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Abstract

Obesity has become a serious health issue worldwide. There is much evidence that obesity among adolescents
contributed to worsening blood biochemical profile that leads to development of many non-communicable
diseases. Therefore, the aim of this study was to evaluate the predictive value of some central obesity
anthropometric indicators to metabolic risk factors in the Syrian male adolescents. A cross-sectional study of a
randomly selected sample of 2064 apparently healthy Syrian males’ adolescents from Damascus city, Syria,
aged 18 to 19 years was performed. Waist circumference (WC) and hip circumference (HC) were measured,
and waist-to-hip ratio (WHpR) and waist-to-height ratio (WHtR) were calculated. Blood pressure (BP) was also
measured. Serum fasting blood sugar (FBS), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), total
cholesterol (Chol) were determined. The metabolic risk factors components were defined according to the
national criterion. A receiver operating characteristics (ROC) curves were drawn to determine appropriate
cut-off points of the WC, HC, WHpR and WHtR for defining the performance of these measurements as
predictors of metabolic risk factors. The obtained data showed that BP and overall concentrations of TG, Chol
and TG/HDL were significantly (p<0.05) increased with increasing WC, HC, WHpR and WH{R values. Based on
ROC calculation for the measured anthropometric indicators and some metabolic syndrome (MetS) risk factors,
the best WC HC, WHpR, WHtR cut-offs values were ranged between 73.15 - 79.90 cm, 93.75 - 101.10 cm,
0.80 - 0.81, and 0.43 and 0.47, respectively. These cut-off values were lower than the values recommended by
the WHO. In conclusion: A significant association between the studied anthropometric indicators and the MetS
components has been demonstrated. The best cut-offs of these indicators were defined. These cut-off values
were lower than the values recommended by the WHO. Our results indicating that WC, WHpR and WH{R could
be better predictors of MetS risk factors in Syrian adolescents.
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Introduction

Obesity has become a serious epidemic
worldwide, estimated to be the fifth leading cause of
death at global level, causing approximately 64 million
deaths in 2015, 64% of those result from chronic illness
unless urgent action is taken [1-5]. Moreover, the
obesity in children and adolescents is also a major
health issue, and its prevalence is increasing rapidly,
mainly in developing countries. The International
Obesity Task Force (IOTF) has stated recently that at
least 500 million school children aged 5-17 years old
are overweight or obese. Obesity is one of the Mets
components which is a cluster of cardiovascular disease
(CVD) risk factors including central obesity, diabetes,
high serum cholesterol, high serum triglyceride, and
high blood pressure [6]. It is well established that this
syndrome leads to reduce the quality of life and
premature death [7]. The association between the MetS
and adolescents obesity has been reported in many
published data [3]. Obesity plays an essential role in
the MetS through worsening of blood biochemical
profile that leads the development of many
non-communicable diseases such as CVD, diabetes, and
stroke. There is an increasing evidence that the obesity
and MetS among adolescents is associated with a
number of health adverse consequences in adulthood
such as type 2 diabetes mellitus and CAD [8-10]. The
atherosclerosis process starts at an early age is linked
to obesity and other components of MetS in
childhood [11]. The association between childhood
obesity and cardio-metabolic risk factors, i.e. abdominal
obesity, glucose disorders, dyslipidaemia and
hypertension in adolescents have been evaluated
through many studies and substantial links have been
shown [12]. Also, studies have demonstrated that
increased body mass index (BMI) in adolescents has a
significant link with type 2 diabetes mellitus and CVD
incidence in adulthood [8, 13].

There are other studies indicated that central
obesity (abdominal obesity) in which fat accumulates in
the abdominal cavity and around the viscera is
associated with a much higher risk for CVD, stroke, and
type-2 diabetes mellitus in adolescents than just excess
accumulation of fat in the subcutaneous tissue [14-21].
This type of fat is more metabolically active than
subcutaneous fat and has been shown to have more
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adverse health consequences than overall obesity.
Evidences suggest the importance of measuring central
obesity besides overall obesity for the evaluation of
health risks in the first decades of life [22]. In addition,
recent published data indicated that the percentage of
patients who presented with Mets risk factors has
almost doubled in the last ten years [23]. Therefore, it
is highly urgent to develop valid and simple methods for
identifying individuals with Mets mainly at a younger
ages. Central obesity is measured by various
anthropometrics methods such as WC, WHpR and
WHtR, which is the main component of the
MetS [19, 24-25]. The relative risk for CVD and the
(MetS) increases significantly with increasing the central
obesity, defined as WC larger than 102 cm for men and
88 cm for women [26]. Also, several studies have
proposed the use of WHpR for central obesity
measurement indicated value ranging from 0.85 to 0.95
in men, and from 0.80 to 1.18 in women [27]. Recently,
WHLR has been proposed as another simple index to
measure the central obesity and a cut off value >0.5
was suggested for defining the obesity in children and
adults [28]. This cut-off value was found to be strongly
associated with cardiovascular risk factor [29]. It must
be highlighted that the association between central
obesity as accessed by the WC, and arterial blood
pressure, has been largely reported in the adult
population. However, until now, the predictive value of
WC related to blood pressure levels has not been
suggested for children and adolescents [30].
Meanwhile, prediction values for anthropometrics
indicators were also not determined in the Syrian
adolescents. Therefore, the aim of this study was to
evaluate the predictive value of some central obesity
anthropometric indicators such as the WC, HC, WHpR
and WHtR, to MetS risk factors including BP, Chol, LDL,
HDL, TG, and FBS.

Materials and Methods
Participants

A cross-sectional study consisted of sample of
2064 healthy adolescents aged 18 to 19 years from
Damascus city, Syria, was performed. All participants
underwent a brief clinical examination to exclude those
with clinical history of chronic diseases including
cardiovascular, renal, hepatic, or any abnormalities
might affect body composition. Subjects were asked to
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abstain completely from consuming food and drink 12
hours before visiting the testing field. All anthropometry
measurements and blood sampling were completed
during a single visit to the testing area. The study
protocol was approved by the scientific research and the
ethical committee of the Atomic Energy Commission of
Syria (AECS). Each participant provided informed
consent prior to participation after a detailed explanation
of the study protocol. This study was performed in
accordance with guidelines prescribed by Helsinki
declaration of the world medical association

Anthropometry Measures

Anthropometric measurements include weight;
height, HC, and WC. Body weight was measured to the
nearest 0.1 kg using a calibrated electronic scale (Seca,
Model: 7671321004; Germany; D=0.05 to 0.1 kg) and
height was measured to the nearest 0.1 cm using a
well-mounted stadiometer (Seca, Model: 225 1721009;
Germany). Subjects were measured barefoot in light
underwear. WC was measured in midway between the
lateral lower rib margin and the iliac crest. HC was
measured at the levels of the trochanters, through the
pubic symphysis. Measurements were performed to the
nearest millimeter using a non-stretchable tape over the
unclothed body. Three measurements were made and
the mean expressed in cm used for analysis. WHpR was
obtained by dividing WC by HC. WHtR was obtained by
dividing WC by Ht.

Biochemical and Clinical Tests

The main metabolic syndrome risk factors and
some clinical important parameters were included in this
study. Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured in adolescents in a
sitting position after rest using a mercury
sphygmomanometer. Blood samples were collected from
all participating adolescents after 12 hours of overnight
fasting. Serum was separated by centrifugation. Serum
glucose (GOD-PAP method, Human Co.), cholesterol
(Chol), low density lipoprotein cholesterol (LDL-C), high
density lipoprotein cholesterol (HDL-C), (CHOD-PAP
method, Human Co.), triglycerides (TG) (GPO-PAP
method, Human Co.), fasting blood sugar (FBS, Human
Co.) were determined using commercial kits. Hematocrit
(Ht), and hemoglobin (Hb) were measured using
routine methods.
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Biochemical, Clinical, and Overweight/obesity Cut-off
Values

The normal range for each studied metabolic
component was defined using national criterion as
follows: SBP (90-135 mm Hg); DBP (60-89 mm Hg);
FBS (65-110 mg/dl); TG (25-200 mg/dl); Chol (50-200
mg/dl); HDL-C (40-75 mg/dl); LDL-C (less than 155 mg/
dl); Ht (40-45 mg/dl); Hb (13-18 g/dl) [18]. TG/HDL-C
(less than 3) [19]. Overweight and obesity were defined
as a participant with WC >94 cm and >102 cm as
overweight and obese, respectively [20]. The
participants with WHpR >0.90 or WHtR ratio of
>0.5were classified as obese [20].

Statistical Analysis

Statistical analyses were performed using the
Statistical Package for Social Science SPSS for windows
(Version 17.0.1, 2001, SPSS Inc., Chicago, USA).
Continuous variables were expressed as meanzSD,
whereas categorical variables were represented by
frequency and percentage. Student's T test in SPSS was
performed to determine the statistical significance. The
P value of less than 0.05 was considered statistically.
Receiver operating characteristics (ROC) curve was
drawn to determine appropriate cut-off points of the
WC, WHpR, WHtR for defining overweight and obesity.
The area under curve (AUC) with 95% confidence
interval (CI) values provided an indication of the
performance of WC, WHpR, WHtR as predictors of
health risk [21, 22].

Results

The mean values (mean +£SD) of measured
MetS components for 2064 adolescents participated in
the current study were as follows: SBP (123.43+ 14.55
mm Hg), DBP (74.40% 10.72mm Hg), FBS (89.49+ 8.53
mg/100 ml), TG (91.84f 44.06mg/100 ml), Chol
(136.36+ 33.04mg/100 ml), HDL-C (57.11+ 5.63mg/100
ml), LDL-C (62.04+ 29.34mg/100 ml), and TG/HDL-C
(1.61+£0.78). The mean values of MetS risk factors in the
studied group of Syrian adolescents by WC categories
classified according to the weight status values are
illustrated in table 1. As shown in this table DBP, Chol,
TG, and TG/HDL-C were significantly (p<0.05) higher in
overweight and obese subjects in comparison to normal
weight subjects. Meanwhile, SBP and FBS were
significantly (p<0.05) higher in obese subjects than in
normal participants, and LDL-C was significantly higher
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-Table 1. The mean of MetS risk factors in the studied group of Syrian adolescents by WCI
| categories classified according to the weight status. i
1

Normal Overweight Obesity
Characteristics (N=1938) (N=87) (N=39) LSD 5%

<94 cm 94-102 cm >102 cm
SBP (mm Hg) 123.1+14.6° | 125.8+14.0%® 128.3+13.6° | 14.55
DBP (mm Hg) 74.2+10.7° 77.4+11.4% 80.0+9.1°¢ 10.72
FBS (mg/100ml) 89.3+8.52 91.0+7.82° 93.8+7.4" 8.53
TG (mg/100ml) 89.6+41.5° 118.9455.9° 142.1477.7¢ | 44.06
Chol (mg/100ml) 135.5+32.7% | 151.4+36.7°¢ 145.8+31.4% | 33.04
HDL-C (mg/100ml) 57.1+5.6° 56.8+5.6° 57.245.7°2 5.63
LDL -C (mg/100ml) 61.6+29.32 71.7429.5° 61.7£30.4% | 29.34
TG/HDL 1.57+0.13° 2.13+£1.07° 2.50+1.40°¢ 0.78

1

I (MetS): metabolic syndrome; (WC): Waist circumference; (N): number of subjects; (LSD): ,
1 lower slandered deviation; (SBP): Systolic blood pressure; (DBP) diastolic blood pressure,:
1 (FBS): fasting blood sugar; (TG): triglycerides; (Chol): cholesterol; (HDL-C): high den5|ty|
.I|poprote|n cholesterol; (LDL-C): low density lipoprotein cholesterol;. l

WHpPR WHtR

Characteristics Normal Obesity o Normal Obesity p

(N=1973) (N=91) value (N=1784) (N=280) value

<0.9 >0.9 <0.5 >0.5

SBP (mm Hg) 123.1+14.5° 127.6+£14.5° | 0.004 122.8+14.5° 126.7+£14.3° | 0.000
DBP (mm Hg) 74.3+10.7° 77.8+10.6° 0.002 73.9+10.6° 77.8410.9° 0.000
FBS (mg/100ml) 89.5+8.5° 90.8+8.9° 0.242 89.3+8.5° 91.048.3° 0.002
TG (mg/100ml) 90.5+42.4° 120.8464.7° | 0.000 | 88.5+40.9° 112.9456.4° | 0.000
Chol (mg/100ml) 136.0+£32.9° 143.2434.6° 0.043 134.6+32.2° 147.8435.8° 0.000
HDL-C (mg/100ml) 57.1%5.7° 58.0%5.2° 0.124 57.1+5.7° 57.4+5.6° 0.400
LDL-C (mg/100ml) 62.0+£29.4° 62.8+28.1° 0.805 61.0£29.0° 68.5430.9° 0.000
TG/HDL 1.60£0.75% 2.12+1.36° 0.000 1.56£0.72° 1.9841.02° 0.000

| (MetS): metabolic syndrome; (WHpR) waist-to-hip ratio; (WHtR) waist-to-height ratio; (N): number of-
.subJects (SBP): Systolic blood pressure; (DBP) diastolic blood pressure; (FBS): fasting blood sugar; (TG): l
.trlglycendes (Chol): cholesterol; (HDL-C): high density lipoprotein cholesterol; (LDL-C): low den5|ty:
:Ilpoproteln cholesterol. !
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in overweight subjects than in normal once. However,
there was no significant differences in HDL-C value
among the three studied groups (normal, overweight
and obese). WHtR (=0.5) was found to be significantly
(p<0.05) prevalent among participants with high BP
(systolic and diastolic), FBG, TG, Chol, LDL-C and TG/
HDL-C. Also, the participants with high WHpR (=0.9)
were shown significantly (p<0.05) higher BP (systolic
and diastolic), TG, Chol, and TG/HDL-C. The results are
shown in table 2.

ROC curves analysis of the WC, HC, WHpR and
WHIR were performed for all studied MetS components.
Regarding WC, AUC predicting metabolic abnormalities
ranged between 0.37 and 0.69 and it was statistically
significant (p>0.05) for SBP, DBP, Chol, TG, LDL-C and
TG/HDL-C. The best WC cut-offs for the studied group
were 73.15, 75.25, 79.90, 75.40, 75.40 and 76.83 cm
for SBP, DBP, TG, Chol, LDL-C and TG/HDL-C,
respectively, as illustrated in table 3. AUC predicting
metabolic abnormalities of HC ranged between 0.37
and 0.71 and it was statistically significant (p>0.05) for
DBP, TG, Chol, LDL-C and TG/HDL-C. The best HC
cut-offs for the studied group were 93.75, 94.75, 94.90,
95.95, and 94.75 cm for DBP, TG, Chol, LDL-C and TG/
HDL-C, respectively, as indicated in table 4. AUC
predicting metabolic abnormalities of WHpR ranged
between 0.43 and 0.65 and it was statistically
significant (p>0.05) for SBP, DBP, Chol, TG, and TG/
HDL-C. The best WHpR cut-offs for the studied group
were 0.80, 0.81, 0.81, 0.81 and 0.81 for SBP, DBP, TG,
Chol and TG/HDL-C, respectively, as shown in table
5.AUC predicting metabolic abnormalities of WHtR
ranged between 0.44 and 0.70 and it was statistically
significant (p>0.05) for SBP, DBP, Chol, TG, LDL-C and
TG/HDL-C. The best WC cut-offs for the studied group
were 0.43, 0.44, 0.46, 0.46, 046 and 0.45 for SBP, DBP,
TG, Chol, LDL-C and TG/HDL-C, respectively, as in
table 6.

Discussion

In this cross-sectional study of Syrian
adolescents aged 18-19 years a significantly higher
values of anthropometric parameters of central obesity
as measured by WC (294 cm), WHpR (=0.9), and
WHtR (=0.5) were reported in those with high values
of the Mets components. These values tended to
increase as WC increased. These findings are in
agreement with other studies which showed a strong
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correlation of WC with most of Mets components. The
association of WC with a number of cardio metabolic
risk factors, reported in this study and in a number of
previous reports, encourage to propose to use this
parameter as a simple method of identifying those
who are at risk of developing CVD and type II
diabetes mellitus [35]. Also, many studies have
investigated the usefulness of WC as an alternative
index for central obesity as that increase in WC predicts
the risk for insulin resistance, adverse lipid profiles, high
blood pressure and metabolic syndromein
adolescents [36, 37]. While Burgos et al. [30]
demonstrated a moderate correlation among these
variables. However, Sarni et al. [38] did not find
correlation between WC and SBP or DBP in sample of
65 preschoolers of low socioeconomic status. In the
present study the data, also, suggested a relative
predictive value of WHpR, however, this value was not
as high as WC and WHtR. In some published data the
WHpR has been demonstrated a reliable predictor of
health related parameters in adults, however, this ratio
index was poor proxy central fatness in children and
adolescents [39]. Peterson et al. [40] reported that
WHpR was found to be a significant predictor of HDL-C,
total cholesterol/high-density lipoprotein cholesterol
(TC/HDL-C) ratio, and TG.

In the current criteria for metabolic syndrome,
we used a common cut-off value for the WC for Syrian
adolescents. When using this cut-off threshold, it raises
a problem in that the visceral fat area (VFA) for the
adolescents is underestimated. Therefore, different
cut-off values for the WC, WHpR and WHtR according
to the age should be considered. The results of this
study suggest that all used anthropometric indicators
(WC, HC, WHpR and WHtR) are associated with one or
more metabolic risk factors in adolescents. ROC curve
analysis indicated that, among the indicators used to
predict the presence of metabolic syndrome, DBP, TG,
Chol, LDL-C, and TG/HDL-C have showed a great area
under the ROC curve, but the TG was the index that
showed the greatest area under the ROC curve. Based
on the sensitivity, specificity, and ROC calculation, we
found that WC, HC, WHpR and WHtR have a good
accuracy for identifying adolescents with some
metabolic risks including DBP, TG, Chol, LDL-C, and TG/
HDL-C. This data suggest that, the best WC, HC,
WHpR, WHtR cut-offs ranged between 73.15-79.90 cm,
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. e . we Sensitivity | Specificity Area under
Characteristics Criteria Cutoff %% %% the curve P value
value (AUC)
SBP (mm Hg) > 135 mm Hg 73.15 54.3 51.3 0.53 0.017
DBP (mm Hg) > 89 mm Hg 75.25 53.8 62.5 0.60 0.000
FBS (mg/100ml) > 89 mg/100ml 75.75 45.8 61.3 0.48 0.738
TG (mg/100ml) > 200 mg/100ml 79.90 56.9 76.1 0.70 0.000
Chol (mg/100ml) > 200 mg/100ml 75.40 64.0 61.6 0.66 0.000
HDL-C (mg/100ml) | < 75 mg/100ml 78.05 30.0 71.3 0.37 0.143
LDL-C (mg/100ml) | < 155 mg/100ml 75.40 80.0 60.9 0.69 0.038
TG/HDL-C > 3 mg/100ml 76.85 57.9 66.7 0.66 0.000

:(AUC): area under curve; (WC): Waist circumference; (MetS): metabolic syndrome; (SBP): Systolic blood i
1

:pressure; (DBP) diastolic blood pressure; (FBS): fasting blood sugar; (TG): triglycerides; (Chol): cholesterol; (HDL:

1

:-C): high density lipoprotein cholesterol; (LDL-C): low density lipoprotein cholesterol

i Table 4. Sensitivity, specificity and AUC of cutoff values of HC in prediction of MetS risk factors for Syrian:
1
! adolescents. 1

Area under
HC Cutoff | Sensitivi Specifici
Characteristics Criteria uto ensitivity pecificity the curve P value
value % %
(AUC)
SBP (mm HQg) > 135 mm Hg 94.05 44.9 59.9 0.52 0.333
DBP (mm Hg) > 89 mm Hg 93.75 60.3 56.9 0.61 0.000
FBS (mg/100ml) > 89 mg/100ml 94.90 37.5 60.3 0.44 0.312
TG (mg/100ml) > 200 mg/100ml 94.75 65.5 61.1 0.68 0.000
Chol (mg/100ml) > 200 mg/100ml 94.90 65.3 61.3 0.67 0.000
HDL-C (mg/100ml) | < 75 mg/100ml 101.10 30.0 83.0 0.37 0.167
LDL-C (mg/100ml) | < 155 mg/100ml 95.95 70.0 64.6 0.71 0.025
TG/HDL-C > 3 mg/100ml 94.75 60.5 61.5 0.64 0.000

1 (AUC): area under curve; (HC): hip circumference; (MetS): metabolic syndrome; (SBP): Systolic blood pressure; i
1 (DBP) diastolic blood pressure; (FBS): fasting blood sugar; (TG): triglycerides; (Chol) cholesterol; (HDL-C): highi
:density lipoprotein cholesterol; (LDL-C): low density lipoprotein cholesterol
1
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e e e  ——

o o WHPR | ensitivity | Specificity | o2 Under
Characteristics Criteria Cutoff %% %% the curve | P value
value (AUC)
SBP (mm Hg) > 135 mm Hg 0.80 57.7 50.7 0.55 0.002
DBP (mm Hg) > 89 mm Hg 0.81 51.1 59.7 0.57 0.001
FBS (mg/100ml) > 89 mg/100ml 0.81 54.2 58.4 0.54 0.553
TG (mg/100ml) > 200 mg/100ml 0.81 60.3 58.8 0.66 0.000
Chol (mg/100ml) | > 200 mg/100ml 0.81 57.3 58.9 0.61 0.001
HDL-C (mg/100ml) | < 75 mg/100ml 0.77 90.0 24.1 0.43 0.461
LDL-C (mg/100ml) | < 155 mg/100ml 0.81 70.0 58.4 0.61 0.231
TG/HDL-C > 3 mg/100ml 0.81 63.2 59.5 0.65 0.000

1
:Table 6. Sensitivity, specificity and AUC of cutoff values of WHtR in prediction of MetS risk factors for Syrian |
1 adolescents. |

WHtR . e . Area under
. e . Sensitivity | Specificity P

Characteristics Criteria Cutoff the curve

% % value
value (AUC)

SBP (mm Hg) > 135 mm Hg 0.43 58.3 47.7 0.54 0.017
DBP (mm Hg) > 89 mm Hg 0.44 57.3 57.0 0.60 0.000
FBS (mg/100ml) > 89 mg/100ml 0.46 41.7 68.5 0.47 0.664
TG (mg/100ml) > 200 mg/100ml 0.46 69.0 63.3 0.70 0.000
Chol (mg/100ml) | > 200 mg/100ml 0.46 64.0 63.4 0.68 0.000
HDL-C (mg/100ml) | < 75 mg/100ml 0.47 30.0 75.0 0.44 0.499
LDL-C (mg/100ml) | < 155 mg/100ml 0.46 60.0 68.5 0.68 0.047
TG/HDL-C > 3 mg/100ml 0.45 63.2 63.9 0.68 0.000

| pressure; (DBP) diastolic blood pressure; (FBS): fasting blood sugar; (TG): triglycerides; (Chol): cholesterol; |
| (HDL-C): high density lipoprotein cholesterol; (LDL-C): low density lipoprotein cholesterol X
1
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93.75-101.10 cm, 0.80-0.81 cm, and 0.43 cm and
0.47 cm, respectively. These cut-off values of were
lower than the current definitions recommended by the
WHO [32].

However, the absolute risk currently determined
by the multiple risk factors associated with body fat and
its distribution may well reflect the phase of disease
transition in a population. Hence, the thresholds for risk
associated with WC or WHpR may vary with time. These
considerations make it difficult to specify cut-off points
on the basis of ethnicity [16,41]. Cut-off points chosen
vary considerably between countries; also, the variation
is greater for WC than for WHpR. The cut-off points
appear to be chosen based on disease risk and on hard
outcomes such as mortality [42].

Males who have WC greater than 102 cm are
considered to be at increased risk for CVD. This cut-off
point was derived from a regression curve that identified
the WC value associated with a body mass index (BMI)
>30 kg/m? in primarily Caucasian men [42]. The current
recommendation for central adiposity as recommended
by WHO WC 294 cm and a value WHpR is ranging from
0.85 to 0.95 in men [42]. However, data indicate a
lower WHpR cut-off point for Asians; for example, WC
values of 85 cm, and WHpR values of 0.90,
respectively [43]. Studies in populations of the Middle
East Region have provided WC and WHpR cut-off points
similar to those suggested for Europeans [42]. In Japan,
a WC of 80 cm has been established as one of various
cutoff points for childhood obesity disease [44].

Conclusion

Our findings indicate that central obesity as
determined by the main anthropometric indicators WC,
WHpR and WHtR have a significant association with the
major components of MetS suggesting that visceral fat
accessed by these indicators can be good predictors of
this syndrome in Syrian adolescents. Based on ROC
calculation for WC, HC, WHpR, and WHtR and some
metabolic risk factors, the best cut-offs of these
parameters were defined in this study. These cut-off
values were lower than the values recommended by the
WHO.
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