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ABSTRACT

Introduction: The association of obesity with higher rates
of dyslipidemia and cardiovascular diseases has been well
documented. The most commonly used classical anthropometric
indices do not provide an accurate distinction between adipose
tissue and lean body mass and therefore are an unreliable
indicator of obesity. Therefore, newer Anthropometric indices
such A Body Shape Index (ABSI) and Body Roundness Index
(BRI) were assessed and their co-relation with plasma lipid
levels was determined to predict future at-risk population for
dyslipidemia.

Aim: To compare classical and newer anthropometric indices in
their ability in predicting dyslipidemia.

Materials and Methods: The cross-sectional study was
conducted on 100 subjects (aged 18-35 years). The lipid
profile (total cholesterol, triglycerides, high density lipoprotein,
low density lipoprotein and very low density lipoprotein)
was measured by enzymatic colorimetric assay. Classical
anthropometric indices: Body Mass Index (BMI), Waist
Circumference (WC), Waist-Hip Ratio (WHR) and Waist-Height
Ratio (WHt.R) and newer anthropometric indices: ABSI and
BRI were measured. Normality of the data was assessed using
Kolmogorov-smirnov test. Correlation of lipid parameters with
various anthropometric indices was assessed using Pearson’s

correlation test. Receiver Operating Characteristics (ROC) curve
analysis was done to analyse the predictive capability of various
anthropometric indices for distinguishing between dyslipidemic
and non-dyslipidemic individuals.

Results: In the study population, 44 (44%) participants had
dyslipidemia and 56 (56%) had normal lipid levels. TC showed
a statistically significant (p<0.05) positive correlation with
BMI (r=0.207), WC (r=0.214) and BRI (r=0.237). TG showed a
statistically significant (p<0.05) positive correlation with Wt.
(r=0.209), BRI (r=0.242) and a highly significant (p<0.001)
(p<0.05) positive correlation with BMI (r=0.311) and WHt.R
(r=0.263). HDL-c showed a statistically significant (p<0.05)
negative correlation with Wt. (r=-0.232) WC (r=-0.233), WHR
(r=-0.199) and highly significant (p<0.001) negative correlation
with BMI (r=-0.271) and WHt.R (r=-0.257). LDL-c showed a
statistically significant (p<0.05) positive correlation with WC
(r=0.249), ABSI (r=0.210) and BRI (r=0.247). BRI showed the
highest prediction accuracy with the area under the ROC curve
(AUC=0.637).

Conclusion: BRI is closely associated with dyslipidemia. BRI is
a powerful index that outperforms the classical anthropometric
indices in identifying dyslipidemia and thus shows a potential
to be used as an alternative obesity measurement in healthy
young adults.
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INTRODUCTION

Cardiovascular Disease (CVD) has become the foremost cause of
mortality in India [1]. Obesity associated hypertension, dyslipidemia,
diabetes, increased fibrinogen and C-reactive protein increases
the likelihood of development of CVD. The prevalence of obesity is
increasing at an alarming pace in both men (urban: 15.9 vs. rural:
5.6%) and women (urban: 23.5 vs. rural 7.2%) [2]. Obesity is also
a major modifiable risk factor in the instigation of dyslipidemia [3].
Dyslipidemia is defined as abnormal levels of Total Cholesterol (TC),
Triglycerides (TG), High Density Lipoprotein cholesterol (HDL-c)
and Low Density Lipoprotein cholesterol (LDL-c) individually or in
combination [4]. Measurement of lipid profile levels via biochemical
analysis for assessing dyslipidemia can pose socio-economic
burden on the nation. Therefore, screening by simple, suitable and
cost-effective anthropometric measurements is need of the hour
for easy identification of risk individuals for CVD [5]. World Health
Organization (WHO) recommends BMI as a valid indicator of body
fat [6]. However, BMI fails to distinguish between adipose tissue
and lean body mass [7]. In addition, BMI and other indices of fat
mass (waist-to-height ratio), only reflect the skeletal muscle mass,
and therefore cannot be used as a reliable indicator of the body
fat mass, mainly in young adults [8]. WC is shown to be a good
indicator for abdominal adipose tissue [9]. But dependence of WC
on body size remains undetermined [10]. WHR is known to have

a very weak association with CVD risk factors as WHR remains
constant with changes in body weight [11].

Recently two new body indices were proposed that takes body
shape into account along with other parameters and serve as an
improved indicator of obesity [12]. ABSI is calculated using waist
circumference, BMI, and height. Increased ABSI relates to a higher
fraction of abdominal adipose tissue, that is significant risk factor
for premature death [13]. BRI is another composite index that
combines height and waist circumference to predict the percentage
of body fat. Maessen MF et al., reported that BRI could predict the
presence of CVD [14].

Based on the available literature, the present study was conducted
to determine the efficacy of new anthropometric in assessment of
dyslipidemia and risk of CVD. The relationship between serum lipid
levels and different anthropometric indices was evaluated in healthy
subjects. A comparative study was conducted on the recently
described body indices, ABSI and BRI, with the classical indicators
of obesity BMI, WC, WHR and WHt.R was done.

MATERIALS AND METHODS

The cross-sectional study was conducted on 100 subjects
(48 males and 52 females) (power of study: 80%) at KS Hegde
Medical Academy from November 2017 to November 2018.
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Apparently healthy individuals attending the executive health check-
up plan and individuals from hospital staff aged 18-35 years were
selected for the study. Diabetic or hypertensive individuals or
subjects on lipid lowering drugs were excluded from the study.

The study was approved from the Institutional Ethical Clearance
committee (IEC No.INST.EC/EC/047/2018-19). The informed
written consent was obtained from the selected subjects who were
willing to participate in the study.

After overnight fasting, 5 mL of blood was collected from anticubital
vein taking all aseptic precautions. Blood collected in plain vacutainer
was centrifuged at 3000 rpm for 10 minutes on the same day of
collection to obtain serum.

Biochemical Analysis

Total cholesteral level was estimated by enzymatic method CHOD-
PAP (Cholesterol Oxidase-Peroxidase 4-Amino antipyrine) [15].
Triglyceride level was estimated by enzymatic (Glycerol kinase, Glycerol-
3-phosphate oxidase-Peroxidase) colorimetric method [16]. HDL-c
and LDL-c level was estimated by enzymatic colorimetric assay using
Cobas ¢311 autoanalyser [17]. VLDL was calculated by formula-TG/5.

Anthropometric Measurements

e Body weight was measured to the nearest kilogram using
standard analog weighing scale. The height, waist circumference
and hip circumference were measured to the nearest 0.5 cm
using a non-stretchable measuring tape.

e Waist Circumference (WC) (Cm) was measured in the midway
section between the iliac crests and the lower margin of the
ribs at minimal respiration.

e Hip Circumference (HC) (Cm) was measured at the levels of
greater trochanter.

e WHR was calculated as WC/HC
e WHL.R was calculated as WC (Cm)/height (Cm)
e BMI was calculated as weight (Kg)/height (m?)

e ABSI was calculated using the formula: zwc(_m) T
[13] [BMI]z xheight(m);]

e BRI was calculated as 364.2 — 365.5 x fl—(%)
(18]

STATISTICAL ANALYSIS

Normality of the data was determined using Kolmogorov Smirnov test.
Correlation of lipid parameters with various anthropometric indices was
assessed using Pearson’s correlationtest. ROC curve analysis was done
to analyse the predictive capability of various anthropometric indices
for distinguishing between dyslipidemic and healthy individuals.
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RESULTS

Quantitative data of the anthropometric indices were represented
as mean+SD for data following normal distribution or median and
interquartile range for skewed data [Table/Fig-1]. [Table/Fig-2]
presents the maximum and minimum lipid profile parameters.

According to ATP-lIl criteria  (https://www.nhlbi.nih.gov/files/
docs/guidelines/atglance.pdf) 44% of the study subjects were
dyslipidemic, whereas 56% of the subjects had normal serum lipid
levels. Significant differences in the anthropometric indices were
observed when compared between subjects with dyslipidemia and
normal lipid levels [Table/Fig-3].

e TC showed a positive but weak correlation with weight,
HC, WHR, WHt.R and ABSI. Statistically significant (p<0.05)
positive correlation was observed with BMI, WC and BRI. TC
also showed a negative correlation with height. Degree of
correlation of TC: BRI>>WC>BMI [Table/Fig-4].

e TG showed a positive but weak correlation with WC, HC and
WHR. Statistically significant (p<0.05) positive correlation was
observed with weight and BRI, and highly significant (p<0.001)
positive correlation with BMI and WHt.R. TG also showed a
negative correlation with height and ABSI. Degree of correlation
of TG: BMI>Wht.R>>BRI>weight [Table/Fig-4].

e HDL-c showed a negative but weak correlation with height, HC
and ABSI, statistically significant (p<0.05) negative correlation
with weight, WC and BRI, and highly significant (p<0.001)
negative correlation with BMI and WHt.R Degree of correlation
of HDL-c: BMI>Wht.R>BRI>WC>weight>WHR [Table/Fig-4].

e |DL-c showed a positive but weak correlation with weight,
height, BMI, HC, WHR and WHt.R. Statistically significant
(p<0.05) positive correlation with WC, ABSI and BRI. Degree
of correlation of LDL: WC>BRI>ABSI [Table/Fig-4].

e VLDL showed a positive but weak correlation with weight, WC,
HC and WHR, statistically significant (p<0.05) positive correlation
with- WHt.R and BRI, highly significant (p<0.001) positive
correlation BMI, and negative correlation with Ht. and ABSI.
Degree of correlation of VLDL: BMI>Wht.R>BRI [Table/Fig-4].

e BRI showed the highest prediction accuracy with the area
under the ROC curve (AUC=0.637) [Table/Fig-5].

DISCUSSION

To screen the population for dyslipidemia, various classical
anthropometric indices have been identified [19]. These classical
anthropometric indices fails to distinguish between adipose tissue
mass and muscle mass, and with the introduction of newer
anthropometric indices, the reliability of classical anthropometric

Age (years) | Weight (Kg) Height (Cm) BMI (Kg/m?) WC (Cm) | HC (Cm) WHR WHt.R ABSI BRI
Mean 20.40 58.44 161.60 22.26 75.69 89.64 0.84 0.36 0.076 2.842
Std. Deviation 2.23 13.13 7.61 4.08 10.49 10.39 0.06 0.07 .005 1.059
95% C.| Lower 19.96 55.84 160.09 21.45 73.61 87.59 0.83 0.35 0.07 2.63
Upper 20.84 61.04 163.11 23.07 77.77 91.69 0.85 0.37 0.08 0.85
Minimurm 18 36 145 14.79 56 68 0.72 0.23 065 1.096
Maximum 35 113 180 35.27 108 123 1.00 0.63 086 6.406

[Table/Fig-1]: Anthropometric indices of the participants (n=100) under study.

BMI: Body mass index; WC: Waist circumference; HC: Hip circumference; WHR: Waist hip ratio; WHt.R:

Waist height ratio; ABSI: A body surface index; BRI: Body roundness index

TC (mg/dL) | TG (mg/dL) | HDL (mg/dL) | LDL (mg/dL) | VLDL (mg/dL)
Mean 164.50 110.53 50.36 92.03 21.89
Std.
o 27.69 76.34 12.56 24.64 15.28
Deviation
Minimum 102 33 29 24.40 7.00
Maximum 233 443 89 163.20 89.0000

[Table/Fig-2]: Lipid parameters of the participants (n=100) under studly.

TC: Total cholesterol; TG: Triglyceride; HDL: High density lipoprotein; LDL: Low density lipoprotein;

VLDL: Very low density lipoprotein
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indices have been widely questioned [20].

Therefore the major goal of the present work is to examine the
relationship between different the classical and newer
anthropometric indices with Dyslipidemia and assess the efficacy
of the various anthropometric indices in predicting dyslipidemia.
The anthropometric indices and lipid profile of the study subjects
was measured. Distribution of study subjects based on the
ATP-IIl guidelines showed that 44% of the study group had
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Categories Age Weight Height BMI wc HC WHR WHt.R ABSI BRI
Mean 20.73 61.14 161.23 23.36 78.11 92.18 0.85 0.38 0.0757 3.1489
Std. deviation 3.12 16.21 8.68 5.04 11.72 12.53 0.06 0.09 0.0048 1.2189
Dyslipidemia (n=44)
Minimum 18 36 145 14.79 56 68 0.73 0.23 0.068 1.0964
Maximum 35 113 180 35.27 108 123 1.00 0.63 0.086 6.4060
Mean 20.14 56.32 161.89 21.39 73.79 87.64 0.84 0.35 0.0752 2.6075
Non dyslipidemnia Std. deviation 1.09 9.73 6.72 2.89 0.08 7.89 0.06 0.05 0.0044 0.8536
(n=56) Minimum 18 37 148 15.81 56 71 0.72 0.24 0.065 1.1916
Maximum 23 78 176 28.25 91 106 0.93 0.44 0.084 5.2304
p-value 0.195 0.069 0.666 0.016 0.040 0.029 0.564 0.032 0.598 0.010

[Table/Fig-3]: Comparison of anthropometric parameters between dyslipidemic and non dyslipidemic subjects.

BMI: Body mass index; WC: Waist circumference; HC: Hip circumference; WHR: Waist hip ratio; WHt.R: Waist height ratio; ABSI: A body shape index; BRI: Body roundness index. (Student’s t-test)

) TC TG HDL LDL VLDL ROC Curve
Categories (mg/dL) | (mg/dL) | (mg/dL) | (mg/dL) | (mg/dL) 10
9 9 9 9 9 Soug:e of the
Pearson’s . . urve
Weight correlation 0.162 0.209 -0232 0.170 0.193 — WEIGHT
(n=100) ~—— HEIGHT
Sig. (2-tailed) 0.107 0.036 0.020 0.090 0.054 0.8 \?\'/‘gl
Pearson’s HC
Height correlation -0.019 -0.046 -0.029 0.022 -0.056 —WHR
(n=100) WHR
Sig. (2-tailed) 0.851 0.650 0.774 0.829 0.580 ABSI
> 0.6 BRI
Pearson’s . - - - > .
BMI corrrelation 0.207 0.311 -0.271 0.178 0.298 5 Reference Line
(n=100) e
Sig. (2-tailed) 0.039 0.002 0.006 0.077 0.003 3
0.4
WG Pearson's 0214 | 0179 | -0.283* | 0249" | 0.167
correlation
(n=100)
Sig. (2-tailed) 0.032 0.075 0.019 0.013 0.097
, 0.24
HC Pearson's 0180 | 0176 | -0.176 | 0.183 | 0.158
correlation
(n=100)
Sig. (2-tailed) 0.073 0.079 0.080 0.069 0.117
Pearson * 0.0
E/VHR ) correlation 0.145 0.112 ] -0.199 0195 0118 00 02 04 08 08 10
n=100
Sig. (2-tailed) 0.150 0.266 0.048 0.052 0.244 1 - Specificity
! Asymptotic 95% confidence
Whtg | Fersons 0.188 | 0.263™ | -0.257" | 0179 | 0247* | eymee e e o
n 10 0 correlation Test result Area Std. Asymptotic !
= o variable (s) error? sig.?
Sig. (2-tailed) 0.061 0.008 0.010 0.074 0.013 Lower Upper bound
Pearson’s bound
ABSI | correlation 0100 | -0.146 | -0.014 | 0220" | -0.142 Weight 0587 | 0.059 0.135 0.472 0.703
(n=100) -
Sig. (2-tailed) 0.280 0.148 0.893 0.028 0.159 Height 0.457 0.060 0.466 0.341 0.574
- Egi;slggoi 0.237" 0.040" -0.255" 0.247" 0.230" BMI 0.614 0.058 0.051 0.500 0.728
(n=100) WC 0.589 0.058 0.128 0.475 0.703
Sig. (2-tailed 0.017 0.015 0.010 0.013 0.020
9. (2-tailed) He 0604 | 0.058 0.075 0.490 0718
[Table/Fig-4]: Correlation between lipid profile and anthropometric parameters.
*p<0.05 statistically significant, **p<0.001 statistically highly significant WHR 0.5M1 0.059 0.857 0.396 0.625
BMI: Body mass index; WC: Waist circumference; HC: Hip circumference; WHR: Waist hip ratio; WHt.R 0.595 0.059 0.106 0.480 0.710
WHt.R: Waist height ratio; ABSI: A body shape index; BRI: Body roundness index; TC: Total i i ’ : : :
cholesterol; TG: Triglyceride; HDL: High density lipoprotein; LDL: Low density lipoprotein; ABSI 0.513 0.060 0.821 0.396 0.630
VLDL: Very low density lipoprotein
BRI 0.637 0.057 0.019 0.525 0.749

dyslipidemia whereas lipid profile was normal in 56% of the study
population. TC showed a statistically significant (p<0.05) positive
correlation with BMI, WC and BRI. TG showed a statistically
significant (p<0.05) positive correlation with weight and BRI,
and highly significant (p<0.001) positive correlation with BMI and
WHt.R. HDL-c showed a statistically significant (p<0.05) negative
correlation with weight, WC and BRI, and highly significant
(p<0.001) negative correlation with BMI and WHt.R. LDL-c
showed a statistically significant (p<0.05) positive correlation
with WC, ABSI and BRI. VLDL showed a statistically significant
(p<0.05) positive correlation with WHt.R and BRI, highly significant
(p<0.001) positive correlation with BMI. Mota dos Santos C et
al., in his study showed that TG was positively correlated with
BMI, WC and WHt.R. HDL-c was negatively correlated with BMI,
WC and WHt.R. [21]. Yang Z et al., in his study showed that
BMI and WHt.R were significantly related with LDL-c, HDL-c and
TG. BMI, WC and WHt.R remained independent relationships

[Table/Fig-5]: ROC analysis for differentiating between dyslipidemic and non
dyslipidemic subjects.

BMI: Body mass index; WC: Waist circumference; HC: Hip circumference; WHR: Waist hip ratio;
WHt.R: Waist height ratio; ABSI: A body shape index; BRI: Body roundness index

with HDL-c [22]. Solak | et al., in his study showed that ABSI
had weak positive correlation with TC, TG and LDL-c. Weak
negative correlation was found between ABSI and HDL-c. BRI
showed a weak positive correlation between HDL-c and LDL-c.
A statistically significant correlation was found between BRI and
TC and TG [23].

Zaid M et al., in his study reported that different anthropometric indices
were significantly different between dyslipidemic and non-dyslipidemic
participants. Receiver operating characteristics curve analyses showed
increased predictive capacity hypertriglyceridemia as compared to
other forms of plasma lipid abnormalities. Slightly higher BRI AUC
values in predicting different forms of dyslipidemia were observed in
comparison to BMI and ABSI gave very low values [24].
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According to a study by Chang Y et al., BRI had a larger AUROC
value than BMI and WC and had a good discriminative ability for
CVD and its risk factors [25]. Accurate estimation of the percentage
of body fat and visceral adipose tissue was possible by BRI [18].
These findings were similar to outcomes of our study where BRI
showed highest prediction accuracy with the area under the ROC
curve (AUROC=0.637).

Fujita M et al., in his study concluded that ABSI is not the best
predictor of CVD risk factors [26]. Our results support the above
findings. AUROC value for ABSI (AUC=0.513), was lower than
AUROC of BRI, WHt.R, BMI, HC and WC.

According to the authors knowledge no comprehensive work has
been dedicated to find the correlation between newer anthropometric
indices (ABSI and BRI) with lipid profile in India. The present study
supports that BRI is better than the classical anthropometric indices
in predicting dyslipidemia. This finding may help us to make use of
simple anthropometric index as a screening tool in the prediction of
cardiovascular disease.

LIMITATION

Dietary factors which can influence lipid profile were not considered
in the study. The sample size was relatively small, age was restricted
between 18-35 years and all the subjects belonged to the same
region. ABSI| was developed to predict mortality hazard in a
follow-up study; however we used ABSI to predict dyslipidemia.
Therefore, further studies involving a larger randomised community-
based population are needed to determine whether the results are
consistent under different criteria.

CONCLUSION

The present study showed that the capacity of BRI to predict
dyslipidemia was superior to the classical indicators of obesity. This
observationmay have implicationsin the diagnosis and characterisation
of dyslipidemia as well as for the assessment of CVD risks.
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