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Abstract
Background: Non- alcoholic fatty liver disease includes a broad spectrum of liver tissue alterations, ranging from pure steatosis to non- alcoholic
steatohepatitis to cirrhosis. Studies demonstrated that visceral adiposity is a risk factor for pediatric NAFLD and that visceral adiposity increases
in parallel with the steatosis degree.
Aim: To determine the visceral adiposity thickness cut off points as a risk factor for the development of NAFLD in obese adolescents.
Results: No significant association was found between ALT and the ultrasonographic grades of NAFLD. No significant difference was found in
AST across the different sonographic grades of NAFLD, Significant difference was found in BMI (Kg/m?), hip circumference, waist
circumference, abdominal skin fold thickness, fat mass, visceral fat thickness, serum cholesterol and blood glucose according to the different
sonographic grades of the non- alcoholic fatty liver disease among patients. Where patients with grade 3 NAFLD had significant higher values
than patients with grade 2 NAFLD and 1 NAFLD. Patients with grade 2 NAFLD had significant higher fat mass, abdominal skin fold thickness,
waist and hip circumferences, and BMI than grade 1 NAFLD, Cut off points for visceral fat thickness is 3.55 cm for female patients and 3.9 cm for
male patients, which can be predictive of NAFLD in obese adolescents.
Conclusion: Measurements of liver enzymes alone are insufficient, and liver ultrasonography is required for early identification of NAFLD, The
expansion of visceral fat was associated with the severity of nonalcoholic fatty liver disease in obese adolescents. Visceral fat thickness above 3.55
cm for obese adolescents females and above 3.9 cm for obese adolescents males can be predictive of NAFLD.
Key words: Obese, Adolescents, NAFLD, and Visceral fat thickness
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Introduction:

Childhood obesity is a global epidemic. Rising trends in overweight and
obesity are apparent in developed and developing countries (Flynn et al.,
2006). Studies have shown the relationship between obesity and several
diseases in adult life, such as arterial hypertension, type 2 diabetes mellitus,
cancer, cardiovascular mortality, and also nonalcoholic fatty liver disease
(NAFLD) (Bugianesi et al., 2005, Ong et al., 2005).

Several studies indicate however that (30- 40)% of obese subjects
(Trombetta et al., 2005) and (28- 55)% of diabetics (Trombetta et al., 2005)
have NAFLD.

NAFLD is an emerging clinical problem among obese patients of all ages
(Federico et al., 2006). NAFLD includes a broad spectrum of liver tissue
alterations, ranging from pure steatosis to non- alcoholic steatohepatitis
(NASH) to cirrhosis (Angulo, 2002). NASH is defined by the presence of
lobular necroinflammatory activity with or without the presence or
perisinusoidal fibrosis that can evolve to cirrhosis and can be detected on liver
biopsy (Loguercio et al., 2004, Palekar et al., 2006). Differentiating between
the two is important because as many as 28% of patients with steatohepatitis,
in contrast to those with simple steatosis, may progress to cirrhosis, but the
only reliable method of differentiating them is by biopsy, which is costly and
carries risks to patients (Harrison et al., 2004). Ultrasonography (US) is a
cheap, non invasive and dependable technique to diagnose NAFLD and to
measure the visceral fat commonly used in an ambulatory care setting Saadeh
et al (2002). Visceral adiposity increased in parallel with the steatosis degree.
In another study, Sabir et al. (2001) found a stronger correlation between
visceral fat and steatosis than preperitoneal or subcutaneous fat analysed by
ultrasonography.

Studies developed by Fishbein et al. (2006) demonstrated that visceral
adiposity is a risk factor for paediatric NAFLD.

A previous study revealed that NAFLD was associated with visceral
obesity, abnormal liver function tests, an adverse serum lipid profile, insulin
resistance, and elevated blood pressure (Denzer et al., 2009).

A previous study revealed the unique association of insulin resistance and
size of the visceral depot with the risk for fatty infiltration of the liver and
development of suspected steatohepatitis in both genders (Denzer et al., 2009).
Aim Of The Study:

The aim of the study was to determine the visceral adiposity thickness cut
off points as a risk factor for the development of NAFLD in obese adolescents.

Design Of The Study
Type of the study:
Itis a case control study.
Subjects And Methods
Study Sample:

Seventy obese adolescents were recruited from the Ultrasonography Clinic
of the National Research Center. They were 48 females and 22 males. They
were included according to the inclusion criteria (BMI> 95th percentile, aged
from (15- 18) years (late adolescents)), with non alcoholic fatty liver disease
(NAFLD) diagnosed by ultrasonography.

Methods:

All patients and controls were subjected to:

1. Full medical history laying stress on:

a. Personal history: age, sex, residence.
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. Present history: onset, course, and progression.
. Past history: operations, blood transfusion, and medical conditions.

. Family history: obesity and chronic disease as: cardiovascular

complications, diabetes, and hypertension.

. Thorough Clinical Examination:

X General examination: Including:

1.

Head, neck, hands, and feet laying stress on: (acanthosis
nigricans, acne, striae and dysmorphic features).

Vital signs: Including temperature, heart rate, respiratory rate
and laying stress on blood pressure measurement (National
High Blood Pressure Education Program, 2004).

Systemic examination: Laying stress on: Cardiac, chest,
neurological and laying stress on abdominal examination:
jaundice, striae, abdominal pain, edema and hepatomegaly.
Auxology and growth assessment: Weight and height
measurement were done using Egyptian growth charts (Ghalli
et al., 2002). Waist circumference, hip circumference, mid
upper arm circumference and skinfold thicknesses (triceps,
abdominal, biceps, subscapular) (WHO, 2007) were assessed
using  standardized  equipements and  following
recommendations of the international biologcal program
(Hiernaux, J, Tanner, J, 1969)

X Investigations:

1.

Laboratory Investigations:

X Fasting lipid profile (LDL, HDL, Cholesterol,
Triglycerides) was done by colorimetric method (National
Cholesterol Education Program (NCEP), 2001).

X High sensitivity C reactive protein, (IMMAGE
immunochemistry systems, Beckman coulter INC.,
Fullerton, CA, USA))

1 Fasting blood glucose by colorimetric method.

X Fasting insulin level (Immulite serum insulin Code N:
23657505) (Matthews et al., 1985). Insulin resistance will
be assessed by homeostasis model assessment insulin
resistance index (HOMA- IR). HOMA- IR will be
calculated by the fasting blood glucose (FBG) and the
immunoreactive insulin (I): [FBG (mg/dl)xI (mU/1)]/ 405
(Mehmet et al., 2005).

X Liver enzymes (Alanine Aminotransferase (ALT),
Aspartate, Aminotransferase (AST).

Ultrasonography: All abdominal ultrasonography procedures

and measurements of visceral fat (The rectus muscle to spine

and rectus muscle to aorta distances), subcutaneous fat tissue

(The distance between skin to fat and fat to rectus muscle

interfaces) and fatty liver was performed double blinded by the

same physician specialized in diagnostic imaging using a 3.5

MHz multifrequency transducer (broad band) (SONOACEXS,

SN: BO7900012301672). Visceral fat of obese adolescents was

distributed in quartiles after ultrasound non alcoholic fatty liver

disease diagnosis (Fishbein et al., 2006).

Body composition assessment: Measuring fat% and fat free

mass was done using body fat analyzer (Taneta (T5869) SN:
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Table (4) Comparison of Body Composition Data between Patients and Controls.

10010359v) by bioelectrical impedance (Bunc, 2007).
Body composition data Patients Control P.
Results: by Tanita se- 30 MeantSD MeantSD | || Value
Table (1) Comparison of Clinical and Anthropometric Parameters between Patients and Y — —
Control group. Fat Percentage 12.28+19.032 4.79£8.015 2.970 0.001*
Patients Control . P Val Fat Mass 43.99+12.978 9.42+6.841 19.716 | 0.001*
. ue
Mean+SD Mean+SD Fat Free Mass 15.58951+59.4929|14.87113442.0500| 7.981 |0.001*
Age 16.43+1.399 | 16.83+1.370 | 10.983 | 0.46 Independent Samples Test
Systolic blood pressure 115.07417.120 | 100.20213.559 | 1805 | 0.001¢ From table (4) it can be seen that patients have significantly higher fat
(mmhg) - - ' ' percentage, fat mass, fat free mass than control subjects (P< 0.05).
Blood Pressure | Diastolic blood pressure 7271511569 | 65.04¢10740 | 391 | 0.001* Table (5) Comparison between Patients and Controls Regarding Laboratory Data.
(mmhg) T o ' ' Laboratory Data Patients Control . P.
aporato: al
BMI (Kg/m?) 38.09+5.493 | 19.65£3.763 | 3.084 | 0.001* w MeantSD Mean+SD Value
Waist Circumference 106.67412.95 | 712341256 | 16907 | 0.001* Fasting blood glucose (mmol/L) |  95.31+16.644 91.53£9.705 1.644 | 0.102
(Cm) o T ] ] Fasting serum insulin (mmol/L) |~ 21.03+12.387 39441306 |11.476]0.001*
Hip Circumference (Cm)| 123.20+9.48 | 89.77+10.78 | 19.487 | 0.001* Homa- Ir 4.9743+3.09705 0.8888+0.30631 |10.983]0.001*
Waist To Hip Ratio |0.8671%. 09074/ 0.7953£12320 | 3.929 | 0.001* CRP (ng/ml) 640.53+286.995 177.68+46.277 113.227]0.001*
Mid upper arm 418044245 | 25794854 | 3.093 | 0.002* AST (mg/dl) 25.19+11.379 24648302 | 0322 | 0.748
circumference (cm) ALT (mg/d)) 22.23+11.840 14.0746.783 | 5.002 |0.001*
T T;{"fg skinfold | ces | 15706831 | 13.276 | 0001 Triglycerides (mmol/L) 12349£69.631 | 80.36x46.889 | 4.298 |0.001*
Dp thickness (m) Cholesterol (mmol/L) 174.69434601 | 160.13+27.618 | 2.751 | 0.001*
ata [Bi kin fold thickn
oeps s '(‘ 0) I a7a57.02 | 12308672 | 12790 | 0.001% LDL (mmol/L) 10339833914 | 98.58£30.172 | 0.885 | 0.378
mm,
Abdominal skin fold HDL (mmol/L) 46.77£19.063 49.00£20.601  |-0.664-| 0.508
inal sk
i 33.95+8.07 15.1247.74 | 14.093 | 0.001* Independent Samples Test, Insulin level: (normal value= (0.7- 0.9)mmo; /1),
thickness (mm) Insulin resistence at HOMA- IR> 3.16, FPG= fasting plasma glucose; HDL= high- density
Suprailiac Skin Fold R lipoprotein; LDL=1 ow density lipoprotein; HOMA- IR test (Homeostasis Model
Thickness (M) 19174597 | 8.66+443 | 11.828 | 0.001 Assessment)= [fasting insulin (TU/ ml) fasting glucose (mmol/1) ]/ 22.5: CRP= C reactive
" ot skin ford protein: AST= aspartate transaminases: ALT= alanine transaminases
uD scapular skin 10! . . . .
Thidl:ness () 35.9046.74 | 14.97+7.48 | 17.395 | 0.001* From table (5) it can be seen that patients have significantly higher values

Independent Samples Test, BMI= body mass index; BP= blood pressure;
WHR= waist: hip ratio.

In table (1) it can be seen that patients have significantly higher systolic
blood pressure, diastolic blood pressure and greater anthropometric

measurements than control subjects (P< 0.05).
Table (2) Sex Distribution in Patients and Control.

PatientsNo. (%) | Control No. (%) X P
Male 48 (68.5%) 45 (64.2%)
Female 22 (31.5%) 25 (35.8%) 0.097 0.755
Total 70 (100%) 70 (100%)

From table (2) it can be seen that sex distribution in patients is 48 (68.5%)
males and 22 (31.5%) females, while in control subjects is 45 (64.2%) males

of fasting serum insulin, HOMA- IR, CRP, ALT, triglycerides, cholesterol and

lower HDL value than the control group (P< 0.05).
Table (6) Comparison between Patients and Controls Regarding Ultrasonographic Data.

Ultrasonographic Data
Patients Control
t [P. Value
Mean+SD MeantSD
Subcutaneous fat thickness (cm) 3.04+0.962 1.15£0.530 14.372{ 0.001*
Visceral fat thickness (cm) 4.77+16.16 3.23+2.126 4.82310.001*
Independent Samples Test

From table (6) it can be seen that patients have significantly higher visceral

and subcutaneous fat thickness than the control subjects (P< 0.05).
Table (7) Comparing Anthropometric, Laboratory and Body Composition Data of Patients
with Different Grades of Non- alcoholic Fatty Liver Disease

. .. . Gradel NAFLD | Grade2 NAFLD | Grade3 NAFLD
and 25 (35.8%) females with no significant difference. Mean#SD Mean+SD Mean+SD
Table (3) Clinical Characteristics in Patiens o o 07 P Value
F— No. %) No. (%) No. (%)
pe— o 40(57.1%) 16 22.8%) 14.20.1%)
Percentiles (BMI) v o (74'20/“) BMI (Kg/m) 363264992 | 37241745 | 44.68£5460 | 0.000°
'th< .
- 24(2430/“) Hip Circumference (Cm) | 1209249802 | 1222945676 | 1313848392 |0.002*
€S 7,
Waist Circumf 0.000*
Hepatomegally No 16 65.1%) s EICC") T | 10230411964 | 1092449344 | 116.7479.867
m
Yes 57 (81.4%) ——
Splenomegally Biccps Skin Fold 253546040 | 301147963 | 28857324 | 0.008*
No 13 (18.6%) Thickness T T T )
. Yes 30 42.8%) Abdominal skin fold i
Acanthosis - : 3156£8.082 | 36.13£6688 | 3846£7401 |0.010
No 40 (57.2%) thickness (mm)
e Yes 18 (25.7%) Fat Mass 4018+11743 | 440747211 | 55621599 |0.001*
No 52 (74.3%) Fasting blood glucose "
9402412721 | 90.18£12660 | 106.00426.204 |0.025
Total 70 (100%) (mmol/L)
Chi- Square Tests Cholesterol (mmol/L) | 177.48+30.157 | 156.82440231 | 189.46+32498 | 0.025"

From table (3) it can be seen that frequency distribution of the patient
subjects according to clinical characteristics showed that 25.8% of the patients
had BMI< 95th< 97th percentiles while 74.2% had BMI< 97th percentiles,
24.3% of the patients had splenomegally, 42.8% of the patients had acanthosis
and 25.7% of the patients had striae.

Non alcoholic fatty liver disease, One Way Annova, BMI= Body Mass Index
From table (7) it can be seen that BMI, hip circumference, waist
circumference, biceps skin fold thickness and abdominal skin fold thickness are
statistically significant according to different sonographic grades of NAFLD
(P< 0.05). None of the other parameters is statistically significant.
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Table (10) Comparison Between Male And Female Patients Regarding Body Composition

Chi- Square Test
From table (8) it can be seen that splenomegally is significantly more
prevalent in the female patients compared to male patients. While the other

parameters show no significant difference.
Table (9) Comparison between Clinical and Anthropometric Parameters of Male and Female

O Male G Female Parameters.
48.00% -
50% - 45.00% Body composition data Male Female ¢ b val
. Value
by Tanita sc- 30 MeantSD MeantSD
40% 1 Fat Mass 38.2847.78 46.61414.07 | 2435 | 0.02*
Fat Percentage 1104.43+1626.50 | 1286.42+2036.50 | -0.367 | 0.693
30% 4 25.00% N
22.00% Fat Free Mass 72.2364+20.38988 | 53.6521+7.75741 | -2.593 | 0.001
F
20% 1 7 / Independent Samples Test
From table (10) it can be seen that female patients have significantly higher
10% / fat mass and male patients have significantly higher fat free mass (P< 0.05).
A A Table (11) Comparison between Male and Female Patients Regarding Laboratory Data
0% ) ' Lab D Male Female b Val
Case Control aboratory Dar Mean+SD Mean+SD ! S
Figure (1) Sex distribution in cases and control. Fasting blood glucose (mol/L) 95.05£12.07 95.44£18.48 | -0.091 | 0.916
Table (8) Comparison between Clinical Characteristics of Male and Female Patients. Fasting serum insulin (mmol/L) | 21.14+15.17 20.98+11.07 0.049 | 0.966
2
Female Male X" | PValue Homa- Ir 49294%3.7138 | 4.9949+2.8138 | -0.081 | 0.942
<95th<97 8(16.7% 29.1%
Percentiles (BMI) ( :) ¢ (;) 0707 | 0488 CRP 540.53286.995 | 580.68+46277 | 8.227 | 0.33
<97th 4083.3%) | 20(90.9%) ALT (mg/dl) 26.27+10.60 20.38+12.02 | 1.975 | 0.044*
Yes 19 (40.4% 522.7%
Hepatomegaly (_ aa) (22.7%) 2060 | 0183 AST (mg/d)) 27.59+14.22 24.08£9.79 | 1.201 | 0.303
No 28(59.6%) | 17(77.3%) Cholesterol (mmol/L) 164.23+37.26 179.48+32.60 | -1.737 | 0.107
Yes 45(93.8% 12 (54.5% i i .
Splenomegally 93.8%) (54.5%) 15333 | 0001 Triglycerides (mmol/L) 145.00£99.81 113.63+48.48 | 1.777 | 0173
No 3(6:2%) 10 (45.5%) HDL (mmol/L) 40.50+14.32 49.65£20.37 | -1.898 | 0.035*
Yes 24 (50.0% 6(27.3% .
Acanthosis (50.0%) @3% | e | ous LDL (mmol/L) 95.46136.49 107.02432.42 | -1.330 | 0.211
No 24 (50.0%) 16 (72.7%) Independent Samples Test, HDL= high- density lipoprotein; LDL=I ow density lipoprotein
Yes 11 02.9%) 7061.8%) HOMA- IR test (Homeostasis Model Assessment) = [fasting insulin (IU/ ml) fasting glucose
Striae - . 1.810 0.357 (mmol/1)]/ 22.5: CRP= C reactive protein: AST= aspartate transaminases: ALT= alanine
No 37(71.1) 15(68.2) transaminases.

From table (11) it can be seen that male patients have significantly higher
levels of serum ALT and lower levels of serum HDL than female patients (P<
0.05). While female patients showed a tendency to higher serum cholesterol,
LDL, insulin and HOMA- IR with no significant difference.

Patients Table (12) Comparison Between Both Male And Female Patients
Male Female Regarding Ultrasonographic Data.
MeantsD | Meamzsp | ¢ [FVe Male Female
can cans Ultrasonographic Data t [P. Value|
Clinical D. Systolic blood pressure 2341508 | 1115641695 | 1.805 | 0.001* Mean£SD Mean+SD
atDaa (mmhg) e R ' ' Subcutanous fat thickness (cm) 2.66%0.85 3.21£0.97 -2.409 | 0.020*
BMI (Kg/m’) 36.2913.44 38.9246.07 -1.897 | 0.001* Visceral fat thickness (cm) 492+1.72 4.29+1.37 1.539 | 0.139
Waist Circumference (Cm)| 111.09£12.26 | 104.65+11.82 | 2.065 | 0.040* Independent Samples Test
Hip Circumference (Cm) | 12023+6.60 | 124.56+10.31 | 1.805 | 0.038* From table (12) it can be seen that female patients have significantly higher
WHR 0.9244:+0.09488 | 0.84090.07632 | 3.933 | 0.001* |  subcutaneous fat thickness than male subjects while there is no significant
AMid :PP“ am 36234493 | 4435¢5112 | 0741 | 0.281 difference in the visceral fat thickness.
clrenmference () Roc Curve: Visceral fat of obese adolescents was distributed in cut- off
Triceps skin fold thickness ) ) ) o
Anthropometriq (m) 30024571 32412554 | -1.660 | 0.109 | values using a Receiver Operating Characteristic Curve ROC curve. ROC
Data Subscapular skin fold curve was used to determine a cut- off that suggested the best accuracy of the
i 34.50£7.08 36.54+6.55 | -1.180 | 0.259 . o .
thichness (mm) visceral adiposity the computed risk score values to development the
Biceps skin fold thickness 28.41+7.60 2658+6.74 | 1.013 | 0.339 nonalcoholic fatty liver (NAFLD) given as area under the curve (AUC) and
(mm) . ) .
- 95% confidence interval (CI). An AUC of 1.0 is characteristic of perfect
Abdominalskinfold ) 65 | s2s0esa0 | 2137 | 023
thickness (mm) e U ' ) discrimination, whereas an AUC of 0.5 indicates chance discrimination. In
Suprailiac skin fold 1 - iti itivity) 1 i -
upr‘a iac skin fol 17.8945.85 10764599 |-1210| 0225 ROC analysis, the true- positive rate (sensitivity) is plotted against the false
thickness (mm) positive rate (1- specificity) across a range of values from the diagnostic test.

Independent Samples Test, BMI= body mass index: WHR= waist: hip ratio.

From table (9), it can be seen that male patients have significant higher
systolic blood pressure, waist circumference, abdominal skin fold thickness
and waist/hip ratio than female patients (P< 0.05), also it can be seen that
female patients have significant higher BMI and hip circumference than male
patients (P< 0.05), and no significant difference in the other anthropometric

parameters.
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This provides an estimate of the cut- off that corresponds to the best tradeoff
between sensitivity and 1- specificity (i.e., minimal false negative and false-
positive cases), suggesting the NAFLD. The decision threshold for the best
tradeoff is the criterion value with the highest accuracy that maximizes the
sum of the sensitivity and specificity. One index reflecting the overall accuracy
of the diagnostic test derived from an ROC analysis is the area under curve
(AUQ)
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ROC curve

1- Specificity
™

T T T
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Diagonalsegments are producedby ties
Fig (2) Cut- off of visceral fat thickness for male patients is 3.9 cm,
sensitivity 73% specificity 76%, Area under curve (AUC) 0.79

L0 T Sensitivity ROC curve
|///
0.8 ] /—/
0.6 ] /
0.4
0.2
1- Specificity
0.0
0.0 0.2 0.4 0.6 0.8 1.0

Diagonalsegments are producedby ties
Fig (3) Cut- off of visceral fat thickness for female patients is 3.55 cm,
sensitivity 72.9% specificity 80% Area under curve (AUC) 0.83

Discussion:

NAFLD is a global public health problem. The prevalence of NAFLD is
increased in first- degree relatives of individuals with NAFLD, particularly if
they are obese, (Schwimmer et al., 2009) and this suggests a potential cascade
of population risk. Serum alanine aminotransferase (ALT) levels are frequently
used to define NAFLD (Ruhl& Everhart, 2003; Booth et al., 2005;
Schwimmer et al., 2008); however, ALT is relatively insensitive and
nonspecific for NAFLD (Bedogni et al., 2005).

NAFLD comprises a disease spectrum ranging from simple steatosis to
steatohepatitis (NASH), with varying degrees of inflammation and fibrosis,
progressing to end- stage liver disease with cirrhosis (Loomba et al., 2009).

The aim of the present study was to determine the visceral adiposity
thickness cut off points as a risk factor to develop NAFLD in obese
adolescents.

Seventy obese adolescents were included. They were recruited from the
ultrasonography clinic of the national research center; their age ranged from
(15- 18) years. Seventy age and sex matched control subjects were also
included for comparison.

The enrolled subjects were subjected to full history taking, general
examination, anthropometric measurements, laboratory and ultrasonographic
evaluation

In agreement with other more recent studies (Ayonrinde et al., 2011,
Santomauro et al., 2012; Alp et al., 2013; Anna et al., 2013), the present study
shows that when comparing patients to controls that patients had significantly
higher serum insulin (3.94+ 1.306 versus 21.03+ 12.387, p= 0.001), HOMA-

IR (0.8888+ 0.30631 versus 4.9743% 3.09705, p= 0.001), higher ALT (14.07+
6.783 versus 22.23% 11.840, p= 0.001), higher triglycerides (80.36+ 46.889
versus 123.49t 69.631, p= 0.001), higher cholesterol (160.13% 27.618 versus
174.69% 34.601, p= 0.001), lower HDL (49.00% 20.601 versus 46.77+ 19.063,
p= 0.001), higher systolic blood pressure (115.07+ 17.120 versus 100.24+
13.559, p= 0.001) and diastolic blood pressure (65.04+ 10.740 versus 72.71+
11.569, p=0.001)

It has been reported that the typical obese adolescents with NAFLD will
usually manifest several components of metabolic syndrome as lipid
abnormalities, hypertension and glucose metabolism alteration (Duarte et al.,
2011, Montazerifar et al., 2014)

In agreement with other more recent studies (Ayonrinde et al., 2011;
Santomauro et al., 2012; Alp et al., 2013; Anna et al., 2013), the patients of the
present study when compared to the control group had significantly higher
visceral fat thickness (3.231 2.126 versus 4.77+ 16.16, p= 0.001) and higher
subcutaneous fat thickness (1.15+ 0.530 versus 3.04% 0.962, p= 0.001),

A recent study by Ayonrinde et al. (2011) has been suggested that visceral
adiposity is more influential than body mass index in predicting fatty liver
disease (Ayonrinde et al., 2011). Accordingly, D"amaso et al. (2008)
demonstrated that the group of adolescents with NAFLD presented
significantly higher values of BMI, visceral and subcutaneous fat, insulin, and
HOMA- IR in both genders, comparing with non- NAFLD patients.

There has been increasing interest in the last few years in the role of
visceral adipose tissue and NAFLD. In fact, studies have shown that visceral
adipose tissue, originally considered a passive depot for energy storage, is able
to secrete a variety of substances that regulate metabolism and inflammation,
also participating in the pathogenesis of NAFLD (D"amaso et al., 2008; Petta
etal., 2012).

In agreement with other more recent studies (Ayonrinde et al., 2011,
Santomauro et al., 2012; Alp et al., 2013; Anna et al., 2013, Montazerifar et
al., 2014), the present study demonstrated that patients had significantly higher
ALT than the control group (14.07+ 6.783 versus 22.23+ 11.840, p= 0.001).

Clinical studies showed that ALT levels are sensitive in the detection of
NAFLD and have also been associated with an increased risk of metabolic
syndrome, diabetes mellitus, and cardiovascular disease (Gonz’alez- Gil et al.,
2009; Takahashi and Fukusato, 2010). Another study mentioned that
unexplained alanine aminotransferase (ALT) elevation is a frequently used
surrogate for the presence of NAFLD in children and adults (Devadason and
Scheimann, 2012).

The present study showed significant difference of BMI across the different
sonographic grades of NAFLD, where patients with grade 3 NAFLD had
significantly higher BMI than grade 1 and 2 NAFLD. It was suggested that
BMI measurement is helpful for evaluation of NAFLD (Fassio et al., 2004;
Rocha et al., 2005) Several studies showed that BMI is predictor of NAFLD
severity and was significantly higher in the patients with fatty liver (Novakovic
etal. 2013 Abangah et al., 2014).

In contrast to the present study which showed no significant difference in
AST across the different sonographic grades of NAFLD, other studies
(Abangah et al., 2014) showed that AST had a prediction role in the severity of
disease and U. S grade. However, other studies showed that it has not been a
reliable finding, because AST level changed in many conditions such as
systemic disorder (Kotronen et al., 2010; Ye er al., 2010).
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In agreement with the present study, another study by Abangah et al.
(2014) could not find any significant association between ALT and the grade
of U. S (Abangah et al., 2014).

In contrast to the present study which showed no significant difference in
ALT, HOMA- IR, triglycerides, HDL across the grades of NAFLD, Chen-
Chung Fu et al (2009) showed significant difference of these parameters. In
contrast to the present study Chen- Chung Fu et al. (2009) suggested that the
higher ALT, HOMA- IR, cholesterol, triglyceride and lower HDL- C as the
severity of fatty liver increased indicates that a higher ALT and degree of
abnormal lipid levels are predictive of severe NAFLD graded by ultrasound.
This indicates that an increased severity of obesity causes more fat to be
accumulated in the liver, resulting in more severe NAFLD, also other
researchers showed that elevated ALT is a predictor of NAFLD (Bellentani et
al., 2000, Chan et al., 2004, Fishbein et al., 2006). Another recent study
supported that elevated aminotransferases have been correlated with the
presence of hepatic fat on imaging (Ghamar- Chehreh et al., 2012, Anna et al.,
2013). Another study mentioned that serum ALT is not sensitive enough to
detect low levels of hepatic fat accumulation, and heavy fat infiltration is
required for abnormalities in serum aminotransferases to occur (Lai et al.,
2002).

In agreement with the present study Ayonrinde et al. (2011) suggested that
there were significant difference in visceral fat thickness across the
sonoggraphic grades of NAFLD (Ayonrinde et al., 2011).

The present study found that visceral fat to be associated with the severity
of hepatic steatosis. Conventionally, visceral adiposity is considered to be more
important than subcutaneous adiposity with respect to the risk of NAFLD
(Fishbein et al., 2006; Damaso et al., 2008; Fan& Farrell, 2008).

The visceral fat cut- off points found were 3.5 cm for the girls and 3.9cm
for the boys. The statistical power of the adjusted model employed was
demonstrated by the high- sensitivity values obtained for the girls and boys
(72.9% and 73%), resp. the specificity of the adjusted model was 80% for the
girls and 76% for the boys.

Another study detected that the visceral fat cut- off points were 4.47 cm for
the girls and 4.21 cm for the boys with high- sensitivity values obtained for the
girls and boys (78.9% and 50.0%) resp., the specificity of the adjusted model
was 74.3% for the girls and 70.0% for the boys (Anna et al., 2013).

A previous study demonstrated that each 1 cm increase in visceral
adiposity, when evaluated by abdominal ultrasonography, was associated with
a 2- fold greater risk of NAFLD in obese adolescents (D"amaso et al. 2008).
Conclusion:

So from the results of the present study it can be concluded that:

1. Measurements of liver enzymes alone are insufficient, and liver
ultrasonography is required for early identification of NAFLD.

2. The expansion of visceral fat was associated with the severity of
nonalcoholic fatty liver disease in obese adolescents. Visceral fat thickness
above 3.55 cm for obese adolescents female patients and above 3.9 cm for
obese adolescents male patients can be predictive of NAFLD.

Recommendations:

1. Liver ultrasonography should be introduced as part of the routine
procedure required for early diagnosis of NAFLD complementary to
laboratory investigations as measurements of liver enzymes alone are

insufficient to allow the detection of NAFLD at an early stage. We

(Cut Off Values Of Visceral Adiposity...)
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recommend the use of ultrasonography for assessment of visceral fat
thickness as it is a noninvasive, cheap, accurate, safe and convenient for
follow up

2. Use of the developed cut off points for visceral fat thickness which is 3.55
cm for female patients and 3.9 cm for male patients as determined by the
ROC curve, which can be predictive of NAFLD in obese adolescents.
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