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Abstract
Background: Non-alcoholic fatty liver disease (NAFLD) is closely linked with obesity and
insulin resistance. Dietary patterns and nutrients are the important contributors to the
development and treatment of NAFLD.
Objectives: This study was conducted to identify the effect of diet and dietary habits in
occurrence of NAFLD, to reveal the connection of NAFLD with insulin resistance, to clarify
the connection between NAFLD and dyslipidemia and to raise dietary recommendations and
advices to mitigate NAFLD.
Methodology: A retrospective case-control study was conducted at ultrasound centers at
governmental hospitals in Gaza Strip. The study consisted of 55 cases of NAFLD and 55 age
matched controls. Data collection was done by direct methods that included fasting blood
sugar, lipid profile, liver enzymes and hepatitis B surface antigen, and indirect methods
through a structured interview questionnaire.
Results: Concerning dietary factors, intake of fast food, sweets, soft drinks and high intake of
carbohydrates and fats were positively correlated with NAFLD (P value= 0.001 for each).
About biochemical tests, high serum levels of Aspartate Aminotransferase (AST) and high
Fasting blood sugar (FBS) were positively correlated with NAFLD (P value = 0.001 for both),
while low High-density lipoprotein cholesterol (HDL-C) levels were inversely correlated with
NAFLD (P value= 0.02). Other factors were positively associated with NAFLD such as:
hypertension (36.4% of cases versus 16.4% of controls [P value= 0.02]), Diabetes mellitus (
25.5% of cases versus 3.6% of controls [P value= 0.01]), hyperlipidemia ( 40% of cases and
none of controls [P value= 0.001]), and obesity ( 80% of cases compared to 25.5% of controls
[ P value =0.001]). About lifestyle, 76.4% of cases were physically inactive versus 54.5% of
controls (P value= 0.01).
Conclusion: Many risk factors including a diet high in carbohydrates (such as sweets and soft
drinks) and fats. Diabetes mellitus, hyperlipidemia and obesity may be associated with the
development of NAFLD.
Recommendation: For health providers is recommended performing serum transaminases
level and liver ultrasound in patients with obesity, Diabetes and hyperlipidemia for early
detection of NAFLD.
Key words: Non-Alcoholic Fatty Liver Disease, Diabetes Mellitus, Obesity, Hyperlipidemia,
Gaza Strip.
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اىَيخص ثبىيغخ اىؼشثُخ
ٍشض اىنجذ اىذهٍْ غُش اىنحىىٍ وػالقزه ثَْػ اىغزاء وٍشض اىسنش واسرفبع ّسجخ اىذهىُ فٍ اىذً

ٍيخص اىذساسخ
ِشض اٌىجذ اٌذٕ٘ ٟغ١ش اٌىؾ٠ ٌٟٛشرجػ ثشىً ٚص١ك ِغ اٌغّٕخ ِ ٚمبِٚخ األٔغ .ٓ١ٌٛإْ األّٔبغ ٚاٌّٛاد اٌغزائ١خ ِٓ
األعجبة اٌّّٙخ ٌؾذٚس ٚرطٛس اٌّشض  ٚأ٠عب ػالط اٌّشض.
األهذاف :أعش٠ذ ٘زٖ اٌذساعخ ٌٍزؼشف ػٍ ٝرأص١ش إٌظبَ اٌغزائٚ ٟاٌؼبداد اٌغزائ١خ ف ٟؽذٚس ِشض اٌىجذ اٌذٕ٘ ٟغ١ش
اٌىؾٌ , ٌٟٛزىشف ػٓ اٌؼاللخ ثِ ٓ١شض اٌىجذ اٌذٕ٘ ٟغ١ش اٌىؾِٚ ٌٟٛمبِٚخ األٔغٌ ,ٓ١ٌٛزٛظ١ؼ اٌؼاللخ ثِ ٓ١شض اٌىجذ
اٌذٕ٘ ٟغ١ش اٌىؾ ٚ ٌٟٛاسرفبع ٔغجخ اٌذٌ٘ ,ْٛشفغ اٌزٛص١بد اٌغزائ١خ ٚإٌصبئؼ ٌٍزخف١ف ِٓ ٘زا اٌّشض.
ٍْهبخُخ اىذساسخ :
أعش٠ذ دساعخ اٌؾبالد ٚاٌشٛا٘ذ ثأصش سعؼ ٟفِ ٟشاوض اٌّٛعبد فٛق اٌصٛر١خ ف ٟاٌّغزشف١بد اٌؾى١ِٛخ ف ٟلطبع غضح.
ٚرىٔٛذ اٌذساعخ ِٓ  55ؽبٌخ ِٓ ِشظ ٝاٌىجذ اٌذٕ٘ ٟغ١ش اٌىؾ ِٓ 55 ٚ ٌٟٛاٌعٛاثػٚ .لذ رُ عّغ اٌج١بٔبد ػٓ غش٠ك
األعبٌ١ت اٌّجبششح اٌز ٟشٍّذ رؾٍِ ً١غز ٜٛاٌغىش ف ٟاٌذَِ ,غز ٜٛاٌذ٘ ْٛف ٟاٌذَٚ ,ظبئف اٌىجذ ٚاٌزٙبة اٌىجذ اٌٛثبئٟ
ٚأعبٌ١ت غ١ش ِجبششح ِٓ خالي االعزجبٔبد ثبٌّمبثالد اٌّجبششح ِغ اٌّشبسو.ٓ١
اىْزبئح :فّ١ب ٠زؼٍك ثبٌؼٛاًِ اٌغزائ١خ ,رٕبٚي اٌٛعجبد اٌغش٠ؼخ ,اٌؾٍ٠ٛبد  ,اٌّششٚثبد اٌغبص٠خ ٚرٕبٚي وّ١بد وج١شح ِٓ
اٌىشث١٘ٛذساد  ٚاٌذ٘ ْٛاسرجطذ اسرجبغب ا٠غبث١ب ِغ ِشض اٌىجذ اٌذٕ٘ ٟغ١ش اٌىؾ( ٌٟٛدالٌخ إؽصبئ١خ ٌ 0.001ىً ِٕ,)ُٙ
ؽٛي االخزجبساد اٌجٛ١و١ّ١بئ١خ ,اسرفبع (ٚ )ASTاسرفبع ِغز ٜٛاٌغىش ف ٟاٌذَ وبٔذ ِشرجطخ ثشىً إ٠غبثِ ٟغ ِشض اٌىجذ
اٌذٕ٘ ٟغ١ش اٌىؾ( ٌٟٛدالٌخ إؽصبئ١خ ٌ 0.00ىً ِّٕٙب) ,ف ٟؽ ٓ١أْ أخفبض ( )HDL-Cوبٔذ ِشرجػ ػىغ١ب ِغ ِشض
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ِٓ اٌؾبالد ِمبثً  ِٓ ٪3.6اٌعٛاثػ (دالٌخ إؽصبئ١خ  ,) 0.01اسرفبع ٔغجخ اٌذ٘ ِٓ ٪40( ْٛاٌؾبالد  ٚال أؽذ ِٓ
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اٌىؾ.ٌٟٛ
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Chapter 1
Introduction

1.1 Overview
Non-alcoholic fatty liver disease is one of the most common forms of chronic liver diseases in
the worldwide and was considered previously to be benign (Nichols, 2013). Non-alcoholic
fatty liver disease refers to the accumulation of fat, mainly triglycerides, in hepatocytes that
exceed 5% of the liver weight (Radu et al., 2008).

Non-alcoholic fatty liver disease refers to a group of liver disorders that occur in the absence
of significant alcohol consumption. NAFLD is ranging from simple steatosis or fatty liver, to
steatohepatitis, fibrosis and cirrhosis and can be categorized into two principal phenotypes:
Non-alcoholic fatty liver disease (NAFLD) and Non-alcoholic steatohepatitis (NASH). Nonalcoholic fatty liver diseaseis defined by macro vesicular steatosis of more than 5% of
hepatocytes in the absence of inflammation. NASH is defined by the presence of hepatic
steatosis, along with inflammation and hepatocyte ballooning injury. NASH is associated with
varying degree of fibrosis and progresses to cirrhosis (Dharel and Fuchs, 2014).

Non-alcoholic fatty liver disease is the most common liver disease in western countries, and it
is becoming increasingly prevalent in Asian-Pacific regions because of the increasing
westernization of the lifestyle such as a high-fat and high-calorie diet, less physical activity
and increasing incidence of central obesity and type 2 diabetes. Recent studies have suggested
that hyperinsulinemia and insulin resistance may play a role in the pathogenesis of NAFLD. It
has now been proposed that NAFLD is associated with metabolic syndrome (MS) (Kim et al.,
2004).
Obesity, insulin resistance, type 2 diabetes mellitus (DM) and dyslipidemia are the main risk
factors for NAFLD. Dyslipidemia is present in 50–60% of the patients with NAFLD. Also, it
is estimated that 70–80% of patients with obesity and 50–80% of patients with type 2 diabetes
have NAFLD. In addition, NAFLD is virtually present in all patients with both obesity and
type 2 diabetes (Dima et al., 2012). Besides central obesity and type 2 diabetes, dyslipidemia
and hypertension (HTN) are risk factors for the development of NAFLD. Environmental
factors and lifestyle-related factors such as reduced physical activity and high-fat diets are
influences for the development of insulin resistance and NAFLD (Angulo, 2007).
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Non-alcoholic fatty liver disease affects 10 to 24 percent of the general population in various
countries. NAFLD affects 2.6 percent of children and 22.5 percent to 52.8 percent of obese
children (Angulo and Lindor, 2002). Prevalence of NAFLD is estimated about 9% in the
developing countries and 30% in the developed countries. NAFLD is the most common cause
of chronic liver disease in the industrialized world. In India, the prevalence of NAFLD in the
general population varies from 10% to 30%, individuals of Asian-Indian ancestry are at
enhanced risk of developing NAFLD as compared with those of Eastern Asian, Caucasian,
Black and Hispanic descent (Tandon, 2013).

NAFLD may affect any age and ethnic group. The prevalence of NAFLD in the United States
of America (USA) is different among different ethnic groups, affecting 45% of Hispanic
people, 33% of white people and 24% of black people. The prevalence is significantly higher
in white men (42%) than in white women (24%). There is no gender difference in prevalence
among Hispanic people or black people. In children and teens, the prevalence of NAFLD
again seems to be different among the different ethnic groups, with the highest prevalence
among Hispanic people and the lowest among black children. The finding indicates that over
70 million adult Americans suffer from NAFLD (Angulo, 2007).

The prevalence of NAFLD in pediatric population in USA is 13-14%, in general population
27-34%, and in those with morbid obesity is between 75-92%. The prevalence in European
pediatric population is 2.6-10%, and in general population is 20-30%. The prevalence in
general population in western countries is 20- 40%, in cases with obesity or diabetes is 75%,
and in morbid obesity is 90- 95%. The prevalence rate in general population in Middle East is
20-30%. The prevalence rate in general population in Far East is 15% (World
Gastroenterology Organization [WGO], 2012).

Prevalence rates of NAFLD in Asian populations range from 12.2% in the Philippines to
17.2% in Southern China, with a higher prevalence (up to 42%) amongst Asians with diabetes
and MS (Tan and Chang, 2010). The prevalence of NAFLD across the Asia-Pacific region is
at least 10%, prevalence of NAFLD ranges from 16% in Mexico, 23% in Italy, 30% in Israel,
and 9.3% in Japan (Dharel and Fuchs, 2014).
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1.2 Goal and Objectives
1.2.1 Goal
To determine the relationship between patients with NAFLD, dietary habits, insulin resistance
and dyslipidemia.
1.2.2 Objectives
1. To identify the effect of diet and dietary habit in occurrence of NAFLD.
2. To reveal the connection between NAFLD and insulin resistance.
3. To clarify the connection between NAFLD and dyslipidemia.
4. To raise dietary recommendations and advices to mitigate NAFLD.
1.3 Research Hypothesis
NAFLD is associated with unhealthy diet habit, insulin resistance and dyslipidaemia.
1.4 Research Problem
NAFLD is the most common cause of chronic liver disease worldwide. Obesity and Diabetes
have important roles in the development of NAFLD individuals with fatty liver; 90% of obese
individuals have developed NAFLD (Bayard et al., 2006).
In Palestine, reviewing literature shows no reports for prevalence rate of NAFLD. Early
recognition and management of non–alcoholic fatty liver disease will hinder the development
of more serious course of disease to steatohepatitis.
1.5 Significance of the Study
This study is designed to investigate the association between NAFLD, diet habit, insulin
resistance and dyslipidemia. Despite the large numbers of research on the role of dietary
composition in NAFLD, this study is important because its novelty in Gaza Strip. The study is
the first in Palestine, allowing comparisons to be made between cases and healthy persons.
1.6 Context of Study
This section will present basic information on the Palestinian population, geography, socioeconomic situation and health sector of Gaza Strip.
1.6.1 Geographic and Demographic Context
The Palestinian Territory is divided into two geographic regions: West Bank and Gaza Strip,
with 16 Governorates, and each locality has been divided into three types: Urban, Rural and
Refugee Camps. Gaza Strip is located in the Middle East, to the north of Egypt, the west
southern edge of Palestine, and the Mediterranean Sea run along the west side of the Gaza
Strip. Its area comprise of 365 square kilometers. Gaza Strip is 46 kilometers (Km) long, from
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Beit Hanon in the north to Rafah in the south. Its width reaches 5-12 kilometers and an
altitude of 0-40 meters above the sea level. It has a subtropical climate with four-distinct
seasons (Ministry of Health [MOH], 2012).
Gaza Strip is a very crowded place and constitutes 6.1% of total area of Palestinian territory.
Gaza Strip comprises five governorates: North of Gaza, Gaza City, Mid-Zone, Khanyounis,
and Rafah (MOH, 2006).
The total population of Palestine at mid-2013 was about 4.42 million; 2.24 million males and
2.18 million females. The estimated population of West Bank was 2.72 million of which 1.38
million males and 1.34 million females. While the estimated population of Gaza Strip totaled
1.70 million of which 864 thousand males and 837 thousand females. The percentage of urban
population in mid-year 2013 was 73.8%, while the percentage of population in rural and
camps areas was 16.8% and 9.4% respectively. The percentage of individuals aged (0-14)
constituted 40.1% of the total population at mid-2013 of which 38.0% in the West Bank and
43.4% in Gaza Strip. The elderly population aged (65 years and over) constituted 2.9% of the
total population of which 3.2% in the West Bank and 2.4% in Gaza Strip of mid-2013.
Population density of Palestine is generally high at 734 persons/Km2, particularly in Gaza
Strip is 4,661 persons/km2 compared to lower population density in the West Bank at 481
persons/Km2 at mid-2013 (Palestinian Central Bureau of Statistics [PCBS], 2013).
1.6.2 Socio-economic Context
Unemployment: the results showed that more than one fifth of participants in the labor force
were unemployed in the first quarter of 2012 at 23.9% as of 20.1% in the West Bank and
31.5% in Gaza Strip. Unemployment rate reached 31.5% among females compared to 22.0%
among males (PCBS, 2012).
The poverty rate among Palestinian individuals was 25.8% (17.8% in the West Bank, and
38.8% in Gaza Strip). Data revealed that 12.9% of the individuals in Palestine were suffering
from deep poverty in 2010 according to consumption patterns (7.8% in the West Bank and
21.1% in Gaza Strip) (PCBS, 2013).
Education: the 2012 data revealed that the percentage of individuals (15 years and over) who
completed university education (A bachelor degree and above) was 11.7%. While the
percentage of individuals who did not complete any stage of education reached 10.0%.
Illiteracy rate among individuals aged 15 years and over in Palestine was 4.1% in 2012;
illiteracy gap is significantly noticed among males and females at 1.8% and 6.4% respectively
(PCBS, 2013).
4

1.6.3 Health Service Context
The five main health providers of health services in Palestine are Ministry of health (MOH),
united nation relief and work agency (UNRWA), Palestinian Military Medical Services
(PMMS), nongovernmental organization (NGOs) and Private for profit. MOH bears the
heaviest burden, as it has the responsibility. In the Gaza Strip, there are 54 primary health care
centers and in the West bank, there are 406 primary health care centers. The health services
are distributed throughout Palestine. In addition MOH provides a number of specific health
programs as: health education\ community involvement, school health, immunization, human
resources development, and referral of patients to non – MOH facilities (when services are
not available in governmental facilities) (MOH, 2013).
UNRWA operates 20 primary health care centers scattered in eight refugee camps in the Gaza
Strip and 41 centers in the West Bank. The NGOs sector operates 206 primary health care
centers and general clinics, 66 of them in Gaza Strip, and in the West Bank they operate 140
primary health care centers where PMMS operate 23 primary health care centers and clinics 7
of them in Gaza Strip and 16 distributed through different districts in West bank (MOH,
2013).
UNRWA health program focuses on comprehensive preventive and primary health care
(PHC). Services are covering medical care, family health, disease control and prevention, and
health education. In addition to, Clinics for refugees suffering from non-communicable
diseases (NCD) such as diabetes and hypertension and special care covering pediatrics,
obstetrics, gynecology and cardiology (MOH, 2006).
In Palestine, treatment of diabetic patients on diet only represent 0.5%, on compound
treatment (tablets and Insulin) 11.3%, on insulin 21.3% of patient on insulin treatment alone
and 66.9 of type II diabetic patients are on oral hypoglycemic drugs (MOH, 2013).
Secondary and Tertiary Health Care
The hospital services are operated by the government and non-government sectors. The
hospitals in both sectors have improved in terms of facilities, technical and support services
over the years by adding new departments and diagnostic equipment, as well as providing
continuous professional training (MOH, 2012).
Hospital facilities
There are (81) hospitals in Palestine; (51) in West Bank and (30) in Gaza Strip, with total
number of (5,414) beds in government and non-government hospitals; (58.4%) in West Bank
and (51.6%) in Gaza Strip. (75.2%) of them are general beds, (14.6%) specialized beds,
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(3.7%) rehabilitation beds and (6.5%) maternity beds. In Palestine, there are (13) beds per
10,000 of populations; (12.3) bed in West Bank and (14.2) bed in Gaza Strip (MOH, 2012).

1.7 Operational Definitions
1.7.1 Anthropometric measures
Anthropometry includes human body measurements such as: weight, standing height,
recumbent length, skin fold thickness, circumferences (head, waist, etc.). Several indexes can
be derived from anthropometric measurements such as Body Mass Index (Centers for Disease
Control and Prevention [CDC], 2007).
1.7.2 Body Mass Index (BMI)
BMI is a measure of weight in kilograms (kg) relative to height in meters squared. BMI is
considered a reliable indicator of total body fat, which is related to the risk of disease and
death (United States Department of Agriculture [USDA] and United States Department of
Health and Human Services [USHHS], 2010).
1.7.3 Waist circumference (WC)
WC is a perimeter which estimates body girth at the level of the abdomen. WC is used as a
marker of abdominal fat mass, because it correlates with abdominal fat mass (subcutaneous
and intra-abdominal) and is associated with cardio metabolic disease risk (DM, HTN,
dyslipidemia and coronary heart disease) (Klein et al., 2007).
1.7.4 Daily intake of fats and oils (servings/day)
The number of servings of fat and oils adjusted to a daily intake of 2,000 calories is 2-3
servings per day. One serving of fats and oils is equivalent to:1 teaspoon (tsp.) of vegetable
oil, 1 tsp. of soft margarine, 1 tablespoon (Tbsp.) of mayonnaise, and 1 Tbsp. of regular or 2
Tbsp. low-fat salad dressing (American Heart Association [AHA], 2014).
1.7.5 Physical activity (PA)
PA has been defined as any body movement produced by skeletal muscle contraction that
increases energy expenditure above a basal level. "Physical activity" generally refers to
health-enhancing physical activities such as: brisk walking, dancing and swimming. The PA
of moderate intensity that an adult makes weekly can be classified into four categories:
Inactive (no activity beyond baseline), Low (activity beyond baseline but fewer than 150
minutes a week), Medium (150 minutes to 300 minutes a week), and High (more than 300
minutes a week) (USHHS, 2008).
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1.7.6 Serum Total Cholesterol (TC)
Cholesterol that travels in the blood as part of distinct particles containing both lipids and
proteins (lipoproteins). Three major classes of lipoproteins are found in the serum of a fasting
individual: Low density lipoprotein (LDL), High density lipoprotein (HDL) and Very low
density lipoproteins (VLDL). Intermediate density lipoprotein (IDL), resides between VLDL
and LDL; in clinical practice, IDL is included in the LDL measurement (USDA and USHHS,
2010). Desirable (< 200), Borderline High (200-239), High (≥ 240) (Alpers et al., 2008).
1.7.7 Serum High-Density Lipoprotein Cholesterol (HDL-C)
Makes up 20–30 percent of the total serum cholesterol. The major apolipoproteins of HDL are
apo A-I and apo A-II (National Institutes of Health[NIH], 2002). Low (< 40), Normal (≥ 40)
(Alpers et al., 2008).
1.7.8 Serum Low- Density Lipoprotein Cholesterol (LDL-C)
Makes up 60–70 percent of the total serum cholesterol. It contains a single apolipoprotein,
apo B-100 (apo B). LDL is the major atherogenic lipoprotein (NIH, 2002). Optimal & near
Optimal (<129), Borderline High (130-159), High (≥ 160) (Alpers et al., 2008).
1.7.9 Serving size
A Food Guide Serving is simply a reference amount. For example, one Food Guide Serving
equals 125 milliliter (ml) (½ cup) fresh, frozen or canned vegetable or fruit or 100% juice
(Health Canada, 2007).
1.7. Triglycerides (TG)
TG are chemically fatty acid esters of the glycerol. TG represent the majority of ingested
lipids and are transported to the blood via the lymphatic system in the form of chylomicrons.
TG synthesized endogenously are carried by VLDL which are primarily produced by the liver
(Ogbonnia, 2012). Normal (≤ 150), High (>150) (Alpers et al., 2008).
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Chapter 2
Literature Review
2.1 Non-alcoholic Fatty Liver Disease- Overview

Fatty liver could result from excessive alcohol use or non-alcohol use. Fatty liver often
presents as asymptomatic hepatomegaly and mild elevations in biochemical liver tests.
Reverses on withdrawal of ethanol; does not lead to cirrhosis (Fauci et al., 2009).
Non-alcoholic fatty liver disease develops in two stages. In the first stage fat accumulates in
the liver. This fat can come from several sources: free fatty acids released into the blood by
fat tissue, lipogenesis in the liver from carbohydrates (especially fructose from table sugar)
and dietary fats carried to the liver by chylomicron remnants. Fatty liver disease is a silent
epidemic because its first stage, fat accumulation, generally doesn't produce overt symptoms.
Unfortunately, the accumulated fat can be damaged by reactive oxygen species (ROS),
especially if there is a lack of fat-soluble antioxidants and an excess of polyunsaturated fatty
acids vulnerable to lipid peroxidation. Oxidative stress leads to the second stage, an
inflammatory response that is made worse by our dietary omega-6/omega-3 imbalance. The
end result of the second stage is scarring and potential liver failure or cancer (Beierbeck,
2012).
The term non-alcoholic fatty liver was first used in 1980, to describe a clinic pathologic
syndrome that occurred in obese, diabetic females who denied alcohol use, but in whom the
hepatic histology was consistent with alcoholic hepatitis. Although there is no consensus
regarding the definition of non-alcoholic in NAFLD patients, it seems reasonable to exclude
patients from this diagnosis if current or past (within 5 years) daily alcohol intake has
exceeded more than 20 g per day in women and 30 g in men. NAFLD has been increasingly
recognized as an important public health problem over the past 20 years and the most
common chronic liver disease with potential progression to cirrhosis and to cause liver related
death in 20-25% of cases. The prevalence of NAFLD is expected to increase in concern with
the rapidly growing prevalence worldwide of obesity and diabetes (Gasbarrini et al., 2005).
NAFLD represents a major global public health problem, which is pandemic and affects rich
and poor countries alike. NAFLD is an increasing condition associated with the sedentary
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lifestyle and poor nutritional habits, with high prevalence all around the world. NAFLD is
considered the hepatic manifestation of the metabolic syndrome, a cluster of metabolic
abnormalities related to insulin resistance, including central obesity and dyslipidemia. The
imbalance in the metabolism of fatty acids in conjunction with the adipose tissue, liver tissue
and systemic inflammation, are key factors for the development of insulin resistance,
dyslipidemia and other cardiovascular risk factors associated with Non- alcoholic fatty liver
disease (Al-Jiffri et al., 2013).
Non- alcoholic fatty liver disease is one of the most common causes of chronic elevation of
hepatic enzymes in the general population. NAFLD is associated with lower serum
adiponectin levels independent of conventional cardiovascular risk factors in known to have
high prevalence of diabetes and coronary artery disease (Gokulakrishnan et al., 2010).
2.2 Epidemiology of NAFLD

NAFLD was largely unknown prior to 1980 but is now recognized as the most common
chronic liver disease in the USA and many other parts of the world. The prevalence of
NAFLD is determined by population studies using ultrasound and serum enzymes. The
prevalence is expected to increase as the incidence of obesity and type 2 diabetes mellitus
increases. While such studies do not distinguish NASH, the progressive form of the disease,
from bland steatosis, it has been suggested that the prevalence of NASH is 5.7% –17% of the
general population. NAFLD may lead to NASH, cirrhosis and in some cases, hepatocellular
carcinoma (HCC). Fifty percent of patients with NAFLD have NASH and 19% have cirrhosis
at the time of diagnosis. Once cirrhosis develops 30%–40% of patients will die of liver failure
over a 10 year. HCC is an increasingly recognized outcome (Tolman and Dalpiaz, 2007).
Obtaining epidemiological data for NAFLD is difficult due to differences in diagnosis and
reporting practices as well as lack of specific case defining criteria. Most of the studies in the
general population are based on liver ultrasound or liver chemistries, with liver biopsy mostly
restricted to subjects at high risk for more aggressive liver disease. At least one third of the
USA population is believed to have NAFLD. It is estimated that about 6 million individuals in
the USA general population have progressed to NASH, and about 600,000 to NAFLD-related
cirrhosis. A recent prospective cohort study using ultrasound and liver biopsy determined the
prevalence of NAFLD in a symptomatic middle-aged patients to be 46.0%. There are no clear
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data in terms of the incidence of NAFLD. The incidence of NAFLD is expected to increase
rapidly worldwide (Dharel and Fuchs, 2014).

NAFLD is becoming the leading cause of liver disease. The incidence of NAFLD has been
evaluated in a few number of studies, it ranges from 31-86 cases/1000 person-year in Japan to
29 cases per 100000 person-year in England. The presence of steatosis among obese people
has increased from 23% in the 80s, 43% in the 90s and finally to 60% nowadays. Even in
non-obese patients, the prevalence of steatosis increased from 12%, to 27% and 36%,
respectively. In children/adolescents, over the last 20 years, obesity has increased from 11%
to 21%; the prevalence of altered aminotransferases among obese adolescents has increased
from 17% to 37% (Cabezas et al., 2012).

NAFLD may represent the majority of unexplained cases of aminotransferase elevation. The
prevalence increases from 16.5% in lean persons to 75% in obese persons. The disease is
reported in all age groups. The prevalence of NAFLD also increases with age and the highest
prevalence is in those between 40 and 49 years old. Whereas in older studies NAFLD was
more frequent in women, the opposite was found in recent series. Hypertension and especially
systolic hypertension is also an independent predictor of NAFLD (Paschos and Paletas, 2009).

Pediatric NAFLD is a worldwide concern. NAFLD is now the most common liver disease in
children in the United States. In Israel, 60% of children reporting to a pediatric obesity clinic
had fatty liver by ultrasound. African American children are less affected by NAFLD
compared with white and Hispanic children despite the fact that African American children
have similar rates of obesity and type 2 diabetes. Hispanic children have the highest
prevalence of NAFLD. Found elevated Alanine aminotransferase (ALT) to be nearly twice as
frequent (11.5% versus 6.0%) in Hispanic compared with African American children (Vos
and McClain, 2008).

In Saudi Arabia, the prevalence of NAFLD as evaluated by computed tomography is about
10%. Liver ultrasonography is the technique most commonly used to diagnose NAFLD in the
general population. NAFLD is often associated with visceral adiposity and other cardio
metabolic alterations. Population and clinical studies have increasingly shown that 55% of
patients with NAFLD had normal aminotransferase levels, showing that liver enzymes are not
surrogate markers of NAFLD. The prevalence of NAFLD increases with age, with higher
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values in males between 40 and 65 years (Bellentani et al., 2010). A study by Lankarani et al.
(2013) showed a prevalence of NAFLD of 21.5% in a group of Iranian adult general
population.
Numerous epidemiological studies have reported an increased incidence of adverse
cardiovascular events in NAFLD subjects compared with the general population. NAFLD is
the commonest cause of abnormal liver enzymes in developed countries. Several studies have
shown a significant association between increased gamma-glutamyl transferase (GGT) levels
and cardiovascular (CV) mortality over an average median of 12-year follow up. ALT has
been reported to be more closely related to liver fat content than GGT. Several large
population-based cohort studies have reported an independent association between elevated
ALT and CV mortality after adjusting for CV risk factors (Bhatia et al.,2012).

2.3 Natural History of NAFLD

NAFLD was long considered to be a benign condition. While simple hepatic steatosis can
have a benign non-progressive course, about 40% of patients with NAFLD progress to
NASH. Approximately 30-40% of patients with NASH develop liver fibrosis of which up to
20% may progress to liver cirrhosis. Patients with NASH are at increased risk of HCC even in
the absence of cirrhosis (Dharel and Fuchs, 2014).
In marked contrast to alcoholic steatohepatitis, the short-term prognosis of NAFLD is good.
The largest prospective histological study of the natural history of NAFLD, with a mean
follow-up of 13 years, has recently been published. Data from this and other studies suggest
that the long-term hepatic prognosis of patients with NAFLD depends on the histological
stage of disease at presentation. Among patients with simple steatosis 12–40% will develop
NASH with early fibrosis after 8–13 years. For patients presenting with NASH and early
fibrosis, around 15% will develop cirrhosis and/or evidence of hepatic decompensation over
the same time period, increasing to 25% of patients with advanced precirrhotic fibrosis at
baseline. About 7% of subjects with compensated cirrhosis associated with NAFLD will
develop HCC within 10 years, while 50% will require a transplant or die from a liver-related
cause. The risk of HCC in NAFLD-related cirrhosis is comparable to that in cirrhosis
associated with alcohol or hepatitis C (De Alwis and Day, 2008).
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The high prevalence and chronic nature of NAFLD subsequently translates to a significant
health burden for the general community. In addition, subjects with a diagnosis of NAFLD
have a higher risk of all-cause mortality than the general population. This may be partly
related to an increased risk of liver related death, but may also be related to death from
vascular disease as a result of underlying metabolic abnormalities and insulin resistance.
Treatment of patients with NAFLD should aim to identify and treat associated metabolic
factors such as obesity, glucose intolerance, dyslipidaemia and hypertension. Secondly,
treatment aimed at preventing progressive liver injury should be offered to those considered
to be at risk. Diabetes mellitus and obesity are risk factors for progressive hepatic fibrosis and
diabetes is also a risk factor for death in patients with NAFLD (Adams and Angulo, 2006).

Studies from tertiary care centers, community-based and population-based databases suggest
that liver disease is the third leading cause of death among people with NAFLD. In a
community-based report of NAFLD patients from Olmsted County, Minnesota, mortality was
13% after a mean follow-up of 7.6 years. Increased mortality was associated with impairedfasting glucose, cirrhosis, non-Hispanic white race, lower educational level, lower income and
risk factors associated with NAFLD(Vernon et al., 2011).

The last study available, published by Ong et al. showed that persons with NAFLD have a
higher likelihood of dying of a liver-related complication compared to those without NAFLD
or liver disease. This risk was independent of obesity or the presence of diabetes mellitus, the
latter being associated with higher rates of liver-relateddeaths. Among the various causes of
death in people with NAFLD, cardiovascular disease and malignancy seems to be the most
important causes. NAFLD is now believed to be the hepatic manifestation of the metabolic
syndrome and an independent predictor of cardiovascular morbidity and mortality. Overall, a
diagnosis of NAFLD is associated with a shorter survival than expected for the general
population of the same age and gender and the higher mortality is mainly due to
cardiovascular disease (CVD). A strong association between elevated levels of serum liver
enzymes and increased CVD risk has also been reported by numerous population-based
studies, where mildly elevated levels of liver enzymes were independently associated with an
increased CVD mortality rate in both sexes. Long-term data that clearly show that NAFLD
progress to end-stage liver disease are lacking (Bellentani and Marino, 2009).
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A systematic review conducted by Vernon et al. (2011) revealed that many studies
investigating the natural history of NAFLD verify the progression from NASH to advanced
fibrosis and HCC.

Many with NAFLD will die of other diseases related to obesity, diabetes, hypertension, heart
attack and stroke before developing NAFLD complications. In the USA NAFLD is thought to
afflict about 20-25% of the population. Assuming a similar proportion in Canada, about two
million people would be expected to develop cirrhosis during their lives. Of these, about 1-5%
will develop liver cancer (about 20,000-90,000 people), and an unknown proportion will
develop other complications of cirrhosis (Canadian Liver Foundation, 2013).

2.4 Causes of NAFLD
NAFLD tends to run in families. It also shows up most often in people who are middle-aged
and overweight or obese. These people often have high cholesterol or triglycerides and
diabetes or prediabetes (insulin resistance) (Webmd, 2014).
2.4.1 Primary Causes of NAFLD
Associated with the metabolic syndrome (Tan and Chang, 2010).
Clinical identification of the metabolic syndrome requires the presence of three or more of the
following features:
1. Central obesity as measured by waist circumference: Men- greater than or equal to 40
inches and Women- Greater than or equal to 35 inches.
2. Fasting blood triglycerides greater than or equal to 150 mg/dl.
3. Blood HDL cholesterol: (Men- <40mg/dl &Women- <50mg/dl).
4.

Blood pressure greater than or equal to 130/85mmHg.

5.

Fasting glucose greater than or equal to 100 mg/dl (Azad et al., 2007).

2.4.2 Secondary Causes of NAFLD
Inborn errors of metabolism: Abetalipoproteinemia, Andersen’s disease, Cholesterol ester
storage disease, Familial hepatosteatosis, Galactosemia, Glycogen storagedisease, Hereditary
fructose intolerance, Hypobetalipoproteinemia/ Dysbetalipoproteinemia, Lipoatrophy or
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Lipodystrophy, Mauriac syndrome, Refsum’s syndrome, Schwachman syndrome, Systemic
carnitine deficiency, Tyrosinemia, Weber-Christian syndrome and Wilson’s disease.
Nutritional: Gastrointestinal surgery for morbid obesity, Severe starvation or Cachexia,
Kwashiorkor and Marasmus, Refeeding syndrome, Total parenteral nutrition, Protein
malnutrition and Rapid weight loss.
Infection: Human immunodeficiency virus Infection, Hepatitis C viral Infection, Bacillus
cereus toxin, Bacterial overgrowth.
Miscellaneous: Inflammatory bowel disease, Acute fatty liver of pregnancy, Short bowel
syndrome, Wolman’s disease and Environmental hepatotoxin exposure (Abd elmalek and
Diehl, 2007).
Medications known to cause NAFLD
Retroviral agents: Zidovidine, Didanosine and Fialuridine
Antibiotics: Azaserine, Bleomycine, Puromycin and Tetracycline
Cytotoxic/Cytostatic drugs: Azacitidine, Azauridine, L-asparginase and Methotrexate
Other drugs: Amiodarone, Aspirin, Calcium channel blocker, Cocaine, Ethyl bromide,
Glucocorticoids, Heavy metals, Hydrazine, Hypoglycin, Orotate, Perhexiline maleate,
Synthetic estrogens, Tamoxifen and Valproicacid (Abdelmalek and Diehl, 2007).
Gut microbiome
Recent studies suggest a role of intestinal microbiome in the pathogenesis of NAFLD. It is
known that small intestinal bacterial overgrowth is noted in NALFD patients. Gut bacteria
derived lipopolysaccharides and endotoxins may promote liver injury and fibrosis (Dharel and
Fuchs, 2014).

2.5 Risk Factors for NAFLD

There is a very strong association between NAFLD and components of the metabolic
syndrome. As there has been a rapid increase in the metabolic syndrome in the recent years,
the global incidence of NAFLD is rapidly increasing (Dharel and Fuchs, 2014).
It is likely that NAFLD is the hepatic manifestation of metabolic syndrome and that insulin
resistance is a key factor in disease pathogenesis. Regardless of body mass index, the
presence of type 2 diabetes mellitus (T2DM) significantly increases the risk and severity of
NAFLD. Central obesity seems to be an important risk factor for NAFLD, even in patients
with a normal BMI and may be the key link with insulin resistance. Likewise, the lipid
disorders

associated

with

metabolic

syndrome,
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hypertriglyceridemia

rather

than

hypercholesterolemia are those found in metabolic syndrome and may increase the risk of
NAFLD (Fan et al., 2007).

Obesity, T2DM and other components of the metabolic syndrome have all been found to be
risk factors for the development of NAFLD and its progressive stages. More than 90% of
patients with NAFLD have at least one component of the metabolic syndrome. NAFLD
prevalence increased in patients from 27% in normal fasting blood glucose to 43% in
impaired fasting blood glucose to 62% among patients with type 2 diabetes (Al-Serri, 2011).

Besides central obesity, T2DM, dyslipidemia and HTN are risk factors for the development of
NAFLD. Environmental factors and lifestyle-related factors such as reduced physical activity
and high-fat diets are well-known influences for the development of insulin resistanceassociated comorbidities and NAFLD. The genetic predisposition for the development of
central obesity and T2DM undoubtedly plays a role in the development of NAFLD (Angulo,
2007).

Other risk factors associated with NAFLD development include lower education, physical
inactivity, overeating, recent weight gain, expanding waistline and family history of obesity
and/or diabetes and family history of fatty liver (Fan et al., 2007).

NAFLD may affect persons of any age, including children. It is considered to occur most
commonly in middle age (the mean age ranged from 47 to 54 years) (Gasbarrini et al., 2005).

Despite the fact that there is gender difference in the distribution of obesity and metabolic
syndrome, both men and women appear to be afflicted by NAFLD at an equal rate (Dharel
and Fuchs, 2014). Female gender is not a risk for NAFLD. Men outnumber women in most of
the published series from the Asia–Pacific region. The peak prevalence of NAFLD in men
occurs earlier (40–49 years) than for women (over 50 years). In women, prevalence peaks
once age exceeds 50 years (Fan et al., 2007).

Non-alcoholic fatty liver disease was initially thought to be more common in women, but this
notion lacks empirical support. Study of Asian subjects showed that the prevalence of
NAFLD was 31% in men and 16% in women. The clinic pathological profiles of patients
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from India showed that the majority of NAFLD patients were men. Only a few studies
suggest that female gender is associated with NAFLD (Vernon et al., 2011).

Regarding the race, NAFLD has been observed in all ethnic groups with the highest
prevalence seen in Hispanics compared with Caucasians and African Americans (Carey et al.,
2013).

A wide range of diseases and conditions can increase risk of non-alcoholic fatty liver disease,
including:


Gastric bypass surgery



Polycystic ovary syndrome



Sleep apnea



Underactive thyroid (hypothyroidism)



Underactive pituitary gland (hypopituitarism)



Polyps of the colon, Elevated blood uric acid, Vitamin D deficiency (Mayo Clinic,
2014).

Obesity
Non-alcoholic fatty liver disease is now recognized as one of the most prevalent
manifestations of the obesity-related metabolic syndrome. Although NAFLD and its more
severe form, NASH, may develop in non-obese patients, the majority of cases occur in obese
or overweight individuals (Fan et al., 2007). Obesity has been the factor most strongly
associated with NAFLD, and has been found in 30% to 95% of NAFLD patients. NAFLD
may occur in as many as three-quarters of obese people (Gasbarrini et al., 2005). Obesity,
most prevalent among African American males, is the most common condition associated
with NAFLD worldwide (Dharel and Fuchs, 2014).
The central (or upper body) obesity phenotype is associated with increased intra-abdominal
(or visceral) fat. Patients with central obesity are characteristically insulin resistant, and more
commonly present with NAFLD compared with patients having lower-body obesity (Angulo,
2007).
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Diabetes Mellitus
Type 2 Diabetes Mellitus has been the factor most commonly associated with NAFLD. Any
category of altered glucose regulation and even the sole family history of T2DM increase the
risk of NAFLD (Gasbarrini et al., 2005).

NAFLD is seen in over 70% in patients with Type 2 diabetes (Al-Serri, 2011). Epidemiologic
studies have demonstrated that T2DM occurs in 21% to 45% of patients with NAFLD and
approximately an additional 30% have a family history in a first-degree relative. Diabetes has
important roles in the development of fatty liver. Whereas one third of the general population
(which includes obese and people with diabetes) may develop NAFLD, more than two thirds
of people with diabetes develop NAFLD (Fan et al., 2007).
Insulin Resistance (IR)
Insulin resistance seems to be the primary underlying etiology of NAFLD. NAFLD can lead
to insulin resistance and represents a risk for diabetes and cardiovascular diseases (Dharel and
Fuchs, 2014). Fatty liver itself is an insulin-resistant state, not only in subjects with additional
metabolic disorders, but also in lean subjects with normal glucose tolerance, since hepatic fat
accumulation can lead specifically to hepatic insulin resistance (Fan et al., 2007).
Dyslipidemia
Hypertriglyceridemia, reported in 20% to 81% of NAFLD patients and independently of
obesity. The prevalence of fatty liver on ultrasound was much higher in persons with
hypertriglyceridemia (>250 mg/dl) compared with those with normal triglycerides among
both men and women (Gasbarrini et al., 2005).

Non-alcoholic fatty liver disease is characterized by an atherogenic lipid profile, consisting of
high TG levels, low high-density lipoprotein cholesterol, an increase in small, dense lowdensity lipoprotein particles, increased very low-density lipoprotein cholesterol levels and
elevated apolipoprotein B100 concentration (Bhatia et al., 2012).
Genetic Risk Factors
NAFLD affects specific racial and/or ethnic groups and efforts have been made to find
specific genetic predispositions for developing the disease. An association between the
presence of the rs738409 allele of the patatin like phospholipase domain containing protein
3(PNPLA3), which encodes a protein under metabolic control and intrahepatic lipid has been
documented. This allele is particularly frequent in latino individuals, who have the highest
prevalence of NAFLD in the USA. Another allele in the same gene is associated with low
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hepatic fat content in African Americans, who have the lowest risk of developing NAFLD.
The role of PNPLA3 in lipid processing is not known, but this protein may also affect other
ectopic lipid depots, as visceral adipose tissue is related to intrahepatic lipid accumulation,
irrespective of race or ethnicity (Lim et al., 2010).
Dietary risk factors
Exposure to environmental factors, especially dietary factors, is also likely to contribute to the
generation of intrahepatic lipid. Some studies have suggested that specific dietary fats, such as
trans unsaturated fats, contribute to hepatic steatosis. Conversely, mono unsaturated lipids
such as oleic acid (the primary component of olive oil), linoleic acid, or omega (n–3) fatty
acids decrease accumulation of intrahepatic lipid and improve postprandial triglyceride levels,
possibly by increasing peroxisomal activity, which reduces damage by reactive oxygen
species (Lim et al., 2010).

Another dietary factor that probably contributes to hepatic steatosis is the monosaccharide
fructose. In case controlled studies, sugar sweetened beverage consumption was associated
with hepatic steatosis, and this association was independent of the degree of obesity. In other
case controlled studies, total fructose consumption was associated with NAFLD in general,
and NASH in particular. Micronutrient insufficiencies associated with the consumption of
sugar sweetened beverages may aggravate their toxicity in producing NAFLD (Lim et al.,
2010).

2.6 Pathogenesis of NAFLD

The development of NAFLD is due to retention of lipids, mostly TG within hepatocytes. The
primary metabolic abnormalities leading to lipid accumulation could consist of alterations in
the pathways of uptake, synthesis, degradation or secretion in hepatic lipid metabolism caused
by insulin resistance (Azad et al., 2007).
Multiple metabolic pathways can contribute to NAFLD, including an increase in the release
of non-esterified fatty acids (FA) from the adipose tissue (lipolysis), insulin resistance,
increased “de novo” synthesis of fatty acids (lipogenesis via gene transcription) and decreased
β-oxidation in the liver. These conditions cause an increase in the production of ROS, hyper
secretion of leptin, which increases lipolysis, and hyper secretion of ghrelin, which increases
food intake. Oxidative stress also promotes hyper stimulation of ito cells, which produce
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collagen in the hepatic parenchyma, and consequent fibrosis and cirrhosis, which may
progress into hepatocellular carcinoma. Oxidative stress caused by excess ROS is
significantly related to NAFLD progression. Overload of free fatty acids (FFAs) induces the
release of mitochondrial electrons during β-oxidation, resulting in an increase in the
production of lipid peroxides and subsequent damage to hepatocyte plasma membranes,
cellular proteins and DNA (Oliveira et al., 2012).

Moreover, enzymatic and non-enzymatic antioxidant systems are unable to prevent liver
damage, thus inducing the onset of inflammation. The increase in pro-inflammatory cytokines
also contributes to peripheral IR, with increased fatty infiltration of the liver parenchyma and
consequent tissue damage. Liver steatosis correlates with hyper production of glucose, VLDL,
C-reactive protein (CRP) and coagulation factors, intra-abdominal fat accumulation and the
inflammation profile, as well as greater synthesis of tumor necrosis factor-α (TNF-α) and
interleukin (IL) and NASH is characterized by diffuse fatty infiltration of the liver, ballooning
degeneration, hepatocyte inflammation and initial fibrosis. A study analyzing liver fatty acids
and triglycerides of obese patients by chromatography showed that 59% of liver triglycerides
came from non-esterified fatty acids (NEFAs); 26% came from “de novo” fatty acid
synthesis, and 14.9% came from diet ( Oliveira et al., 2012).

The onset of hepatocellular damage and NASH is explained by the two-hit theory. According
to this theory, liver steatosis and IR appear first (first hit) as an adaptive mechanism or due to
genetic predisposition. Thus, steatosis sensitizes hepatocytes to the action of free radicals,
which induce oxidative stress in the liver tissue and thus cause tissue damage (second hit).
However, recently, the multiple hits hypothesis suggest that inflammatory mediators derived
from various tissues but especially from the gut and adipose tissue could play a central role in
the cascade of inflammation, fibrosis and finally tumor development. Endoplasmic reticulum
stress and related signaling networks, (adipo) cytokines and innate immunity are emerging as
central pathways that regulate key features of NASH (Oliveira et al., 2012).

There is a strong association between NAFLD and IR in the visceral and liver adipose tissue.
IR is caused by the inhibition of intracellular signaling pathways, which diminishes the
cellular response to the action of insulin. In IR, visceral fat lipolysis occurs in combination
with reduced fatty acid capture and oxidation by peripheral tissues. Consequently, the amount
of circulating FFAs that reach the liver tissue increases. To understand the mechanisms that
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establish IR, it is first necessary to understand how insulin permits glucose to enter the cell. A
recent review described the primary insulin signaling pathways and showed that upon binding
insulin, the insulin-tyrosine receptor is auto-phosphorylated and induces phosphorylation of
tyrosine residues on insulin receptor substrates (IRSs). IRS-1 starts the glucose metabolism
pathway. After being phosphorylated, it stimulates the phosphatidylinositol 3-kinase (PI3K)AKT/protein kinase B (PKB) pathway, which recruits glucose transporters (GLUTs) and
allows glucose to enter the cell. Glucose primarily enters the cells via membrane proteinfacilitated diffusion (GLUT-1 to GLUT-5). GLUT-4 is the main protein that promotes
glucose transport into skeletal muscle cells and adipocytes. When insulin receptors are not
properly phosphorylated, the signal stimulating GLUT-4 transport activity is not created, and
glucose capture by cells is consequently reduced while stimulation of insulin production
remains continuous, resulting in IR (Oliveira et al., 2012).

The study by Jarrar et al. (2007) revealed a complex interaction between adipocytokines in
the pathogenesis of NAFLD. Serum TNF-a and IL-8 were higher in NAFLD patients in
comparison with controls. The adiponectin was negatively correlated with NAFLD (P <
0.0032). Serum Visfatin in NASH patients was lower than simple steatosis and obese
controls. In comparison to simple steatosis, four factors were independently associated with
NASH: age, alanine aminotransferase, IL-8 and adiponectin (P < 0.05). The study indicated
that TNF-a was the only independent predictor of fibrosis in NASH (P < 0.0004).

It is mentioned that not all patients with NASH will develop cirrhosis. Cirrhosis may develop
as a result of chronic inflammation and repair, or may be due to yet a third hit. The
progression of the lesions to NASH and cirrhosis depends on intervention of environmental
and genetic factors that cause an alteration of lipid metabolism (Azad et al., 2007).
Role of Insulin Resistance
Elevated insulin concentrations fail to suppress adipose fatty acid flux in hepatic steatosis,
showing an important level of peripheral resistance to the action of insulin. It is currently
accepted that the association of NAFLD and insulin resistance is almost universal. Although
some patients develop hepatic steatosis and even NASH without evidence of obesity and
insulin resistance. Impaired insulin action in insulin-sensitive tissues such as muscle, fat and
liver results in a number of mutually reinforcing metabolic effects. Thus, while insulin
resistance promotes FA accumulation in the liver, the latter causes hepatic IR characterized by
a lack of suppression of endogenous liver glucose production (Méndez-Sánchez et al., 2007).
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The primary event of NAFLD is the accumulation of fat in the hepatocytes. This fat comes
from several possible sources (Figure 2.1):


increased fatty acid delivery to the liver as a result of high dietary fat intake.



Increased lipolysis within IR adipose tissue releasing more fatty acids into the portal vein for
uptake by the liver.



increased hepatic de novo lipogenesis (DNL).



decreased free fatty acid oxidation.



decreased export of triglyceride from the liver.

Figure 2.1: The primary event in NAFLD is the accumulation of fat in hepatocytes (Hallsworth, 2012).

Choline is an essential nutrient and the liver is a central organ responsible for choline
metabolism. Hepatosteatosis and liver cell death occur when humans are deprived of choline.
Humans eating low choline diets develop fatty liver and liver damage. Choline influences
liver function and the dietary requirement for this nutrient varies depending on an individual’s
genotype and estrogen status (Corbin and Zeisel, 2012).
Choline doesn't just help prevent NAFLD; it is also needed for neurotransmitter synthesis, cell
membrane signaling and methyl group metabolism (Beierbeck, 2012).
It is important for the synthesis of phospholipids in cell membranes, acetylcholine synthesis
and cholinergic neurotransmission in humans (Patterson, 2008).
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Menopausal women with NAFLD who don’t consume enough of the essential nutrient
choline appear to be at higher risk for liver scarring, according to research led by scientists at
Johns Hopkins Children’s Center. Researchers speculate that one possible explanation behind
the worse scarring seen among post-menopausal women is that estrogen may affect a subset
of genes that regulate choline synthesis and that declining levels of estrogen after menopause
may interfere with this process. The new findings do point to choline as one possible catalyst
that may hasten liver damage in certain patients (Pesheva, 2012).
Choline -rich foods include dairy, eggs, broccoli, peanut butter, lean beef, chicken breast,
chicken liver, seed oils, leafy greens, cauliflower and legumes, such as peas, beans and lentils.
Choline needs vary by age and gender, the Institute of Medicine recommends 425 mg daily
choline consumption for non-pregnant, non-breastfeeding women and 550 mg daily for men.
Teens should consume 400 mg daily and pre-teens 375 mg daily. Children between ages 4
and 8 should get 250 mg per day, and children between ages1 and 3 should consume 200 mg
daily. Infants less than 1 year of age should receive between 125 and 150 mg daily via
formula or breast milk (Pesheva, 2012).
Several recent epidemiologic studies reported that 25% of Americans ate diets very low in
choline (<203 mg/d in the Framingham Heart Study, <217 mg/d in the Atherosclerosis Risk in
Communities study and <293 mg/d in the Nurse’s Health Study; the Adequate Intake is 450–
550 mg/day (Corbin and Zeisel, 2012).
Role of Choline in NAFLD (Figure 2.2)
A healthy liver prevents the accumulation of fat and its associated complications by
packaging excess triglycerides in very low density lipoproteins and releasing them into the
blood stream. Making VLDL particles requires phosphatidylcholine (lecithin), a cholinecontaining phospholipid. A shortage of choline prevents the liver from making VLDLs and
delivering its fat stores to the appropriate tissues. Phosphatidyl choline can be made from the
precursor phosphatidylethanolamine; choline is simply ethanolamine with three methyl
groups at the nitrogen atom. But ethanolamine has to come from the diet as well, and its
conversion to choline additionally requires the amino acid methionine, a methyl group donor.
For this reason increasing methionine consumption also improves fatty liver disease.
Supplementation with lecithin is an effective and affordable way to get enough choline
(Beierbeck,

2012).
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Figure 2.2: Choline and non-alcoholic fatty liver disease (Corbin and Zeisel, 2012).

2.7 Clinical Features of NAFLD
NAFLD patients are usually a symptomatic until the condition progresses to liver cirrhosis.
Therefore, NAFLD is often detected based on the presence of hepatic steatosis on abdominal
ultrasound (US) during routine health checkups or clinical visits for other diseases among
non-alcoholic individuals. Most patients with NAFLD have insulin resistance; obesity,
diabetes or dyslipidemia. While NAFLD could be the result of insulin resistance, a causal role
of NAFLD in insulin resistance has also been reported. Thus, there could be a vicious cycle
involving these diseases. NAFLD is no longer considered to be a primary liver disease but
rather as a part of metabolic syndrome (Hashimoto et al., 2013).

NAFLD is asymptomatic in most patients. Symptoms are nonspecific and include vague right
upper quadrant abdominal pain, fatigue and malaise. Hepatomegaly and splenomegaly have
been noted on initial physical exam in some patients. Most commonly, mild elevation of
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) on routine blood work
prompts the initial evaluation. AST and ALT elevations are typically mild, ranging from 1– 4
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times the level of normal. ALT levels are typically higher than AST, but AST levels may be
higher in the presence of cirrhosis. The AST/ALT ratio is rarely > 2. ALT levels are poor
predictors of histological severity of liver disease and should not be used as predictors of
progression. Alkaline phosphatase levels are occasionally mildly elevated, but bilirubin and
albumin tend to be normal (Kopec and Burns, 2011).

AST/ALT ratio is useful in differentiating NAFLD from alcoholic liver disease. Most patients
with NAFLD have an AST/ALT ratio of less than unity, although the AST/ALT ratio
increases as the liver disease progresses to cirrhosis, losing its diagnostic accuracy in cirrhotic
stage NAFLD. The ratio of desialated transferrin to total transferrin has been suggested to be
useful in distinguishing patients with NAFLD from those with alcoholic liver disease. Onehalf of patients with NAFLD have elevated serum ferritin levels, whereas increased
transferrin saturation is found in 6–11% of patients. The hepatic iron index and hepatic iron
concentration, however, are usually in the normal range(Alba and Lindor, 2003).

Symptoms have been reported in up to 50% of patients. NAFLD is the commonest cause of
incidental abnormal liver blood tests accounting for between 60% and 90% of such cases.
Importantly, the vast majority (around 80%) of patients with NAFLD has normal liver blood
tests and there is no difference in histological severity between those with and without
abnormal tests (De Alwis and Day, 2008). Acanthosis nigricans (hyperpigmentation) is more
commonly found in children with NAFLD. Less than 50 percent of patients have elevated
alkaline phosphatase levels and only 10-15 percent have elevated serum conjugated bilirubin
levels. Hypoalbuminemia, thrombocytopenia, elevated bilirubin and prolonged clotting time
indicate advanced liver disease (Patrick, 2002).

2.8 Diagnosis of NAFLD
Nonalcoholic fatty liver disease is usually diagnosed in a symptomatic patients prompted by
the occasional discovery of increased liver enzymes and/or of ultrasonographic steatosis.
Medical history, complete physical examination, etiologic screening of liver injury, liver
biochemistry tests, serum lipids and insulin sensitivity tests should be performed in every
patient. Occult alcohol abuse should be ruled out.
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Ultrasonography is the first-line imaging technique. Liver biopsy is an invasive procedure and
its results will not influence treatment in most cases but will provide prognostic information
(Loria et al., 2010).
The diagnosis of NAFLD requires four criteria; (a) there is hepatic steatosis by imaging or
histology, (b) there is no significant alcohol consumption (c) there are no competing
etiologies for hepatic steatosis, and (d) there are no co-existing causes for chronic liver
disease (Nichols, 2013).
2.8.1 Medical History and Clinical Examination in NAFLD
Typically, most patients are completely a symptomatic and are noted on routine laboratories
to have a mild transaminitis, usually not greater than 3 times the upper limit of normal. A
careful history and physical examination should be performed. History should include use of
alcohol, to exclude alcohol as a potential contributor. Weight history is important as
overweight, obesity and rapid gain or loss of weight can all cause fatty liver and abnormal
liver function tests (LFTs). Physical exam is important for the diagnosis of liver disease and
to assess for clinical evidence of cirrhosis. Physical signs of liver disease may include
cutaneous spiderangiomata, palmar erythema, Depuytren’s contractures, a small nodular liver
or an enlarged liver and palpable splenomegaly. Advanced signs of liver disease are edema,
ascites and jaundice (Kopec and Burns, 2011).

2.8.2 Investigations in NAFLD
Liver function tests (LFTs), Blood lipid profile, US, Computed tomography (CT), magnetic
resonance imaging (MRI), and liver biopsy, all contribute in the diagnosis of NAFLD.
Liver function tests
Increased liver fat is associated with increased levels of aminotransfersases. The three main
tests used to evaluate liver function are ALT, AST and GGT (Gillian, 2009). Liver enzyme
levels are normal in a large percentage of patients with NAFLD; normal aminotransaminase
levels do not exclude the presence of advanced disease. Serum alkaline phosphatase and gglutamyl transpeptidase levels may also be mildly abnormal (Carey et al., 2013).
The ratio between AST/ALT is used as a measure of cirrhosis, (not inflammation). A normal
ratio of AST/ALT is 0.8. When the ratio is >2 this suggests alcohol excess. When the ratio is
>1 but <2 this is indicative of NAFLD with cirrhosis. AST does not change until cell injury
has occurred inflammation without cirrhosis is not reflected in the AST levels. Liver fat
identified on MRI correlates well with raised GGT levels. LFTs are non-specific and can be
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raised without liver disease such as occurs with some medications; e.g. erythromycin use,
muscle disease and endocrine conditions (Gillian, 2009).
Blood Lipid Profile
High cholesterol is indicative of high quantities of circulating fats and is associated with high
blood glucose levels. When a patient presents with raised fasting blood glucose, low HDL and
elevated fasting triacylglycerols, they are likely to have NAFLD (Gillian, 2009).
Abdominal Ultrasound
This is the usual screening test for fatty liver. It is currently the most common method
employed for qualitative assessment of hepatic steatosis because it is non-invasive, widely
available, and cheap and provides useful information (Figure 2.3). The limitations of the
diagnosis of NAFLD by US scan are: it is subjective, operator-dependent, shows poor
sensitivity for the detection of mild steatosis and is a poor tool for quantifying the steatosis
(Hashimoto et al., 2013).
Non-alcoholic fatty liver is diagnosed on ultrasound when there is:


Increased echogenicity of the liver texture



Decreased penetration of sound identified by lack of transmission of sound to the
posterior diaphragm interface.



Lack of visibility of vascular structures within the liver due to ill-defined portal
walls- these walls are invaded by fat so there is lack of definition between the
portal wall and the surrounding liver tissue. There is no impedance mismatch
between the two types of tissue, much like trying to find a green tree in a green
forest, as compared to finding a red tree in a green forest.



Increased liver size as measured in the mid clavicular line >15.5 centimeter (cm).

Traditionally, NAFLD diagnosed by ultrasound, has been rated as either mild, moderate or
severe (infiltration) to coincide with the same histological categories:
•Mild = 10-30% hepatocytes effected.
•Moderate = 30-70% hepatocytes effected.
•Severe = >70% hepatocytes effected (Gillian, 2009).
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Figure 2.3: An image of ultrasonography. Hepatic steatosis leads to increased hepatorenal contrast, liver
brightness, deep attenuation, and vascular blurring. Ultrasonography is an acceptable first-line screening
procedure for detection of steatosis in clinical practice (Hashimoto et al., 2013).

Computed Tomography and Magnetic Resonance Imaging
Both seem to be more objective and more sensitive techniques for the quantification of
steatosis, but MRI is still less widely available and much more expensive. MRI test has a
quantitative value, but cannot distinguish between NASH and Alcoholic steatohepatitis. For
the diagnosis of steatosis by CT, the liver-to-spleen attenuation ratio is measured, and the
diagnosis of steatosis is made when the ratio is less than 0.9. CT also has limitations with
respect to the diagnosis of steatosis, including poor sensitivity for the detection of mild
steatosis and X-ray exposure of the patients. None of these imaging modalities is useful for
the diagnosis of NASH (Hashimoto et al., 2013).
Proton Magnetic Resonance Spectroscopy (HMRS)
This investigation allows quantitative assessment of steatosis. This imaging method measures
proton signals in hepatocyte triglyceride stores and has been shown to correlate closely with
biochemical and histological assessment of liver triglyceride content. HMRS is largely a
research tool with limited clinical application, whereas MRI is far more widely available, but
expensive. The diagnostic gold standard for imaging is MRI (Gillian, 2009).
Liver Biopsy
The gold standard for diagnosis of NAFLD is liver biopsy. Liver biopsy is used to stage and
grade NAFLD. However, on histology alone it is not possible to separate NAFLD from
alcoholic fatty liver disease. Therefore if cellular changes are present, patient history must be
relied on to exclude alcohol intake before diagnosing NAFLD. Liver biopsies are invasive, so
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for everyday purposes, NAFLD is commonly diagnosed by surrogate markers such as altered
LFTs and imaging studies suggestive of hepatic steatosis (Gillian, 2009).

2.9 Management of NAFLD
Nonalcoholic fatty liver disease often accompanies T2DM or metabolic syndrome, which are
characterized by insulin resistance. Therefore, effective treatment of T2DM and metabolic
syndrome should target the cardio metabolic abnormalities and the associated liver disorders
(Nakajima, 2012).
2.9.1 Treatments Directed at the Components of Metabolic Syndrome
2.9.1.1 Management of Obesity
Improving Insulin Sensitivity—Weight Reduction
Tilg and Moschen (2010)showed that in most cases, NAFLD is associated with insulin
resistance and insulin resistance is therefore a major target for all NAFLD treatment
modalities. Various treatments into this direction, such as the use of thiazolidinediones have
recently failed. Successful weight loss either achieved via bariatric surgery or subsequent to
lifestyle modification/behavior therapy, however, has been demonstrated to improve both
metabolic parameters and liver histology, including inflammatory changes. The first reported
randomized controlled trial in NASH patients showed that a one year period of lifestyle
adjustment resulted in a 7-10% weight loss with significant histological improvement of liver
disease.
Diet
The aim is a weight loss of 5–10%. A moderately calorie-restricted diet with modified
macronutrient composition is preferable. Fructose and trans-fats present in soft drinks and fast
foods should be avoided, and omega-3/omega-6 polyunsaturated fatty acids in diet should
increase (WGO, 2012).
Exercise
Loss of at least 3-5% of body weight appears to improve steatosis; a greater weight loss (up to
10%) may be needed to improve necro-inflammation. Exercise alone in adults with NAFLD
may reduce hepatic steatosis but its ability to improve other aspects of liver histology remains
unknown (Chalasani et al., 2012).
A moderate exercise program three to four times a week should be encouraged. The efficacy
of dietary and exercise measures should be assessed after a 6-month period; if they have been
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ineffective, additional therapeutic options such as pharmacologic therapy may then be
considered (WGO, 2012).
Pharmacological Agents for the Management of Obesity
An ideal approach in obese or overweight people is improving NAFLD via weight loss. Of
several commonly used anti obesity medications, orlistat and sibutramine are available for
long- term prescription. Orlistat inhibits dietary triglyceride hydrolysis in the gut, resulting in
a substantial decrease in fat absorption. Sibutramine is a combined norepinephrine and
serotonin reuptake inhibitor that reduces food intake and body weight. Both orlistat and
sibutramine had beneficial effects on bodyweight, lipid profiles, glucose metabolism and
inflammatory markers in many trials (Nakajima, 2012).
Weight Loss (bariatric) Surgery
May be beneficial for patients with morbid obesity; this should be considered early, as most
programs will decline such surgery for patients who are already cirrhotic. A limited number
of studies have reported a dramatic improvement in liver disease following successful
bariatric surgery (WGO, 2012).

2.9.1.2 Treatment of Type 2 Diabetes Mellitus and Insulin Resistance
Evidence that insulin resistance may contribute to both inflammation and fibrosis in NAFLD
has led to several pilot studies of metformin and other insulin-sensitizing agents in patients
with NAFLD with and without diabetes (De Alwis and Day, 2008).
Insulin Sensitizing Agents: Metformin and Thiazolidinediones
Metformin
Metformin improves blood glucose levels by decreasing hepatic glucose production and
increasing glucose utilization in peripheral skeletal muscle. Metformin has produced mixed
and generally disappointing results in the treatment of NAFLD (Kashiet al., 2008). Metformin
has no significant effect on liver histology and is not recommended as a specific treatment for
liver disease in adults with NASH (Chalasani et al., 2012).
Thiazolidinediones
The thiazolidinediones (TZDs) class of diabetic medications has been studied in the treatment
of NASH. These medications include pioglitazone and rosiglitazone, which act as
peroxisomal proliferator activated receptor-g (PPAR-g) agonists leading to increased fatty
acid oxidation and decreased fatty acid synthesis within hepatocytes. This mechanism of
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action results in improved insulin sensitivity in both hepatocytes and skeletal muscle (Kashi et
al., 2008). It should be noted that majority of the patients who participated in clinical trials
that investigated pioglitazone for NASH were non-diabetic and that long term safety and
efficacy of pioglitazone in patients with NASH is not established (Chalasani et al., 2012).

A systematic review conducted by Shyangdan et al. (2011) revealed that metformin showed
mixed results, with ultrasound changes in two studies showing some improvement in
steatosis, and there were no changes in the other two. Metformin showed no improvement in
NASH, and showed greater reduction in glycosylated haemoglobin and fasting plasma
glucose compared with pioglitazone. Metformin led to weight reduction, whereas participants
on pioglitazone gained weight. ALT levels were reduced with both metformin and
pioglitazone. Most studies suggested that metformin led to a significant reduction in insulin
resistance. The study showed that the highest priority for research may be in the diagnosis of
NAFLD and the differentiation between steatosis and NASH. The newer agents, the
glucagon-like peptide-1 analogues such as liraglutide, may be more worthy of a trial.
Incretin Analogs
Incretin analogs such as glucagon-likeprotein-1-receptor agonists that have been shown to be
useful in the treatment of diabetes mellitus may also be beneficial in the treatment of NASH.
This class of medications promotes insulin secretion, suppresses inappropriate glucagon
secretion, slows gastric emptying, and increases satiety. These mechanisms work to promote
modest weight loss. Incretin analogs determine an improvement of serum aminotransferases
and decreased hepatic steatosis (Kashi et al., 2008).

2.9.1.3 Treatment of Dyslipidemia
Hypertriglyceridaemia affects 20–80% of patients with NAFLD. The action of fibrates
reduces hepatic FFA levels and also exerts anti-inflammatory effects. Regarding the use of 3hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors (statins) to treat NAFLD, they
can be safely prescribed for “conventional” indications, including T2DM and high
cardiovascular risk. There is no evidence that patients with pre-existing NAFLD are at
increased risk of statin-induced hepatotoxicity (De Alwis and Day, 2008; Chalasani et al.,
2012).
The study by Enjoji and Nakamuta (2010) showed that excess cholesterol intake may be one
of the main factors associated with NAFLD development. Therefore, the control of dietary
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cholesterol intake may lead to an improvement in NAFLD, and ezetimibe might be a
promising treatment for this condition.
Musso et al. (2011) found that cholesterol-lowering agents may benefit NAFLD patients.
Atorvastatin significantly improved radiological and biochemical markers of steatosis, but the
effect of statins on liver histology is unknown. Ezetimibe improved liver histology. The study
conducted by Foster et al. (2010) showed that atorvastatin 20 mg combined with vitamins C
and E significantly reduces the odds of having hepatic steatosis in individuals with NAFLD at
baseline after 4 years of active therapy.
2.9.1.4 Treatment of Hypertension
The evidence from animal models of hepatic fibrosis and NASH suggests that therapy
directed at the renin–angiotensin system and a-blockers may be beneficial for the liver (De
Alwis and Day, 2008). There are two major advantages of angiotensin receptor blockers
(ARBs) that make them a possible therapeutic option for treating NASH and MS: their
specific antihypertensive effect, and their impact on liver fibrosis. In light of this, and based
on the current evidence (including existent human studies), it can be assumed that some
ARBs like telmisartan, candesartan, and losartan can be beneficial in treating NASH/NAFLD
and its consequences, and further larger controlled clinical trials will bring consistent data into
this field (Georgescu, 2008).
2.9.2 Treatments Targeting the Liver
Anti-oxidants
The potential beneficial effects of this class of drugs may be related to their anti-oxidant
effects. Anti-oxidants include probucol, betaine, iron depeletion through venesection and
vitamin E (De Alwis and Day, 2008).
Vitamin E (a-tocopherol)
Administration of vitamin E at daily dose of 800 IU/day improves liver histology in nondiabetic adults with biopsy-proven NASH. Until further data supporting its effectiveness
become available, vitamin E is not recommended to treat NASH in diabetic patients, NAFLD
without liver biopsy, NASH cirrhosis, or cryptogenic cirrhosis (Chalasani et al., 2012).
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Ursodeoxycholicacid
Ursodeoxycholic acid (UDCA) is a naturally occurring bile acid derived from mammal that is
used in various liver diseases. UDCA has hepatoprotective properties, including membranestabilizing and cytoprotective effects, therefore improving hepatic biochemistry and also
hepatic histology in patients with cholestatic liver disease (Kashi et al., 2008). Chalasani et al.
(2012) specified that UDCA is not recommended for the treatment of NAFLD or NASH. The
study conducted by Safadi et al. (2014) showed that administration of the fatty acid–bile acid
conjugate (Aramchol) is safe, significantly reduces liver fat content and produces metabolic
improvements, indicating that this drug might be used for the treatment of NAFLD.
Omega-3 Fatty Acids
Research concluded that it is premature to recommend this kind of drugs for the specific
treatment of NAFLD or NASH, except in patients with NAFLD and hypertriglyceridemia,
when they are considered as first- line therapy (Chalasani et al., 2012).
2.9.3 Liver Transplantation for Patients with NAFLD
Liver transplantation is successful in patients who meet the criteria for liver failure, but
NASH may recur after transplantation and is likely to be denied to patients with morbid
obesity (WGO, 2012). A study performed by Charlton et al. (2011) revealed that NASH was
the third most common indication for liver transplantation in the United States and is on a
trajectory to become the most common.
Dureja et al. (2011) found that NAFLD recurrence is common in the first 5 years post liver
transplantation and is associated with features of the metabolic syndrome. Although NAFLD
recurrence was not associated with higher mortality in the cohort studied, cardiovascular
mortality and morbidity were common, suggesting that the metabolic syndrome is an
important link to NAFLD recurrence and cardiovascular deaths.
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Chapter 3
Subjects and Methods

3.1 Study design
The current study is a case-control retrospective study. The purpose of case-control studies is
to establish association between exposure to risk factors and disease. In this type of study, the
cases are members of the population with the disease. A second group included in study is
that of individuals’ without the disease, and they are called controls. The advantages of casecontrol studies include that are quick and cheap and are particularly suited to the study of rare
diseases (Levin, 2003).
The cases in this research were Non-alcoholic fatty liver disease patients while the controls
were healthy participants.
3.2 Setting of the Study
The study was conducted at ultrasound centers at governmental hospitals (Naser, Elorobi,
Abo Yosuf Elnjar, Shohda Elaqsa, Elshifa, and Kamal Odwan) in Gaza Strip.
3.3 Study Population
The study population consisted of patients who attended ultrasound centers at governmental
hospitals and their age (30- 60) matched controls.
3.4 Sample Size and Sampling
The present study has been conducted on 110 participants divided into 55 patients with Nonalcoholic fatty liver disease and 55 healthy controls. It is a purposeful, non-random sample
was used.
3.5 Period of the Study
The study began in January 2014 with obtaining ethical approval. Further, pilot study was
conducted in mid of March. Data collection took place between April and June 2014. Data
entry, analysis and writing the study continued until January 2015.
3.6 Eligibility criteria:
Subjects eligible to participate in the study were those who met the following criteria:
3.6.1 Inclusion criteria:
Cases: patients diagnosed with Non-alcoholic fatty liver disease with age between 30 to 60
years old.
Controls: individuals apparently healthy and cross matched for age and sex with cases.
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3.6.2 Exclusion criteria:
 Patients less than 30 years and more than 60 years


Patients with alcoholic fatty liver disease



Patients with viral hepatitis



Patients with autoimmune hepatitis



Patients with cancer



Pregnant women.

3.7 Data Collection Methods

3.7.1 Pilot Study
A pilot study was carried out before starting the study. It served as a pre-test for the
intervention, the detection and correction of any question that is not adequately clear for all
participants. The participants were explained about the pilot study scope and their informed
consent was obtained. Pilot study was conducted on 3 cases and 3 controls from Elshifa
hospital to test the response size of effect and provide evidence about health personnel
working in the study areas. Pilot study also clarifies areas of ambiguity and the suitability of
the questionnaire. These study subjects were excluded from the sample of study.

Post

piloting, the questions had been underwent reframing and remodeling to be clearer and easier
to be understood.

3.7.2 Ethical considerations
Approval letters were obtained from:


Dean of postgraduate studies & research affairs, Al- Azhar University.



Faculty of Pharmacy, Al -Azhar University.



Approval of MOH.



Consent form from the study participants.

Consent form: an informed consent for participants was attached to questionnaire. It was
noted about the purpose of the study and content of the questionnaire. Also was specified that
they have the right to refuse participation in the study, and that if participation, information
obtained will be kept confidential.
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3.8 Data Collection Tools

Data collection was done by direct methods such as anthropometric measurements (weight,
height, waist circumference, and calculated BMI), biochemical tests (fasting blood sugar,
lipid profile, liver enzymes) and hepatitis B surface antigen (HBs Ag) test.
The indirect method used a structured face to face questionnaire. Data were collected by the
investigator. The questionnaire was prepared to include variables in relation to the objectives
of the study.
3.8.1 Anthropometric Measurements
3.8.1.1 The weight was measured with an electronic digital scale (Seca scale) in the kilogram
mode to the nearest 100 gram which checked at zero level before measuring procedures. Each
subject was asked to take off the heavy clothes and shoes, keep on light clothes and remove
heavy objects such as wallet and mobile prior to standing on the weighing.

3.8.1.2 The height was measured in cm by using stadiometer (Seca type) to the nearest one
1cm. Each participant was asked to stand fully erected against the wall, maintain head in a
position of a straightforward gaze and feet slightly apart, with the back of the head, scapulae,
buttocks, calves and heels positioned in contact with the wall. Then, the researcher lowered
the sliding bar horizontally to the participant's head to where the bar is locked and the
measurement was read and recorded.

3.8.1.3 Waist Circumference was measured to the nearest 0.1 cm, with a plastic metric tape,
which was placed around the participant bare abdomen just above his/her hip bone. The tape
is snug, but does not compress the skin, and is parallel to the floor. The participant relax,
exhale, and his/her waist is measured. Cut- points: ≥102 cm in men and ≥88 cm in women
were used to define abdominal obesity [World health organization (WHO), 2011].
Measurement of height, weight and waist circumference took place at the end of interview.
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3.8.1.4 Body Mass Index
BMI was calculated using standard formula (weight in kg/height in m2) (CDC, 2011); BMI
categories: <18.5 underweight; 18.5-24.9 normal weight; 25-29.9 overweight, and ≥30
obesity (WHO, 2011).
3.8.2 Biochemical Measurements
Blood samples were collected from 55 patients with fatty liver and 55 healthy individuals as
control samples.
Blood Sampling and Processing:
Venous blood sample (about 5 ml) was drawn after overnight fasting (12 hours) by welltrained medical technologist into vacutainer tubes from each case of fatty liver and control
individual; then serum sample was obtained by centrifugation at room temperature by
Labofuge 200 (Heraus Sepatech centriguge, Germany) at 4000 rpm/10 minutes.
Serum Glucose, Total Cholesterol, Triglycerides, High -Density Lipoprotein Cholesterol,
Low-Density

Lipoprotein

Cholesterol,

Aspartate

Aminotransferase

and

Alanine

Aminotransferase were analyzed using colorimetric and enzymatic methods by RaytoChemry
240 chemistry Autoanalyzer in Central Blood Bank Society Laboratories. Quality assurance
program was carried out by analyzing normal and abnormal lyophilized multi-control sera
from Human, Germany on every run of analysis. Deionized water was made as first calibrator
and multi-calibrator from Diasys, Germany were used as second calibrator for the
determination of colorimetric tests, and calculation factors were used for the determination of
enzymatic tests.
Immunological Measurement:
HBsAg was analyzed using Architect 1000 Immunology Autoanalyzer from ABBOTT, USA
in the same Laboratories. The Architect HBsAg assay is a chemiluminescent microparticle
immunoassay (CMIA) for the quantitative determination of HBs Ag in human serum and
plasma.
Calculation of Colorimetric Tests:
Glucose, Cholesterol, Triglycerides, HDL-C and LDL-C were performed by the autoanalyzer
automatically and calculated according to beer's law after calibration and adjustment of the
photometers against water blank. (A: Absorbance, C: Concentration, CALS: Calibrator).
The concentration of colorimetric test =

A Test x C CALS
A CALS
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Calculation of Enzymatic Tests: for serum AST and ALT were performed by the
autoanalyzer automatically according to the following law after adjusting the photometers
against water blank:
The concentration of enzyme =ΔA/min x TV x 106
SV x ε x LP
TV: Total volume (Reagent volume + Serum volume)
ε: Extinction Factor

SV: Sample volume

LP: Light Path

Supplies
Reagent

Source

1. Glucose

AMS, Italy

2. Cholesterol

AMS, Italy

3. Triglycerides

AMS, Italy

4. HDL-C

AMS, Italy

5. LDL-C

AMS, Italy

6. AST

AMS, Italy

7. ALT

AMS, Italy

8. HBsAg

Abbott, USA

9. Multicalibrator 1,2

Diasys, Germany

10. Multicontrol sera N,P Human, Germany

Instruments
Instrument

Specification

Source

1. Rayto Chemry 240

Chemistry Autoanalyzer

China

2. Labofuge 200 Heraus Sepatech

Centrifuge

Germany

3. ARCHITECT, ABBOTT

Immunology Autoanalyzer

USA

Determination of Serum Glucose
Serum Glucose was determined by glucose oxidase (GOD)/glucose peroxidase (POD) method
(Trinder P. Determination of glucose in blood using glucose oxidase. Ann Clin Bioch, 6:
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241969) using AMS, Italy. Normal (< 126), Diabetic (≥ 126) (American Diabetic Association
[ADA], (2004).
Principle
GOD catalyses the oxidation of glucose to gluconic acid. The formed hydrogen peroxide
(H2O2) is detected by a chromogenic oxygen acceptor, phenol-aminophenazone in the
presence of POD.
β-D-Glucose + 2H20 + O2

GOD

Gluconic acid + H202
POD

H2O2 + Phenol + 4-Aminophenazone (4-AP)

Quinone + H2O

The intensity of the red color formed is proportional to glucose concentration in the sample.

Reagent

Reagents
Component

Concentration

ATP

2.1 mM

NAD

2.5 mM

Reagent 1 Hexokinase (yeast)

>1500 U/L

G-6-PDH (L.m.)

>3200 U/L

pH 7.5 + 0.1
Procedure
About 0.5 ml of serum was transferred to the RaytoChemry 240 Chemistry Autoanalyzer, to
perform the test according to these parameters:
Parameter

Value

Reagent volume (μl)

300

Serum volume (μl)

3.0

Calibrator 1 (mg/dl)

0.0

Calibrator 2 CALS (mg/dl)

100

Incubation time (s)

360

Wavelength (nm)

510

Calibrator type

One Point-Linear

Measurement Type

End point
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Determination of Serum Cholesterol
Serum cholesterol was determined by cholesterol oxidase (COD)/POD method (Flegg, H.M.,
Ann. Clin. Blochem. 10:79, 1973) using AMS, Italy. Desirable (< 200), Borderline High
(200-239), High (≥ 240) (Alpers et al., 2008).
Principle
Free and esterified cholesterol in the sample originates, by means of the coupled reactions
described below, a colored complex that can be measured photometrically.
Cholesterol Esterase

Cholesterol ester + H2O
COD

Cholesterol + H2O

Cholesterol + Fatty acid

Cholestenone +1/2 O2+ H2O2

2 H2O2 + 4-Aminoantipyrine + Phenol

POD

Quinoneimine + 4 H2O

Reagents
Reagent

Component

Concentration

4-Aminoantipyrine

0.25 mM

Cholesterol Oxidase

400 U/L

Reagent 1 Lipoprotein Lipase

300 U/L

Horseradish Peroxidase

1000 U/L

HBA

10 mM

Surfactant
Buffer
Sodium Azide as a preservative. (.01%)
pH 6.75
Procedure
About 0.5 ml of serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer, to
perform the test according to these parameters:
Parameter

Value

Reagent volume (μl)

300

Serum volume (μl)

3.0

Calibrator 1 (mg/dl)

0.0
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Calibrator 2 CALS (mg/dl)

200

Incubation time (s)

300

Wavelength (nm)

510

Calibrator type

One Point-Linear

Measurement Type

End point

Determination of Serum Triglycerides
Triglycerides in the sample onginates, by means of the coupled reactions described below
colored complex that can be measured photometrically. Normal (≤ 150), High (>150) (Alpers
et al., 2008).
Lipase

Triglycerides + H2O

Glycerol kinase

Glycerol + ATP
Glycerol - 3 -P + O2

Glycerol +Fatty acids
Glycerol – 3 - P + ADP

G-3-P-oxidase

Dihydroxyacetone - P +H2O

2H2O2 + 4- Aminoantipyrine + 4-Chlorophenol

Peroxidase

Quinoneimine +4H20

Reagents
Reagent

Component

Concentration

ATP

2.5 mM

Magnesium Salt

2.6 mM

4-Aminoantipyrine

0.8 mM

3,5DHBS

1.0 mM

Reagent 1 GPO (Microbial)

11,000 U/L

Lipoprotein Lipase (microbial) 4,400 U/L
GK (Microbial)

660 U/L

Peroxidase Horseradish)

2,900 U/L

Buffer

50 mM

Sodium azide as a preservative (0.05%)
PH 7.0 + 0.2
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Procedure
About 0.5 ml of serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer, to
perform the test according to these parameters:
Parameter

Value

Reagent volume (μl)

300

Serum volume (μl)

3.0

Calibrator 1 (mg/dl)

0.0

Calibrator 2 CALS (mg/dl)

200

Incubation time (s)

300

Wavelength (nm)

510

Calibrator type

One Point-Linear

Measurement Type

End point

Determination of Serum Aspartate Aminotransferase (AST, SGOT)
Serum AST was determined by L-Aspartate and 2-Oxoglutarate method (Expert Panel of
Enzymes of the IFCC, Clin .Chem. 24: 497-510, 1986) using AMS, Italy. Normal ≤ 38 u/l,
high >38 u/l (Fauci et al., 2009).
Principle
AST catalyzes the transfer of the amino group from L-aspartate to 2-oxoglutarate to yield
oxalacetate and L-glutamate. The oxaloacetate undergoes reduction with simultaneous
oxidation of NADH to NAD in the malate dehydrogenase (MDH) catalyzed indicator
reaction. The resulting rate of decrease in absorbance at 340nm is directly proportional to the
AST activity. Lactate dehydrogenase (LDH) is added to prevent interference from
endogenous pyruvate which is normally present in serum.
L-Aspartate + 2-Oxoglutarate
Oxaloacetate + NADH

MDH

AST

Oxaloacetate + L-Glutamate
L- Malate + NAD

41

Reagents
Reagent

Component

Concentration

2-Oxoglutarate

13 mM

L-Aspartate
MDH (microbial)
Reagent 1 LDH (microbial)
NADH

220 mM
>100 U/L
>1500 U/L

pH 7.9 ± 0.1.
>0.12 mM

Procedure
About 0.5 ml of serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer, to
perform the test according to these parameters:
Parameter

Value

Reagent volume (μl)

200

Serum volume (μl)

10

Calculation Factor

1746

Incubation time (s)

60

Reading Time

120

Wavelength (nm)

405

Measurement Type

Kinetic

Determination of Serum Alanine Aminotransferase (ALT, SGPT)
Serum ALT was determined by L-Alanine and 2-Oxoglutaratemethod(Tietz, N.W.,
Fundamentals of Clinical Chemistry, W.B. Saunders Co. Phila., pp 674 & 675, 1982).
Normal ≤ 40 u/l, high >40 u/l (Fauci et al., 2009).
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Principle:
ALT catalyzes the transfer of the amino group from L-alanine to 2-oxoglutarate resulting in
the formation of pyruvate and L-glu-tamate. Lactate dehydrogenase catalyzes the reduction of
pyru-vate and the simultaneous oxidation of NADH to NAD. The resulting rate of decrease in
absorbance is directly proportional to ALT activity.
Endogenous sample pyruvate is rapidly and completely reduced by LDH during the initial
incubation period so that it does not interfere with the assay.
L-Alanine + 2-Oxoglutarate
Pyruvate + NADH

Pyruvate+ L-Glutamate

A LT

L-Lactate +NAD

LDH

Reagents
Reagent

Component

Concentration

2-Oxoglutarate

13 mM

L-Alanine

440 mM

NADH
Reagent 1 LDH (microbial)
Tris Buffer

0.12 mM
>2000 U/L

pH 7.8 + 0.1 at 20°C
97 mM

Procedure
About 0.5 ml of serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer, to
perform the test according to these parameters:

Parameter

Value

Reagent volume (μl)

200

Serum volume (μl)

10

Calculation Factor

1746
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Incubation time (s)

60

Reading Time

120

Wavelength (nm)

405

Measurement Type

Kinetic

High Density Lipoprotein Cholesterol
HDL Cholesterol is determined by an immune inhibition reagent method which directly
measures serum HDL-C levels without the need for any off-line pretreatment or
centrifugation steps. The method is in a two reagent format (Stein, E.A., Myers, G.L., Lipids,
Lipoproteins and Apolipoproteins in Tietz Textbook of Clinical Chemistry, Second Edition,
Burtis, C., Ashwood, A. (Eds), CV Mosby Co. 1994; 23: 1002-93.).Low (< 40), Normal (≥
40) (Alpers et al., 2008).
Principle:
The first reagent contains anti human b-lipoprotein antibody which bind to lipoproteins
(LDL, VLDL and chylomicrons) other than HDL. The second reagent contains enzymes
which then selectively react with the cholesterol present in the HDL particles. Consequently
only HDL cholesterol is subject to cholesterol measurement.
Reagents
Reagent

Component

Concentration

Good’s Buffer

30 mM

Peroxidase (Horseradish)
4-aminoantipyrine
Reagent 1 Anti human b-lipoprotein antibody (sheep)

2400 U/L
0.9 mM

pH 7.0 + 0.1
Good’s Buffer

30 mM

Cholesterol oxidase (Nocardia)
Cholesterol esterase (Psuedomonas)
Reagent 2 (N-ethyl-N-(2-hydroxy-3-sulfopropyl)-35-dimethoxy-4-fluoraniline FDAOS
pH 7.0 + 0.1\
44

20,000 U/L
4,000 U/L
0.8 mM

Procedure
About 0.5 ml of serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer, to
perform the test according to these parameters:
Parameter

Value

Reagent 1 volume (μl)

300

Serum volume (μl)

4

Incubation time (s)

5 min

Reagent 2 volume (μl)

100

Incubation time (s)

5 min

Wavelength (nm)

600

Measurement Type

Endpoint

Calibrator 1 (mg/dl)
Calibrator 2 CALS (mg/dl)
Calibrator type

0.0
50.0
One PointLinear

Low Density Lipoprotein Cholesterol: LDL Cholesterol is determined by an enzyme
selective reagent method. The method is in a two reagent format (Teitz N.W., Clinical Guide
to Laboratory Tests, W.B. Saunders Co., Philadelphia, 1986, p. 256.). Optimal & near
Optimal (<129), Borderline High (130-159), High (≥ 160) (Alpers et al., 2008).
Principle:
When a sample is mixed with Reagent 1, the protecting reagent binds to LDL, and protects
LDL from enzyme reactions. Cholesterol esterase and cholesterol oxidase react with non-LDL
lipoprotein, VLDL and HDL. Hydrogen peroxide produced by the enzyme reactions with
non-LDL reactions with non-LDL cholesterol is decomposed by catalase in Reagent 1. When
Reagent 2 is added, the protecting reagent is removed from LDL and catalase is inactivated by
sodium azide. In this second process, cholesterol esterase and cholesterol oxidase react only
with LDL-C. Hydrogen peroxide produced by the enzyme reactions with LDL-C yields a
color

complex

upon

oxidase

condensation

with

N-(-2-hydroxy-3-sulfopropyl)-3-5-

dimethoxyaniline and 4-aminoantipyrene in the presence of peroxidase. By measuring the
absorbance of the blue color complex product, at approximately 600nm, the LDL-C
concentration in the sample can be calculated when compared with the absorbance of the
LDL-C Calibrator.
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Reagents
Reagent

Component

Concentration

Good’s Buffer

25 mM

Cholesterol

esterase

(Psuedomonas)

Cholesterol oxidase (Nocardia)
Reagent 1

5,000 U/L

N-(2-hydroxy-3-sulfopropyl)-35-dimethoxyaniline
aminoantipyrene

and
Anti

human

5000 U/L

4-

0.8 mM

b0.64 mM

lipoprotein antibody
Catalase (Bovine liver) 1,000,000 U/L
pH 6.8 + 0.1

1,000,000 U/L

Reagent 2

Good’s Buffer 4-aminoantipyrine 3.4 mM 25 mM
Peroxidase (Horseradish) 20,000 U/L

20,000 U/L

NaN3 0.1 %
pH 7.0 + 0.1
Procedure
About 0.5 ml of serum was transferred to the RaytoChemry 240 chemistry Autoanalyzer, to
perform the test according to these parameters:
Parameter

Value

Reagent 1 volume (μl)

270

Serum volume (μl)

3

Incubation time (s)

5 min

Reagent 2 volume (μl)

90
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Incubation time (s)

5 min

Wavelength (nm)

600

Measurement Type

Endpoint

Calibrator 1 (mg/dl)

0.0

Calibrator 2 CALS (mg/dl)

50.0

Calibrator type

One Point-Linear

Determination of HBsAg:
The ARCHITECT HBs Ag assay is a CMIA for the quantitative determination of HBs Ag in
human serum and plasma.
Principles
The ARCHITECT HBsAg assay is a two-step immunoassay, using CMIA technology, with
flexible assay protocols referred to as Chemiflex, for the quantitative determination of HBsAg
in human serum and plasma. In the first step, sample and anti-HBs coated paramagnetic
microparticles are combined. HBsAg present in the sample binds to the anti-HBs coated
microparticles. After washing, acridinium-labeled anti-HBs conjugate is added in the second
step. Following another wash cycle, Pre-Trigger and Trigger Solutions are added to the
reaction mixture. The resulting chemiluminescent reaction is measured as relative light units
(RLUs). A direct relationship exists between the amount of HBsAg in the sample and the
RLUs detected by the ARCHITECT i* System optics. The concentration of hepatitis B
surface antigen in the specimen is determined using a previously generated ARCHITECT
HBsAg calibration curve. If the concentration of the specimen is greater than or equal to 0.05
IU/mL, the specimen is considered reactive for HBsAg.

47

Reagents
Reagent

Component
1 or 4 Bottle(s) (6.6 mL per 100
test bottle/ 27.0 mL per 500 test
bottle) Anti-HBs (Mouse,

Reagent

Monoclonal, IgM, IgG).

1(Microparticles) Coated Microparticles in MES
buffer with protein stabilizers.
Minimum concentration:
0.0675% solids. Preservative:
ProClin 300.
1 or 4 Bottle(s) (5.9 mL per 100
test bottle/26.3 mL per 500 test
bottle) Conjugate: Anti-HBs (Goat,
Reagent

IgG) Acridinium-Labeled

2(Conjugate)

Conjugate in MES buffer with
protein stabilizers (Bovine
and Human Plasma; nonreactive
for HBsAg, HIV-1 RNA or HIV-1
Ag,
anti-HIV-1/HIV-2, and anti-HCV.)
Minimum concentration: 0.25
μg/mL.
Preservative: ProClin 300.
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3.8.3 Medical History and Ultrasound Assessment
Abdominal ultrasound examination was conducted to sort out patients with NAFLD.
Participants’ medical history of conditions predisposing to NAFLD including acute and
chronic illness was obtained.
3.8.4 Interview Questionnaire
A face to face structured interview questionnaire has been designed; it was used to collect the
following data from each participant:
1. Introductory part of the questionnaire includes serial number, research category and
date of completion of the questionnaire.
2. Personal information; including gender, age, employment status, education level and
socioeconomic factors including marital status as well as income.
3. Medical history of participants was obtained.
4. Present history for Non-alcoholic fatty liver disease, including duration of NAFLD.
5. Dietary behavior, including intake of : red meat, poultry, fish , nuts, type of bread, olive
oil, sweets, soft drinks, fast food, and dietary sources of fatty acids.
6. Lifestyle factors: physical activity level.
Semi-quantitative Food Frequency Questionnaire (FFQ) was attached to the interview
questionnaire and used to assess dietary intake.
3.9 Validity
The instruments used were examined to ensure that it is highly valid and reliable. Instruments
included stadiometer, seca scale and equipment used for biochemical and hematological
analysis.
Content validity of the questionnaire was conducted before data collection by submission the
questionnaire, which was attached to the title and the objectives of the study to a panel of
experts including researchers, health professionals and experts in the field of nutrition and
public health. The experts were asked to evaluate the relevance, clarity and completeness of
each item as well as the suitability of the tool for measuring the study objectives. According
to the feedback obtained, the questionnaire was modified. Further items were added by the
researcher according to the issues raised during the proposal discussion and the final
modification was made with the help of the supervisor.
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3.10 Statistical Analysis
In the present study, statistical package of social science (SPSS) Statistics program version 21
was used for data analysis, which includes:
1. Coding of variables.
2. Data entry and then cleansing.
3. Data analysis.
4. Frequencies of variables.
5. Cross tabulations of the results, Chi square and Fisher Exact tests for categorical data,
were the statistical tools used to assess the association between different variables
(income, physical activity, weight gain etc.) and NAFLD.
6. T-test for quantitative data was used to compare means of serum between cases and
controls.
7. P value of < 5% for measuring statistical difference between variables was considered
significant.
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Chapter 4
Results
This chapter shows the results of analyzes of the study variables for 110 participants (55 patients
with Non-alcoholic fatty liver disease and 55 healthy participants) in a comparative way between
cases and controls. The researcher used the Chi- square test, Fisher’s exact test, t-test, and P
value as statistical tools.
4.1 Demographic Characteristics of Study Participants (Table 4.1)
Regarding gender, 40% of study participants were men and 60% were women, in the same
percentage for cases and controls, due to the cross matching for gender.
Residency: 45.5% of participants were from North Gaza, 23.6% from Gaza, 12.7% from
Middle Zone, 5.5% from Khanyounis, and 12.7 % from Rafah.
Age: the overall average of study participant’s was 44.64 (±7.97), the youngest was 30 years
and the oldest was 60 years. The age of cases was cross matched with controls; so the average
age of cases was 45.04 (±8.02) years, and average age of controls was 44.24 (±7.97) years.
Participant’s age was divided into two categories: Young adults (< 45 years) and Middle Age
(45-60 years). More cases of NAFLD were middle age (54.5%), compared with 47.3% of
healthy individuals who were in the same age group.
Table 4.1: Gender, Residency and Age of Study Participants

Variable
Gender
Male
Female
Total
Residency
North Gaza
Gaza
Middle Zone
Khanyounis
Rafah
Total
Categorized Age
Young Adults (< 45 years)
Middle Age (45-60)
Total

Cases
No (%)

Control
No (%)

Total
No (%)

22 (40)
33 (60)
55 (100)

22 (40)
33 (60)
55 (100)

44 (40)
66 (60)
110 (100)

25 (45.5)
13 (23.6)
7 (12.7)
3 (5.5)
7 (12.7)
55 (100)

25 (45.5)
13 (23.6)
7 (12.7)
3 (5.5)
7 (12.7)
55 (100)

50 (45.5)
26 (23.6)
14 (12.7)
6 (5.5)
14 (12.7)
110 (100)

25 (45.5)
30 (54.5)
55 (100)

29 (52.7)
26 (47.3)
55 (100)

54 (49.1)
56 (50.9)
110 (100)

: Chi square test
* Statistically significant at P- value < 0.05
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Test

P value*

1.0

1.0

0.44

4.2 Socioeconomic Characteristics of Study Participants (Table 4.2)
Marital status: the marital status of participants was divided into four categories, including:
Single, Married, Divorced, and Widowed state. Most of cases were married (90.9%), as
compared with controls (87.3%); the result was statistically insignificant.
Related to educational level, it was categorized into Illiterate, Primary, Preparatory,
Secondary and University. Among cases, 9.1%, 20 %, and 23.6% were illiterate, or had the
primary, and preparatory school respectively, compared with 3.6%, 16.4 %, and 18.2% of
controls who were the same; 20 % of the NAFLD patients studied the university and 34.5 %
of controls studied the same. The differences between cases and controls didn’t reach
statistical significance.
Regarding Employed Status, 60% of NAFLD cases were without work compared with 52.7%
of controls not working, and the difference was statistically insignificant.
Income: family income data was analyzed in a way to determine income per capita per day.
Income per capita was grouped into two categories according to the poverty line endorsed by
the World Bank: those with income of less than 2 united state dollar (USD) per day/capita,
and those with ≥ 2 USD per day/capita (World Bank, 2011).
The percent of cases with less than two dollars daily was higher (63.6%) than controls
(45.5%) (P value = 0.05).
Concerning Physical Activity, most of cases (76.4%) didn’t perform physical activity,
compared with 54.5% of controls who were physically inactive, which was statistically
significant.
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Table 4.2: Socioeconomic Characteristics of Study Participants

Variable
Marital Status
Single
Married
Divorced
Widowed
Total
Educational Level
Illiterate
Primary
Preparatory
Secondary
University
Total
Employed Status
Employed
Worker
Dealer
Retired
Not working
Total
Income
< $2/day/capita
≥ $2/day/capita
Total
Physical Activity
Yes
No
Total

Cases
No (%)

Control
No (%)

Total
No (%)

Test

P value*

1 (1.8)
50 (90.9)
1 (1.8)
3 (5.5)
55 (100)

4 (7.3)
48 (87.3)
2 (3.6)
1 (1.8)
55 (100)

5 (4.5)
98 (89.1)
3 (2.7)
4 (3.6)
110 (100)

F

0.45

5 (9.1)
11 (20)
13 (23.6)
15 (27.3)
11 (20)
55 (100)

2 (3.6)
9 (16.4)
10 (18.2)
15 (27.3)
19 (34.5)
55 (100)

7 (6.4)
20 (18.2)
23 (20.9)
15 (27.3)
30 (27.3)
110 (100)

F

0.41

14 (25.5)
7 (12.7)
1 (1.8)
0 (0)
33 (60)
55 (100)

18 (32.7)
7 (12.7)
0 (0)
1 (1.8)
29 (52.7)
55 (100)

32 (29.1)
14 (12.7)
1 (0.9)
1 (0.9)
62 (56.4)
110 (100)

F

0.70

35 (63.6)
20 (36.4)
55 (100)

25 (45.5)
30 (54.5)
55 (100)

60 (54.5)
50 (45.5)
110 (100)

0.05

13 (23.6)
42 (76.4)
55 (100)

25 (45.5)
30 (54.5)
55 (100)

38 (34.5)
72 (65.5)
110 (100)

0.01

F: Fisher’s Exact test
* Statistically significant at P- value < 0.05

4.3 Present History of Chronic Disease of Study Participants (Table 4.3)
Hypertension: the results showed that 36.4% of NAFLD cases were hypertensive and 16.4%
of controls were the same; the result was statistically significant.
Diabetes Mellitus: 25.5% of cases had diabetes compared to 3.6% of controls; the result was
statistically significant.
Hyperlipidemia: of cases, 40% had associated hyperlipidemia and none of controls had this
status; the difference reached statistical significance.
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Table 4.3: Present History of Chronic Disease of Study Participants

Variable

Cases
No (%)

Hypertension
Yes
20 (36.4)
No
35 (63.6)
Total
55 (100)
Diabetes Mellitus
Yes
14 (25.5)
No
41 (74.5)
Total
55 (100)
Hyperlipidemias
Yes
22 (40 )
No
33 (60 )
Total
55 (100)
* Statistically significant at P- value < 0.05

Control
No (%)

Total
No (%)

Test

P value*

9 (16.4)
46 (83.6)
55 (100)

29 (26.4)
81 (73.6)
110 (100)

2 (3.6)
53 (96.4)
55 (100)

16 (14.5)
94 (85.5)
110 (100)

F

0.01

0 (0)
55 (100)
55 (100)

22 (20)
88 (80)
110 (100)

F

0.001

0.02

4.4 Types of Dietary Intake of Study Participants (Table 4.4)
Fast Food Intake: most of NAFLD cases (96.4%) ate fast food, and 58.2% of controls
consumed fast food; the difference was statistically significant.
Olive Oil Intake: 69.1% of cases were consumers of olive oil, while 74.5% of controls
consumed it, and the differences didn’t reach statistical significance.
Regarding Avocado, 63.6% of cases were avocado consumers, and 41.8% of controls ate this
fruit; the differences reached statistical significance.
Nuts Intake: 56.4% of cases consumed nuts compared with 49.1% of controls; the result
didn’t reach statistical significance.
Concerning Sweets, 70.9 % of cases consumed sweets, which was higher than controls
(27.3%) who consumed sweets, a statistically significant difference.
Soft Drinks: 27.3% of cases drank soft drinks daily, while just 7.3% of controls drank the soft
drinks daily; the result was statistically significant.
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Table 4.4: Types of Diet Intake of Study Participants

Variable

Cases
No (%)

Eat Fast Food
Yes
53 (96.4)
No
2 (3.6)
Total
55 (100)
Olive Oil intake
Yes
38 (69.1)
No
17 (30.9)
Total
55 (100)
Avocado Intake
Yes
35 (63.6)
No
20 (36.4)
Total
55 (100)
Nuts Intake
Yes
31 (56.4)
No
24 (43.6)
Total
55 (100)
Sweet Intake
Yes
39 (70.9)
No
16 (29.1)
Total
55 (100)
Soft Drinks
Daily
15 (27.3)
5-6/week
2 (3.6)
2-4/week
7 (12.7)
Once or less/week
31 (56.4)
Total
55 (100)
* Statistically significant at P- value < 0.05

Control
No (%)

Total
No (%)

Test

P value*

32 (58.2)
23 (41.8)
55 (100)

85 (77.3)
25 (22.7)
110 (100)

F

0.001

41 (74.5)
14 (25.5)
55 (100)

79 (71.8)
31 (28.2)
110 (100)

0.52

23 (41.8)
32 (58.2)
55 (100)

58 (52.7)
52 (47.3)
110 (100)

0.02

27 (49.1)
28 (50.9)
55 (100)

58 (52.7)
52 (47.3)
110 (100)

0.44

15 (27.3)
40 (72.7)
55 (100)

54 (49.1)
56 (50.9)
110 (100)

0.001

4 (7.3)
0 (0)
2 (3.6)
49 (89.1)
55 (100)

19 (17.3)
2 (1.8)
9 (8.2)
80 (72.7)
110 (100)

F

0.001

4.5 Dietary and Cooking Behavior of Study Participants (Table 4.5)
Type of meat intake: NAFLD cases consumed 72.7% and 27.3% red meat and poultry
respectively, whereas 25.5% and 74.5% of controls ate red meat and poultry, respectively; the
difference was statistically significant.
Behavior of Meat Intake: 20% of cases ate un-trimmed meat compared to 7.3% of controls,
and the result didn’t reach statistical significance.
About Chicken Intake, 23.6% of cases consumed skinned chicken and just 1.8% of controls
ate the same; the difference was statistically significant.
Method of Cooking Meat: of cases, 36.4% used frying for cooking and none of controls; the
result reached statistical significance.
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Fish Intake: 60% of cases consumed fish and 36.4% of controls consumed fish; the difference
was statistically significant.
Method of Fish Cooking: the percentage of cases and controls who used frying for cooking
fish was approximately the same (94.5%versus 92.7%), which was statistically nonsignificant.
Cooking Oil Used: 21.8% and 78.2% of cases used corn oil and sunflower oil respectively,
compared to 25.5 and 74.5% of controls; the result didn’t reach statistical significance.

Table 4.5: Dietary and Cooking Behavior of Study Participants

Variable

Cases
No (%)

Type of Meat Intake
Red Meat
40 (72.7)
Poultry
15 (27.3)
Total
55 (100)
Behavior of Meat Intake
Trimmed
44 (80)
Untrimmed
11 (20)
Total
55 (100)
Behavior of Chicken Intake
Skinned
13 (23.6)
Unskinned
42 (76.4)
Total
55 (100)
Method of Cooking Meat
Frying
20 (36.4)
Boiling
29 (52.7)
Grilling
6 (10.9)
Total
55 (100)
Fish Intake
Yes
33 (60)
No
22 (40)
Total
55 (100)
Method of Fish Cooking
Frying
52 (94.5)
Grilling
3 (5.5)
Total
55 (100)
Cooking Oil Used
Corn Oil
12 (21.8)
Sunflower
43 (78.2)
Total
55 (100)

Control
No (%)

Total
No (%)

14 (25.5)
41 (74.5)
55 (100)

54 (49.1)
56 (50.9)
110 (100)

51 (92.7)
4 (7.3)
55 (100)

95 (86.4)
15 (13.6)
110 (100)

F

0.09

1 (1.8)
54 (98.2)
55 (100)

14 (12.7)
96(87.3)
110 (100)

F

0.001

0 (0)
55 (100)
0 (0)
55 (100)

20 (18.2)
84 (76.4)
6 (5.5)
110 (100)

F

0.001

20 (36.4)
35 (63.6)
55 (100)

53 (48.2)
57 (51.8)
110 (100)

51 (92.7)
4 (7.3)
55 (100)

103 (93.3)
7 (6.4)
110 (100)

14 (25.5)
41 (74.5)
55 (100)

26 ((23.6)
84 (76.4)
110 (100)

* Statistically significant at P- value < 0.05
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Test

*P value

0.001

0.01

F

1.0

0.65

4.6 Anthropometric Measurement of Study Participants (Table 4.6)
Weight Gain: 47.3% of cases gained weight while 40% of controls gained weight, a
statistically non-significant result.
Using BMI as indicator, obesity was present in 80% of NAFLD cases compared with 25.5%
obesity in controls; the difference reached statistical significance.
Abdominal obesity (using waist circumference) among men was present in 90.9% of cases
and 13.6% of controls; the difference was statistically significant.
Concerning abdominal obesity in women, it was present in 100% of cases and 87.8% of
controls (P value = 0.05).

Table 4.6: Anthropometric Measurement of Study Participants

Variable

Cases
No (%)

Weight Gain
Gain weight
26 (47.3)
No gain weight
29 (52.7)
Total
55 (100)
BMI**
< 18.5 (Underweight)
0 (0)
18.5-24.9 (Normal Weight)
1 (1.8)
25-29.9 (Overweight)
10 (18.2)
≥ 30 (Obesity)
44 (80)
Total
55 (100)
Male Waist Circumference**
< 102 cm
2 (9.1)
≥ 102 cm (central obesity)
20 (90.9)
Total
22 (100)
Female Waist Circumference**
< 88 cm
0 (0)
≥ 88 cm (central obesity)
33 (100)
Total
33 (100)

Controls Total
No (%) No (%)

Test

22 (40)
33 (60)
55 (100)

48 (43.6)
62 (56.4)
110 (100)

2 (3.6)
20 (36.4)
19 (34.5)
14 (25.5)
55 (100)

2 (1.8)
21 (19.1) F
29 (26.4)
58 (52.7)
110 (100)

P value*

0.44

0.001

19 (86.4) 21 (47.7)
3 (13.6) 23 (52.3)
22(100) 44 (100)

F

0.001

4 (12.1) 4 (6.1)
29 (87.9) 62 (93.9)
33 (100) 66 (100)

F

0.05

* Statistically significant at P- value < 0.05
** WHO (2011).

4.7 Difference in Means of Plasma Lipids and Sugar between Cases and Controls (Table
4.7)
Serum Total Cholesterol Level: NAFLD cases had average serum cholesterol 174.47 (±32.63)
mg/dl, while that of controls was 179.51 (±29.59) mg/dl; the difference didn’t reach statistical
significance.
Serum Low- Density Lipoprotein Cholesterol Level: the average of serum LDL- C level in
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NAFLD cases was 100.58 (±29.97) mg/dl, while the average of controls was 107.22
(±27.82) mg/dl, a statistically non-significant difference.
Serum High-Density Lipoprotein Cholesterol Level: the average of serum HDL-C level was
44.95 (±5.01) mg/dl in cases compared to 46.58 (±2.65) mg/dl in controls, which meant a
Statistically significant difference.
Serum Triglycerides Level: the average of serum TG was 143.62 (±37.72) mg/dl in cases
and 128.42 (±34.80) mg/dl in controls; the difference was statistically significant.
Fasting Blood Sugar (FBS) Level: the average of FBS level was 113.27 (± 40.10) mg/dl in
cases compared to 92.27 (±11.73) mg/dl in controls, the difference reached statistical
significance.

Table 4.7: Difference in Means of Plasma Lipids and Sugar between Cases and Controls

Variables

Cases (no=55)
Average (±SD)**
174.47 (32.63)
100.58 (29.97)
44.95 (5.01)
143.62 (37.72)
113.27 (40.10)

Total Cholesterol
LDL-C
HDL-C
Triglycerides
FBS
*Statistically significant at P- value < 0.05

Controls (no=55)
Average (±SD)
179.51 (29.59)
107.22 (27.82)
46.58 (2.65)
128.42 (34.80)
92.27 (11.73)

t
-0.84
-1.20
-2.13
2.19
3.72

P value*
0.39
0.23
0.03
0.03
0.001

**SD is Standard deviation

4.8 Difference in Means of Liver Enzymes between Cases and Controls (Table 4.8)
Aspartate Aminotransferase: the average of AST was 28.48 (±11.75)U/L, minimum 10, and
maximum AST level was 67U/L.
The average of AST level was 33.13 (±13.08) U/L in NAFLD cases and 23.84 (7.97) U/L in
controls; the difference was statistically significant.
Alanine Aminotransferase: ALT average among study participants was 26.55 (±12.83) U/L,
minimum10, and maximum ALT level was 105U/L.
The cases had the average of ALT of 29.62 (±15.07) U/L, while that of controls was 23.49
(±9.26) U/L; the difference reached statistical significance.
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Table 4.8: Difference in Means of Liver Enzymes between Cases and Controls

Variables

AST
ALT

Cases (no=55)

Control
(no=55)
Average (±SD)** Average (±SD)
33.13 (13.08)
23.84 (7.97)
29.62 (15.07)
23.49 (9.26)

t
4.49
2.56

P value*
0.001
0.01

* Statistically significant at P- value < 0.05
**SD is Standard deviation

4.9 Liver Enzymes of Study Participants (Table 4.9)
High serum ALT (>40 U/L) was found in 14.5% of the cases of NAFLD compared with 5.5%
of controls, a statistically non-significant result.
Serum AST level was high (>38U/L) among 34.5% of cases and 7.3% of controls. The
difference reached statistical significance.
Table 4.9: Liver Enzymes of Study Participants

Variable

Cases
No (%)
Alanine Aminotransferase (ALT)1
≤ 40 u/l
47 (85.5)
>40 u/l
8 (14.5)
Total
55 (100)
Aspartate Aminotransferase (AST)1
≤ 38 u/l
36 (65.5)
>38 u/l
19 (34.5)
Total
55 (100)

Control
No (%)

Total
No (%)

Test

P value*

52 (94.5)
3 (5.5)
55 (100)

99 (90)
11 (10)
110 (100)

F

0.20

5 (92.7)
4 (7.3)
55 (100)

87 (79.1)
23 (20.9)
110 (100)

F

0.001

* Statistically significant at P- value < 0.05
1

Fauci et al. (2009).

4.10 Plasma Lipids and FBS of Study Participants (4.10)
The percentage of cases and controls with high serum total cholesterol (≥ 240 mg /dl) was the
same (3.6%);the difference was statistically non-significant.
Serum LDL-C level was high (≥160 mg/dl) among 7.3% of NAFLD cases and 3.6% of
controls; the difference did not reach statistical significance.
Related to serum HDL-C, 12.7% of cases had low levels (<40 mg/dl) while 1.8% of controls
had these levels; the difference was statistically significant.
Serum TG reached high levels (>150 mg /dl) in 38.2% of cases compared to 27.3 % of
controls; the difference was not statistically significant.

59

Fasting Blood Sugar: the results revealed that 18.2% of NAFLD cases had high FBS
(Diabetic ≥ 126 mg/dl), while 1.8% of controls had these levels; the result reached statistical
significance.

Table 4.10: Plasma Lipids and FBS of Study Participants

Variable
Total Cholesterol (mg/dl)1
Desirable (< 200)
Borderline High (200-239)
High (≥ 240)
Total
LDL Cholesterol (mg/dl)1
Optimal & near Optimal
(<129)
Borderline High (130-159)
High (≥ 160)
Total
HDL Cholesterol (mg/dl)1
Low (< 40)
Normal (≥ 40)
Total
Triglyceride (mg/dl)1
Normal (≤ 150)
High (>150)
Total
FBS (mg/dl)2
Normal (< 126)
Diabetic (≥ 126)
Total

Cases
No (%)

Control
No (%)

Total
No (%)

Test

P value*

44 (80)
9 (16.4)
2 (3.6)
55 (100)

43 (78.2)
10 (18.2)
2 (3.6)
55 (100)

87 (79.1)
19 (17.3)
4 (3.6)
110 (100)

F

0.1

45 (81.8)

42 (76.4)

87 (79.1)

6 (10.9)
4 (7.3)
55 (100)

11 (20)
2 (3.6)
55 (100)

17 (15.5)
6 (5.5)
110 (100)

F

0.37

7 (12.7)
48 (87.3)
55 (100)

1 (1.8)
54 (98.2)
55 (100)

8 (7.3)
102 (92.7)
110 (100)

0.02

34 (61.8)
21 (38.2)
55 (100)

40 (72.7)
15 (27.3)
55 (100)

74 (67.3)
36 (32.7
110 (100)

0.31

45 (81.8)
10 (18.2)
55 (100)

54 (98.2)
1 (1.8)
55 (100)

99 (90)
11 (10)
110 (100)

0.001

* Statistically significant at P- value < 0.05
1
Alpers et al. (2008).
2
American Diabetic Association [ADA], (2004).

4.11 Difference in Means of Eating Times for specific food items per Week between
Cases and Controls (Table 4.11)
Fast Food: the average weekly intake among cases was 4.09 (±2.95) serving and the controls
average was 1.36 (±1.77); the difference was statistically significant.
Olive Oil: the average weekly intake for cases was 2.44 (±2.52) servings, while that of
controls was 1.95 (±2.08) servings; the difference didn’t reach statistical significance.
Avocado: the average intake per week among cases was 1.27 (±1.40) serving and the controls
average was 0.58 (±0.81); the difference was statistically significant.
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Regarding Nuts, the average weekly intake in cases was 1.67 (±2.20) serving and that of
controls was 0.85 (±1.31); the difference reached statistical significance.
Concerning Fish, the average intake per week in cases was 0.73 (±0.73) serving, and the
controls average was 0.51 (±0.76); the difference didn’t reach statistical significance.
Sweets: the average weekly intake among cases was 2.04 (±2.49) servings and the controls
average was 0.42 (±1.04); the result was statistically significant.
About Chocolates, the average intake per week in cases was 0.52 (±0.53) serving and that of
controls was 0.06 (±0.19), a statistically significant difference.

Table 4.11: Difference in Means of Eating Times for specific food items per Week between Cases and
Controls

Number of
/Week
Fast Food
Olive Oil
Avocado
Nuts
Fish
Sweets
Chocolates

Eating Cases (no=55)
Average (±SD)**
4.09 (2.95)
2.44 (2.52)
1.27 (1.40)
1.67 (2.20)
0.73 (0.73)
2.04 (2.49)
0.52 (0.53)

Control (no=55)
Average (±SD)
1.36 (1.77)
1.95 (2.08)
0.58 (0.81)
0.85 (1.31)
0.51 (0.76)
0.42 (1.04)
0.06 (0.19)

t
5.85
1.11
3.13
2.36
1.52
4.43
5.87

P value*
0.001
0.26
0.002
0.02
0.13
0.001
0.001

* Statistically significant at P- value < 0.05
**SD is Standard deviation

4.12 Difference in Means of Serving Size of Specific Food Items Intake per Day between
Cases and Controls (Table 4.12)
Dairy Products: average daily intake of dairy products was 0.52 (±0.54) serving among cases
compared to 0.48 (±0.54) among controls; the difference was statistically non-significant.
About Animal Protein, the average daily intake was 1 (±0.59) serving among cases and 0.75
(±0.47) servings in controls; the result was statistically significant.
Regarding Carbohydrates, the average daily intake was 21.74 (±8.22) servings in cases
compared to 15.61 (±9.14) servings among controls; the result reached statistical significance.
Concerning Fats, NAFLD cases had an average daily intake of 3.88 (±1.64) servings ,and
controls average was 2.15 (±1.13) servings, a statistically significant difference.
Olive Oil: the average daily intake for cases was 0.42 (±0.54) serving, while that of controls
was 0.27 (±0.29) serving; the difference didn’t reach statistical significance.
Fruits: the results show that NAFLD cases had an average daily intake of fruits 0.58 (±0.81)
servings while that of the controls was 0.60 (±0.85) servings; the difference was not
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statistically significant.
Related to Vegetables, cases consumed an average serving of 1.76 (±0.84) vegetables, and
controls 1.51 (±0.78) serving. This result did not reach statistical significance.
Nuts: the average daily intake of nuts among cases was 0.28 (±0.44) serving and the controls
average was 0.16 (±0.28); the difference was statistically non-significant.
Onion: the average daily intake of onion among cases was 0.28 (±0.37) serving and the
controls average was 0.10 (±0.21); the difference was statistically significant.
Garlic: the average daily intake of garlic among cases was 0.26 (±39) serving and the controls
average was 0.08 (±0.18); the result reached statistical significance.
Eggs: the average daily intake of eggs among cases was 0.44 (±0.39) serving and the controls
average was 0.29 (±0.32); the difference was statistically significant.
Avocado: the average daily intake of avocado among cases was 0.18 (±0.20) serving and the
controls average was 0.10 (±0.12), a statistically significant difference.
Thyme: the average daily intake of thyme among cases was 0.37 (±0.43) serving and the
controls average was 0.39 (±0.33); the difference was not statistically significant.
Chili: the average daily intake of chili among cases was 0.19 (±0.37) serving and the controls
average was 0.24 (±0.37); the difference did not reach statistical significance.

Table 4.12: Difference in Means of Serving Size of Specific Food items Intake per Day between Cases and
Controls

Variables
Dairy Products
**Animal Protein
***Carbohydrates
Fats
Olive oil
Fruits
Vegetables
Nuts
Onion
Garlic
Eggs
Avocado
Thyme
Chili

Cases (no=55)
Average (±SD)****
0.52 (0.54)
1 (0.59)
21.74 (8.22)
3.88 (1.64)
0.42 (0.54)
0.58 (0.81)
1.76 (0.84)
0.28 (0.44)
0.28 (0.37)
0.26 (39)
0.44 (0.39)
0.18 (0.20)
0.37 (0.43)
0.19 (0.37)

Control (no=55)
Average (±SD)
0.48 (0.54)
0.75 (0.47)
15.61 (9.14)
2.15 (1.13)
0.27 (0.29)
0.60 (0.85)
1.51 (0.78)
0.16 (0.28)
0.10 (0.21)
0.08 (0.18
0.29 (0.32)
0.10 (0.12)
0.39 (0.33)
0.24 (0.37)

t
0.30
2.44
3.69
6.42
1.70
-0.09
1.60
1.67
3.06
3.18
2.17
3.07
-0.26
-0.78

P value*
0.71
0.01
0.00
0.00
0.09
0.92
0.11
0.09
0.003
0.002
0.03
0.003
0.79
0.43

* Statistically significant at P- value < 0.05
Animal Proteins include red meat, poultry, fish and egg. **
***Carbohydrates include: potatoes, white bread, whole bread, pasta, bulgur, pizza, rice, couscous, biscuits, and
cakes.
**** SD is Standard deviation
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4.13 Macronutrients Serving Size of Study Participants (Table 4.13)
The researcher classified the daily intake of the main food groups in two classes: normal
intake (the number of servings specified by the USDA [1992] Food Guide Pyramid and
American Heart Association [AHA, 2014]), and high intake (more than the upper limit of
normal).
Carbohydrates: the average of daily carbohydrate intake was 18.68 (±9.18) servings,
minimum 6.14 and maximum 50.58 servings. The results showed that 7.3% of NAFLD cases
consumed 6-11 servings compared to 40% of controls; 92.7% of cases consumed

>11

carbohydrates servings and 60% of controls consumed the same; the differences reached
statistical significance.
Fats: the average of daily fat intake was 3.01 (±1.65) servings, minimum 0.72 and maximum
9 servings. The results showed that 38.2 % of cases consumed ≤3 servings of fat per day,
compared to 83.6 % of controls; 61.8 % of cases consumed > 3 servings of fat daily
compared to 16.4 % of controls; the result was statistically significant.
Protein: the average of daily protein intake was 0.88 (±0.54) serving, minimum 0.07 and
maximum 2.57 servings.

Table 4.13: Macronutrients Serving Size of Study Participants

Variable
Carbohydrates Servings/day**
6-11
>11
Total
Fats servings/day***
≤3
>3
Total

Cases
No (%)

Controls
No (%)

Total
No (%)

Test

P value*

4 (7.3)
51 (92.7)
55 (100)

22 (40)
33 (60)
55 (100)

26 (23.6)
84 (76.4)
110 (100)

F

0.001

21 (38.2)
34 (61.8)
55 (100)

46 (83.6)
9 (16.4)
55 (100)

67 (60.9)
43 (39.1)
110 (100)

F

0.001

* Statistically significant at P value < 0.05
**According to United States Department of Agriculture (USDA) (1992), Food Guide Pyramid and
***American Heart Association (AHA, 2014).

4.14 Difference in Means of Drinks and Herbs between Cases and Controls (Table 4.14)
Tea: the average daily intake was 1.89 (±1.39) serving in cases and 2.07 (±1.35) among
controls; the difference didn’t reach statistical significance.
Coffee: the average daily intake was 0.86 (±1.01) servings in cases and 0.56 (±0.76) among
controls, a statistically non-significant difference.
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Chamomile: the average daily intake was 0.05 (±0.23) servings among cases while that of
controls was 0.01 (±0.04); the difference was not statistically significant.
Cinnamon: the average daily intake was 0.11 (±29) servings among cases while that of
controls was 0.07 (±0.15); the result was not statistically significant.
Fruit Juice: the average daily intake was 0.22 (±0.34) serving in cases and 0.09 (±0.25) among
controls; the result was statistically significant .
Soft Drinks: the average daily intake was 0.53 (±0.67) serving in cases and 0.09 (±0.23)
among controls; the difference reached statistical significance.
Table 4.14: Difference in Means of Drinks and Herbs between Cases and Controls

Variables
Tea
Coffee
Chamomile
Cinnamon
Fruit Juice
Soft Drinks

Cases (no=55)
Average (±SD)**
1.89 (1.39)
0.86 (1.01)
0.05 (0.23)
0.11 (29)
0.22 (0.34)
0.53 (0.67)

Control (no=55)
Average (±SD)
2.07 (1.35)
0.56 (0.76)
0.01 (0.04)
0.07 (0.15)
0.09 (0.25)
0.09 (0.23)

* Statistically significant at P- value < 0.05
**SD is Standard deviation
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t
-0.71
1.80
1.45
0.68
2.27
4.55

P value*
0.47
0.07
0.14
0.49
0.02
0.001

Chapter 5
Discussion

In this chapter the researcher explains the findings of this study in the context of previous
studies about Non-alcoholic fatty liver disease and associated risk factors.
5.1 Demographic and Socioeconomic Factors
5.1.1 Gender
In the current study more women (60%) had NAFLD in comparison with men (40%). This
finding comes in agreement with the studies by Ayonrinde et al. (2011) and Ezzat et al.
(2012) who found that women had a significantly higher prevalence of NAFLD than men. In
contrast, other studies revealed that NAFLD is prevalent in men (Hu et al., 2012; Pan and
Fallon, 2014).
5.1.2 Age
This study found that cases of NAFLD who were middle age (45-60 years) prevailed, which
is consistent with Hu et al. (2012) and William et al. (2011) studies, showing that the
prevalence of NAFLD increases with age and the peak prevalence of NAFLD is between 40–
65 years old.
The study led by Somi et al. (2014) contrasts with the current study, and showed that most
patients were younger (30-41 years old), and the least frequent were about 50 years old.
Other studies found that the prevalence of NAFLD among male subjects younger than 60
years was much higher than among their female counterparts (P<0.01). However, in subjects
older than 70 years, the prevalence among males was significantly lower than females
(P<0.05). In general, NAFLD is more prevalent in men than women until the age of 60 years
(Gan

et al., 2011; Lei et al., 2012).

5.1.3 Marital Status
The results of this study showed that percentage of cases with NAFLD who were married was
higher (90.9%) than married controls (87.3%). This agrees with the study conducted in Iran
by Lankarani et al. (2013) which revealed that the percentage of adult general population with
NAFLD who was married was higher than single individuals.
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5.1.4 Educational Level
The current study showed that generally, the educational level of cases was lower than
controls. Also the study conducted by Lankarani et al. (2013) showed that the percentage of
patients with NAFLD who were illiterate was higher than healthy participants, and healthy
individuals had a higher educational level.
In opposition, the studies done by David et al. (2009), Pinidiyapathirage et al. (2011) and Li
et al. (2013) found that high educational level was significantly associated with NAFLD, and
most cases (79.5%) had college level or more.
5.1.5 Employed Status
This study showed that more than half of cases (60%) were unemployed which was more than
unemployed controls (52.7%). This result is contrary with the study by David et al. (2009)
who found that most of cases (70%) were currently employed.
5.1.6 Income
The percentage of cases who were poor was higher (income less than $2 per day/ capita) than
controls. This agrees with a study led by Lankarani et al. ( 2013) showing that most of
patients (45.5%) were categorized as mid income and 35.2% of patients had low income.
Other studies are in opposition with the present study, and found thathigher income level was
significantly associated with NAFLD (David et al., 2009; Pinidiyapathirage et al., 2011).

5.2 The Lifestyle Factors and NAFLD
5.2.1 Physical Activity
This study showed a significant inverse relationship between PA and NAFLD. George et al.
(2009) and Gerber et al.(2012) showed that NAFLD patients had low level of PA ( low
amount as well as low intensity of physical activity), and are less fit than healthy controls.
According to Nseir et al. (2014) and Kani et al. (2014) PA is another modality for weight
reduction in NAFLD therapy. Increased PA is highly beneficial in the management of
NAFLD. Physical activity has been shown to produce a reduction of 35% for diabetes and
49% for cardiovascular diseases in patients with NAFLD. In an observational analysis of
patients with NAFLD, after one year of follow up Suzuki et al. demonstrated an improvement
in transaminase levels with weight loss, and they concluded that reducing weight by at least
5% with subsequent weight control and exercising regularly may be beneficial in treating
NAFLD.
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5.3 Participants’ Medical History
5.3.1 Hypertension
The current study showed a statistically significant positive association between HTN and
NAFLD. López-Suárez et al. (2011) and Miele et al. (2014)

studies showed that the

percentage of cases with HTN was greater in individuals with NAFLD than those without
NAFLD. Also Brookes and Cooper (2007) found that essential HTN is associated with the
development of NAFLD.
5.3.2 Diabetes Mellitus
This study found a statistically significant positive association of DM with NAFLD. The
cohort study by Shibata et al. (2007) demonstrated that NAFLD is a strong risk factor for
developing diabetes in middle aged healthy Japanese men. Tunget al. (2011) showed that MS
can be viewed as a strong predictor of NAFLD and NAFLD can be viewed as a good
predictor for the clustering of risk factors for metabolic syndrome, and type 2 diabetics appear
to have an increased risk of developing NAFLD. Lankarani et al. (2013) found that the
highest prevalence of NAFLD in Iranian adults was among patients with type 2 DM which
was as high as 55.8%. Lei et al. (2012) showed that the prevalence of DM (11.6%) in subjects
with NAFLD was significantly higher (P<0.01) than that in subjects without NAFLD (2.6%).
5.3.3 Hyperlipidemia
In the present study hyperlipidemia was significantly positively associated with NAFLD. This
is consistent with the study by Liet al. (2013) which showed that incremental triglyceride was
related to an increased risk of NAFLD. Sen et al. (2013) stated that an abnormal lipid profile
was observed among patients with NAFLD, such as increased lipid levels. Also Hu et al.
(2012) showed that the prevalence of hyperlipidemia in the NAFLD group was significantly
higher than in non-NAFLD group (26.26% versus 9.15%).

5.4 Dietary habits intake and study participants
5.4.1 Fast food intake
Regarding fast food, a statistically significant positive relationship was observed between fast
food consumption and NAFLD.
Studies showed that patients with NAFLD ate fast food at restaurants more often than their
non-NAFLD counterparts (Williams et al., 2011; Pan and Fallon, 2014). Yasutake et al.
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(2014) found that fast foods, meals eaten out, and fried foods are representative of a high fat
energy-dense diet, and this type of dietary intake can increase energy intake easily and
markedly, resulting in obesity and NAFLD.
A high calorie, fast food-based diet (> 2 fast food-based meals per day) for 4 weeks which led
to a significant increase in weight, trans fatty acid (TFA) and saturated fatty acid (SFA) have
been associated with insulin resistance, elevated LDL-C, decreased HDL-C, higher
cardiovascular risk and NAFLD pathogenesis (Freidoony and Kong, 2014).
5.4.2 Olive Oil Intake
In this study olive oil intake, which is an important source of monounsaturated fatty acids
(MUFA), was inversely correlated with NAFLD.
MUFA found in olive oil, nuts and avocados have a beneficial effect. Mediterranean diet has
been proposed for the prevention of MS. Olive oil contains a significant amount of
antioxidants, α-tocopherol, and phytochemicals. However, when refined or heated, olive oil
loses these natural compounds. Meta-analysis of studies in individuals with diabetes showed
that a high-fat diet with 22% to 33% of the energy from MUFA resulted in lower plasma total
cholesterol, VLDL, and TG levels compared to a low-fat, high-carbohydrate diet. Therefore,
an increase intake of MUFA, particularly as a replacement for SFAs and as a higher
proportion in the diet instead of carbohydrates, may be beneficial for NAFLD patients (Assy
et al., 2009).
Nseir et al. (2014) investigated the effectiveness of one-year consumption of an omega 3
polyunsaturated fatty acids (PUFA) rich diet in patients with NAFLD. They reported that the
long-term consumption of olive oil enriched with n-3 PUFA was able to decrease serum liver
enzyme activities and TG levels and normalize hepatic fat infiltration. Ferramosca and Zara
(2014) showed that one of the most intriguing aspects regarding olive oil is its effect on
hepatic lipid metabolism. In some studies, an olive oil-enriched diet induced fat accumulation
in the liver. Further studies demonstrated that MUFA were able to increase lipid oxidation
and to decrease insulin resistance, suggesting that olive oil should be included in the diet of
NAFLD patients.
5.4.3 Avocado Intake (rich in MUFA)
This study found that a higher percentage of cases consumed avocado, and the average daily
intake of this fruit was higher among cases than controls. Both findings were statistically
significant.
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Dietary MUFA have beneficial effects on NAFLD. MUFA could decrease oxidized LDL,
LDL-C, TC, and TG concentrations, without decreasing HDL-C (Kani et al., 2014). Avocado
does not show a protective effect against NAFLD in this study. This finding might be
explained by the fact that the cases ate avocado regularly (once a week) for a short period of
time (about a month) per season when the prices are low, because of their economic situation
deteriorated, and the high rate of poverty among the majority of them; while controls
consumed avocado once a week on a regular basis since the beginning of the season.
5.4.4 Nuts Intake
This study found that consumption of nuts was positively insignificantly associated with
NAFLD, and the cases had an average daily consumption of nuts higher than controls. This
finding agrees with Lei et al. (2012) who found that intake of nuts among cases was
significantly higher than the intake among controls.
In contrast, a study by Nseir et al. (2014) showed that diets in patients with NAFLD also
tended to have a higher content of saturated fat and cholesterol and less PUFA than healthy
persons. Zivkovic et al.(2007) and Kani et al.(2014) showed that omega 3 fatty acids should
be an important dietary component in patients with NAFLD. Walnuts are a good source of
linolenic acid, which may be beneficial. When patients were placed on diets that included 30
g walnuts/day, plasma HDL-C and the ratio of HDL-C to TC increased, LDL-C decreased,
and reduce inflammation, steatosis, and liver damage in patients with NAFLD. Fan and Cao
(2013) showed that supplementation of MUFA and/or PUFA is currently investigated as a
potential treatment against NAFLD.
5.4.5 Sweets Intake
The current study revealed that sweets intake was significantly positively associated with
NAFLD. The average sweets intake per week was higher among NAFLD patients, marking
statistical significance.
These findings agree with the studies by Freidoony and Kong. (2014) and Lei et al. (2012)
which showed that candy consumption was significantly higher in the NAFLD group than in
controls, and frequent consumption of desserts was independently associated with higher risk
of NAFLD.
5.4.6 Soft Drinks
This study showed that a higher percentage of cases consumed soft drinks daily in comparison
with controls, which was statistically significant. A cross-sectional study done by Zelber-Sagi
et al.(2007) showed that a higher intake of soft drinks was associated with an increased risk of
69

NAFLD. Yasutake et al. (2014) found that over-ingestion of simple carbohydrates, such as
sucrose and fructose, being a major cause of NAFLD. Consumption of soft drinks, including
those containing sucrose, is significantly increasing worldwide. In comparison between
NAFLD and non-NAFLD cases, mean daily consumption and mean frequency of soft drinks
is at least two fold higher in patients with NAFLD than without NAFLD.
Nseir et al. (2010) suggested that dietary factors can affect fatty infiltration and lipid
peroxidation in various types of liver disease including NAFLD. More recently, increased
ingestion of soft drinks (the calories and sugar content in various soft drinks) was found to be
linked to NAFLD independent of metabolic syndrome, with NAFLD patients consuming 5
times the amount of carbohydrates from soft drinks as compared to healthy persons.

5.5 Dietary and Cooking Behavior
5.5.1 Type of Meat Intake
About the type of meat, a statistically significant positive relationship was observed between red
meat intake and NAFLD. The intake of white meat (poultry) was lower in cases compared with
controls. Concerning the process of trimming meat, the current study showed that un-trimmed
meat consumption in NAFLD cases was higher than controls. Also skinned chicken
consumption was significantly positively associated with NAFLD. In agreement with this
study, an observational cross- sectional study was conducted in Turkey by Celik and Celik
(2012), showing that a higher intake of red meat was significantly associated with an
increased risk for NAFLD and a tendency to a lower intake of white meat.
Other studies showed that the group of NAFLD consumed more meat than non- NAFLD
group. In contrast, the cases of NAFLD consumed white meat less than non- NAFLD
group(Zelber-Sagi et al., 2007;Plesea-Condratovici et al., 2012).
5.5.2 Fish Intake
The current study revealed that the percentage of cases who consumed fish was higher than
controls. Miele et al. (2014) found in their study that cases of NAFLD consumed fish more
than controls.
Consumption of fish is not protective against NAFLD in the present study. This could be due
to differences between the two study groups in the type of fish consumed and method of fish
cooking, which was predominantly by frying in oil, reducing the benefits of fish intake, and
they ate fish irregularly because of their economic situation deteriorated, and the high rate of
poverty among the majority of them.
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These results are contrary to several studies showing that the NAFLD individuals consumed
less fish rich in omega-3 FA (Zelber-Sagi et al., 2007; St-Jules et al., 2013; Lie et al., 2014).
Impacts of PUFA on NAFLD have been extensively studied. Omega-3 FA, particularly
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), reduce liver steatosis by upregulation of peroxisome proliferator-activated receptor, resulting in higher FA oxidation and
lower lipogenesis. Furthermore, omega-3 FA have protective role in the development and
progression of NAFLD (Freidoony and Kong, 2014).
The study conducted by Zivkovic et al. (2007) showed that 1 g fish oil/day for 12 month
decreased blood triacylglycerol concentrations, liver enzymes, fasting glucose, and steatosis
in NAFLD patients. These results suggest that the consumption of n-3 FA found in fish oils
and walnuts is likely to improve blood lipid profiles and to reduce inflammation, steatosis,
and liver damage in NAFLD patients.
In another study, prolonged omega-3 supplementation effect on hepatic steatosis was
assessed. Findings showed that 1 g/day omega-3 consumption for 12 months improves
ultrasonographic and haemodynamic features of liver steatosis (Kani et al., 2014).
5.5.3 Chocolates Intake
The average chocolates intake per week in this study was higher in cases of NAFLD than
controls, marking statistical significance. This finding matches the study by Yasutake et al.
(2014) who found that chocolate intake was significantly greater in NAFLD patients than in
healthy subjects. Freidoony and Kong (2014) demonstrated that there is an association
between high-glycemic index (GI) food intake (including those rich in simple and complex
carbohydrates, such as chocolates, candies, potato, pasta, bread, and rice) and the presence of
liver steatosis.

5.6 Anthropometric Measurements (BMI and Waist Circumference) and NAFLD

5.6.1 Weight Gain
In the current study more cases than controls gained weight. The study led by Fan and Cao
(2013) revealed that most patients with NAFLD have excessive body weight or recently
weight gain; obesity is a common and well-documented risk factor for metabolic syndrome
and NAFLD.
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5.6.2 Body Mass Index and Waist Circumference
More NAFLD cases were obese (BMI ≥30) than healthy participants. The current study
showed a significant positive association between obesity and NAFLD. Using waist
circumferenceto assess abdominal obesity, this study found that more men and women in the
cases group had abdominal obesity compared to controls, with statistical significance. In this
regard, Schwimmer et al. (2005) and Tung et al. (2011) found that BMI was associated with
NAFLD. Subjects with NAFLD had a more-pronounced prevalence of a higher BMI. Body
Mass Index and WC are also good predictors of NAFLD.
The measures of WC and BMI in NAFLD patients were found higher than non-NAFLD
patients (Sargin et al.,2005; Tock et al., 2006; Celik and Celik, 2012). Ayonrinde et al. (2011)
found that females with NAFLD compared with males had a significantly higher central
obesity (33.2% versus 9.9%, P < 0.05). The severity of NAFLD was associated with the BMI
and WC.

5.7 Serum Lipid Profile and Study Participants
5.7.1 Serum Total Cholesterol Level
The present study showed that high serum total cholesterol levels (≥240 mg/dl) was found in
equal percentage in cases and controls, which was statistically non-significant. This result is
explained by the fact that most of cases were hyperlipidemic and were on dietary modification
and lipid-lowering medication.
NAFLD was associated with age, BMI, hypertension, high fasting blood sugar, high
cholesterol and high triglyceride (Lankarani et al., 2013). A case-control study conducted by
Lei et al. (2012) showed that the prevalence of hypercholesterolemia (20.2%) in subjects with
NAFLD was significantly higher than that in subjects without NAFLD (15.5%). Ouyang et al.
(2008) and Sen et al. (2013) specified that NAFLD patients had associated high cholesterol
levels.
5.7.2 Low-density Lipoprotein Cholesterol
In this study high levels of serum LDL-C were correlated positively but insignificantly with
NAFLD.
Cross-sectional study conducted by Celik and Celik (2012) found that LDL-C level was
higher and HDL-C level was lower in NAFLD patients, which was statistically significant.
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High Total cholesterol, TG, LDL-C and Low HDL-C were found to have a diagnostic value
for NAFLD. There were statistical differences in high TG, TC, LDL-C and fasting plasma
glucose (FPG) between NAFLD group and non -NAFLD group (Hu et al., 2012).
5.7.3 Serum High-density Lipoprotein Cholesterol Level
The present study showed an inverse relationship between low serum HDL-C and NAFLD;
this result was statistically significant. The presence of low levels HDL-C, expression of
insulin resistance, doubles the risk of NAFLD (Gasbarrini et al., 2005). Ayonrinde et al.
(2011) and Hu et al. (2012) showed that lower HDL-C levels have been found in NAFLD
patients.
NAFLD is associated with risk factors like hypertriglyceridemia, low HDL-C and
hypercholesterolemia (Enjoji and Nakamuta., 2010).
5.7.4 Serum Triglycerides Level
In this study a positive association between high serum TG (> 150 mg/dl) and NAFLD was
observed, which is consistent with many other studies about TG and NAFLD.
High triglycerides level was significantly associated with NAFLD (Pinidiyapathirage et al.,
2011). Logistic regression analysis of risk factors for NAFLD revealed that high TG level was
the most relevant factor for NAFLD (Hu et al., 2012; Li et al., 2013). The prevalence of fatty
liver on ultrasound was much higher in persons with hypertriglyceridemia (> 250 mg/dl)
compared with those with normal TG among both men and women (Gasbarrini et al., 2005).
Lei et al. (2012) and Miele et al.(2014) found that the prevalence of hypertriglyceridemia and
hypercholesterolemia in subjects with NAFLD was significantly higher than that in subjects
without NAFLD.
5.7.5 Fasting Blood Sugar
The results of this study revealed that high FBS value [Diabetic (≥ 126 mg/dl)] was
significantly positively associated with NAFLD.
Hu et al. (2012) found that FPG in NAFLD group was significantly higher than non- NAFLD
group.
Gan et al. (2011) and Lei et al. (2012) showed that the prevalence of diabetes mellitus and
impaired fasting glucose in subjects with NAFLD was significantly higher than that in
subjects without NAFLD, and diabetes mellitus was independently associated with NAFLD.
NAFLD is strongly associated with type 2 diabetes mellitus, patients with diabetes have a
high prevalence of liver disease and patients with liver disease have a high prevalence of
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diabetes (Celik and Celik, 2012). A cross-sectional study performed in Shiraz, southern Iran
by Lankarani et al. (2013) revealed that NAFLD was associated with high FBS.

5.8 Liver Enzymes (ALT and AST)
In the present study, higher ALT and AST average serum levels were found in NAFLD group
than control group, and the differences between these results were statistically significant.
The studies performed by Sargin et al. (2005), Celik and Celik. (2012) and Oddy et al. (2013)
showed a relationship of higher levels of AST and ALT with NAFLD.
A serum ALT or AST level ≥ 40 U/L was classified as elevated. The determination of the
serum ALT level constitutes the most-frequently applied test for the identification of patients
suffering from liver disease. This parameter also acts as a surrogate marker for disease
severity and/or an index of hepatic activity. The prevalence of fatty liver disease in patients
with elevated liver enzymes increased. In mainland China and Taiwan, NAFLD is becoming
one of major causes of asymptomatic elevation of liver enzymes (Tung et al., 2011; Vernon et
al., 2011).
There are other studies which contrast with this study, such as that conducted by Fracanzani et
al. (2008) and Bellentani et al.(2010) who reported that 30% of the adults in the USA and
25% in Italy have NAFLD; 79% and 55% of patients with NAFLD had normal
aminotransferase levels, showing that liver enzymes are not surrogate markers of NAFLD in
the general population.
5.9 Food Intake
5.9.1 Dairy Intake
Concerning dairy products, the average daily consumption was slightly higher in cases
compared with controls, difference which was statistically insignificant.
This result contrasts with that of Cliek and Cliek (2012) who showed that a higher intake of
milk, yogurt and cheese tended to reduce the risk for NAFLD. Also, Lei et al. (2012) study
found that compared with the controls, intake of milk and derived products was significantly
lower in the NAFLD group.
Patients with NAFLD had low consumption of meals that included dairy products compared
with the recommendations. Prospective studies have also suggested that the intake of dairy
products and calcium reduces the risk of obesity, abdominal obesity, diabetes, hypertension,
and MS. NAFLD patients reported a low consumption of antioxidant vitamins, specifically
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vitamins A and C. The low intake of retinol is at least partially due to the reduced
consumption of milk and eggs (Ferolla et al., 2013).
5.9.2 Animal Protein
This study found that the average daily intake of animal protein was significantly higher
among the cases of NAFLD in comparison with controls.
Animal protein consumption included red meat, poultry, fish and eggs. In this study more
NAFLD patients consumed red meat and fish than healthy controls, and the average daily
intake of egg was higher among cases. A smaller percentage of cases compared with controls,
consumed poultry. This finding agrees with Zelber-Sagiet al. (2007) study which showed that
the NAFLD group consumed 27% more meat protein from all types of meat (high-fat plus
low-fat).
5.9.3 Carbohydrates
The present study revealed that the average daily intake of carbohydrates was higher among
cases in comparison with controls (P= 0.001). Also the results showed that more cases of
NAFLD than controls had a high carbohydrates intake (>11serving/day), which was
statistically significant. These results coincide with the studies conducted by Zelber-Sagi et al.
(2007) and Celik and Celik (2012) which showed that NAFLD patients had a significantly
higher consumption of carbohydrates compared with controls.
Concerning NAFLD, a recent cross-sectional study conducted by Freidoony and

Kong

(2014) showed a positive correlation between aminotransferase levels (a surrogate measure of
NAFLD at population level) and carbohydrates intake.
Carbohydrate involves the major dietary components in the Middle East. White rice, refined
white bread and cereals are the most important staple foods in the Asian countries. In Iran,
both the diversity and amount of whole grain products are limited.
Regarding carbohydrate intake in the Asian countries, problem is related to both, kind and
amount of carbohydrate consumption. The amount and type of carbohydrate is the main
concern for diet therapy in patients with NAFLD. Higher consumption of simple and refined
carbohydrates, sweetened drinks and saturated fatty acids may exacerbate NAFLD and cause
more fat accumulation in the liver. Recent studies revealed that low carbohydrate, low
saturated fat diet, replacement carbohydrate with MUFA, avoid fructose-enriched soft drinks
and consume more fruits and vegetables diets have more beneficial effects in NAFLD
patient. High carbohydrate diets contribute to the association between NAFLD and insulin
resistance (Kani et al., 2014).
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Appropriate intake of complex carbohydrates, especially that of whole grains, may prevent
the development and/or progression of NAFLD, because these grains contain anti oxidative
vitamins, minerals, and dietary fibers, in addition to carbohydrates. Indeed, intake of whole
grains may decrease visceral fat and improve obesity, dyslipidemia, and metabolic syndrome,
all of which are associated with the pathogenesis of NAFLD (Yasutake et al., 2014).
5.9.4 Fats Intake
In this study, NAFLD cases had an average daily intake of fats higher than controls, which
was statistically significant.
According to a report by Kani et al. (2014), different kinds of fat can act differently in nonalcoholic fatty liver. Saturated fat, monounsaturated fat, polyunsaturated fat, omega-3 FA and
all trans-fat have different roles in NAFLD. Increased SFA is usually associated with high
insulin resistance which can provoke NAFLD progression. Evidence shows that SFA
accumulation in the liver can have detrimental effects on the liver function. Red meat, butter,
processed meat, high-fat dairy products, sweets, desserts and hydrogenated fats consumption
is positively associated with abdominal obesity, inflammation, dyslipidemia, and
consequently might be a risk factor for NAFLD. Therefore, high amount of SFA intake (more
than 7% of calorie intake) should be avoided for preventing NAFLD. MUFA replacement
instead of SFA and carbohydrate may be beneficial for patients with NAFLD.
Lie et al. (2012) and Freidoony and Kong (2014) showed that compared with the controls,
NAFLD cases ingested more red meat, cooking oil and viscera, which are high in SFA and
cholesterol, and are closely associated with the onset and development of NAFLD.
The investigation of the dietary records of obese and non-obese NAFLD patients found that
cholesterol ingestion was significantly greater in NAFLD patients than in healthy controls.
Interestingly ,non-obese NAFLD patients ingested more cholesterol than obese NAFLD
patients,

indicating that

cholesterol

intake

is

dietetically essential

for

NAFLD

onset/progression independent of obesity (Yasutake et al., 2014).
5.9.5 Vegetables and Fruits
The results of this study showed that the average daily intake of fruits was slightly lower in
cases, and that of vegetables higher in cases compared with controls; the differences were
statistically insignificant for both.
Lie et al. (2012) specified that dietary pattern was strongly correlated with NAFLD. Intake of
vegetables and fruits which are rich in fiber and low-glycemic index foods, was lower in
NAFLD cases than controls. Dietary fiber (vegetables and fruits) could be helpful in
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maintaining glucose, insulin, and free fatty acid concentrations in individuals with NAFLD by
increasing satiety and regulating metabolism-related gene expression in the liver. It is likely
that the anti-oxidative vitamins, minerals, and phytochemicals that are rich in vegetables and
fruits inhibited the progression of hepatic steatosis. Evidence suggests that oxidative stress
may play a pivotal role in the development of NAFLD. Antioxidants such as vitamin E,
betaine and zinc displayed beneficial effects on normalizing serum aminotransferase levels
and suppressing fat accumulation in patients with NAFLD.
Abenavoli et al. (2014) showed that drug therapy for NAFLD is not currently available and
the cornerstone in the management of NAFLD implies a dietary modification. A diet regimen
rich in monounsaturated fatty acids and omega-3 FA, fruit, vegetables, fiber and reduced
intake of saturated fats, simple carbohydrates and sweetened drinks should be recommended
to the NAFLD patients.

5.10 Drinks Intake and NAFLD: Coffee, Tea and Fruits Drinks

Regarding tea consumption, this study showed that average intake of tea was lower among
cases compared to control group. This result is supported by Li et al. (2013) who specified
that NAFLD patients consumed tea lower than the control group (more than 6 times a week),
and subjects with high intake of tea displayed a significantly decreased risk of NAFLD.
Black tea is a source of polyphenol antioxidants that may enhance cellular antioxidant
abilities. Black tea considerably prevented antioxidant parameters against changes. These
results indicate beneficial antioxidant effect of black tea regarding all examined tissues, but
especially the liver (Łuczaj and Skrzydlewska, 2004).
Concerning coffee, this study revealed that the average daily coffee intake among cases
exceeded that of controls.
The study conducted by Chen et al. (2014) showed that NAFLD patients consumed coffee
higher than the control group, and found that coffee and tea intake is independently associated
with a lower risk for NAFLD and reduces severity of NAFLD. Coffee drinkers (at least 3
cups/day) had significantly lower levels of gamma-glutamyl transpeptidase, alanine
aminotransferase, serum alkaline phosphatase, and bilirubin concentration compared with
non-coffee-drinking subjects or those consuming less than three cups daily. Several possible
mechanisms underlying for coffee are hepatoprotective effects in NAFLD, including antioxidative, anti-inflammatory and anti-fibrotic effects.
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There is insufficient data for encouraging or discouraging routine caffeine consumption in the
daily diet. It is not clear whether an ingredient of coffee, possibly a substance removed by the
decaffeination process or even caffeine itself prevents the unhealthful events. This study
suggest the benefit of coffee on the oxidative stress and lipotoxicity pathway in liver diseases
related to non-alcoholic fatty liver disease (Tahan and Tahan, 2014; Xiao, 2014).

Concerning fruit juice, this study revealed that the average daily fruit juice intake among
cases exceeded that of controls, with statistically significant level.
This finding is in accord with Kani et al. (2014) and Assy et al. (2008) who found that
NAFLD patients consumed the source of added sugar, flavoured fruit juices higher than
healthy controls. Higher consumption of sweetened drinks may exacerbate NAFLD and cause
more fat accumulation in the liver.
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Chapter 6

Conclusions and Recommendations
Conclusions
The current study is a case- control study which was conducted at governmental hospitals in
Gaza Strip and included 55 cases of NAFLD and 55 controls. The goal is to determine the
relationship between patients with NAFLD and their dietary behavior, insulin resistance and
dyslipidemia. The results of the present study indicated that NAFLD may be influenced by
many variables, such as:
Majority of cases of NAFLD were middle age women.
Concerning socioeconomic factors, majority of cases of NAFLD were married, had a low
educational level, were not working and poor.
About lifestyle factors, physical inactivity was significantly positively correlated with
NAFLD.
Related to medical conditions, HTN, DM and hyperlipidemia were positively associated with
NAFLD.
Concerning food intake, consumption of fast food, sweets and soft drinks were positively
associated with NAFLD.
About dietary and cooking behavior, consumption of fried red meat and skinned chicken were
positively associated with NAFLD.
Regarding nutritional status, a significant positive association was observed between obesity
and NAFLD, and between abdominal obesity in men and NAFLD; 100% of NAFLD women
patients had abdominal obesity compared to 87.9% of healthy participants.
Concerning serum Alanine Aminotransferase level, 14.5% of NAFLD patients had a high
level of ALT compared to 5.5% of healthy participants; about Aspartate Aminotransferase
level, 34.5% of NAFLD patients had a high level of AST compared to 7.3% of healthy
participants, which means a positive association between NAFLD and high level of liver
enzymes.
Regarding serum lipids level, lower levels of HDL-C were inversely correlated with NAFLD,
with statistical significance; high levels of TG were positively correlated with NAFLD.
About serum fasting blood sugar, high levels of FBS were positively associated with NAFLD,
with statistical significance.
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About macronutrients intake (number of servings/day) , high intake of carbohydrates and fats
were positively correlated with NAFLD, with statistical significance.
Regarding drinks intake, cases of NAFLD consumed more fruit juice and soft drinks than
controls, with statistical significance.

Recommendations
NAFLD can be prevented by lifestyle changes that reduce calorie intake and increase physical
activity. Control of dietary intake is one of the key elements of any treatment regimen.

Recommendations to policy makers and health providers
Increasing the Palestinians awareness about the increasing prevalence of NAFLD, due to
increasing burden of obesity, diabetes, and hyperlipidemia.
Suggesting

the presence of a nutritionist in each hospital and health center to provide a

complete nutritional counseling.
Designing of informative material such as brochures prepared by clinical nutritionists and
physicians with definition, causes, prevention and treatment of NAFLD.
Screening of serum transaminases and performing liver ultrasound for each patient with
diabetes and obesity in each primary health care clinic, for early detection of NAFLD.
Providing scientific information about the importance of a healthy diet and physical activity.

Advices to NAFLD Patients
Following health provider advices about a well-balanced diet, consisting of nutrient rich foods
with more fruits, vegetables and healthy fat.
Visiting health care centers regularly for early detection of developments for NAFLD and
their control.
Decreasing intake of saturated fat found in fast food, falafel, red meat, chicken and dairy
products. Also, decrease consumption of sugar.
Routinely monitoring weight and manage overweight and obesity as early as possible.
Regularly exercise at least one hour for three days per week.
Following clinical nutritionists advices and diet plans
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Annex 3

Non-Alcoholic Fatty Liver Disease and Its Connection with Diet
Habit, Insulin Resistance and Dyslipidemia
(Consent paper)

My name: Hana Abd Elnabi, I'm am going to make a research study entitled
Non- Alcoholic Fatty Liver Disease and Its Connection with Dietary Habit, Insulin
Resistance and Dyslipidemia. The research will be done in order to obtain a Master degree in
Clinical Nutrition. This is a supervised program at Al Azhar University.
The study aims to reveal the relationship between Non-alcoholic fatty liver disease and the
pattern of food, insulin resistance and dyslipidemia in patients who attend Governmental
Hospital.
Participation in this study is voluntary, we value your participation, and your answers will
play an important role in the study.
We will ask you some questions about yourself, your health and your dietary habits.
And we'll make some anthropometric measurements and take a sample of blood for analysis.

We appreciate your review, all your data will remain under strict confidentiality.
Date of the interview: ………/………/……… (Day/month/year)
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Non- Alcoholic Fatty Liver Disease and Its Connection with Diet
Habit, Insulin Resistance and Dyslipidemia
(Questionnaire Form)
Serial No: ���
Research Category

1.�Case

2.�Control

Health Record:
Date of registration: ……/……/……

1. Personal Data
1.1Gender:

1.� Male 2.� Female

1.2Age:..........years
1.3Marital status
1.□Never married

2.□Married

3.□Divorced

4.□Widow

1.4 Residency
1.□North Governorate

2.� Gaza Governorate

3.� Middle Gaza Governorate

4.�Khanyonis Governorate

5.� Rafah Governorate
1.5 Educational level
1.� Illiterate

2.�Primary

3.� Preparatory

4.�Secondary

5.�University & higher
1.6 Occupation

1.�Employed

2. �Skilled worker

5.�Dealer

4.� unskilled worker (cleaner)

6.�Retiree

7.�Not working
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1.7 Average family income/month ……………….NIS
1.7.1 Number of family members………………………
1.7.2 Does the monthly income cover the principal family needs?
1.� Yes

2.� No

2. History of Chronic Diseases
Hypertension

1.� Yes

2. � No

Diabetes Mellitus

1.� Yes

2. � No

Hyperlipidemia

1.� Yes

2. � No

Have you ever suffer from liver disease?

1.� Yes

2. � No

If yes, specify------------------------------2.2 Other chronic diseases:------------------------------2.3 How long have you been suffered from liver NAFLD? ----------------------years
1. � Yes

2.4 Is there a family history of Non

2.� No

alcoholic fatty liver disease?
If yes, who------------------Recent History of Weight Loss and Weight Gain
2.5 Weight Loss

1.� Yes

2. � No

2.5.1 If yes, how much? --------------------

Weight Gain

1.� Yes

2. � No

If yes, how much? --------------------------

3.Drug
3.1 Do you take vitamin supplement?

1. � Yes

2.� No

1. � Yes

2.� No

1. � Yes

2.� No

3.1.1 If yes, what------------------3.2Have you ever taken OTC?
3.2.1If yes, what------------------3.3 Do you take omega 3 capsules?
3.3.1If yes, how many capsule/week---------4. Dietary behavior
4.1 Do you eat olive oil?

1. � Yes

2.� No

1. � Yes

2.� No

1. � Yes

2.� No

4.1.1 If yes, how many/week------------------4.2 Do you eat avocado?
4.2.1 If yes, how many/week------------------4.3 Do you eat nuts?
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4.3.1If yes, how many/week---------------1. � Yes

4.4 Do you usually eat at restaurants or

2.� No

fast food? If yes, how many/week------------1. �Skinned

4.5 Eating chicken

2. �Un-skinned

4.6 Do you remove trimmed meat?

1. � Yes

2.� No

4.7 Do you eat fish?

1. � Yes

2.� No

1. � Yes

2.� No

4.7.1If yes, how many/week……………….
4.8 Do you usually eat salty food as pickle?

1.� Refined

4.9 Preferred bread to eat

1. � Yes

4.10 Do you eat sweets?

2.� Whole grain
2.� No

4.10.1If yes, how many/week----------------4.11 You consume meat of
1.� Red meat

2.� White meat

4.12How do you cook meat and fish?
1. �Frying

2.�Boiling

3.�Grilling

4.13 How do you cook fish?
1. �Frying

2.�Boiling

3.�Grilling

4.14 Eat or cook food with
1. �Olive oil

2. � Corn oil

3. � Sunflower oil

4. �Other, specify..............

4.15 Most of the time you drink:
1. �Fresh fruit juice

2. � Soft drinks

3. �Concentrated drinks

4. �Tea / Coffee 5.� Others, specifies……

4.16 Drink soft drinks
1.� Daily

2.� 5-6 week

3.� 2-4 week

4.� Once a week or less

5. Physical activity level:
5.1 Do you perform any physical activity?
1. � Yes

2.� No

5.2 If the answer yes, you perform:
1.�Lightly active (exercise 1-2 days a week for 30 minutes or more)
2.�Moderately active (exercise 3-5 days a week for 30 minutes or more)
3.�Very active (exercise 6-7 days a week for 30 minutes or more)
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6. Measurements
1. Weight.................. Kg

2. Height.............. M

3. Waist Measurement: ............ Cm.
7. Test results
1. Total cholesterol .......... mg / dl
2. LDLc ........................ mg / dl
3. HDLc .......................Mg / dl
4. Triglycerides. .......... Mg / dl
5. AST………..
6. ALT………..
7. FBS....................
8. Hepatitis B..................
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Food Frequency Questionnaire
Today’s

Name

Date

Fat(g/serving

Directions: For each group of foods, write in the number of times PER DAY the person eats
any of them and CIRCLE the serving size that is closest to what s/he usually eats.
Serving Size
Food Items

Small ½

Average 1 Large2

Total
Servings

Dairy Products (1serving=1 cup equivalent)
Whole milk

8

1/2 cup

1 cup

1.5c

Low fat milk

2

1/2 cup

1 cup

1.5 c

Feta cheese(1oz)

6
1/8 cup
1/4 cup
1/2c
Meat, Fishes, Eggs & Beans/1 serving=3 oz. equivalent

Red meat, lean (3 oz.)

15

1.5oz.

3oz./85 g

6oz./171g

Poultry/turkey (3oz)

3

42g

85g

171g

<1

42g
42g

85g
85g

171g
171g

1/4 c

1Egg
1/2 cup

2Eggs
1cup

Fish
Tuna, water canned
Egg
Beans, dry, cooked

5

Vegetables(1 serving=1/2 cup equivalent) all items have 0 fat content
Broccoli
¼ cup
½ cup
1 cup
Spinach
¼ cup
½ cup
1 cup
Potatoes
½med
1 medium
2 med
Onion
½ med
1 medium
2 med
Garlic
½ clove
1 clove
2 cloves
Tomato
½ med
1 medium
2 med
Cabbage
1/4cup
1/2cup
1cup
Green peppers
1/4cup
1/2cup
1 cup
Sweet peppers
1/4 cup
1/2 cup
1 cup
Carrots
1/2med
1 medium
2 med
Fruits(1 serving=1/2 cup equivalent) have 0 fat content, except avocado
Apple
½ med
1 medium
2 med
Citrus
Kiwi
Bananas
Strawberries
Avocado(1 item)

26

½ citrus
1/2kiwi
½ med
¼ cup
1/8 cup
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1 medium
1medium
1 medium
½ cup
¼ cup

2
2
2 med
1 cup
½ cup

White pita bread
Whole wheat pita
Pasta( cooked)
Bulgur
Pizza
Rice
Couscous
Biscuits,1 piece
Cake,sponge,1 slice

Grains (1 serving=1 ounce equivalent)
¼
1/2pita
1 pita
1/4 pita
1/2 pita
1 pita
1/4 cup
½ cup
1 cup
1/4 cup
1/2 cup
1 cup
1 slice
2 slices
3 slices
1/4cup
1/2cup
1 cup
1/4cup
1/2cup
1 cup
5
1/2piece
1piece
2 piece
3
1/2
1 slice
2

)Nuts & Seeds(1 serving=1 ounce equivalent or a level handful for an average adult
Walnuts (57g)
18
1/2
28.5g
57g
Hazelnuts(57g)
35
1/2
28.5g
57g
Pumpkin Seeds(57g)
24
1/2
28.5g
57g
Almonds(57g)
18
1/2
28.5g
57g
Cashews(57g)
16
1/2
28.5g
57g
Pistachios(57g)
15
1/2
28.5g
57g
Soft drinks
fruit juice
Commercial juices
Coffee

Beverages: all items have 0 fat content
1/2cup
1 cup
1/4cup
1/2cup
1/2 cup
1 cup
1/2cup
1 cup

2 cup
1 cup
2 cup
2 cup

Black tea
Green tea
Chamomile
Rosemary
Thyme(drink or eat)

Herbs, all items have 0 fat content
½ cup
1 cup
½ cup
1 cup
½ cup
1 cup
½ cup
1 cup
½ cup
1 cup

2 cup
2 cup
2 cup
2 cup
2 cup

Spices (dried)
½ tsp.
1/2tsp.
1/2tsp.
½ tsp.
1/2tsp.
½ tsp.

2 tsp.
2 tsp.
2 tsp.
2 tsp.
2 tsp.
2 tsp.

Chilli or hot chilli
Basil
Cinnamon
Curry powder
Cloves
Turmeric
Olive oil,1 tbsp.
Corn oil,1 tbsp.
Sunflower oil,1tbsp

1 tsp
1 tsp.
1 tsp.
1 tsp.
1 tsp.
1 tsp.

Oils &fats (serving size=1 tsp.)
14
½ tsp.
1 tsp.
14
½ tsp.
1 tsp.
14
½ tsp.
1 tsp.
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2 tsp.
2 tsp.
2 tsp.

Soy oil,1tbsp
Butter,1 tbsp.
Margarine,1tbsp
Jam
Jelly
Chocolate
Honey

14
12
11

28

½ tsp.
1/2tsp
1/2tsp
Sweets
½ tsp.
¼ cup
½ bar
½ tsp
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1 tsp.
1 tsp.
1 tsp.
1 tsp.
½ cup
1 bar
1 tsp

2 tsp.
2 tsp.
2 tsp.
2 tsp.
1 cup
2 bar
2 tsp

Annex 4

ٍشض اىنجذ اىذهٍْ غُش اىنحىىٍ وػالقزه ثَْػ اىغزاء و ٍشض اىسنش واسرفبع ّسجخ
اىذهىُ فٍ اىذً

(وسقخ اىَىافقخ)

أٔب اٌجبؽضخٕ٘ :بء ػجذ إٌج ٟأل َٛثؼًّ ثؾش ثؼٕٛاْ ِشض اٌىجذ اٌذٕ٘ ٟغ١ش اٌىؾٚ ٌٟٛػاللزٗ ثّٕػ اٌغزاء ٚاسرفبع ٔغجخ
اٌذ٘ٚ ْٛاٌغىش.
ٚع١زُ ػًّ اٌجؾش ٚرٌه ٌٍؾصٛي ػٍ ٝدسعخ اٌّبعغز١ش ف ٟاٌزغز٠خ اٌغش٠ش٠خ.
٘ٚزا اٌجشٔبِظ ٘ ٛرؾذ إششاف عبِؼخ األص٘شٚ ,رٙذف اٌذساعخ إٌ ٝاٌىشف ػٓ اٌؼاللخ ثِ ٓ١شض اٌىجذ اٌذٕ٘ ٟغ١ش
اٌىؾّٔٚ ٌٟٛػ اٌغزاء ِ ٚشض اٌغىش  ٚاسرفبع ٔغجخ اٌذ٘ ْٛف ٟاٌذَ ػٕذ اٌّشظ ٝاٌز٠ ٓ٠زبثؼ ْٛف ٟاٌّغزشف١بد
اٌؾى١ِٛخ.
اٌّشبسوخ ثٙزا االعزج١بْ رطٛػ١خٔ.ؾٓ ٔمذس ِشبسوزهٔٚ ,ؼٍّه ثأْ أعٛثزه عٛف رٍؼت دٚسا ٘بِب ف ٟاٌذساعخ.
عٕطٍت ِٕه ثؼط األعئٍخ ػٓ ٔفغه ٚػٓ صؾزه ٚؽبٌزه اٌّشظ١خٚ ,ػٓ ػبداره اٌغزائ١خ.
ٚعٕم َٛثئعشاء ثؼط اٌم١بعبد ٚأخز ػٕ١خ ِٓ اٌذَ ٌزؾٍٍٙ١ب.
ٔؾٓ ٔمذس ِشبسوزه ٔٚؾ١طه ػٍّب ثأْ وً ث١بٔبره عزجم ٝل١ذ اٌغش٠خ اٌزبِخ.

ربس٠خ اٌّمبثٍخ/َٛ٠( ............/............../........... :شٙش/عٕخ
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ٍشض اىنجذ اىذهٍْ غُش اىنحىىٍ وػالقزه ثَْػ اىغزاء و ٍشض اىسنش واسرفبع ّسجخ
اىذهىُ فٍ اىذً
(اَلسزجُبُ)

اىشقٌ اىزسيسيٍ��� :
فئخ اىجحث

�Case

Control � 2. .1

اىسدو اىصحٍ ىيَشَط������ :
ربسَخ اىزسدُو........./............/........ :

-1اىجُبّبد اىشخصُخ
 1.1اىدْس:
 � .1روش

 �-2أٔضٝ

1.2اىؼَش ........... :عٕخ
1.3اىحبىخاَلخزَبػُخ
ِ �- 1زضٚط /ح
ِ � -3طٍك /ح

�-2غ١ش ِزضٚط/ح
� - 4أسًِ /ح

ٍ1.4نبُ اىسنِ:
ِ � .1ؾبفظخ شّبي غضح
ِ�-3ؾبفظخ اٌٛعطٝ
ِ �-5ؾبفظخ سفؼ
 1.5اىَسزىي اىزؼيٍَُ:
�-1اثزذائٟ

ِ�-2ؾبفظخ غضح
ِ�-4ؾبفظخ خبٔٔٛ١ظ

 �-2إػذادٞ

�-3صبٔٞٛ

� -4عبِؼ ٟفّب فٛق

 �-5أِٟ

1.6اىىظُفخ:
ِٛ�-1ظف

�-2ػبًِ اٌّٙشح(ٔغبس – ؽذاد)...

�-3ػبًِ غ١ش اٌّٙشح (ٔظبفخ – ثٕبء).

�-4ربعش

ِ �-5زمبػذ�-6ال ٠ؼًّ
 1.7اىذخو اىشهشٌ ................. :شُنو
1.7.1ػذد أفشاد األسشح ......................
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 1.7.2هو اىذخو اىشهشٌ َنفٍ اىَسزيضٍبد األسبسُخ ىألسشح؟
� -2ال

ٔ�-1ؼُ
-2األٍشاض اىَضٍْخ:
2.1هو أّذ رؼبٍّ ٍِ األٍشاض اِرُخ:
اسرفبع ظغػ اٌذَ

ٔ�- 1ؼُ

�-2ال

اٌغىشٞ

ٔ�-1ؼُ

�-2ال

اسرفبع ٔغجخ اٌذْ٘ٛ

ٔ�-1ؼُ

�-2ال

ً٘ رؼبٔ ِٓ ٟأِشاض ف ٟاٌىجذ

ٔ�-1ؼُ

�-2ال

إرا مبّذ اإلخبثخ ّؼٌ حذد اىَشض..............
 2.1.1أٍشاض أخشي.................
ٍ 2.2زً ػشفذ ثأّل رؼبٍّ ٍِ ٍشض اىنجذ اىذهٍْ غُش اىنحىىٍ؟...........عٕخ
2.3هو َؼبٍّ أحذ أفشاد ػبئيزل ٍِ ٍشض اىنجذ اىذهٍْ غُش اىنحىىٍ
ٔ � .1ؼُ
�-2ال
2.3.1إرا مبُ اىدىاة ّؼٌ ،حذد اىصيخ............
 2.4هو سجق وفقذد ٍِ وصّل

ٔ �-1ؼُ

 �-2ال

إرا وبٔذ اإلعبثخ ٔؼُ ,وُ وغُ ............؟

 2.4.1أو هو صاد وصّل

ٔ�-1ؼُ

�-2ال

إرا وبٔذ اإلعبثخ ٔؼُ ,وُ وغُ ............؟

-3األدوَخ
 3.1هو رزْبوه اىَقىَبد واىفُزبٍُْبد
ٔ�-1ؼُ

�- 2ال

 3.1.1إرا مبّذ اإلخبثخ ّؼٌ حذد اَلسٌ ..............
 3.2هو سجق ورْبوىذ أدوَخ ثذوُ اسزشبسح اىطجُت
ٔ�-1ؼُ

�- 2ال

3.2.1إرا مبّذ اإلخبثخ ّؼٌ حذد األدوَخ ...........

 3.3هو رزْبوه مجسىَلد أوٍُدب 3
ٔ�-1ؼُ

�- 2ال
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 -4اىسيىك اىغزائٍ
4.1هو رزْبوه صَذ اىضَزىُ
�-2ال

ٔ�-1ؼُ

 4.1.1إرا مبّذ اإلخبثخ ّؼٌ ػذد اىَشاد أسجىػُب................
4.2هو رزْبوه األفىمبدو
�-2ال

ٔ�-1ؼُ

 4.2.1إرا مبّذ اإلخبثخ ّؼٌ ػذد اىَشاد أسجىػُب................
4.3هو رزْبوه اىَنسشاد
�-2ال

ٔ�-1ؼُ

 4.3.1إرا مبّذ اإلخبثخ ّؼٌ ػذد اىَشاد أسجىػُب................
 4.4هو رزْبوه اىىخجبد اىسشَؼخ ووخجبد اىَطبػٌ
ٔ� .1ؼُ

�.2ال

 4.4.1إرا مبّذ اإلخبثخ ّؼٌ ػذد اىَشاد أسجىػُب................
4.5أمو اىذخبج
ِ � .1غ اٌغٍذ

 �.2ثذ ْٚاٌغٍذ

 4.6هو رضَو اىذهىُ ػِ اىيحٌ
ٔ � .1ؼُ

�.2ال

 4.7هو رزْبوه األسَبك
ٔ� .1ؼُ

�. 2ال

 4.7.1إرا مبّذ اإلخبثخ ّؼٌ ػذد اىَشاد أسجىػُب.......................
4.8هو رأمو ػبدح اىطؼبً اىَبىح (اىَخيالُ ،األخجبُ اىَبىحخ......اىخ)
ٔ � .1ؼُ�.2ال
 4.9اسزهالك اىخجض
 � .1األث١ط

�.2األعّش (اٌمّؼ)

 4.10هو رزْبوه اىحيىَبد
ٔ� .1ؼُ

�. 2ال

 4.10.1إرا مبّذ اإلخبثخ ّؼٌ ػذد اىَشاد أسجىػُب..................
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4.11

أٌ اىيحىً رزْبوىهب ثنَُخ أمثش
�.2اٌٍؾ َٛاٌج١عبء

 �.1اٌٍؾ َٛاٌؾّشاء
 4.12غشَقخ غجخ اىيحىً
 � .1قيٍ

 � .3شىٌ

 � .2سيق

 4.13غشَقخ غجخ األسَبك
 � .1قيٍ

 � .3شىٌ

 � .2سيق

 4.14رحت غجخ اىيحىً ة
 � .1قيٍ

 � .3شىٌ

 � .2سيق

ٍ 4.15ؼظٌ اىىقذ رششة
 � .1ػص١ش فٛاوٗ غبصط

 �.2اٌّششٚثبد اٌغبص٠خ

�.3اٌشب / ٞاٌمٛٙح

 �.4اٌشب/ ٞاٌمٛٙح

 4.16ػذد ٍشاد رْبوه اىَششوثبد اىغبصَخ
١ِٛ٠� .1ب
 6-5� .2أعجٛػ١ب
 4-2 � .3أعجٛػ١ب
ِ� .4شح أ ٚألً أعجٛػ١ب

ٍ -5سزىي اىْشبغ اىدسٍَ:
 5.1هو رقىً ثأٌ ّشبغ خسَبٍّ
ٔ� .1ؼُ

�.2ال

 5.2إرا مبّذ اإلخبثخ ّؼٌ
� .1رّبسط أٔ ٞشبغ  2-1أ٠بَ ف ٟاألعجٛع ٌّذح  30دل١مخ أ ٚأوضش.
� .2رّبسط أٔ ٞشبغ  5-3أ٠بَ ف ٟاألعجٛع ٌّذح  30دل١مخ أ ٚأوضش
� .3رّبسط أٔ ٞشبغ  7-6أ٠بَ ف ٟاألعجٛع ٌّذح  30دل١مخ أ ٚأوضش.
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 �.5أش١بء أخش , ٜؽذد .........

اىقُبسبد-6
ُ وغ............. ْصٌٛ ا.1
2

117

َ .............. يٛ اٌط.2
 وغُ\ِزش..................... :ُ ِؤشش وزٍخ اٌغغ.3
.ُ ع............ :بط اٌخصش١ ل.4
ّزبئح اىفحىصبد-7
...mg/dl....…Total cholesterol .1
mg/dl….........…………LDLc .2
mg/d......………HDLc .3
……….mg/dl .Triglycerides .4
…………..AST .5
.………..ALT .6
.............FBS .7
..................Hepatitis B .8

Food Frequency Questionnaire
:ًاىُى

:اىزبسَخ

:ٌاَلس

 رسدُو ػذد اىَشاد اىزٍ َزْبوىهب اىَشَط فٍ اىُىً وَعغ اىَشَط، َىظح اىدذوه مو ٍدَىػخ ٍِ األغؼَخ:رىخُه
.دائشح حىه حدٌ اىحصخ اىزٍ َزْبوىهب

اىَدَىع

2مجُشح

1ٍزىسطخ

½صغُشح

ُدهى
(g/serving)

حدٌ اىحصخ

ًّىع اىطؼب

ُ(ٍْزدبد األىجب1serving=1 cup equivalent)
2c

1 cup

1/2 cup

8

ُت وبًِ اٌذع١ٍؽ

2c

1 cup

1/2 cup

2

ًُ اٌذع١ٍت ل١ٍؽ

114gor1/2c

57gor1/4 c

28.5gor1/8c

6

(28.5g)زب١عجٕخ ف

 ثقىىُبد، ثُط، أسَبك،ً ىحى1 serving=3 oz. equivalent))
171g/6oz.

85 g/3oz.

42g/1.5oz

15

(85g)ٌؾّخ ؽّشاء

171g

85 g

42 g

3

 ؽجش/ دعبط

171g

85 g

42 g

171g

85 g

42 g

2 Eggs

1 Egg

228g or1c

114gor1/2c

57g or1/4 c

أعّبن
<1

ٔخ ِؼٍجخ ثبٌّبءٛر

5

ط١ث
خخٛب عبفخ ِطج١ٌٛفبص

(خعشواد1 serving=1/2 cup equivalent) all items have 0 fat content
1 cup

½ cup

¼ cup

ٍٟوٚثش

1 cup

½ cup

¼ cup

عجبٔخ

2 med

1 medium

½ med

ثطبغظ

2 med

1 medium

½ med

ًثص

2 cloves

1 clove

½ clove

َٛص

2 med

1 medium

½ med

ُغّبغ

1cup

1/2cup

1/4cup

فٍِٛف

1 cup

1/2cup

1/4cup

فٍفً أخعش

1 cup

1/2 cup

1/4 cup

ٍٛفٍفً ؽ

2 med

1 medium

1/2med

عضس
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(1 serving=1/2 cup equivalent) have 0 fat content, except
فىامهavocadoo
رفبػ

2medium

1 medium

1/2medium

2

1 medium

½ citrus

بد١ؽّع

2

1medium

1/2kiwi

ٞٛ١و

2 med

1 medium

½ med

صِٛ

1 cup

½ cup

¼ cup

ٌخٚفشا

2 med

1 medium

1/2 med

افخٛع

½ cup

¼ cup

1/8 cup

)1  (ؽجخٚوبدٛأف

26

(حجىة1 serving=1 ounce equivalent)
1 pita

1/2pita

1/4

"زب١ط "ث١اٌخجض األث

1 pita

1/2 pita

1/4

"زب١خجض اٌمّؼ "ث

1 cup

½ cup

1/4 cup

ٟاٌغجبعز/ ٔخٚاٌّؼىش

1 cup

1/2 cup

1/4 cup

ًاٌجشغ

3 slices

2 slices

1 slice

اٌّؼغٕبدٚ زضا١اٌج

1 cup

1/2cup

1/4cup

األسص

1 cup

1/2cup

1/4cup

يٛاٌّفز

2 piece

1piece

1/2piece

5

)1 ذ (لطؼخ٠ٛثغى

2 slices

1 slice

½ slice

3

)1 ؾخ٠خ (شش١ىخ اعفٕغ١و

(1 serving=1 oz. equivalent(28.5g) or a level handful for an average
ٍنسشاد وثزوسadult
2oz or 57g

1oz/28.5g

1/2oz /14 g

18

ًّٓ اٌغ١ص ػٛاٌغ
1/4cup

57g

28.5g

14 g

35

 ¼اٌجٕذقcup

57g

28.5g

14 g

24

 ¼ ثزس اٌمشعcup

57g

28.5g

14 g

18

صٌٛ ¼ cup

57g

28.5g

14 g

16

¼ cupٛاٌىبع

57g

28,5g

14 g

15

 اٌفغزك1/4 cup

all items have 0 fat contentاىَششوثبد
2 cup

1 cup

1/2 cup

خ٠ثبد غبصِٚشش

1cup

1/2cup

1/4cup

ٗاوٛاٌؼصبئشف

2cup

1 cup

1/2 cup

خ١اٌؼصبئش اٌصٕبػ

2 cup

1 cup

1/2 cup

حٛٙل
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all items have 0 fat contentاألػشبة
2 cup

1 cup

½ cup

دٛ األعٞاٌشب

2 cup

1 cup

½ cup

 األخعشٞاٌشب

2 cup

1 cup

½ cup

ٔظٛاٌجبث

2 cup

1 cup

½ cup

"ًً اٌغج١ٍ "اوٞصِبسٚس

2 cup

1 cup

½ cup

)ً أوٚاٌضػزش (ششة أ

(dried)رىاثو
2 tsp.

1 tsp

½ tsp.

 اٌفٍفً اٌؾبسٚاٌفٍفً أ

2 tsp.

1 tsp.

½ tsp.

ْؾب٠س

2 tsp.

1 tsp.

½ tsp.

لشفخ

2 tsp.

1 tsp.

½ tsp.

ٞق اٌىبسِٛغؾ

2 tsp.

1 tsp.

½ tsp.

ًلشٔف

2 tsp.

1 tsp.

½ tsp.

ُاٌىشو

(serving size=1 tsp.)ُاىضَىد واىذهى
2 tsp.

1 tsp.

½ tsp.

14

ْٛز٠ذ ص٠شح ص١ ٍِؼمخ وج1

2 tsp.

1 tsp.

½ tsp.

14

ذ رسح٠شح ص١ٍِؼمخ وج

2 tsp.

1 tsp.

½ tsp.

14

ذ ػجبد اٌشّظ٠شح ص١ وج.َ

2 tsp.

1 tsp.

½ tsp.

14

ب٠ٛذ ص٠ص

شح١ٍِؼمخ وج

2 tsp.

1 tsp.

½ tsp.

12

صثذح

شح١ٍِؼمخ وج

2 tsp.

1 tsp.

½ tsp.

11

ٓ٠شح ِبسعش١ٍِؼمخ وج

اىحيىَبد
ٝاٌّشث

2 tsp.

1 tsp.

½ tsp.

½ cup

¼ cup

1/8 cup

ٍٟع

2tsp

1 tsp.

½ tsp.

ًػغ

2 bars

1 bar

½ bar
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الرخٛوٛاٌش

