Al-Azhar University - Gaza
Deanship of Postgraduate Studies
Faculty of Science
Biology Department
Biological Sciences Master Program

Possible association between non-alcoholic fatty liver
disease and metabolic syndrome (case-control study)

By:

Suliman Khalil Abu Hasanien
B.Sc. Laboratory Medicine

Supervisors:
Prof. Dr. Abdelnasser K. AbuShahla

Dr. Nahed Al Laham

Prof. of Biochemistry

Assoc. Prof. of Medical and Molecular
Microbiology

Thesis Submitted in Partial Fulfillment of the Requirements for the
Master Degree of Science in Biological Sciences.
2016

Declaration

I hereby declare that this submission is my own work and that, to the best of my
knowledge and belief, it contains no material previously published or written by
another person nor material which to a substantial extent has been accepted for
the award of any other degree of the university or other institute, except where
due acknowledgment has been made in the text.

Signature

Date

Suliman Khalil Abu Hasanien

2016

All rights reserved: No part of this work can be copied, translated or stored in
any kind of a retrieval system, without prior permission of the author and the
supervisor.

II

Dedication
To
my great parents

To
my brothers and sisters

To
martyrs and prisoners of Palestine

To
colleagues in the Red Crescent Society for Gaza Strip

To all of them I dedicate this work.

III

Acknowledgment
All praise to ALLAH (Almighty), the Beneficent, the Merciful, without his
mercy and guidance this work and the other works never has been started nor
completed. I praise to ALLAH (Almighty) as much as the heavens and earth and
what is between or behind.
I express my sincere thanks to my supervisors:
Dr. Abdelnasser K. AbuShahla (Professor of

Biochemistry), Biology

Department, Faculty of science, Al-Azhar university – Gaza.
Dr. Nahed Al Laham, (associate professor of medical and molecular
microbiology), department of medical laboratory sciences, faculty of applied
medical sciences, Al-Azhar university – Gaza.

IV

Possible association between non-alcoholic fatty liver disease and metabolic
syndrome (case-control study)
Suliman Khalil Abu Hasanien
Abstract
Non-Alcoholic Fatty Liver Disease (NAFLD) is a pathological status, that is
defined as lipid accumulation in the cytoplasm of hepatocytes, where triacylglycerol (TG) accumulation inside the hepatocytes is the etiological factor
for NAFLD. On the other hand, metabolic syndrome is defined as a collection
of abnormalities combined with risk factors, such as obesity, lipid and
carbohydrate metabolism disorders, and arterial hypertension.
The present study aimed to find out possible association between non-alcoholic
fatty liver disease and metabolic syndrome among adult males and females in
Gaza and also to determine the prevalence of non-alcoholic fatty liver disease in
Gaza.
This is a case-control prospective study, adults who were diagnosed by a
Radiologist with (NAFLD) in center of Gaza were included in this research. The
study sample included 300 individuals (150 case, 150 healthy control), aged 3565 years. Socio-demographic and clinical data were collected by questionnaire
interview and venous blood sample were collected for biochemical analysis.
For all study subjects, serum fast blood sugar (FBS), total cholesterol,
triglyceride (TG), high density lipoprotein (HDL), low density lipoprotein
(LDL), aspartate aminotransferase (AST), and alanine aminotransferase (ALT)
were determined for overnight fasting venous blood. Body mass index (BMI),
waist circumference (WC) and blood pressure (Bp) were measured.
About two third of cases in this study who suffered of NFALD have metabolic
syndrome (66%), while none of controls have the metabolic syndrome (0.0%).
There is a significant difference between cases and control groups (χ2=147.761,
V

P< 0.001). The overall prevalence of NAFLD was 7.14% of the study
population, and it was significantly higher in women than in men (54.66 % and
45.43%, respectively). The highest percent of NAFLD cases was found in the
age group 46-55 years (41.34%), followed by 35-45 years (30%) and 56-65
years (28.7%). There was a significant difference between the monthly income,
smoking habit and food type of the cases and the controls (P=0.015, P< 0.001,
P=0.004 respectively).

More than half of NAFLD cases have significantly

increased glucose level (54.66%) and inherited Diabetes Mellitus (52.66%)
compared to controls (P < 0.001). Also, heart disease, (P< 0.001), inherited
heart disease (P=0.001), cholesterol elevation (P< 0.001), triglyceride elevation
(P<0.001), blood pressure elevation (P<0.001), inherited
elevation (P<0.001), increased

blood pressure

ALT (P<0.001) and AST levels (P<0.001).

About two-third of cases were not playing sport (66%) (P=0.001), and 76.7%
were using drugs for treatment (P<0.001). The mean value of fasting blood
glucose, cholesterol, triglyceride and low density lipoprotein in NAFLD cases
was higher than in the controls, while the mean value of High Density
Lipoprotein (HDL)in controls (52.02 mg/dl) was higher than in cases (37.70
mg/dl).
NFALD disease was found to be significantly associated with metabolic
syndrome. There was significant high number of NAFLD cases who smoke,
having high blood glucose level, inherited Diabetes Mellitus, heart disease,
inherited heart disease, high cholesterol level, high triglyceride level, blood
pressure elevation, inherited blood pressure elevation and abnormal levels of
liver enzymes AST and ALT.

Keywords: Non-alcoholic fatty liver disease; Metabolic syndrome; Prevalence;
Gaza.

VI

احتمالية وجود عالقات بين الكبد الدهني الالكحولى ومتالزمة األيض (دراسة حاله)
سليمان خليل ابو حسنين
ملخص البحث:

150

300

65 35

150

66

).(χ2=147.761, P< 0.001
7.14
54.66

45.43
55 46

45 35

30

65 56

28.7

VII

41.34

(P=0.015, P< 0.001, P=0.004 )
(P < 0.001)
(P
(P < 0.001)

52.66
(P =0.001)

54.66
(P < 0.001).

(P < 0.001)

< 0.001)
.(P < 0.001)

(P <

76.7

(P =0.001)

66
0.001)

(52.02 mg/dl)
(37.70 mg/dl)

VIII

List of Contents
Declaration

Page
ɪɪ

Copyright

ɪɪ

Dedication

ɪɪɪ

Acknowledgment
Abstract (English)
Abstract (Arabic)

ɪv
v
vɪɪ

Table of contents

ɪx

List of Tables

xɪɪ

List of Figures

xɪv

List of abbreviations

xvɪ

1: Introduction and aims of the work
1.1Overview
1.2 Problem of statement
1.3 General objectives
1.4 Specific objectives

1
4
5
5

2: Literature review
2.1 Non-alcoholic fatty liver disease
2.2 Metabolic syndrome
2.3 Pathogenesis
2.3.1 Insulin resistance-free fatty acid flux and hyperinsulinemia
2.3.2 Endoplasmic reticulum stress
2.3.3 Role of oxidative stress - mitochondrial dysfunction
2.3.4 Inflammation and adipokines
2.3.5 Gut-microbial alteration and TRLs stimulation
2.4 Prognosis
2.5 Clinical finding
2.6 Imaging studies
2.7 Diagnosis of metabolic syndrome
2.8 Staging and grading of NAFLD
2.8.1 Mild (grade 1)
2.8.2 Moderate (grade 2)
2.8.3 Severe (grade 3)
2.9 Epidemiology of NAFLD
2.10 Hypolipidemic agents and NAFLD
2.10.1 Statins
IX

6
8
10
11
11
11
12
12
13
14
14
15
15
15
15
16
16
17
17

2.10.1.1 Atrovastatin
2.10.1.2 Simvastatin
2.10.1.3 Rosuvastatin
2.10.1.4 Parvastatin
2.10.2 Fibrates
2.10.3 Ezetimibe
2.10.4 Omega 3-fatty acids
2.11 Lifestyle intervention

18
18
18
18
19
19
19
20

3 :Materials and Method
3.1 Study design and target population
3.2 Setting of the study
3.3 Period of study
3.4 Study population and sample size
3.5 Inclusion criteria
3.6 Ethical consideration
3.7 Samples collection
3.8 Chemical and reagent
3.9 Data collection
3.9.1 Body mass index measurement
3.9.2 Waist circumference measurement
3.9.3 Blood pressure measurement
3.10 Testing of samples
3.10.1 Fast blood glucose
3.10.2 Aspartate aminotransferase (AST)
3.10.3 Alanine aminotransferase (ALT)
3.10.4 Triglycerides
3.10.5 Cholesterol total
3.10.6 HDL precipitant
3.11 Questionnaire
3.11.1 Demographic data
3.12 Data analysis

21
21
21
21
22
22
22
23
24
24
24
25
25
25
26
28
29
30
31
32
32
32

4: Results
4.1 General characteristic of study population
4.1.1 Distribution of study population according to age
4.1.2 Distribution of study population according to monthly income
4.2 Questionnaire Analysis:
4.2.1 Smoking
4.2.2 Food type
4.2.3 Glucose elevation
4.2.4 Inherited diabetes mellitus
4.2.5 Heart disease
4.2.6 Inherited heart disease

33
34
35
36
36
37
39
40
41
42

X

4.2.7 Cholesterol elevation
4.2.8 Triglyceride elevation
4.2.9 Blood pressure elevation
4.2.10 Inherited blood pressure elevation
4.2.11 Playing sport
4.2.12 Using drug for treatment
4.3Biochemical parameters of study population
4.3.1 Glucose level of study population
4.3.2 Frequency of diabetes mellitus in study population
4.3.3 Lipid profile of study population
4.3.4 Frequency of lipid profile in study population
4.3.4.1 Cholesterol level
4.3.4.2 Triglyceride level
4.3.4.3 High density lipoprotein level
4.3.4.4 Low density lipoprotein level
4.3.5 Liver enzymes of study population
4.3.5.1 Alanine aminotransferase
4.3.5.2 Aspartate aminotransferase
4.3.6 Metabolic syndrome of study population
4.3.6.1 Frequency of metabolic syndrome of study population
4.4 Correlation between biochemical parameters
4.4.1 Correlation between F.B.S and other biochemical parameters
4.4.2 Correlation between Cho and other biochemical parameters
4.4.3 Correlation between T.G and other biochemical parameters
4.4.4 Correlation between ALT and other biochemical parameters
4.4.5 Correlation between AST and other biochemical parameters
4.4.6 Correlation between HDL and other biochemical parameters

43
44
45
46
47
48
49
49
49
50
51
51
52
53
54
55
55
56
58
58
59
59
59
60
61
61
62

5: Discussion
5.1 Characteristic of studied population
5.2 Questionnaire discussion
5.3 Parameters of study population

63
64
67

6: Conclusions and Recommendation
6.1 Conclusions
6.2 Recommendations

70
71

7: References
References

72

Annexes

83

XI

List of Tables

Page

Table 4.1The distribution of the study population according to sex.

33

Table 4.2The distribution of the study population according to age group.

34

Table 4.3 The distribution of the study population according to
monthly income.

35

Table 4.4 Distribution of the study population with respect to smoking.

36

Table 4.5 Distribution of the study population according to type of food.

38

Table 4.6 Distribution of the study population according to glucose elevation. 39
Table 4.7 Distribution of the study population according to inherited diabetes
mellitus.
40
Table 4.8 Distribution of the study population according to heart disease.

41

Table 4.9 Distribution of the study population according to inherited heart
disease.

42

Table 4.10 Distribution of the study population according to cholesterol
elevation.

43

Table 4.11 Distribution of the study population according to triglyceride
elevation.

44

Table 4.12 Distribution of the study population according to blood pressure
elevation.

45

Table 4.13 Distribution of the study population according to inherited blood
pressure elevation.
46
Table 4.14 Distribution of the study population according to playing sport.

47

Table 4.15 Distribution of the study population according using drugs.

48

Table 4.16 Glucose level of study population.

49

Table 4.17 Frequency of diabetes mellitus in study population.

49

Table 4.18 Lipid profile of study population.

51

Table 4.19 cholesterol level in study population.

52

XII

Table 4.20 Triglyceride level in study population.

53

Table 4.21 HDL level in study population.

54

Table 4.22 LDL level in study population.

55

Table 4.23 ALT level in study population.

56

Table 4.24 AST level in study population.

57

Table 4.25 Frequency of metabolic syndrome in study population.

58

Table 4.26 Correlation between F.B.S and biochemical parameters.

59

Table 4.27 Correlation between Cho and biochemical parameters.

60

Table 4.28 Correlation between T.G and biochemical parameters.

60

Table 4.29 Correlation between ALT and biochemical parameters.

61

Table 4.30 Correlation between AST and biochemical parameters.

61

Table 4.31 Correlation between HDL and biochemical parameters.

62

XIII

List of Figures

Page

Fig. 4.1 The distribution of the study population according to sex.

33

Fig. 4.2 The distribution of the study population according to age group.

34

Fig. 4.3 The distribution of the study population according to monthly
income.

36

Fig. 4.4 Distribution of the study population with respect to smoking.

37

Fig. 4.5 Distribution of the study population according to type of food.

38

Fig. 4.6 Distribution of the study population according to glucose elevation.

39

Fig. 4.7 Distribution of the study population according to inherited diabetes
mellitus.
40
Fig. 4.8 Distribution of the study population according to heart disease.

41

Fig. 4.9 Distribution of the study population according to inherited
heart disease.

42

Fig .4.10 Distribution of the study population according to
cholesterol elevation.

43

Fig. 4.11 Distribution of the study population according to
triglycride elevation.

44

Fig.4.12 Distribution of the study population according to blood pressure
elevation.

45

Fig.4.13 Distribution of the study population according to inherited blood
pressure elevation.

46

Fig. 4.14 Distribution of the study population according to playing sport.

47

Fig. 4.15 Distribution of the study population according using drugs.

48

Fig. 4-16 Frequency of diabetes mellitus in study population.

50

Fig. 4.17 Frequency of cholesterol level in study population.

52

Fig. 4.18 Frequency of triglyceride level in study population.

53

XIV

Fig. 4.19 Frequency of HDL level in study population.

54

Fig 4.20 Frequency of LDL level in study population.

55

Fig. 4.21 Frequency of ALT level in study population.

56

Fig. 4.22 Frequency of AST level in study population.

57

Fig. 4.23 Frequency of metabolic syndrome in study population.

58

XV

List of abbreviations
ACC

Acetyl-CoA carboxylase

ALT

Alanine aminotransferase

AMP

Adenine monophosphate

AST

Aspartate aminotransferase

BMI

Body mass index

CHD

Coronary heart disease

CHE

Cholesterol eseterase

Cho

Cholesterol

CHO

Cholesterol oxidase

DBP

Diastolic blood pressure

DNL

De novo lipogenesis

ER

Endoplasmic reticulum

FDA

Food and Drug Administration

FFAs

Free fatty acids

FPS

Fasting blood sugar

GGT

Gamma glutamate transferase

GOD

Glucose oxidase

HCC

Hepatocellular carcinoma

HDL

High-density lipoprotein

HIV

Human immunodeficiency virus

HMG

3-hydroxy-3-methylglutaryl

IR

Insulin resistance

LDH

Lactate dehydrogenase

LDL

Low density lipoprotein

LFTs

Liver function tests

LPS

Lipopolysaccharide

MDH

Malate dehydrogenase

MRI

Magnetic resonance imaging

MS

Metabolic syndrome
XVI

NAD

Nicotinamide adenine dinucleotide.

NAFLD

Non-alcoholic fatty liver disease

NASH

Non-alcoholic steatohepatitis

NCEP

National cholesterol education program

NEFAs

Non esterified fatty acids

NHANES

National Health and Nutrition
Examination Survey

PPARα

peroxisome proliferator-activated receptor
alpha

PUFA

Polyunsaturated fatty acids

RNS

Reactive nitrogen species

ROS

Reactive oxygen species

RPM

Round per minute

SBP

Systolic blood pressure

SCE

Scandinavian Committee on Enzymes

T2DM

Diabetes mellitus type 2

TCA

Tricarboxylic acid

TG

Triglycerides

TNF

Tumor necrosis factor

U.S

United states

WC

Waist circumference

WHO

World health organization

XVII

1. Introduction
1.1 Overview
Non-alcoholic fatty liver disease (NAFLD) is defined as lipid accumulation in
the cytoplasm of hepatocytes and it is described by the development of hepatic
lesions similar to those caused by alcohol but without significant alcohol
consumption (Shen et al., 2014).

Non-alcoholic fatty liver disease is characterized as pathological status, which
extend from simple steatosis to steatohepatitis, it may lead to fibrosis and end
stage liver disease (Cauchy et al., 2014).
NAFLD can be classified as primary or secondary depending on pathogenesis.
Primary NAFLD is associated with insulin resistance and metabolic syndrome.
hepatitis C, Human Immunodeficiency Virus (HIV) and metabolic disorders i.e.
hypobetalipoproteinemia, lipodystrophy, hypopituitarism, hypothalamic obesity,
Weber-Christian syndrome are disorders which may be found in non alcoholic
fatty liver patients (Paschos et al., 2009).
NAFLD can also be seen in non-obese people which is called lean-NAFLD
which become more and more common. (Feng et al., 2014).
In developed countries, NAFLD is the most spread chronic liver disease
associated with elevated liver enzymes, affecting 10–30% of the world
population. (Chiu et al., 2014).
In a retrospective study in Italy, 742 children between the ages of 2 and 19 years
who had an autopsy performed from 1993 to 2003, fatty liver was present in
13% of subjects, NAFLD may be also found in children.
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Hepatic fat content was measured by phase-contrast magnetic resonance
imaging (MRI) and an increased hepatic fat fraction was identified in 14
subjects (31.8%) of 44 obese children, aged 6–16 years, with a Body Mass
Index (BMI) above the 97th centile. (Byrne et al., 2009).
Triglyceride (TG) accumulation inside the hepatocytes is etiological factor
either for NAFLD or Non-Alcoholic Steatohepatitis (NASH).
(Engelmann et al., 2014).
The quantity and quality of dietary fat plays a role in NAFLD development,
another dietary risk factor is the fructose intake which results in increased de
novo lipogenesis (DNL) as well as, dyslipidemia, insulin resistance, and obesity
in humans. (Marzuillo et al., 2014).
Preventing the hepatocellular damage associated with NAFLD is recommended
by early detection by routine screening followed by appropriate clinical
intervention.

NAFLD may be considered as another characteristic of the

metabolic syndrome, with specific hepatic insulin insensitivity.
(Shen et al., 2014).
Patients suffering from metabolic syndrome (MS) show at least three from the
following five criteria according to National Cholesterol Education Programe
(NCEP) :
1- Triglyceride ≥ 150 mg/dL.
2- High-density lipoprotein (HDL) -cholesterol < 40 mg/dL in men,< 50
mg/dL in women .
3- Blood pressure systolic ≥ 130 mmHg or diastolic ≥ 85 mmHg.
4- Fasting blood glucose ≥ 100 mg/dL.
5- Waist circumference>90 cm .

2

On the other hand, metabolic syndrome (MS) is defined as a collection Of
abnormalities combined with risk factors, such as obesity, lipid and
carbohydrate metabolism disorders, and arterial hypertension.
In western countries the prevalence of obesity and metabolic syndrome increase
with the age (Gierach et al., 2014).
The prevalence of steatosis in obese people is 4.6 fold higher than normal
person's. Recent studies showed that NAFLD patients have another
abnormalities such as (MS) clinical and laboratory examinations support insulin
insensitivity has central role in pathogenesis of both diseases (Paschos et al.,
2009).
In 2010 World Health Organization (WHO) proposed that (MS) is considered as
a life-threatening factor (Via-Sosa et al., 2014) .
Many metabolic diseases, including NAFLD are associated with obesity,
NAFLD can also be noted in non-obese people and has its own biochemical
characteristics as higher transaminase and insulin levels, less insulin sensitivity
than non-obese less necro-inflammatory activity and fibrosis compared with
obese-NAFLD. (Feng et al., 2014) .
There is a correlation between the number of (MS) components and the
development of NAFLD, with those having one criteria of (MS) presenting a
higher risk of developing NAFLD. Multiple common mechanisms between the
development of NAFLD and MS for example, they have the same pathogenesis
of insulin resistance. (Wang et al. 2013) .

3

1.2 Statement of the problem:

The present study was performed to investigate possible correlation between
Non-alcoholic fatty liver disease and metabolic syndrome among adult males
and females in Gaza, and to determine the prevalence of non-alcoholic fatty
liver disease in Gaza., because knowledge of the etiologies of NAFLD in a
population is the first step in developing effective control and reducing the
degree of illness in the population, and minimizing the spread of the disease, and
help in its prevention.

4

1.3 General objectives:
The aim of this study is to investigate possible correlation between nonalcoholic fatty liver disease and metabolic syndrome among adult males and
females in Gaza, and to find out the prevalence of non-alcoholic fatty liver
disease .
1.3.1 Specific objectives :
-

To find possible association between non-alcoholic fatty liver disease

(NAFLD) and metabolic syndrome (MS).
- To estimate the prevalence of non-alcoholic fatty liver disease in Gaza strip.
- Possible effect of non-alcoholic fatty liver disease on the liver enzymes.
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2. Literature review
2.1 Non-alcoholic fatty liver disease:
Non-alcoholic fatty liver disease (NAFLD) is characterized of infiltration of
hepatocyte with fat in liver, steatohepatitis and cirrhosis. Obesity and insulin
resistance, gender, ethnicity, genetic predisposition and some medical problems
are important factors which cause NAFLD. NAFLD has no treatment. Weight
loss and exercise are important factors for the improvement of biochemical
findings in patients suffering from NAFLD (Ozturk et al., 2014).

In NAFLD patients, 5% of the liver weight is represented by lipids:
triglycerides, fatty acids, phospholipids, cholesterol and cholesteryl esters.
Steatohepatitis occurs if steatosis is accompanied by an inflammatory process.
The prevalence of NAFLD, is approximately 3% in common children and 80%
in obese children (Singer et al., 2014).

To improve the biochemical findings in people suffering from NAFLD there are
four main ways when thinking about treatment strategies:
1- Adjustment of lifestyle.
2- Targeting the components of the metabolic syndrome.
3- Liver-directed pharmacotherapy for high risk patients.
4- Treating the complications of cirrhosis.
Improvement of the biochemical findings in patients with NAFLD depends
largely on the stage of disease (Dyson et al., 2014).

The most frequent cause of elevated liver function tests (LFTs) in obese patients
either with or without diabetes is (NAFLD), which represents both a diagnostic
and therapeutic challenge. An increase in mortality as a result of cardiovascular

6

disease, irrespective of diabetes which found in NAFLD. About 70% of the
patients with type 2 diabetes (T2DM) have NAFLD.
Obesity and T2DM prevalence are increasing and obese patients with T2DM
and elevated LFTs are together take part in the diagnosis and treatment of
NAFLD (Junker et al., 2014).

Progressing to cirrhosis is rare, NAFLD alone or NAFLD with hepatitis B or C
viral infection are coexisting factors which cause cirrhosis . The main factor
which promote the development of steatosis is insulin resistance. About 1833% of patients with NAFLD have insulin resistance , by contrast, 49-69.4% of
patients with diabetes are reported to have NAFLD.
( Sobhonslidsuk et al., 2014).

Universal data confirm the strong NAFLD- metabolic syndrome association, in
spite of each criterion of (MS) is independently linked with NAFLD, a few
features are more closely related to NAFLD as (visceral obesity, dyslipidemia
and insulin resistance/T2DM). The association between NAFLD and (MS)
which appears in lean persons are more stronger than in obese individuals.
Metabolic syndrome frequency sufficiently increases with quintiles of ALT and
gamma glutamate transferase (GGT), even within the normal range of these
enzymes.( Lonardo et al., 2015).

For treating NAFLD/NASH in the non-transplant setting many drugs have been
evaluated e.g. pioglitazone, metformin, vitamin E, pentoxyphylline,
ursodeoxycholic acid there is no recommended drug.
In the next 1-2 decades NAFLD is expected to become the most common
indication for liver transplantation .( Zezos et al., 2014).
Increase the release of free fatty acids from adipocytes as a result of obesity and
insulin resistance are the main factors for development of NAFLD.
7

Bariatric surgery for patients with severe obesity to decreases the grade of
steatosis are suggested (Sasaki et al., 2014).
2.2 Metabolic Syndrome:
Increasing of the prevalence of obesity is a word wide phenomena, mainly the
abnormal lipid accumulation in bowels which causes insulin resistance, this is
one of the main factors of MS. Obesity can change the intracellular signaling of
insulin due to the production of inflammatory substances, chemoattractant
proteins, adipokines and molecules that trigger hormonal mediator potentials for
destabilization of signal transduction, leading to metabolic disorders such as
hyperglycemia, hypertension, and dyslipidemia.
The combination of the MS and genetic factors are involved in its etiology
which predispose it( Muñoz et al., 2013).

The major component of metabolic syndrome is hypertriglyceridemia which is
strongly associated with NAFLD. In NAFLD patients, a marked increase in
long-chain polyunsaturated fatty acids (PUFA) n-6 /n-3 Omega-3 fatty acids
ratio is observed which found in primarily in safflower, corn, soybean,
cottonseed, sesame, and sunflower oils (Yoon et al., 2014).

Insulin resistance and hyperinsulinaemia are pathophysiological considerations
which support a central role in pathogenesis of both MS and non-alcoholic fatty
liver (Paschos et al., 2009).
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In India the prevalence of NAFLD is increasing as a result of increasing obesity,
hypertension, and diabetes mellitus. Most of patients who diagnosed with
NAFLD have overweight or obesity according to Asia–Pacific criteria have five
fold risk to progress to steatosis.


Normal weight (BMI) = 18.5–22.9 kg/m2,



Overweight (BMI = 23–24.9 kg/m2) and



Obese (BMI > 25 kg/m2).

In non-obese, non-diabetic but have a primary hypertension the prevalence of
fatty liver increases by at least two-fold ( Duseja et al., 2015).

The development of NAFLD is strongly linked to (T2DM), dyslipidaemia and
hypertension, about 85 % of patients with NAFLD have at least one such
constituent.

Approximately 30% of patients with NAFLD have Metabolic

Syndrome (El-Kader et al., 2015).

The patients visiting the pediatric obesity clinic that targeted overweight and
obese children have higher prevalence of MS and NAFLD than the patients
visiting the pediatric promotion center that offered routine health check-ups for
healthy children (Yang et al., 2014).

Presence of more atherogenic lipid profile measured as triglyceride/high-density
lipoprotein cholesterol (HDL), total cholesterol, and low-density lipoprotein
cholesterol (LDL)/HDL ratios which is associated with hepatic injury.
( Alterio et al., 2014).

There is strong relations between T2DM, MS and hepatocellular carcinoma
(HCC) seems to be closely related to NAFLD development. In NAFLD patients
in absence metabolic syndrome seem to be uncommon (Scalera et al., 2014).
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2.3 Pathogenesis of NAFLD:
Multiple factors are considered as pathogenic mechanisms leading to NAFLD.
On 1998, Day et al. assumed a “two-hit” hypothesis: the first is caused by
insulin resistance, steatosis, and an increased lipid peroxidation, the second hit is
hormonal defect, oxidative stress, hypoxia, lipotoxicity, inflammatory mediators
as adipocytokines, and gut microbiota-derived lipopolysaccharide (LPS) leading
to hepatocyte injury, inflammation, apoptosis and fibrosis (Manti et al., 2014).

In NAFLD, the lipid accumulation in the liver is due to increased transport of
free fatty acid (FFA) to the liver, decline triglyceride export through very-low
density lipoprotein (VLDL) and reduced β-oxidation. Universally, patients with
NAFLD have insulin resistance which elevate lipolysis from the adipose tissue.
The resulting FFA will be taken up by the liver and can cause lipid peroxidation.
Lipid peroxidation can increase the production of pro-inflammatory cytokines.
The increase in FFA can also exceed mitochondrial β-oxidation rate further
increasing the oxidative stress and inflammation. De novo lipogenesis (DNL) is
due to the hyperinsulinemia associated with insulin resistance (IR), which
stimulates the enzymes in the DNL pathway, increasing the production and
storage of triglycerides (Schwenger et al., 2014).
Overdevelopment of ectopic fat deposition result from loss of the body’s ability
to retain excess lipids in “classical” adipose tissue stores which creates
perturbations of both glucose and lipid homeostasis. Interruption in hepatic
lipid metabolism occur due to hepatic ectopic fat deposition, especially TG,
cholesterol and fatty acid. ( Xu et al., 2014).
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2.3.1 Insulin resistance-free fatty acid flux and hyperinsulinemia:

Hepatic insulin resistance occur in case of increased visceral fat which elevate
the levels of Non Esterified Fatty Acids (NEFAs) by lipid oxidation in adipose
tissue, NEFA flow plays an important role in steatosis. (Yoon et al., 2014).

2.3.2 Endoplasmic reticulum (ER) stress:

The synthesis, folding, and trafficking of proteins is the function of endoplasmic
reticulum any dysfunction in the ER lead to accumulation of unfolded proteins
therein, stress of endoplasmic reticulum as hypoxia, inflammation and energy
excess, caused proteins degradation which aggravate insulin resistance, Obesity
causes ER stress that leads to suppression of insulin signaling through serine
phosphorylation of insulin receptor substrate-1 (Yoon et al., 2014).

2.3.3 Role of oxidative stress - mitochondrial dysfunction:

Imbalance between antioxidant defenses and excessive formation of reactive
species such as reactive oxygen species (ROS) or reactive nitrogen species
(RNS) lead to oxidative stress, reactive oxygen species (ROS) production occur
in mitochondria, the FFAs are metabolized via mitochondrial β-oxidation
pathway and the tricarboxylic acid (TCA) cycle which produce citrate that in
turn inhibits glycolysis, accelerated β-oxidation not only causes excessive
electron flux in the electron transport chain, but also leads to increased
production of ROS, and can lead to mitochondrial dysfunction. (Yoon et al.,
2014).
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2.3.4 Inflammation and adipokines:

Adiponectin and leptin are hormones secreted from adipocytes other adipokines
such as retinol-binding protein, tumor necrosis factor-α (TNF-α), interleukin 6
(IL-6),

and

plasminogen

activator

inhibitor.

Adiponectin

stimulates

phosphorylation of AMP-activated protein kinase (AMPK) and acetyl-CoA
carboxylase (ACC) in the liver and muscles. In a previous study, serum
adiponectin levels decreased with an increases in obesity in particular increases
in intra-abdominal fat mass.

Reportedly, adipose tissue in obese people

stimulates a shift in macrophage activation, the activation of macrophage cause
secretion of a variety of inflammatory cytokines, such as TNF-α, IL-6, and NO,
thus, increases in TNF-α and IL-6 in obese subjects may play an important role
in insulin resistance and hepatic steatosis. (Yoon et al., 2014).

2.3.5 Gut-microbial alteration and TLRs stimulation:
Intestinal mucosa permeability and endotoxin levels in portal circulation are
increased due to obesity which contribute to hepatocellular damage, clearing
endotoxin by kupffer cells which activated through Toll like receptor 2,3,4 and
9 signaling in the presence of endotoxin. Previously, animal model studies
showed that Toll like receptor 2, 4 and 9 may contribute to the pathogenesis of
NAFLD (Yoon et al., 2014).

Obesity is the most common cause of the insulin resistant state, which is a
critical contributing factor to pathogenesis of NAFLD.

In diminished

suppression of adipose tissue lipolysis by insulin the level of circulating free
fatty acid elevated, which increase export of free fatty acids to the liver. The
synthesis and accumulation of excess triglyceride in the liver is increased as a
result of increased delivery of free fatty acids to the liver. (Bhatt et al., 2015).
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The imbalance between import and export of fat to and from the liver is the
basic defect in the development of hepatic steatosis, there are other contributing
factors as excess of dietary intake of fat, decrease in lipolysis and de-novo
synthesis does not take place and reduced β-oxidation of fatty acids

and

decreased export as very low density lipoprotein (VLDL) also contribute to
hepatic steatosis. (Duseja et al., 2015).
The increased secretion of hepatokines, increased gluconeogenesis, decreased
glycogen synthesis and inhibition of insulin signaling are metabolic disorders
associated with NAFLD. (Byrne et al., 2015).

2.4 Prognosis of NAFLD:

The prognosis of NAFLD depends on the degree of hepatocyte damage.
Accumulation of fat in the liver (Steatosis) has a benign course, and progression
to cirrhosis is rare.

Although little cases of NASH appear to develop to

cirrhosis, data are restricted regarding how common that development .
In U.S. adults data largely consist of small studies in highly chosen populations
in which the incidence of development to NASH is likely higher than in the
general public. A new population-based study in U.S. showed that 6 of 420
patients with non-alcoholic fatty liver disease had elevated mortality than the
general public (mortality ratio, 1:34), but not to the degree noted in studies of
selected patients in referral centers. Risk factors for more severe liver disease
include diabetes, increasing weight, and aging. (Bayard et al., 2006).
In terms of liver-related morbidity and mortality patients with NAFLD had a
rather benign course, after a mean of 13 years of follow-up of patients with
NAFLD only 7% developed cirrhosis, a worse prognosis present in patients with
alcoholic fatty liver disease than patients with NAFLD. In the NAFLD group it
is found that the female have proportion of NAFLD more than male.
(Haflidadottir et al., 2014).
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The second cause of death in patients with liver cirrhosis is cardiovascular
disease, patients with NAFLD die two fold more frequently due to
cardiovascular disease than to liver disease itself. In patients with NAFLD
death takes the third position in the ranking of mortality, nine times the patients
with NAFLD die more than the general population. Few patients with NAFLD
slowly progress to NASH. In more than one fourth of the patients after 4 years
of being diagnosed as NAFLD patients and nearly half of the patients in 6 years
NASH can develop progressive fibrosis, many risk factors which cause this
progression as aging, obesity and central obesity, as well as T2DM and
hypertension, without cirrhosis few patients with NAFLD can also progress to
hepatocellular carcinoma (HCC) (Machado et al, 2014).

2. 5 Clinical findings:
Many of non-alcoholic fatty liver disease patients are sign-less, but little may
have fatigue and right upper quadrant abdominal pain. Up to 50 percent of
patients with this disease have hepatomegaly (Bayard et al., 2006).
Children with NAFLD show insulin resistance with hyperinsulinemia but they
are euglycemic.

Acanthosis nigricans, characterized as hyperplasia of

pigmented skin cells, is an important physical examination seen with insulin
resistance. This can be found in more than 50% of children with NASH. Some
children have hypothalamic dysfunction (Ozturk et al., 2014).
2.6 Imaging studies:
Ultrasonography help in the identification of non-alcoholic fatty liver disease
through finding fatty infiltrate in the liver. Ultrasonography of the liver has a
sensitivity of 82 to 89 percent and a specificity of 93 percent for identifying
fatty liver infiltrate probability before ultrasonic examination is 60 percent, with
ultrasound test for steatosis 95 percent of patients will have a fatty liver, by
contrast with 20 percent of those who have a normal ultrasound. (Bayard et al.,
2006).
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2.7 Diagnosis of metabolic syndrome:
The diagnosis of metabolic syndrome is made by :
I. Anthropometric measurement contains three units height, weight and blood
pressure. Height and weight will be measured without shoes with light clothes.
Body Mass Index (BMI) will be determined as weight (kg) divided by the
square of the height (meter) to estimate obesity. Blood pressure, including
systolic blood pressure (SBP) and diastolic blood pressure (DBP),will be
measured on right arm after rest for five minutes.
II. Blood biochemical analysis composed of fasting blood-glucose (FPG),
triglycerides (TG), cholesterol, low-density lipoprotein (LDL) and high-density
lipoprotein (HDL). (Zhang et al., 2014).
2.8 Staging and grading of NAFLD:
NAFLD can be subdivide into three grades according to (El-Kader et al.,
2015).
2.8.1 Mild (grade 1):
Steatosis predominantly macrovesicular; involves < 33%-66% of the lobule,
ballooning occasionally observed; zone 3 hepatocytes, lobular inflammation
scattered and mild acute (polymorphs) inflammation and occasional chronic
inflammation (mononuclear cells), none or mild portal inflammation. (El-Kader
et al., 2015).
2.8.2 Moderate (grade 2):
Steatosis any degree and usually mixed macrovesicular and microvesicular,
ballooning obvious and present in zone 3, lobular inflammation polymorphs
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may be noted associated with ballooned hepatocytes, pericellular fibrosis; mild
chronic inflammation may be seen, mild to moderate portal inflammation.
(El-Kader et al., 2015).
2.8.3 Severe (grade 3):
Steatosis typically > 66% (panacinar); commonly mixed steatosis, ballooning
predominantly zone 3; marked, lobular inflammation scattered acute and chronic
inflammation; polymorphs may appear concentrated in zone 3 areas of
ballooning and perisinusoidal fibrosis, mild to moderate portal inflammation.
(El-Kader et al., 2015).
2.9 Epidemiology of NAFLD:
In Europe as well as in the UK, based on data from National Health and
Nutrition Examination Survey (NHANES), the proportion of NAFLD among
chronic liver diseases rose from 47% to 75% in period from 1988 and 2008.
The increase of the prevalence of the five metabolic syndrome conditions was as
follow:
-

Obesity from 21% to 33%

-

Visceral obesity from 35% to 51%

-

Type 2 diabetes from 5.6% to 9.1%

-

Insulin resistance from 23% to 35%

-

Arterial hypertension from 22% to 34%

and an increase in metabolic risk factors, also in the context of aging are reasons
for this increase, these factors are closely associated with NAFLD. Australian
cohort study found, in adolescents and in older people showed a strong increase
of NAFLD. The prevalence of adolescents with NAFLD is 12.8% the higher
16

percentage was found in girls, on the other hand the prevalence of old
population with NAFLD was 35% (Weiß et al. 2014).
Over the past three decades fatty liver disease in children have increased. The
true prevalence of NAFLD remains uncertain because of lack of populationbased studies and the lack of reliable surrogate screening methods. In the United
States a children’s autopsy study performed to estimate the prevalence of
NAFLD. 9.6% of children between 2–19 years liver histology found that fatty
liver, obesity(38%), race, and ethnicity are the most prominent risk factor for
fatty liver. (Barshop et al. 2008).
2.10 Hypolipidemic agents and NAFLD:
After using many drugs to treat NAFLD, there was no recommended single drug
can treat NAFLD. Statins, Fenofibrate, and Omega-3 fatty acids are currently
available lipid-lowering drugs which used in the treatment of hyperlipidemia
with mono-or combination therapy, including patients with NAFLD according
to (Zhang et al., 2015).
2.10.1 Statins:
3-hydroxy-3-methylglutaryl CoA reductase (HMG)-CoA reductase) inhibitors
called statins which is used to lower cholesterol levels by inhibiting the
cholesterol synthesis pathway in the liver and significantly lower circulating
cholesterol levels by blocking the enzyme (HMG-CoA) reductase binding site,
lovastatin, atorvastatin, fluvastatin, pitavastatin, pravastatin, rosuvastatin, and
simvastatin are types of available statins. 20–60% reduction of LDL-C and TG
levels while effectively increasing HDL-C levels by 1–10% by using statins.
(Zhang et al., 2015)
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2.10.1.1 Atorvastatin:
atorvastatin group is safe drug and can improve liver tests and reduce
cardiovascular morbidity in potential NAFLD patients with mild-to-moderately
abnormal liver tests. In three year follow-up study on 437 subjects were latent
NAFLD patients, from them 227 treated with atorvastatin (24 mg/day), 210
patients were not treated, they found that the treated patients a 35%, 44%, and
32% decline in the serum total cholesterol, LDL-C, and TG levels, respectively,
elevate the HDL-C level by 8% compared to the standard treatment group. In
the atorvastatin group cardiovascular risk reduced to 68%.(Zhang et al., 2015)
2.10.1.2 Simvastatin:
It was found that LDL-C in patients treated with simvastatin was reduced by
26% compared to untreated counterparts, by using immunohistochemistry to
measure LDL-C level in the liver. lipid profile of NAFLD patients can be
effectively improved in a six month non blinded clinical trial. (Zhang et al.,
2015)
2.10.1.3 Rosuvastatin:
23 NAFLD patients were treated with rosuvastatin for 8 months, the patients
showed a significant reduction of total cholesterol (33%), LDL-C (41%), TG
(22%), and transaminase (50%) levels, at 8 months of treatment, the HDL-C
level was improved by 83% in NAFLD patients, which found in another
prospective cohort study. (Zhang et al., 2015)
2.10.1.4 Pravastatin:
Pravastatin treatment did not significantly impact the TG level, liver function in
all patients was effectively improved after treatment. Moreover, notable
amelioration of hepatic inflammation and steatosis was observed.
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Pravastatin (20 mg/day) significantly affected total cholesterol level in five
NAFLD patients. (Zhang et al., 2015)
2.10.2 Fibrates:
For the treatment of dyslipidemia in NAFLD patients fibrates offer a different
type of therapeutic strategy, they reduce lipid levels by activating peroxisome
proliferator-activated receptor alpha (PPARα), PPARα increases lipolysis and
elimination of TG-rich particles from the plasma via activating lipoprotein
lipase and reducing apolipoprotein CIII, it also can improve the microcirculatory
system function in the liver by facilitating fatty acid oxidation. (Zhang et al.,
2015)
2.10.3 Ezetimibe:
Data regarding the overall efficacy data of ezetimibe are inconclusive for use in
patients with NAFLD.

Ezetimibe lowers plasma cholesterol levels by

decreasing cholesterol absorption in the small intestine. (Zhang et al., 2015)
2.10.4 Omega-3 fatty acids:
Omega-3 fatty acids have been approved by the United States Food and Drug
Administration (FDA, US), it is polyunsaturated fatty acids, cannot be
endogenously synthesized so it is essential fatty acids, it is adjunct to diet for
lowering very high TG levels. (Zhang et al., 2015)
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2.11 Lifestyle interventions:
Insulin resistance and obesity increase the risk of developing NAFLD and can
progress to cirrhosis, improvement of liver histology as well as delay disease
progression can be achieved by weight management through improvements in
diet and increased physical activity, 7% weight loss enhance their liver
histology, physical activity and dietary guidance as well as behavior
modification are included in lifestyle interventions, hepatic steatosis can be
reduced by physical activity alone, increased physical activity or weight loss are
lifestyle modifications which reduce liver enzymes, inflammation, improve liver
histology, glucose control, insulin sensitivity and lipid oxidation.
(Schwenger et al., 2014).
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3. Materials and Methods
3.1 Study design and target population:
This is a case-control prospective study. The target population are adults, males
and females, aged (35-65) years old was visiting radiology private clinics for
abdominal/pelvic complains or suspected for non-alcoholic fatty liver disease at
the center of Gaza city.
3.2 Setting of the study:
The biochemical analysis of this study was performed at Bakeer medical
laboratory. The collected samples from cases and controls were tested for
fasting blood-glucose (FPG), triglycerides (TG), cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL), aspartate transaminase
(AST), and alanine transaminase (ALT).
3.3 Samples collection period:
Samples collection, transporting, and laboratory testing including fasting bloodglucose (FPG), triglycerides (TG), cholesterol, low-density lipoprotein (LDL),
high-density lipoprotein (HDL), aspartate transaminase (AST), and alanine
transaminase (ALT) were performed during 48 hour.
3.4 Study population and sample size:
The study population of this study included both cases and controls from both
genders adults in Gaza city. One hundred fifty samples were collected as a cases
sample and one hundred fifty samples were collected as a controls sample.
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3.5 Inclusion criteria:
Adults who were diagnosed by radiologist with non-alcoholic fatty liver disease
in center of Gaza were included in this research.
3.6 Ethical consideration:
All of both patients and controls groups were given a written informed consent
for participation in this study. Only those who accepted and agreed where
included in this study. The subjects were handled in terms of code and numbers.
The necessary approval to conduct this study were obtained from the department
of biological sciences department
3.7 Samples collection:
After overnight fasting for 12-14 hours, venous blood samples were collected at
Red Crescent Society for Gaza strip laboratory with sterile non-toxic, nonpyrogenic syringe, and were properly labeled for each patient.
The samples were centrifuged to obtain serum.
If samples could not be tested in the same day, they were preserved at 2-8°C for
48 hour until they processed.
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3.8 Chemicals and reagents:
All chemicals and reagents in this study were of analytical grade.
disposable materials were purchased from local distributors in Gaza city.
-

Glucose kits (Diasys)

-

Total Cholesterol kits (Diasys)

-

Triglycerides kits (Diasys)

-

HDL kits (Diasys)

-

LDL kits (Diasys)

-

ALT kits (Diasys)

-

AST kits (Diasys)

-

Human control (Normal)

-

Human control (Abnormal)

-

Plain tubes

-

Disposables
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Other

3.9 Data collection:
3.9.1 Body mass index measurement (BMI):
BMI is the most uncomplicated and most largely used system for indicating
body weight. It is defined as body weight (in kilograms) divided by the square
of body height (in meters).The indicator differentiate patients into suitable
categories:


Normal weight (BMI) = 18.5–22.9 kg/m2,



Overweight (BMI = 23–24.9 kg/m2) and



Obese (BMI > 25 kg/m2).

Its value is affected by sex, age, and training.
(Gierach et al., 2014).
3.9.2 Waist circumference measurement (WC):
Waist circumference (WC) is considered a highly sensitive and specific factor to
estimate the central body fat and may be useful in assessing overweight
adolescents. However, there are few accepted cutoff values for classifying
overweight and obesity based on WC measures in adolescents.
WC measurement were carried out in the horizontal plane, with individuals
standing upright, unclothed at the abdomen, and after normal expiration. Two
successive measurements were made and the average were obtained. This
measurement were carried out by a single evaluator for all members of the study
population.( Minghelli et al., 2013).
WC were measured midway between the lower rib margin and the iliac crest in
the horizontal plane. Gender specific WC values denoting risk of metabolic
complications
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“Not increased”: <80 cm females, <94 cm males
“Increased”: 80–87.9 cm females, 94–101.9 cm males
“Substantially increased”: ≥88 cm females, ≥102 cm males.
(Moges et al., 2014).
3.9.3 Blood pressure measurement:
Blood pressure were measured by shutting a major artery (brachial artery in the
arm) with an external pneumatic cuff. The pressure in the cuff when blood first
passes through the cuffed region of the artery is an estimate of systolic pressure.
The pressure in the cuff when blood first starts to flow continuously is an
estimate of diastolic pressure. (Babbs et al., 2012).
3.10 Testing of samples:
3.10.1 Fast blood glucose:
Summary:
Diabetes mellitus is mainly diagnosed and monitored by measuring of glucose
concentration in serum or plasma, neonatal hypoglycemia, the exclusion of
pancreatic islet cell carcinoma as well as the evaluation of carbohydrate
metabolism in various diseases are other applications which detected by
measuring of glucose concentration.
Method:
“GOD-PAP“: enzymatic photometric test.

Principle:
The colorimetric indicator is quinoneimine, which is generated from 4aminoantipyrine and phenol by hydrogen peroxide under the catalytic action of
peroxidase (Trinder’s reaction).

Determination of glucose after enzymatic

oxidation by glucose oxidase.
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Glucose + O2
2

GOD

Gluconic acid + H2O2
GOP

H2O2 + 4-Aminoantipyrine + Phenol

Quinoneimine + 4 H2O

Assay procedure:

Wavelength

500 nm, Hg 546 nm

Optical path

1 cm

Temperature

20–25 °C / 37 °C

Measurement

Against reagent blank

blank
Sample or stander
Dist.water
Working reagent

stander

sample

10 μl

10 μl

1000 μl

1000 μl

10 μl
1000 μl

Mix, incubate 10 min. at 20-25 °C or 5 min. at 37 °C.
Read absorbance against the blank within 60 min.
(Sacks et al. 1999).

3.10.2 Aspartate aminotransferase(AST):
Summary:
Increased aspartate aminotransferase (AST) levels is indicated in the diagnosis
of acute hepatic disorders and in monitoring their evolution, this elevation occur
in connection with damages of hearts or skeletal muscle as well as of liver
parenchyma.

Method:
Optimized UV test according to SCE (Scandinavian Committee on Enzymes)
recommendations.
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Principle:
The principle of the method is based on the following enzymatic reactions:
AST

L-Aspartate + 2-Oxoglutarate

Oxalacetate + NADH + H

L-Glutammate + Oxalacetate

MDH

L-Malate + NAD+

Decrease in absorbance value at 340 nm, due to the oxidation of NADH to
NAD+, is directly proportional to the AST activity in the sample.

Assay procedure:
Working temperature

37 °C

Wavelenght

340 nm (334 nm, 365 nm)

Optical path

1 cm

Reaction

Kinetic (decrease)

Allow the reagents to reach working temperature before using.

Reagent A

1000 μl

Sample

100 μl

Mix and incubate at 37 °C for 5 minutes, then add:
Reagent B

100 μl

Mix and incubate at 37 °C. After 1 minute read the absorbance (A) at 340 nm.

Read absorbance again 1, 2, 3 minutes there after.
Calculate ΔA/min (Thomas et al., 1998).
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3.10.3 Alanine aminotransferase (ALT):
Summary:
Transaminases referred to measurement of the activity of serum
aminotransferases is indicated in the diagnosis of acute hepatic disorders and in
monitoring their evolution. As a liver specific enzyme alanine aminotransferase
(ALT) is only significantly elevated in hepatobiliary diseases.

Method:
Optimized UV test according to SCE (Scandinavian Committee on Enzymes)
recommendations.

Principle:
L-Alanine + 2-Oxoglutarate

ALT

L-Glutammate + Pyruvate

LDH

Pyruvate + NADH + H

+

L-Lactate + NAD+

Decrease in absorbance value at 340 nm, due to the oxidation of NADH to
NAD+, is directly proportional to the AST activity in the sample.

Assay procedure:
Working temperature

37 °C

Wavelenght

340 nm (334 nm, 365 nm)

Optical path

1 cm

Reaction

Kinetic(decrease)

Allow the reagents to reach working temperature before using.
Reagent A

1000 μl

Sample

100 μl

Mix and incubate at 37 °C for 5 minutes, then add:
Reagent B

100 μl

Read absorbance again 1, 2, 3 minutes thereafter. (Thomas et al., 1998).
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3.10.4 Triglycerides:
Summary:
Diagnosis and monitoring of lipid dysfunction for the evaluation risk of the
atherosclerotic disease by measurement triglyceride, an increase
of low density lipoproteins (LDL) accompanied to high levels of triglycerides
constitute a particulaty elevated risk for "coronary heart disease" (CHD).

Method:
Enzymatic colorimetric method for the quantitative determination of
Triglycerides in plasma and serum.
Principle:
Glycerol, released from triglycerides after hydrolysis with lipoproteinlipase, is
tranformed by glycerolkinase into glycerol-3-phosphate which is oxidized by
glycerolphaphate oxidase into dihydroxyacetone phosphate and hydrogen
peroxide. In the presence of peroxidase the hydrogen peroxide oxidizes the
chromogen 4-aminophenazone/N-ethylmethylanilin- propan-sulphonate sodic
(ESPT) to form purple quinoneimine whose intensity is proportional to the
concentration of triglycerides in the sample.

Assay procedure:
Working temperature

20-25, 37 °C

Wavelength

550 nm; range 540 - 560 nm

Optical path

1 cm

Reaction

End point

Allow reagents to reach working temperature before using.
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blank
Sample or stander

sample

10 μl

10 μl

1000 μl

1000 μl

10 μl

Dist.water
Working reagent

stander

1000 μl

Mix and incubate for 10 min., read standard and sample absorbance against
blank. Color is stable for 1 hour at least.

Reaction volumes can be

proportionally chanced (Rifai et al., 1999).

3.10.5 Cholesterol Total:
Summary:
Cholesterol determination is used for the diagnosis and monitoring of lipid
metabolism diseases.

Method:
Enzymatic colorimetric method for the quantitative determination of total
cholesterol in plasma and serum.

Principle:
The measurement is based on the following enzymatic reactions:

cholesterol esters + H2O

Cholesterol + O2

CHE
CHO
D

Cholesterol + fatty acids

Cholest-4-en-3-one + H2O2

2 H2O2 + hydroxybenzoate + 4-Amminoantipyridine
complex + 4 H20
The intensity of the red complex is proportional to the total
cholesterol present in the sample.
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POD

red

Assay procedure:
Working temperature

37 °C

Wavelength

510 nm; Interval 500-546 nm

Optical path

1 cm

Reaction

End point

Allow reagents to reach working temperature before using.

blank
Sample or stander

sample

10 μl

10 μl

1000 μl

1000 μl

10 μl

Dist.water
Working reagent

stander

1000 μl

Mix and incubate for 10 min., read standard and sample absorbance against
blank. Color is stable for 1 hour at least, protected from light and at 15-25 °C.
Reaction volumes can be proportionally chanced. (Rifai et al., 1999)

3.10.6 HDL Precipitant:
Method:

HDL lipoproteins are assayed, after precipitation of LDL and VLDL
lipoproteins, measuring their content of cholesterol or phospholipids. This
measurement seems to be more reliable than high density proteins one.

Procedure:
Pipet into conic test tubes :
0.5 ml serum
0.5 ml precipitating reagent
Mix gently by inversion, wait 5 minutes and centrifuge at 5000 g
( 3000 RPM ) for 20 minutes.
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Proceed on supernatant as indicated in the instruction sheets of HDLCholesterol-E ( REF GD0370 00 ). (Demaker et al., 1980).
3.11 Questionnaire:
3.11.1 Demographic data
Patient interview were used for filling a simple questionnaire which is designed
for matching the study need. The questionnaire included questions on sociodemographic data (age, sex, height, weight, smoking and nature and type of
food).

3.12 Data analysis
The results that obtained from laboratory investigations and questionnaires
responses were tabulated encoded and statistically analyzed using the Statistical
Package for the Social Sciences (SPSS) version 22. Differences in proportions
were assessed by Chi- square test.
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4. Results
4.1 General characteristics of the study population:
A total of 2100 subjects were recruited for this study of which 150 (7.14%)
subjects had complete demographic and clinical information and ultrasound
evidence of NAFLD, 1950 were excluded from analysis due to did not meet the
criteria for NAFLD diagnosis. Beside the 150 cases, we selected and studied
150 normal subjects as a control group . In total , there were 138 males and 162
females . In the control group , 70 (46.66%) were males and 80 (53.33%) were
females, while in NAFLD group, 68 (45.33%) were males and 82 (54.66%)
were females as shown in Table (4.1) and Fig.(4.1).
Table 4-1 The distribution of the study population according to sex.

Sex

Case

Control

N=150

N=150

F

F

%

Total

χ2

P- value

0.054

0.817

%

Male

68 45.4 70 46.6

138

Female

82 54.6 80 53.3

162

60.00%
50.00%
40.00%

30.00%
case

20.00%

control

10.00%
0.00%

male

female

case

45.43%

54.66%

control

46.67%

53.34%

Fig. 4.1 The distribution of the study population according to sex.
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4.1.1 The distribution of the study population according to age:

The distribution of both the NAFLD patients and control group according to age
is shown in Table (4.2) and Fig.(4.2). The highest age group of the cases with
NAFLD is 46-55 years (41.34 %), followed by 35-45 years (30 %) and 56-65
years (28.7%) .
Table 4-2 The distribution of the study population according to age group.
Case

Control

N=150

N=150

F

%

F

%

35-45

45

30

45

30

46-55

62 41.3

62 41.3

124

56-65

43 28.7

43 28.7

86

Age group

χ2

P- value

0.000

1.0

Total

90

45.00%
40.00%

35.00%
30.00%
25.00%
20.00%

case

15.00%

control

10.00%
5.00%
0.00%

35-45

46-55

56-65

case

30.00%

41.34%

28.70%

control

30.00%

41.34%

28.70%

Fig. 4.2 The distribution of the study population according to age group.
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4.1.2 Distribution of the study population according to monthly income:
The monthly income of the study population was distributed into four major
groups as shown in Table (4.3) and Fig. (4.3), the highest monthly income
frequency is <1000 (44.67%) , followed by 1000-2000 (32%), 2000-3000 (
16.67%) and >3000 (6.67%) in study population respectively. Chi-square test
showed significant difference between the monthly income of the control and
the cases (χ2 =10.515, P=0.015).
Table 4.3 The distribution of the study population according to monthly income.

Income

Case

Control

N=150

N=150

F

F

%

Total

67 44.6

49 32.6

116

1000-2000

48

48

96

2000-3000

25 16.6

47 31.3

72

>3000

10

6

16

6.6

P- value

10.515

.015

%

<1000

32

χ2

32

4

35

50.00%
45.00%
40.00%
35.00%
30.00%

25.00%
20.00%
15.00%
10.00%
5.00%
0.00%

<1000

1000-2000

2000-3000

>3000

case

44.67%

32%

16.67%

6.67%

control

32.66%

32%

31.33%

4.00%

case

control

Fig. 4.3 The distribution of the study population according to monthly income.
4.2 Questionnaire Analysis:
4.2.1 Smoking:
Table 4.4 and fig 4.4 show that 53 case (35.34%) were smoker and the majoritiy
are not smoker 97 (64.67%), however, no one in the control group was smoker.
There is significant difference between smoking cases and control respectively.
(χ2 =64.372, P< 0.001).
Table 4.4 Distribution of the study population with respect to smoking.

Smoking

Case

Control

N=150

N=150

F

F

%

0

0

%

Yes

53 35.3

No

97 64.6 150 100
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Total

χ2

P- value

64.372

< 0.001

53
247

120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

smoker

non-smoker

case

35.34%

64.67%

control

0.00%

100.00%

Fig. 4.4 Distribution of the study population with respect to Smoking.
4.2.2 Food type:
Table (4.5) and Fig.(4.5) reveals that the majority of the studied population were
eat meat, 59 case (39.34%), vegetables 53 (35.34%), legumes 28 (18.67%) ,
starches 8(5.34%), lipids 2 (1.34%)

respectively, while in control group

79(52.66%) eat vegetables, 53 (35.33%) eat meat, 17 (11.33%) eat legumes.
There is significant difference between cases and control in regard the type of
food that they consumed (χ2 =15.576, P=0.004).
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Table 4.5 Distribution of the study population according to type of food.

Food

Case

Control

N=150

N=150

F

F

%

Total

χ2

P- value

%

Meat

59 39.3

53 35.3

112

Legumes

28 18.6

17 11.3

45

Vegetables

53 35.3

79 52.6

132

Starches

8

5.3

1

0.6

9

Lipids

2

1.3

0

0

2

15.576

0.004

60.00%
50.00%
40.00%
30.00%
case
20.00%

control

10.00%

0.00%

meat

legumes

vegetables

starches

lipids

case

39.34%

18.67%

35.34%

5.34%

1.34%

control

35.33%

11.33%

52.66%

0.66%

0%

Fig. 4.5 Distribution of the study population according to type of food.

38

4.2.3 Glucose elevation :
Table (4.6) and Fig.(4.6) reveals that the majority of the studied population of
NAFLD have glucose level elevation 82 (54.66%) and 68 (45.33%) with normal
glucose level, no one in the control group have increased glucose level, there is
a significant difference between cases and control both groups respectively
(χ2=112.844, P<0.001).
Table 4.6 Distribution of the study population according to glucose elevation.

Glucose-elevation

Case

Control

N=150

N=150

F

F

%

0

%

Total

High

82 54.6

0.0

82

Normal

68 45.3 150 100

218

χ2

P- value

112.844

< 0.001

120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

elevated glucose level

normal level

case

54.66%

45.33%

control

0.00%

100.00%

Fig. 4.6 Distribution of the study population according to glucose elevation.
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4.2.4 Inherited diabetes mellitus :
The majority of the studied population of cases have inherited diabetes mellitus.
There are 79 (52.66%) suffering of D.M and 71 (47.33%) did not inherited
diabetes mellitus, while in control group, the majority of control subjects did not
inherited diabetes mellitus 127( 84.66%), and 23(15.33%) suffering of D.M as
shown in Table (4.7) and Fig.(4.7). There is a significant difference between
cases and control both groups respectively (χ2=46.58, P< 0.001).

Table 4.7 Distribution of the study population according to inherited diabetes
mellitus.

Inherited D.M

Case

Control

N=150

N=150

F

F

%

Total

χ2

P- value

46.58

< 0.001

%

Yes

79 52.6

23 15.3

102

No

71 47.3 127 84.6

198

90.00%
80.00%
70.00%
60.00%
50.00%
40.00%

case

30.00%

control

20.00%
10.00%
0.00%
case
control

Inherited, D.M.
52.66%
15.33%

not-inherited, D.M.
47.33%
84.66%

Fig. 4.7 Distribution of the study population according to inherited diabetes
mellitus.
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4.2.5 Heart disease:
As shown in Table (4.8) and Fig(4.8) the majority of the studied population did
not have heart disease 105 (70 %), and 45 (30 %) have heart disease, no one in
the control group have heart disease, there is a significant difference between
cases and control both groups respectively (χ2=52.941, P< 0.001).

Table 4.8 Distribution of the study population according to heart disease.
Case

Control

N=150

N=150

F

%

F

%

Yes

45

30

0

0

No

105 70 150 100

Heart disease

Total

χ2

P- value

52.941

< 0.001

45
255

120.00%
100.00%
80.00%
60.00%
case
control

40.00%
20.00%

0.00%
case
control

with, heart disease
30.00%
0.00%

with-out
70.00%
100.00%

Fig. 4.8 Distribution of the study population according to heart disease.
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4.2.6 Inherited heart disease:
Table (4.9) and Fig(4.9) illustrated that 107 (71.33 %) did not have inherited
heart disease, and 43 (28.66 %) have inherited heart disease, no one in the
control group have inherited heart disease, there is a significant difference
between cases and control both groups respectively (χ2=10.629, P=0.001).
Table 4.9 Distribution of the study population according to
inherited heart disease.

Inherited heart disease

Case

Control

N=150

N=150

F

F

%

Total

χ2

P- value

10.629

0.001

%

Yes

43 28.6

20 13.3

63

No

107 71.3 130 86.6

237

100.00%

90.00%
80.00%

70.00%
60.00%
50.00%

40.00%

case

30.00%

control

20.00%

10.00%
0.00%

Inherited heart disease

Not- inherited

case

28.66%

71.33%

control

13.33%

86.66%

Fig. 4.9 Distribution of the study population according to inherited heart disease.
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4.2.7 Cholesterol elevation :

As shown in Table (4.10) and Fig.(4.10) the majority of the studied population
did not have cholesterol elevation 93 (62%), and 57 (38%) have cholesterol
elevation, , there is a significant difference between cases and control both
groups respectively (χ2=70.370, P< 0.001).
Table 4.10 Distribution of the study population according to cholesterol
elevation.
Case

Control

N=150

N=150

F

%

F

%

High

57

38

0

0

Normal

93

62

Cholesterol elevation

150 100

Total

χ2

P- value

57

70.370

< 0.001

243

120.00%

100.00%
80.00%

60.00%
case

40.00%

control
20.00%

0.00%

increased cholesterol
level

not increasd

case

38.00%

62.00%

control

0.00%

100.00%

Fig .4.10 Distribution of the study population according to cholesterol elevation.
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4.2.8 Triglyceride elevation:
Table (4.11) and Fig.(4.11) reveals that the majority of the studied population
did not have triglyceride level elevation 77(51.33 %), and 73 (48.66 %) have
triglyceride level elevation, , there is a significant difference between cases and
control both groups respectively (χ2=96.47, P< 0.001).
Table 4.11 Distribution of the study population according to triglycride
elevation.

T.G elevation

Case

Control

N=150

N=150

F

F

%

0

0

%

High

73 48.6

Normal

77 51.3 150 100

Total

χ2

P- value

96.47

< 0.001

73
227

120.00%

100.00%
80.00%

60.00%
case

40.00%

control
20.00%

0.00%

increased triglyceride
level

not increased

case

48.66%

51.33%

control

0.00%

100.00%

Fig. 4.11 Distribution of the study population according to triglyceride
elevation.
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4.2.9 Blood pressure elevation :
As shown in Table (4.12) and Fig.(4.12), 78 ( 52%) did not have blood pressure
elevation, and 72 (48%) have blood pressure elevation, there is a significant
difference between cases and control both groups respectively
(χ2=94.73, P< 0.001).
Table 4.12 Distribution of the study population according to blood pressure
elevation.
Case

Control

N=150

N=150

F

%

F

%

High

72

48

0

0

Normal

78

52

B.p elevation

Total

χ2

P- value

94.73

< 0.001

72

150 100

228

120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

elevated blood pressure

normal blood pressure

case

48.00%

52.00%

control

0.00%

100.00%

Fig.4.12 Distribution of the study population according to blood pressure
elevation.
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4.2.10 Inherited blood pressure elevation :
Table (4.13) and Fig.(4.13) reveals that 80 (53.33 %)did not have inherited
blood pressure elevation, and 70 (46.66 %) have inherited

blood pressure

elevation, , there is a significant difference between cases and control both
groups respectively (χ2=92.65, P< 0.001).
Table 4.13 Distribution of the study population according to inherited blood
pressure elevation.
Case

Control

N=150

N=150

F

F

Inherited B.P
%

Total

χ2

P- value

92.65

< 0.001

%

Yes

70 46.6

26 17.3

96

No

80 53.3 124 82.6

204

90.00%

80.00%
70.00%
60.00%

50.00%
40.00%

case

30.00%

control

20.00%
10.00%

0.00%

Inherited blood pressure
elevation

not inherited

case

46.66%

53.33%

control

17.33%

82.66%

Fig.4.13 Distribution of the study population according to inherited blood
pressure elevation.
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4.2.11 Playing sport:

Table (4.14) and Fig.(4.14) reveals that the majority of the studied population
did not play sport 99 (66%), and 51 (34%) play sport, , there is a significant
difference between cases and control both groups respectively (χ2=10.643,
P=0.001).
Table 4.14 Distribution of the study population according playing sport.
Case

Control

N=150

N=150

F

%

F

Yes

51

34

79 52.6

130

No

99

66

71 47.3

170

Play sport

Total

χ2

P- value

10.643

0.001

%

70.00%
60.00%

50.00%
40.00%
case

30.00%

control

20.00%
10.00%
0.00%

play sport

not playing

case

34.00%

66.00%

control

52.66%

47.33%

Fig. 4.14 Distribution of the study population according to playing sport.
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4.2.12 Using drug for treatment:
Table (4.15) and Fig.(4.15) illustrated that the majority of the studied population
use drugs 115 (76.66%), and 35( 23.33 %) did not use drug, there is a significant
difference between cases and control both groups respectively (χ2=92.65,
P=0.000).
Table 4.15 Distribution of the study population according to using drugs.

Drug

Case

Control

N=150

N=150

F

F

%

0

0

%

Yes

115 76.6

No

35 23.3

150 100

Total

χ2

P- value

186.48

< 0.001

115
185

120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

use drug

not use

case

76.66%

23.33%

control

0.00%

100.00%

Fig. 4.15 Distribution of the study population according to using drugs.
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4.3 Biochemical parameters of the study population:
4.3.1 Glucose level of study population:
The mean of fast blood glucose in NAFLD cases is higher than that of the
control group [158.880 with std.deviation (93.65), and 84.09 with std.deviation
(12.00) respectively,] as shown in Table (4.16). This difference is statistically
significant where p- value was less than 0.001.
Table 4-16 Glucose level of study population.
Std.

Percent of

Deviation

difference

158.8

93.65

107.4

84.0

12.00

N

Mean

Case

150

control

150

F.B.S

t

P-value

9.701

< 0.001

4.3.2 Frequency of diabetes mellitus patients in study population:
Table(4.17) and fig.(4.16) showed that the distribution of glucose between the
study groups, 89 (59.33 %) with elevated blood glucose level, 61 (40.66 %) with
normal blood glucose level, no one with hyperglycemia in control group.
Table 4-17 Frequency of diabetes mellitus in study population.
Hyperglycemia

Case

Control

N=150

N=150

Total

F

%

F

%

No

61

40.6

150

100

211

Yes

89

59.3

0

0

89
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120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

hyperglycemia

normoglycemia

case

59.33%

40.66%

control

0.00%

100.00%

Fig. 4-16 Frequency of diabetes mellitus in study population.
4.3.3 Lipid profile of study population:

Table (4.18) illustrated lipid profile of the study population, the mean of
cholesterol, triglyceride and low density lipoprotein for cases are significantly
higher than the control group, the mean of cholesterol for cases is 202.533 with
SD 59.86 compare with 158.14 with SD 23.49 in control group, triglyceride
mean for cases 162.94 with SD 71.82 compare with 121.07 with SD 21.45 in
control group, low density lipoprotein for cases is 132.23 with SD 60.13
compare with 81.89 with SD 24.26 in control group, by contrast the mean of
high density lipoprotein in control 52.02 with SD 5.3 is higher than case 37.70
with SD 8.94 .
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Table 4-18 Lipid profile of study population.
N
CHO

Mean

Case 150 202.53

Std.

Percent of

Deviation

difference

59.86

t

P-value

26.5

8.454

< 0.001

44.6

6.842

< 0.001

-28.9

-16.798

< 0.001

55.1

9.508

< 0.001

Control

T.G

150 158.14

23.49

Case 150 162.94

71.82

Control
150 121.07
HDL

Case 150

21.45

37.70

8.94

52.02

5.38

Case 150 132.23

60.13

Control
150
LDL

Control
150

81.89

24.26

4.3.4 Lipid profile frequency of study population:
4.3.4.1 Cholesterol level :
Table 4.19,Fig. 4.17 show that 83 (55.33 %) are normocholesterolemic, and 67
(44.66 %) are hypercholesterolemic, no one have hypercholesterolemia in
control group.
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Table 4.19 cholesterol level in study population.

Hypercholesterolemia

Case

Control

N=150

N=150

Total

F

%

F

%

No

83

55.3

150

100

233

Yes

67

44.6

0

0

67

120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

hypercholesterolemia

normocholesterolemic

case

44.66%

55.33%

control

0.00%

100.00%

Fig. 4.17 Frequency of cholesterol level in study population.

4.3.4.2 Triglyceride level :
In the study population cases 80 (53.34 %) have hypertriglyceridemia, and 70
(46.67 %) with normotriglyceridemia, only one subject have elevated
triglyceride level as shown in Table 4.20 and Fig. 4.18.
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Table 4.20 Triglyceride level in study population.

Hypertriglyceridemia

Case

Control

N=150

N=150

Total

F

%

F

%

No

70

46.6

149

99

219

Yes

80

53.3

1

1.0

81

120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

hypertriglyceridemia

normotriglyceridemia

case

53.34%

46.67%

control

1.00%

99.00%

Fig. 4.18 Frequency of triglyceride level in study population.

4.3.4.3 High density lipoprotein level (HDL):

Most cases in study population have a low level of HDL 110 (73.34 %), and 40
(26.67%) with normal level, as illustrated in table 4.21, and Fig. 4.19.
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Table 4.21 HDL level in study population.

HDL

Case

Control

N=150

N=150

Total

F

%

F

%

Normal

40

26.6

148

98.66

188

Low

110

73.3

2

1.3

112

120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

Increased HDL

Decreased HDL

case

26.67%

73.34%

control

98.66%

1.33%

Fig. 4.19 Frequency of HDL level in study population.

4.3.4.4 Low density lipoprotein (LDL) :
Table 4.22, and Fig. 4.20 show that 77 (51.34 %) have normal LDL level, and
73 (48.67 %) with elevated level of LDL, two subject have elevated level of
LDL in control group.
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Table 4.21 LDL level in study population.

LDL

Case

Control

N=150

N=150

Total

F

%

F

%

Normal

77

51.3

148

98.66

225

High

73

48.6

2

1.33

75

120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

Increased LDL

Decreased LDL

case

48.67%

51.34%

control

1.33%

98.66%

Fig 4.20 Frequency of LDL level in study population.
4.3.5 Liver enzymes of study population:
4.3.5.1 Alanine Aminotransferase (ALT):
As shown in Table (4.23) and Fig.(4.21) the majority of the studied population
did not have elevated (ALT) 126 (84 %), and 24 ( 16 %) with elevated liver
enzymes, there is a significant difference between cases and control both groups
respectively (χ2=26.087, P< 0.001).
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Table 4.23 ALT level in study population.

ALT

Case

Control

N=150

N=150

F

F

%

Normal

126 84

High

24

16

χ2

P- value

26.087

< 0.001

Total

%

150 100
0

0

276
24

120.00%
100.00%
80.00%
60.00%
case
40.00%

control

20.00%

0.00%

Increased ALT

Decreased ALT

case

16.00%

84.00%

control

0.00%

100.00%

Fig. 4.21 Frequency of ALT level in study population.
4.3.5.2 Aspartate Aminotransferase (AST):
As shown in Table (4.24) and Fig(4.22) the majority of the study population
cases have normal (AST) 134 (89.34 %), and 16 (10.67 %) with elevated (AST),
there is a significant difference between cases and control both groups
respectively (χ2=16.901, P< 0.001).
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Table 4.24 AST level in study population.

AST

Case

Control

N=150

N=150

F

F

%

χ2

P- value

16.901

< 0.001

Total

%

Normal

134 89.3 150 100

284

High

16 10.6

16

0

0

120.00%

100.00%
80.00%
60.00%
case

40.00%

control

20.00%
0.00%

Increased AST

Decreased AST

case

10.67%

89.34%

control

0.00%

100.00%

Fig. 4.22 Frequency of AST level in study population.
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4.3.6 Metabolic syndrome in study population:
4.3.6.1 Frequency of metabolic syndrome in study population :
Table 4.25 and Fig.4.23 illustrated that most of cases in study population have
metabolic syndrome 99 (66 %), 51 (34%) have not metabolic syndrome, there is
a significant difference between cases and control both groups respectively
(χ2=147.761, P< 0.001).
Table 4.25 Frequency of metabolic syndrome in study population
Case

Control

N=150

N=150

+ ve

F
99

%
66

F
0

_ ve

51

34

Metabolic
syndrome

Total

%
0

99

150 100

201

χ2

P-value

147.761

< 0.001

120.00%

100.00%
80.00%

60.00%
case

40.00%

control
20.00%

0.00%

with metabolic
syndrome

without

case

66.00%

34.00%

control

0.00%

100.00%

Fig. 4.23 Frequency of metabolic syndrome in study population
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4.4 Correlation between biochemical parameters:
4.4.1 Correlation between F.B.S and other biochemical parameters:
A positive correlation between F.B.S and Cho ( 0.482 ), T.G( 0.532 ), LDL (
0.441), AST( 0.145 ), and ALT (0 .260 ) respectively, and negative correlation
with HDL ( -0.463 ) as illustrated in table (4.26).

Table 4.26 correlation between F.B.S and biochemical parameters
Parameters

r

P-value

Cho.

0.482

< 0.001

T.G

0.532

< 0.001

HDL

-0.463

< 0.001

LDL

0.441

< 0.001

AST

0.145

0.015

ALT

0.260

< 0.001

4.4.2 Correlation between cholesterol and other biochemical parameters:
Table 4.27 show strong positive correlation with LDL ( 0.976 ), weak positive
with AST ( 0.129 ), ALT ( 0.242 ), T.G ( 0.471 ), and strong negative with HDL
( -0.567 ).
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Table 4.27 correlation between Cho and biochemical parameters.
Parameters

r

P-value

T.G

0.471

< 0.001

HDL

-0.567

< 0.001

LDL

0.976

< 0.001

AST

0.129

0.026

ALT

0.242

< 0.001

4.4.3 Correlation between triglyceride and other biochemical parameters:
Table 4.28 illustrated that weak positive correlation with LDL
( 0.328 ), AST (0.169 ), ALT ( 0.230 ), and negative correlation with HDL ( 0.459).
Table 4.28 correlation between T.G and biochemical parameters.
Parameters

r

P-value

HDL

-0.459

< 0.001

LDL

0.328

< 0.001

AST

0.169

0.003

ALT

0.230

< 0.001
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4.4.4 Correlation between ALT and other biochemical parameters.
The correlation between ALT and AST is strong positive correlation ( 0.829 ),
weak positive correlation with LDL ( 0.253 ), and weak negative correlation
with HDL ( -0.349 ) as table 4.29 illustrated.
Table 4.29 correlation between ALT and biochemical parameters.
Parameters

r

P-value

HDL

-0.349

< 0.001

LDL

0.253

< 0.001

AST

0.829

< 0.001

4.4.5 Correlation between AST and other biochemical parameters:
As table 4.30 illustrated weak positive correlation with LDL ( 0.144 ), and weak
negative correlation with HDL ( -0.285 ).
Table 4.30 correlation between AST and biochemical parameters.
Parameters

r

P-value

HDL

-0.285

< 0.001

LDL

0.144

0.013
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4.4.6 Correlation between HDL and other biochemical parameters:
As table 4.31 illustrated strong negative correlation with LDL ( -.646 ).
Table 4.31 correlation between HDL and biochemical parameters.
Parameters

r

P-value

LDL

-.646

< 0.001
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5. Discussion
Overview:
Non-alcoholic fatty liver disease (NAFLD) is a form of chronic hepatitis that
affects a wide range of individuals., In the USA, 95 million adults have been
affected and the prevalence is continue to increase dramatically. Obstructive
sleep apnea, hypothyroidism, hypopituitarism, hypogonadism and polycystic
ovarian syndrome are other disorders may connected to NAFLD. In patients
with NAFLD there is no single pharmacologic or surgical therapy that has been
shown to be universally effective, but lifestyle modification through diet and
exercise with the goal of improvement in weight as well as the detection and
management of associated metabolic disorders can have improvement on the
health status of NFLAD patients (Malhotra et al. 2015).
5.1 Characteristics of the study population:
Socio-demographic characters of the study population:
The primary scope of the present study was to provide an estimate for the
prevalence of NAFLD and its association with metabolic syndrome. The study
explored clinical parameters and their association with patients suffering of
NAFLD. The prevalence of NAFLD was (7.14%), this results considered high
in comparison with other previous studies worldwide. This could be due to type
of food, environmental factors, genetic factors and ethnicity (Ozturk et al.,
2014).
The prevalence of NAFLD was higher in females (54.6%) than males (45.4%).
This difference could be due to the fact that females are at high risk of insulin
sensitivity than males which is considered as one of the etiological factor for
NAFLD.
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The age range of the study population was 35-65 years. We noticed that the
highest age group of the cases was with NAFLD aged 46-55 years (41.34 %),
followed by 35-45 years (30%) group, and finally the age group 56-65 years
(28.7%). Generally speaking older ages are at higher risk for the development
of many diseases.
5.2 Questionnaire discussion:
Smoking:
In our study, 35.34% of cases are smokers. Long-term smoking causes the
oxidation of glucose in cells and can significantly weaken the non-oxidative
pathway and increase free fatty acid levels in plasma, which can be taken up by
the liver and adipose tissue, leading to the development of insulin resistance
which is the main etiological factor for development of non-alcoholic fatty liver
disease (Zhang et al., 2015).
Food type:
In this study the type of food consumed by the study population was distributed
into five major groups including meat (39.34%), vegetables (35.34%), legumes
(18.67%) , starch (5.34%), and lipids (1.34%) .
In a retrospective analysis of data from a large population based cross-sectional
study that used type of food monitors high percentage of energy from fat, high
cholesterol food was associated with NAFLD in centrally obese but not in noncentrally obese diabetic patients. These associations can potentially form a self
perpetuating vicious cycle that promotes NAFLD (Chan et al., 2015).
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Glucose elevation :
Our results showed that more than half of the study population have elevated
glucose above the normal values (54.7%), and a percentage of 45.3% have
normal glucose level.
Insulin resistance plays a dominant role in the pathogenesis of NAFLD, patients
with (T2DM) have an increased risk of developing NAFLD, compared to nondiabetic NAFLD patients. Moreover, patients with T2DM have three times
mortality rate higher than people with normal blood sugar (Goh et al., 2015).
Heart disease:
The results revealed that 30% of the study population have heart disease.
Retrospective studies that performed in Olmsted County, located in southeastern
Minnesota of cohort of NAFLD patients have shown myocardial infarction to be
the cause of death in 25% compared to 13% in patients with other liver diseases.
Since the MS is linked to many well recognized cardiovascular risk factors, it is
to be expected that there will be a high prevalence of cardiovascular morbidity
in patients with NAFLD (Azzam et al., 2105).
Cholesterol elevation:
In the present study, 38% of studied population have abnormal cholesterol level.
For progression from simple steatosis to severe NASH, the accumulation of free
cholesterol is considered as an important trigger. In fact, dietary cholesterol was
demonstrated to be a critical factor in the progression of NASH. Levels of free
cholesterol in the liver result from endogenous cholesterol synthesis (Simon et
al., 2104).
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Triglyceride elevation:
In the present study, more than half of study population cases have abnormal
triglyceride level (53.3%).
Dyslipidemia exists in the progression of NAFLD, which results in
hypertriglyceridemia, reductions in high density lipoprotein cholesterol (HDL-c)
and an increase in the size of VLDL (Sun et al., 2015).

Blood pressure elevation:
In this study, it is found that 48% of the study population have elevated blood
pressure. Hypertension is a worldwide health problem, the prevalence of
hypertension has increased and remains high, several cross-sectional studies
have demonstrated that approximately 50% of subjects with hypertension are
known to have NAFLD (Huh et al., 2015).
In rural cohort study that conducted in Korean general population, authors
observed link between fatty liver disease and hypertension could be explained
by multiple mechanisms. First, renin–angiotensin system (RAS) dysregulation
in NAFLD might lead to the development of hypertension,

as RAS

dysregulation may play a key role in hepatic inflammation and fibrosis. Second,
insulin resistance and systemic inflammation in NAFLD may lead to the
development of hypertension (Huh et al., 2015).
Playing sport
In this study it is found that 66% of the NFALD cases did not playing sport.
Regular exercise and dietary changes are lifestyle intervention to improve
hepatic aminotransferases along with steatosis, in patients with NAFLD
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histologic improvements by physical activity, odds of NASH and lower glucose
and insulin values are decreased by vigorous activity (Malhotra et al., 2015).
Using drug for treatment
The study results revealed that 76.7 % of NFALD cases use drugs for treatment.
After several clinical trials that performed by Neel et al., there is currently no
single pharmacologic or surgical therapy that has been shown to be universally
effective in all patients with NAFLD. The drug which used were mainly to
reduce insulin resistance, lipid production and systemic inflammation
(Malhotra et al., 2015).
5.3 Parameters of the study population:
Glucose level of study population:
The results of this study revealed that the mean of fasting blood glucose level in
cases was significantly higher than its mean level in controls (158.9 mg/dl vs.
84.1 mg/dl).
Obese patients have increased insulin resistance with impaired insulin-mediated
glucose uptake in adipose tissue and skeletal muscle. The resultant increase in
blood glucose concentration leads to increased glucose uptake in the liver, a
process which is insulin-independent. This leads to increase de novo lipogenesis
(DNL). FFAs from DNL are a significant source of accumulated fat in the liver
after serum non-esterified fatty acids (NEFAs). The latter is also increased with
increased insulin resistance due to impaired insulin-mediated suppression of
triglyceride hydrolysis in adipose tissue (Chan et al., 2015).
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Lipid profile of study population:
The mean of cholesterol, triglyceride and low density lipoprotein levels in
NFALD cases were significantly higher than that in control group, while the
mean value of high density lipoprotein in control group was higher than its level
in cases.
One of the main functions of liver is obtain lipids from the circulation,
synthesize them and secrete them in lipoproteins into the blood stream, very
low- density lipoproteins (VLDL) transport triglycerides (TG) from the liver to
peripheral tissues, providing an energy source. Plasma levels of VLDL are
defined by the rate of clearance from plasma and the rate of hepatic secretion so
an imbalance between these two processes will lead to dyslipidemia which is
one of the extrahepatic complications of non-alcoholic fatty-liver disease
(NAFLD). Hepatosteatosis result from abnormalities in the hepatic uptake of
lipoproteins and/or secretion of VLDL (Martínez-Uña et al., 2015).
Liver enzymes of study population
In this study, 10.7% and 16% of NAFLD patients showed high abnormal levels
of AST and ALT respectively.
In a prospective study, which performed over one year, in 2002, healthy blood
donors in the blood donation center of Kerman in southeast of Iran were tested
for liver enzymes. The prevalence of an isolated elevated liver enzymes levels
among NAFLD (cut-off value of 41/UL for both men and women) after
excluding individuals with viral hepatitis, alcohol and drug etiologies was
20.55% (Lahsaee et al., 2012).
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Metabolic syndrome :
We showed that about two third of the NFALD cases have metabolic syndrome
(66%).
The prevalence of the Mets in the general population is estimated to be between
17-25%, where NAFLD is the hepatic manifestation of metabolic syndrome as a
strong link has been reported between them particularly among obese adolescent
males (Onyekwere et al., 2011).
In a prospective study, that conducted by Sadroddin et al., in 2012, the majority
of people with metabolic syndrome have evidence of NAFLD. In assessment the
association between NAFLD and metabolic syndrome in these subjects, 37.1%
had metabolic syndrome and 54.5% of subjects whom diagnosed NAFLD had
metabolic syndrome but only 7.7% of patients who did not diagnosed NAFLD
had metabolic syndrome. These results are mostly in consistency with our
findings.

So, NAFLD was correlated with metabolic syndrome (Lahsaee et

al., 2012).
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6. Conclusions and Recommendations:
6.1 Conclusions:



There was significant association between NAFLD disease and metabolic
syndrome (66% NAFLD with MS vs. 34% NAFLD without MS).



By using NCEP definition, the prevalence of metabolic syndrome among
NAFLD cases in Gaza was 66%.



Based on ultrasound imaging, the overall prevalence of NAFLD was
7.14% . It was significantly higher in women compared to men (54.66%
vs. 45.43%).



NAFLD prevalence increase dramatically with the age, being the highest
in the age group 46-55 years (41.34%).



There was no association between gender or age group in cases and
control.



Lower monthly income (<1000 NIS) was significantly associated with the
prevalence of NAFLD (P=0.015).



There was significant differences between percentage of NAFLD among
cases and controls in relation to smoking and type of consumed food.



NAFLD percentage was significantly associated with high blood glucose
level and inherited diabetes mellitus.



Also, NAFLD percentage was associated with heart disease and inherited
heart disease.



NAFLD was associated with abnormal high cholesterol and triglyceride
levels.
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Also, NAFLD was associated with high blood pressure and inherited
blood pressure (inherited hypertension).



NAFLD was associated with abnormal high levels of liver enzymes AST,
and ALT.

6.2 Recommendations:


Because there is no effective drug for treatment of NAFLD, drugs that
used normally to improve the biochemical finding and prevent the
progressing of disease are recommended.



People at risk of getting NAFLD should minimize lipid and fructose rich
diet. Moreover, they should be encourage to increase vegetables and fruits
in their daily meals.



We recommend the general population to perform physical activity and
weight loss which is considered as the only way to prevent obesity which
is main etiological factor for NAFLD disease.



We recommend the general population to make routine blood analysis,
and medical checkup.



Further studies in large scale and covering all Gaza governorates are
recommended



Also, further studies for finding possible environmental, social, and
genetic risk factors for getting NAFLD are recommended.
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B- approval to conduct the questionnaire
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Annex 2:
Questionnaire
أخى الكريم | أختى الكريمة.....
أرجو مساعدتناع يا أنماع ذا ا الترا اة والتاى ناترأ أحتمعلياة وجاوع داتاعي ايض مرلاى الكبات الاتذاى
الاكحولى ومتازمة األيض لتى الرجعل والاسعء وذلك مض خال االجع ة دلى اال تبعنة ونبردك عيااة ع
الجااراء عااض الفحوصااعي دلي ااع ونلكاات لااك أا نتااعة اال ااتبعنة ااتبدى اارية و تسااتخت يد ا أل اارا
البحث العلمى ولض يشعر أ تا الى أ م الشخص ي أى مض مراحل الترا ة.
اال م:

رتم ال عنف:

رتم العياة:

رتم الجوال:

الجاس:

العاواا:

الحعلة االجتمعدية

العمر:

الطول:

م

الوزا:

كجم

محي الخصر:
لغ الت

مستوى التخل الش رى:
اتل مض  1000شيكل
 2000-1000شيكل
 3000-2000شيكل
اكثر مض  3000شيكل
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م

مع نوع الطعع المفضل لتيك (المتوير)؟
لحو
دوليعي
خضعر
نشويعي
عذاية

الرجعء االجع ة اعم او ال

نعم

ذل أنت متخض
ذل نععنى مض ارنفعع نسبة
السكر
ذل يوجت احت مض الععةلة
يععنى مض مر
ذل نععنى مض مر

السكر
الدلب

ذل يوحت احت مض الععةلة
يععنى مض مر

الدلب

ذل نععنى مض ارنفعع نسبة
الكولستيرول
ذل نععنى مض ارنفعع نسبة
التذوا الثاثية
ذل نععنى مض ارنفعع لغ
84

ال

ذل يوجت احت مض الععةلة
يععنى مض لغ الت
ذل نمعرأ الريعلة
ذل نتاعول اعوية معياة

انع موايق|ة دلى نعبئة اال تبعنة وادطعء دياة ع الجراء يحوصعي مخبرية
التوتيع..............................:

85

