip circumference; WHR: waist-hip ratio.

association with MetS [15]. Correia et al., in a cross-sectional study of
152 postmenopausal women, showed that WC and WHR had higher AUC
in predicting MetS [25]. In addition, Khosravian et al. showed that WHR
had the largest AUC for predicting MetS [16]. Quaye et al. showed that
BMI and WC had larger AUCs than BAI, and conicity index in predicting
MetS [18]. Jao et al. in a study on 1872 patients with type 2 diabetes
reported that BMI had the greatest AUC in predicting MetS, in both sexes
[26]. Collectively, it appears that old anthropometric indices are more
effective in predicting MetS than new indices.

In the current study, even though WHR and WC were better pre-
dictors of MetS, but they had no relationship with MetS components.
This observation indicates that the predictor potential of WHR and WC
might be independent of MetS other components. In addition to tradi-
tional predictors of MetS (FBG, TG, HDL cholesterol, blood pressure, and
WC) several other factors can contribute to predicting MetS, including
insulin resistance and inflammation [27]. Increased WC or WHR can
predict MetS through several mechanisms: Excess fat around the waist is
strongly associated with insulin resistance, a key component of MetS.
Fat cells, particularly visceral fat, release substances that can impair
insulin signaling [28]. Adipose tissue, especially visceral fat, secretes
pro-inflammatory cytokines like TNF-alpha and IL-6. Chronic inflam-
mation is linked to MetS and its components [29]. Excess visceral fat can
also affect the balance of hormones such as leptin and adiponectin,
which play roles in appetite regulation and insulin sensitivity [29,30].

These mechanisms collectively contribute to the development of MetS,
making WC and WHR valuable predictors of the condition.

We demonstrated that BAI had a lower discriminatory potential for
diagnosing MetS than BMI, WC, and WHR. The finding was in line with
several previous studies. Shin et al. in a study on 20,961 adults
concluded that BMI might be a better candidate than BAI to assess risk of
MetS [31]. Moreover, Liu et al. in a study on 817 participants showed
that the MetS predictive ability of the traditional anthropometric mea-
sures was significantly stronger than BAI [32]. Al-Daghri et al. in a study
on 6821 adults reported that BAI was the least sensitive adiposity index
in identifying cardiometabolic diseases [33].

Contrary to our expectation, BAI was positively associated with HDL
levels both in MetS patients and healthy subjects. Quaye et al. [18], in a
cross-sectional study of 160 healthy normoglycemic normotensive
adults, identified individuals with MetS using the joint interim state-
ment criteria. Using the linear regression analysis, the authors found a
direct relation between BAI and HDL levels. However, Shin et al. [31], in
a study of 20,961 Korean adults, using the American Heart Associa-
tion/National Heart, Lung, and Blood Institute (AHA/NHLBI) criteria to
diagnose MetS, found a negative association between BAI and HDL using
Pearson’s or Spearman’s correlation analyses. It appears that the role of
covariates has not been considered in this study. Also, Zaki et al. [34], in
a cross-sectional research on 180 women, using the International Dia-
betes Federation criteria to diagnose MetS, found a negative association
between BAI and HDL by bivariate correlations. This study also did not
account for the role of confounding factors in its statistical analysis.

The positive correlation between BAI and HDL levels can be attrib-
uted to the leptin hormone levels. Studies have demonstrated a positive
correlation between BAI and leptin concentrations [35-37]. Elevated
BAl reflects increased adiposity, which in turn enhances leptin secretion.
Moreover, leptin has been shown to positively affect HDL levels by
inducing hepatic scavenger receptor class B type I (SR-BI) [38,39].
Furthermore, when the association of two constituent elements of BAIL,
including HC and height, with leptin was reviewed, it was found that
high HC, a factor contributing to higher BAI, was positively correlated
with leptin levels [40-42], implying that a greater HC corresponds to
increased leptin secretion. Furthermore, short stature, another
increasing factor of BAIL, was also correlated with increased levels of
leptin [43,44]. According to earlier studies, there was also an inverse
association between height and HDL level [45-47]. Furthermore, the
observed negative relationship between height and HDL levels, in the
present study, further supports the previous findings. Elevated BAI or its
enhancing components, all are linked to increased leptin secretion,
enhancing HDL levels.

4.1. Strengths of the study

Recruiting participants from a medical weight loss center provides a
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diverse sample, which can enhance the generalizability of findings to
similar populations. Advanced statistical methods, such as binary
regression and ROC analysis, strengthened outcome validity and helped
to identify the most predictive anthropometric indices.

4.2. Limitations of the study

The cross-sectional nature of this study limits the ability to generalize
the findings to broader populations. The irrationally large and wide odds
ratio and CI for conicity index and WHR did not allow us to find their
correlation with the odds of MetS, however, ROC curve analysis covered
this limitation and recognized their diagnostic value concerning MetS.

5. Conclusions

The predictive potential of BAI and conicity index for MetS were
compared to BMI, WC, HC, and WHR. According to the findings, all the
anthropometric parameters had acceptable accuracy for predicting
MetS. Traditional parameters, particularly the WHR, exhibited a higher
predictive power concerning MetS. The results underscore the reliability
of conventional anthropometric measures, particularly WHR, in clinical
and epidemiological settings. Healthcare providers can prioritize WHR
in routine screenings to identify individuals at risk of MetS more effec-
tively. Public health initiatives can focus on WHR as a key metric in
interventions aimed at reducing the prevalence of MetS.
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