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Abstract

Introduction: the increasing prevalence of metabolic syndrome draws attention to the importance of detecting metabolic syndrome with practical
methods in the early period.

Objectives: to compare anthropometric measurements and indexes for prediction of metabolic syndrome (MetS) in adults.

Methods: the study was conducted with adults classified as MetS (n = 92) and a control group (n = 137) according to the International Dia-
betes Federation. Anthropometric measurements, visceral adiposity index (VAI), dysfunctional adiposity index (DAI), A body shape index (ABSI),
lipid accumulation product (LAP), body roundness index (BRI), glucose, lipid biomarkers, and blood pressure (BP) levels were compared. A ROC
analysis was performed.

Results: MetS frequency was determined to be 40.2 % (n = 92). All biochemical parameters except high-density lipoprotein-cholesterol and BP

levels, all anthropometric measurements, and all index values except ABSI of the MetS group were higher than in the control group (p < 0.001).

DAI had the highest discriminatory ability for MetS (AUC = 0.921). While the discriminatory ability of LAP was slightly lower (AUC = 0.915), ABSI
Keywords: had the lowest ability for MetS (AUC = 0.606).

Metabolic syndrome. Body ~ Gonelusion: according to the study findings, MetS was found in almost half of individuals, and the LAP index and DAI can be used as predictive
composition. Adiposity. tools for early detection of MetS.
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Resumen

Antecedentes: la creciente prevalencia del sindrome metabdlico llama la atencién sobre la importancia de detectar el sindrome metabélico
con métodos practicos en el periodo temprano.

Objetivos: comparar medidas e indices antropométricos para la prediccion del sindrome metabdlico (MetS) en adultos.

Métodos: el estudio se realizd con un grupo de adultos clasificados como MetS (n = 92) y un grupo de control (n = 137), segun la Federacion
Internacional de Diabetes. Se compararon las variables: medidas antropométricas, indice de adiposidad visceral (VAI), indice de adiposidad dis-
funcional (DAI), indice de forma corporal (ABSI), producto de acumulacion lipidica (LAP), indice de redondez corporal (BRI), glucosa, biomarcadores
de lipidos y niveles de presion arterial (PA). Se realizaron andlisis ROC.

Resultados: |a frecuencia del MetS se determind en un 40,2 % (n = 92). Todos los parametros bioquimicos, excepto el colesterol unido a lipo-
proteinas de alta densidad y los niveles de PA, todas las mediciones antropométricas y todos los valores de los indices, excepto el ABSI del grupo
MetS, fueron superiores a los del grupo de control (p < 0,001). EI DAI presentd la mayor capacidad de discriminacion del MetS (AUC = 0,921),
mientras que la capacidad de discriminacion del LAP fue ligeramente menor (AUC = 0,915) y el ABSI presentd la capacidad mas baja para
detectar el MetS (AUC = 0,606).

Conclusiones: de acuerdo con los hallazgos del estudio, el MetS se encontrd en casi la mitad de los individuos y los indices LAP y DAI se pueden

Palabras clave:

Sindrome metabodlico.
Composicion corporal.

Adiposidad.

INTRODUCTION

Obesity is defined as abnormal or excessive fat accumulation
that presents a risk for noncommunicable diseases such as di-
abetes, hypertension, stroke, cardiovascular disease, metabolic
syndrome (MetS), cancer, and musculoskeletal disorders (1-4).
In all, 1.9 billion adults worldwide were overweight in 2016 (2).
Abdominal obesity, high blood pressure (BP), high blood glucose,
high triglycerides (TG), and low high-density lipoprotein (HDL)
cholesterol levels are components of metabolic syndrome. Ac-
cording to the International Diabetes Federation (IDF), a meta-
bolic syndrome diagnosis can be made if at least three of these
components are present (3,4).

One of the most important criteria of MetS is visceral obesity
that is associated with the severity of MetS (5,6). Immunomod-
ulatory adipokines secreted from adipose tissue can cause in-
flammation (7). It has been reported that MetS can increase the
risk of atherosclerosis and type-2 diabetes by 3.5 and 5 times,
respectively (6). The worldwide prevalence of MetS in the adult
population is estimated to be 20-25 % (1). In a recent meta-anal-
ysis, the prevalence of MetS in Middle East countries was report-
ed as 27.5 % (8). The TEKHARF study also demonstrated that the
prevalence of MetS in Turkish people aged > 30 years was 28 %
for men and 40 % for women (9). Both adipose tissue function
and distribution depend on age and gender. Although methods
such as computed tomography, magnetic resonance imaging,
dual-energy X-ray absorptiometry, and bioelectrical impedance
analysis are used to evaluate visceral fat, because of the high
cost of these methods they are not routinely used, so practical
and cost-effective methods should be defined (5,6). Body mass
index (BMI) and waist circumference (WC) are common and
effective indicators of obesity, but they cannot differentiate be-
tween visceral fat, subcutaneous fat, and lean muscle (fat-free)
mass (10,11). A higher BMI may not always predict more visceral
fat mass or a higher risk of cardiometabolic disease (4,12). The
use of WC alone is not recommended in the evaluation of vis-
ceral adipose tissue, as the increase in subcutaneous adipose
tissue will result in increased WC, and also taller individuals have
greater WC (13).
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utilizar como herramientas predictivas para la deteccion temprana del MetS.

Therefore, various indices have been developed to evaluate
the effect of visceral obesity as a risk factor for cardiometabolic
disease more effectively. Amato et al. proved that the visceral adi-
posity index (VAI) is an indicator of adipose tissue distribution and
function that indirectly expresses cardiometabolic risk (14). The
dysfunctional adiposity index (DAl) was developed as an early
marker of cardiometabolic abnormalities based on adipocyte
morpho-functional abnormalities (15). A body shape index (ABSI)
based on BMI, WC and height measurements is associated with
increased abdominal adipose tissue mass, and has been report-
ed to be an important risk factor for premature death (16). The
lipid accumulation product (LAP) index is associated with dia-
betes, oxidative stress, and inflammation, and even though it is
not superior to other parameters, based on studies it can be an
indicator for cardiovascular outcomes in individuals with normal
BMI (17,18). The body roundness index (BRI) is a more accurate
estimation tool for total body fat and visceral adipose tissue mass
by combining height and WC (13).

It has been reported in many studies that different indexes
that can be easily calculated are used to predict the risk of car-
diovascular events and MetS (6). The aim of this study was to
evaluate the association and effectiveness of different indexes in
predicting MetS and determining their cut-off points.

MATERIAL AND METHODS

STUDY DESIGN AND PARTICIPANTS

This study was conducted in individuals (n = 229) aged 18-
65 years who applied to a private nutrition and diet polyclinic in
Mersin, Turkey, between November 2015 and June 2016. Preg-
nant, under 19 year-old and over 65-year-old individuals were
not included. Individuals were divided into two groups — MetS
group (n = 92) and control group (n = 137) according to the IDF
MetS definition as central obesity plus any two of the following:
1) raised triglycerides (> 150 mg/dL) or specific treatment for
this lipid abnormality; 2) reduced HDL cholesterol (< 40 mg/dL
in males, < 50 mg/dL in females) or specific treatment for this
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lipid abnormality; 3) raised blood pressure (systolic BP > 130 or
diastolic BP > 85 mmHg) or treatment of previously diagnosed
hypertension; 4) raised fasting plasma glucose (= 100 mg/dL) or
previously diagnosed type-2 diabetes (3).

The study was approved and monitored by the Ethics Com-
mittee of Acibadem Mehmet Ali Aydinlar University (ATA-
DEK-2015/13), and a written informed consent was obtained
from all participants.

DEMOGRAPHIC CHARACTERISTICS AND
ANTHROPOMETRIC MEASUREMENTS

Individuals were asked questions about their disease, smoking
and alcohol consumption, and regular physical activity habits.
Weight (kg), body fat mass (kg), lean body mass (kg), and body
fat percentage were measured in the morning, after overnight
fasting, with bioelectric impedance analysis (TANITA SC 330 ST).
Height (m) was measured with a stadiometer and WC (cm) was
measured in the standing position at the upper border of the iliac
crest with non-stretchable tape. BMI was calculated as weight
divided by height squared (kg/m2).

VAI (19), ABSI (16), DAI (15), LAP index (17) and BRI (13) were
calculated based on the following formulas:

we ren = (s
Males: VAI = (m) emales: ~ \36.58 + (1.89 X BMI)
TG 1.52
(TG o (132 « (7) % <7)
1.03 HDL 0.81 HDL
WwC
ABSI =

BMI?? Height!”?

DAImale = ___we (e 119
2279 + (2.68 + BMI)) \1.37) \HDL—C

DAIfemale = (—— W€ ) (XG) (_143
24.02 + (2.37 x BMI) 1.32) \HDL — C,

LAP for men = (WC [cm] - 65) x (TG concentration
[mmol/L])

LAP for women = (WC [cm] - 58) x (TG concentration
[mmol/L])

BRI = 364.2-365.5 x /1-((C/20s)

CLINICAL AND BIOCHEMICAL PARAMETERS

According to the American Heart Association protocol, af-
ter 10 minutes of resting systolic blood pressure (SBP) and dias-
tolic blood pressure (DBP) were measured three times at 2-min
intervals by using a standardized automatic electronic sphygmo-
manometer, and the mean value of these measurements was
calculated (20). Blood samples were collected in the morning
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after at least 12 h of fasting. Blood samples including fasting
plasma glucose (FPG), total cholesterol (TC), low-density lipopro-
tein cholesterol (LDL-C), very low-density lipoprotein cholesterol
(VLDL-C), high-density lipoprotein cholesterol (HDL-C), and tri-
glycerides (TG) were analyzed with a biochemical auto-analyzer at
the Mersin Provincial Health Directorate Public Health Laboratory.

STATISTICAL ANALYSIS

Statistical analyses were performed using the SPSS software,
version 21. Variable distribution was investigated using the Kol-
mogorov-Smirnov/Shapiro-Wilk tests. Descriptive analyses were
presented using means and standard deviations, and categoric
variables were presented using number (n) and ratio (%). Since
age, total cholesterol and fat percentage were normally distribut-
ed, an independent-samples t-test was used to compare these
parameters between MetS groups. The Mann-Whitney U-test
was used to compare non-normally distributed variables. The chi-
square test was used to compare proportions in groups. While
investigating the associations between non-normally distributed
variables, correlation coefficients and their significance were
calculated using Spearman’s test. Correlation coefficients (r) of
0.00-0.24 were evaluated as weak relationships, those of 0.25-
0.49 as moderate, those of 0.50-0.74 as strong, and those of
0.75-1.00 as very strong. The capacity of indexes for predicting
the presence of MetS was analyzed using ROC (Receiver Op-
erating Characteristics) curve analysis. When a significant cut-
off value was observed, sensitivity, specificity, and positive and
negative predictive values were presented. While evaluating the
area under the curve, a 5 % type-l error level was used to accept
a statistically significant predictive value of the test variables. A
p-value of less than 0.05 was considered statistically significant.

RESULTS

A total of 229 individuals, including 194 women (84.7 %)
and 35 men (15.3 %), were included in the study. According to IDF
criteria, it was determined that 40.2 % (66 females, 26 males,
total of 92) of participants were in the MetS group and 59.8 %
(128 females, 9 males, total of 137) of participants were in the
control group. The demographic characteristics of individuals ac-
cording to the presence of MetS are shown in table |. The mean
age of the MetS group (41.5 + 11.8 years) was higher than in
the control group (33.8 = 10.6 years) (p < 0.001). The chronic
disease frequency of individuals in the MetS group was higher
than in the control group (p < 0.001).

Mean serum biochemical parameters and blood pressure lev-
els in the MetS group, except HDL-C, were higher than in the
control group (p < 0.001). In addition, the mean HDL-C level was
found to be higher in the control group (p < 0.001) (Table ).

Mean anthropometric measurements except lean body mass and
body fat percentage for men, and all index values, except ABSI, in
the MetS group were higher than in the control group (p < 0.001).

[Nutr Hosp 2022;39(4):794-802]
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Table I. Evaluation of demographic characteristics and health status

MetS (+) Control
(n=92) (n=137)
- . B
%+ SS Median %+ SS Median
(min-max) (min-max)
43.0 32 .
Age (years) 415+11.8 (19.0-65.0) 33.8+10.6 (18.0-65.0) < 0.001
n % n %
Gender
Female 66 .7 128 934 <0.001*
Male 26 28.3 9 6.6
Chronic disease
CVD 8 8.7 8 5.8
Diabetes 27 29.3 5 3.6
Hypercholesterolemia 8 8.7 5 3.6 N
Hypertriglyceridemia 3 3.2 1 0.7 <0.001
Hypertension 22 23.9 7 5.1
Rheumatic disease 3 3.2 3 2.2
Kidney disease 2 2.2 1 0.7
Sk 27 29.7 28 20.6 o1
64 70.3 108 79.4 '
No
A\/{cec;hol consumption 38 437 60 451 o83
49 56.3 73 54.9 '
No
Rs(agst//ar physical activity 18 20.2 2 05 4 0575
71 79.8 100 74.6 '
No
CVD: cardiovascular disease. *p < 0.05.
Table Il. Evaluation of biochemical parameters, blood pressure measurements,
and anthropometric measurements
MetS (+) Control
(n=92) (n =137)
. - z P
%+ SS Median %+ SS Median
(min-max) (min-max)
103.5 90.0 R
FPG (mg/dL) 133.7+£79.2 (61.0-544.0) 91.8+14.2 (66.0-178.0) -7.985 < 0.001
209.5 190.0 R
Total cholesterol (mg/dL) 210.3+47.3 (103.0-417.0) 189.6 + 38.2 (106.0-311.0) -3.665 < 0.001
425 59.0 N
HDL-C (mg/dL) 42.4+93 (14.0-71.0) 59.9 + 11.8 (36.0-101.0) -10.046 | <0.001
133.0 115.0 N
LDL-C (mg/dL) 134.4 + 435 (41.0-349.0) 1150+ 32.8 (47.0-228.0) -3.952 < 0.001

(Contintia en pdgina siguiente)
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Table Il (Cont.). Evaluation of biochemical parameters, blood pressure measurements,
and anthropometric measurements

MetS (+) Control
(n =92) (n=137)
- - z P
%+ SS Median %+ SS Median
(min-max) (min-max)
32.0 16.0 .
VLDL-C (mg/dL) 35.8+21.9 (7.0-139.0) 170+6.4 (6.0-40.0) -9.163 < 0.001
162.0 77.0 .
TG (mg/DL) 177.2 +93.8 (52.0-687.0) 85.3+32.3 (31.0-201.0) -9.685 < 0.001
130.0 120.0 N
SBP (mmHg) 130.8 + 151 (80.0-184.0) 116.8 + 12.1 (90.0-170.0) -7.715 < 0.001
80.0 78.0 .
DBP (mmHg) 81.9+88 (60.0-110.0) 745+ 8.0 (53.0-100.0) -6.430 < 0.001
32.7 27.7
2 _ *
BMI (kg/m?) 344 +57 (23.2-53.6) 285+4.7 (20.8+48.9) 7.941 < 0.001
1125 98.0 .
WC (male) (cm) 1155+ 14.6 (99.0-168.0) 101.3+14.0 (85.0-124.0) -2.379 0.017
101.0 85.5 .
WC (female) (cm) 102.3+13.6 (78.0-150.0) 86.8 +10.3 (67.0-121.0) -7.478 < 0.001
34.2 24.7 "
Body fat mass (male) (kg) 40.0+17.8 (15.7-91.0) 26.1+8.6 (17.2-43.2) -2.510 0.012
37.2 27.5 N
Body fat mass (female) (kg) 38.9+10.7 (18.4-68.6) 284 +89 (13.0-59.1) -6.498 < 0.001
70.4 66.6
Lean body mass (male) (kg) 70.2+13.0 (26.3-97.7) 63.8 +10.6 (435-75.5) -1.510 0.131
Lean body mass (female) (kg) 50.6 + 8.2 49.5 478 +4.5 471 -3.764 <0.001*
B (11.5-78.9) T (37.6-67.5) ' '
Body fat percentage (male) 32.4 27.8 i
%) 34.3+11.0 (18.4-74.1) 21777 (15.5-39.9) 1.623 0.105
Body fat percentage (female) 42.3 36.2 i R
%) 41.7+54 (26.9-51.6) 36.6 + 6.1 (22.2-65.0) 5.804 < 0.001
2.50 1.04 .
VAI 3.13 +2.66 (0.02-14.45) 112 +0.54 (0.004-2.98) -8.641 < 0.001
0.0763 0.0742 R
ABSI 0.0767 + 0.0067 (0.0604-0.0948) 0.0906 + 0.1484 (0.0618-1.6848) -2.727 < 0.001
80.8 24.6 .
LAP 94.6 +61.5 (18.6-364.9) 291175 (1.3-09.9) -10.659 | <0.001
1.73 0.60 .
DAI 2.05+ 1.53 (0.47-9.31) 0.67 = 0.31 (0.21-1.66) -10.810 | <0.001
6.07 3.91 .
BRI 6.53 +2.43 @.71-17.71) 412 +1.48 (1.84-9.44) -8.836 < 0.001

FPG: fasting plasma glucose, HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol, VLDL-C: very low-density lipoprotein cholesterol;
TG: triglycerides; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; WC: waist circumference, VAI: visceral adiposity index; DAI:
aysfunctional adiposity index; ABSI: A body shape index; LAP: lipid accumulation product; BRI: body roundness index. *p < 0.05.
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Also, mean ABSI was higher in the control group (p < 0.001). The
MetS group had VAI, LAP, DAl values that were 2.8, 3.2, 3.0 times
higher than among controls, respectively (Table Il).

The correlations between clinical parameters and MetS
risk factors are shown in table lll. There was a weak positive
correlation between FPG and BMI, WC, VAI, ABSI, DAI, BRI,
and a moderate positive correlation between FPG and LAP
(p < 0.001). Also, there was a very weak positive correla-
tion between total cholesterol and WC, ABSI, BRI, and a weak
positive correlation between total cholesterol and VAI, LAP,
DAI (p < 0.05). In addition, there was a very weak negative
correlation between HDL-C and ABSI, a weak negative cor-
relation between HDL-C and BMI, BRI, a moderate negative
correlation between HDL-C and WC, VAl and LAP, and a strong
negative correlation between HDL-C and DAI (p < 0.05). There
was a very weak positive correlation between LDL-C and ABSI,
BRI, and a weak positive correlation between LDL-C and VAI,
LAP, DAI (p < 0.05), a very weak positive correlation between
VLDL-C and ABSI, a weak positive correlation between VLDL-C
and BMI, WC, a moderate correlation between VLDL-C and BRI,
and a strong positive correlation between VLDL-C and VAI, LAP,
DAl (p < 0.05). Also, there was a very weak positive correlation
between TG and ABSI, a weak positive correlation between TG
and BMI, a moderate positive correlation between TG and WC

and BRI, a strong positive correlation between TG and VAI, and
a very strong positive correlation between TG and LAP, DAI
(p < 0.001), a very weak positive correlation between SBP and
VAI, and a weak positive correlation between SBP and BMI,
WC, LAP, DAI, BRI (p < 0.001), and a weak positive correlation
between DBP and BMI, WC, VAI, LAP, DAI, BRI (p < 0.001).

The ROC curve for BMI, WC, and other indexes in the diagnosis
of MetS is shown in table IV and figure 1. DAl had the highest dis-
criminatory ability for MetS (AUC = 0.921), whereas the discrim-
inatory ability of LAP was slightly lower (AUC = 0.915), and ABSI
had the lowest discrimination power for MetS (AUC = 0.606). The
cut-off values of LAP index and DAl in predicting MetS were de-
termined as 44.5 and 0.9799, respectively (sensitivity of 84.8 %
and 85.9 %; specificity of 84.7 % and 85.4 %).

DISCUSSION

Throughout the world, obesity and MetS are known as a major
public health problem associated with higher morbidity and mor-
tality rates and increased medical care costs. Early detection of
MetS can reduce health risks and treatment costs. Evaluation of
obesity, especially central adiposity as the important component
of MetS, through cost-effective and easily applicable parameters

Table lll. Evaluation of the correlation between clinical parameters and MetS risk factors

BMI wC VAI ABSI LAP DAI BRI

r 0.324 0.466 0.392 0.268 0.545 0.492 0.443
FPG (mg/dL)

D < 0.001* <0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

r 0.199 0.144 0.329 0.186 0.428 0.415 0.178
Total cholesterol (mg/dL)

p 0.072 0.030* < 0.001* 0.005* < 0.001* < 0.001* 0.007*

r -0.460 -0.514 -0.633 -0.145 -0.610 -0.767 -0.478
HDL-C (mg/dL)

D < 0.001* < 0.001* < 0.001* 0.029* < 0.001* < 0.001* < 0.001*

r 0.121 0.120 0.331 0.169 0.376 0.428 0171
LDL- C (mg/dL)

p 0.067 0.069 <0.001* 0.010* <0.001* <0.001* 0.010*

r 0.454 0.491 0.728 0.217 0.857 0.891 0.519
VLDL-C (mg/dL)

p <0.001* <0.001* <0.001* 0.001* <0.001* <0.001* <0.001*

r 0.477 0.533 0.769 0.246 0.907 0.935 0.554
TG (mg/dL)

p <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

r 0.336 0.360 0.186 0.061 0.342 0.280 0.360
SBP (mmHg)

D <0.001* <0.001* 0.005* 0.360 <0.001* <0.001* <0.001*

r 0.289 0.320 0.262 0.067 0.318 0.263 0.313
DBP (mmHg)

p <0.001* <0.001* <0.001* 0.311 <0.001* <0.001* <0.001*

BMI: body mass index; FPG: fasting plasma glucose; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; VLDL-C: very low-density
lipoprotein cholesterol; TG: triglycerides; SBP: systolic blood pressure; DBP: diastolic blood pressure. “p < 0.05.

[Nutr Hosp 2022;39(4):794-802]
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Table IV. Cut-off values of anthropometric measurements and indices for predicting MetS

AUC (95 %) Cut off p Sensitivity (%) | Specificity (%)
BMI 0.809 (0.755-0.864) 30.5746 | <0.001* 72.8 72.3
WC 0.849 (0.800-0.899) 945000 | <0.001* 76.1 76.6
VAI 0.836 (0.773-0.901) 1.614900 | <0.001* 78.3 78.8
ABSI 0.606 (0.532-0.681) 0.075250 0.006* 56.5 56.2
LAP 0.915 (0.878-0.953) 445220 | <0.001* 84.8 84.7
DAI 0.921 (0.886-0.957) 0.9799 <0.001* 85.9 85.4
BRI 0.844 (0.794-0.895) 4769401 | <0.001* 75.0 75.9

BMI: body mass index; WC: waist circumference, VAI: visceral adiposity index; DAI: dysfunctional adiposity index; ABSI: A body shape index; LAP: lipid accumulation

product; BRI: body roundness index. “p < 0.05.

ROC Curve
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00
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Figure 1.

ROC curves of anthropometric measurements and indices for predicting MetS
(BMI: body mass index; WC: waist circumference; VAI: visceral adiposity index; DAI:
dysfunctional adiposity index; ABSI: A body shape index; LAP: lipid accumulation
product; BRI: body roundness index).

can make it easier to achieve this goal. As anthropometric meas-
urements, BMI and WC are widely used, but their specificity is not
sufficient in the evaluation of visceral and subcutaneous adipose
tissue, and there is no consensus on which parameter is better
for the evaluation of abdominal obesity (21,22). Therefore, in this
study, the effectiveness of different indexes in predicting MetS
was evaluated.

Different studies report different rates for the prevalence of
MetS. In our study, the frequency of MetS was determined as 40.2
%, which is similar to the prevalence reported in the TEKHARF
study (23). The same as previous studies, our study also indicated
a higher frequency of chronic diseases in the MetS group (6).

Although it is well-known that smoking, alcohol consumption,
and sedentary lifestyle are risk factors for MetS (24), no statis-

tically significant difference was found in smoking, alcohol con-
sumption, and regular physical activity level between the MetS
and control group (p > 0.05).

All biochemical parameters and anthropometric measures
were statistically significantly higher in the MetS group, which
supports the criteria of MetS risk factors (p < 0.05). Except ABSI,
the mean of all indexes was higher in the MetS group (p < 0.05).
BMI was positively correlated with WC, FBS, LDL-C, VLDL-C,
TG, SBP and DBP, and negatively with HDL-C. Studies have also
shown that there is a relationship between low HDL-C levels
and BMI. A one-unit change in BMI is associated with a change
in HDL-C of 1.1 mg/dL in young adult men, and 0.69 mg/dL
in young adult women (25). According to the TEKHARF study,
it is reported that approximately 7.5 % of deaths in adults are
caused by metabolic diseases associated with abdominal obe-
sity in Turkey (9). In this study, BMI and WC were significantly
strong predictors in the evaluation of MetS (AUC = 0.809 and
AUC = 0.849, respectively; p < 0.05). It was found that a BMI
greater than 30.57 kg/m?and a WC greater than 94.5 cm can
increase the risk of MetS.

VAl is a metabolic risk indicator, based on anthropometric (BMI
and WC) and biochemical parameters (TG and HDL-C) (19). VAI
has been found to be a strong indicator for metabolic diseases in
many studies evaluating visceral obesity (6). In this study, VAl had
a negative correlation with HDL-C and a positive correlation with
other biochemical parameters except LDL-C (p < 0.05). Knowles
et al. stated that VAl was associated with all components of MetS,
and a strong correlation was found between hypertriglyceridem-
ia, low HDL-C and VAl in both genders, and was a good indicator
for MetS (26).

It has been found that VAl is independently associated with
MetS in the Chinese diabetic-susceptible population. Moreo-
ver, increased VAl was observed to be associated with a high-
er prevalence of MetS, and it has been reported that VAI has
predictive power in the ROC analysis (6). Similarly, a correlation
was found between VAI, and MetS in a Chinese population di-
agnosed with obstructive sleep apnea (males: AUC = 0.838;
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females: AUC = 0.826) (27). In another study conducted in a
Chinese population, it was reported that VAl was a stronger indi-
cator of MetS than BMI, especially in women (28). In a previous
study, similar results were obtained, and for each unit increase
in VAL, the risk of MetS increased 2.47-fold in men and 1.60-
fold in women (6). Also, Pekgor et al. reported that the cut-off
value for VAl was reported to be 2.205 (AUC = 0.818; sensitivity
of 75.6 % and specificity of 65.6) (1). In a study conducted in
Venezuela, the cut-off value was determined to be 1.91, which is
more similar to the cut-off value (1.61) in our study (29). On the
other hand, Amato et al. found cutoffs of 1.92 and 2.52 as MetS
indicators in different age groups (14). Due to the small sample
size in our study, age and gender specific analyses could not be
performed. In this study, although VAI had discriminatory power,
it did not have the highest value as an indicator of MetS. It was
not the strongest indicator of MetS.

In our study, DAl was found to have the highest discriminatory
power. Similarly, in a study including individuals with subcutaneous
adipose tissue hiopsy, DAI was reported as an indicator for early
prediction of adipose tissue abnormalities and metabolic disorders.
In the same study, the cut-off value for DAl was reported to be
1.065 (15). In our study, the cut-off for DAl was found to be 0.9799.

Tehrani et al. conducted a study in patients with polycystic ova-
ry syndrome in Iran, and no difference was reported in mean BMI
between the two groups (with and without MetS), but those with
MetS had a higher LAP index and a cut-off value of 33.8 (30). In
another study, it was determined that the mean of LAP index,
BMI, and WC of the MetS group were higher than those of the
control group (21). Also, in a study conducted with 768 healthy
Spanish individuals, it was reported that the LAP index had the
highest diagnostic accuracy (31). Nascimento et al. stated that
the LAP index had the highest diagnostic ability, and the cut-off
value was 37.9 (32). It has been reported that the cut-off value
of the LAP index is 34.5, and it is a better indicator than WC and
BMI in individuals with insulin resistance (33). In this study, ac-
cording to the ROC analysis, the LAP index was the second-best
index in terms of diagnosis (p < 0.001; AUC: 0.915), but the
cut-off value (44.5) was found to be slightly higher.

BRI evaluates body shape in a height-independent man-
ner (13). In this study, BRI was found to be an indicator of MetS
(AUC = 0.844; p < 0.005). Another study conducted in Peruvian
adults, it was found that BRI was correlated with BMI and WC, and
is an effective indicator for the evaluation of MetS risk (34). Simi-
lar results were reported in a German population (10). Chang et al.
stated that BMI, WC and BRI had a similar efficacy in the evaluation
of diabetes, and ABSI had the lowest predictive value (35). ABSI
was developed by using statistical principles, and is complemen-
tary to BMI (16). A positive linear relationship was found in the
DECODE study between all-cause cardiovascular disease mortali-
ty and ABSI, and a J-shaped relationship was found between BMI
and WC (36). On the other hand, in a study conducted in Iran
(n = 9555), it was determined that ABSI was less associated with
MetS and cardiovascular risk components when compared with
BMI (37). In this study, the index with the lowest value in predicting
MetS was found to be ABSI (p < 0.05; AUC = 0.606).
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One of the limitations of this study was that individuals were
recruited from a single center and sample size was relatively
small. On the other hand, since there were fewer males than
females in both the MetS and control groups, an assessment by
gender was not possible. However, according to our knowledge,
there are not many studies evaluating many indexes together.

CONCLUSION

This study evaluated the effectiveness of different indices for
determining MetS. It is thought that especially LAP index and DAl
will be appropriate to use for early detection of MetS in prima-
ry health care services. More studies with larger sample sizes
are needed to determine which parameter is most effective and
cost-effective in the evaluation of MetS.
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