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NAFLD is the most common type of hepatic steatosis, developing through 
three main stages, from simple hepatic steatosis to non alcoholic 
steatohepatitis (NASH), that leads to fibrosis and cirrhosis with the end-stage 
of HCC. It is strongly associated with metabolic syndrome, such as 
dyslipidemia, T2DM, hypertension and obesity. Therefore, NAFLD is 
considered an independent risk factor for the development of cardiovascular 
disease (CVD). The present study was proposed to determine the contributing 
factors to NAFLD amongst Malaysian adults in the Klang Valley as well as the 
association between these factors and grading of NAFLD. This study was also 
designed to assess the differences of hepatic echo-intensity attenuation rate 
and subcutaneous tissue thickness between NAFLD patients and non-NAFLD 
subjects. 
 
 
An analytical cross-sectional study design was achieved prospectively 
amongst Malaysian adults who underwent the routine screening programme 
at the Golden Horses Health Sanctuary (GHHS) in the Klang Valley for the 
period from 15th August 2015 until 15th Juanuary 2016. A self-administered 
questionnaire was adopted as the instrument for data collection. Qualitative 
ultrasound for diagnosis of NAFLD was performed based on increasing 
echogenicity of hepatic parenchyma in comparison with echogenicity of the 
spleen and right renal cortex. In contrast, Quantitative ultrasound for detecting 
NAFLD was performed by quantifying the hepatic echo-intensity attenuation 
rate. Moreover, subcutaneous tissue thickness was measured from the skin 
surface into the liver capsule.  
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A total of 628 subjects were recruited to participate in the study. There were 
235 (37.4%) subjects with NAFLD and 393 (62.6%) normal subjects. The 
mean age of the participants was 54.54 ±6.69 years and the mean BMI was 
24.72 ±3.96 kg/m2. The results showed that the peak prevalence of NAFLD 
involved subjects aged between 53-60 years old. Additionally, the results 
demonstrated that the prevalence of NAFLD was significantly higher in males, 
Indians and Malays compared to Chinese, with high BMI (≥ 23.0 kg/m2), high 
WHR, hypertriglyceridemia, low HDL-C, physical inactivity, DM, and 
hypertension. Median daily caloric intake of protein, fat, and carbohydrate was 
also significantly higher in subjects with NAFLD than those without NAFLD. 
However, when further analysis for percentage of protein intake was done, no 
association between the daily percentage of protein intake and the prevalence 
of NAFLD was found. Amongst the NAFLD grades, there was a significant 
association of high BMI and high WHR with NAFLD grades. Similarly, the 
median triglyceride was significantly higher amongst NAFLD grade III (2.15 
±1.7 mmol/L) than in grade II (1.50 ±0.70 mmol/L) and grade I (1.40 ±0.80 
mmol/L). In the same context, the mean HDL-C was significantly lower 
amongst NAFLD grade III (1.21 ±0.21 mmol/L) than grade II (1.31 ±0.30 
mmol/L) and grade I (1.40 ±0.30 mmol/L). Otherwise, the differences of the 
mean total cholesterol, LDL-C, median protein, fat, and carbohydrate amongst 
the NAFLD grades were not reported to be significant. The multiple logistic 
regression analysis demonstrated that male gender, high BMI, physical 
inactivity, hypertriglyceridemia, DM, and thickened subcutaneous tissue were 
independent predictive risk factors for developing NAFLD. However, ages > 
60 years old decreased the risk of NAFLD significantly. For the Malay and 
Indian races, high WHR, low HDL-C, and hypertension were not detected to 
be significant risk predictors for progression of NAFLD. Interestingly, daily 
caloric intake of protein, fat, and carbohydrate, were also not found to increase 
the risk of NAFLD. The differences of mean hepatic echo-intensity attenuation 
rate and subcutaneous tissue thickness between NAFLD patients and normal 
subjects were found to be statistically significant. Sonographically, a hepatic 
echo-intensity attenuation rate of 1.7 dB/cm.MHz and above made the 
diagnosis of NAFLD more probable. Similarly, subjects with a subcutaneous 
tissue thickness measuring 2.1 cm and above were more likely to have 
NAFLD. 
 
 
In conclusion, NAFLD is common in the urban Malaysian population with a 
higher prevalence amongst Indians and Malays than Chinese. The 
quantitative ultrasound was valuable to assess NAFLD based on quantifying 
the hepatic echo-intensity attenuation rate. A large population-based study is 
recommended to determine prevalence of NAFLD amongst the entire 
Malaysian population as well as to determine further contributing risk factors 
of NAFLD.  
 
 
Key words: Non alcoholic fatty liver disease, sonography, Malaysia, risk 
factors.  
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Fakulti : Perubatan dan Sains Kesihatan 
 
 
NAFLD adalah jenis steatosis hepatik yang paling biasa, membangun melalui 
tiga peringkat utama, dari steatosis hepatik mudah sehingga steatohepatitis 
bukan disebabkan alkohol (NASH), yang membawa kepada fibrosis dan 
sirosis dengan HCC peringkat-akhir. Ia berkait rapat dengan sindrom-sindrom 
metabolik, seperti dyslipidemia, T2DM, hipertensi dan obesiti. Oleh itu, NAFLD 
dianggap sebagai suatu faktor risiko bebas terhadap perkembangan penyakit 
kardiovaskular (CVD). Kajian ini telah dicadangkan untuk menentukan faktor-
faktor yang menyumbang kepada NAFLD di kalangan orang dewasa di 
Malaysia di Lembah Klang dan juga hubungan antara faktor-faktor ini dengan 
penggredan NAFLD. Kajian ini juga direka bentuk untuk menilai perbezaan 
kadar pengecilan keamatan-gema hepatik dan ketebalan tisu subkutaneus 
antara pesakit NAFLD dan subjek bukan-NAFLD. 
 
 
Suatu reka bentuk kajian keratan-rentas beranalisis dicapai secara prospektif 
di kalangan orang dewasa Malaysia yang menjalani program pemeriksaan 
rutin di Golden Horses Health Sanctuary (GHHS) di Lembah Kelang bagi 
tempoh dari 15hb Ogos 2015 sehingga 15hb Januari 2016. Soal selidik yang 
ditadbir sendiri telah diguna pakai sebagai alat untuk pengumpulan data. 
Ultrasound kualitatif untuk diagnosis NAFLD telah dijalankan berdasarkan 
peningkatan echogenisiti parenchyma hepatic berbanding dengan 
echogenisiti limpa dan korteks ginjal kanan. Sebaliknya, ultrasound kuantitatif 
untuk mengesan NAFLD telah dilakukan secara mengukur kadar pengecilan 
keamatan-gema hepatik. Selain itu, ketebalan tisu subkutaneus diukur dari 
permukaan kulit ke dalam kapsul hati. 
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Seramai 628 subjek telah dipilih untuk mengambil bahagian di dalam kajian 
ini. Terdapat 235 (37.4%) subjek mengidap NAFLD dan 393 (62.6%) subjek 
yang normal. Min umur peserta adalah 54.54 ± 6.69 tahun dan min BMI adalah 
24.72 ± 3.96 kg/m2. Hasil kajian menunjukkan bahawa puncak kewujudan 
NAFLD melibatkan subjek berusia antara 53-60 tahun. Tambahan lagi, 
keputusan menunjukkan bahawa kewujudan NAFLD adalah jauh lebih tinggi 
di kalangan lelaki, orang India dan orang Melayu berbanding dengan orang 
Cina, dengan BMI tinggi (≥ 23.0 kg/m2), WHR tinggi, hypertriglyceridemia, 
HDL-C rendah, ketidakaktifan fizikal, DM, dan hipertensi. Median pengambilan 
kalori harian dari protein, lemak, dan karbohidrat juga jauh lebih tinggi di 
kalangan subject yang mengidap NAFLD berbanding dengan mereka yang 
bebas dari NAFLD. Walau bagaimanapun, apabila analisis lanjut untuk 
peratusan pengambilan protein dilakukan, tiada kaitan antara peratusan 
harian pengambilan protein dan kewujudan NAFLD ditemui. Di antara gred-
gred NAFLD, terdapat hubungan yang ketara di antara BMI yang tinggi dan 
WHR tinggi dengan gred NAFLD. Begitu juga, trigliserida median adalah lebih 
tinggi di kalangan NAFLD gred III (2.15 ± 1.7 mmol/L) berbanding gred II (1.50 
± 0.70 mmol/L) dan gred I (1.40 ± 0.80 mmol/L). Dengan konteks yang sama, 
min HDL-C adalah ketara lebih rendah di kalangan NAFLD gred III (1.21 ± 
0.21 mmol/L) berbanding gred II(1.31 ± 0.30 mmol/L) dan gred I (1.40 ± 0.30 
mmol/L). Sebaliknya, perbezaan min jumlah kolesterol, median LDL-C, 
protein, lemak, dan karbohidrat di kalangan gred-gred NAFLD tidak dilaporkan 
sebagai penting. Analisis regresi logistik pelbagai menunjukkan bahawa 
jantina lelaki, ketinggian BMI, ketidakaktifan fizikal, hypertriglyceridemia, DM, 
dan tisu subkutaneus menebal adalah faktor-faktor bebas ramalan risiko bagi 
membangunnya NAFLD. Walau bagaimanapun, umur > 60 tahun 
mengurangkan risiko NAFLD dengan ketara. Bagi kaum Melayu dan India, 
WHR tinggi, HDL-C rendah, dan hipertensi tidak dikesan sebagai peramal 
risiko penting bagi perkembangan NAFLD. Menariknya, pengambilan harian 
kalori protein, lemak, dan karbohidrat, juga tidak didapati sebagai 
meningkatkan risiko NAFLD. Perbezaan kadar pengecilan keamatan-gema 
hepatik min dan ketebalan tisu subkutaneus antara pesakit NAFLD dan subjek 
normal didapati ketara secara statistik. Dari segi sonografi, kadar pengecilan 
keamatan-gema hepatik sebanyak 1.7 dB/cm.MHz ke atas menjadikan 
diagnosis NAFLD lebih mungkin. Begitu juga, subjek yang mempunyai 
ketebalan tisu subkutaneus berukuran 2.1 cm ke atas lebih mungkin mengidap 
NAFLD. 
 
 
Sebagai kesimpulan, NAFLD adalah biasa didapati di kalangan penduduk 
Malaysia bandar dengan kewujudan yang lebih tinggi di kalangan orang India 
dan orang Melayu berbanding dengan orang Cina. Ultrasound kuantitatif 
sangat berguna untuk menilai NAFLD berdasarkan ukuran kadar pengecilan 
keamatan-gema hepatik. Satu kajian besar berasaskan-populasi adalah 
disyorkan untuk menentukan kewujudan NAFLD di kalangan keseluruhan 
penduduk Malaysia serta untuk menentukan dengan lebih lanjut lagi faktor-
faktor penyumbang risiko NAFLD. 
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Kata kunci: Penyakit hati berlemak bukan disebabkan alkohol, sonografi, 
Malaysia, faktor-faktor risiko. 
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CHAPTER 1 

 
 

INTRODUCTION 

 
 

1.1 What is Non-alcoholic Fatty Liver Disease (NAFLD)? 
 
Non-alcoholic fatty liver disease (NAFLD) is one of types of fatty liver in which 
fat is accumulated (steatosis) in the hepatocyte due to causes other than 
significant alcohol consumption (Shaker, Tabbaa, Albeldawi, & Alkhouri, 
2014). It represents a wide spectrum of the liver disease ranging from  simple 
hepatic steatosis to non alcoholic steatohepatitis (NASH) that lead to fibrosis 
and cirrhosis with end-stage of hepatocellar carcinoma (HCC) (Fon Tacer & 
Rozman, 2011; Ozturk & Kadayifci, 2014). First discripation of NAFLD was by 
Ludwig, Viggiano, McGill, & Oh, in 1980. The disease is the most common 
cause of chronic liver disease in Western countries with prevalence up to 40% 
of general population (Li et al., 2015). In United States, fatty liver changes 
have affected over 66% of obese subjects and around 19% of them with NASH 
(Sass, Chang, & Chopra, 2005). In Asia, NAFLD was initially uncommon but 
recently it has been affected 12-37% of general population (OSHIBUCHI, 
NISHI, SATO, OHTAKE, & OKUDA, 1991; Lai, Tan, & Ng, 2002; Omagari et 
al., 2002; Shen et al., 2003; Fan et al., 2005a; Jimba et al., 2005; PARK et al., 
2006; Amarapurkar et al., 2007; Fan et al., 2007; Malik et al., 2007; Zhou et 
al., 2007).  
 
 
To date, simple hepatic steatosis is considered as benign disease but it is 
susceptible to predictors that lead to inflammation and fibrosis (Mehta, 
Thomas, Bell, Johnston, & Taylor-Robinson, 2008). Likewise, a study by 
Neuschwander-Tetri & Caldwell, (2003) confirmed that hepatic steatosis alone 
is broadly benign with no advancing disease. However, when simple hepatic 
staetosis is accompanied with cell inflammation and injury (NASH), it can be 
serious and mostly progressed into fibrosis, cirrhosis and HCC. Hui et al., 
(2003) mentioned that around 33% of patients with NASH developed to 
fibrosis of which; 2-20% of them progressed to cirrhosis. In NAFLD, the liver 
produces many factors that are related with atheromas such as bad lipid and 
cytokines.  
 
 
1.2 Appearance NAFLD on Ultrasound 
 
Ultrasound is widely used to detect fatty liver disease as it is non-invasive tool, 
safety (no ionizing radiation is used) and availability, as well as its lower cost 
as compared to other diagnostic radiological modalities such as CT scan and 
MRI. Ultrasound is always the first diagnostic tool used in patients who are 
clinically diagnosed with diffuse liver diseases or who have repeatedly suffered 
from alternations in the liver enzymes levels (P. Allan, Baxter, & Weston, 
2011). 
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Fatty liver disease is due to excess synthesis of fats in the liver cells that cause 
increased hepatic parenchymal reflectivity which in turn leads to markedly 
increase in echogenicity of liver parenchyma as compared to the right renal 
cortex and spleen (Figure 1.2) (Hamer et al., 2006). Furthermore, visibility of 
the diaphragm and  intrahepatic vascular walls is decreased (X. Ma et al., 
2009). Lose vasualization of intrahepatic vascular walls and diaphragm is 
attributed to reducing in acoustic penetration, as liver parenchyma 
echogenicity increases (Tchelepi et al., 2002). Similarly; due to high reflectivity 
of portal vein branches, the walls will appear bright. Therefor, excess liver 
parenchyma echogenicity results in impaired vasualization of portal vascular 
walls (P. Allan, Baxter, & Weston, 2011).  
 
 

 
 

Figure 1.1 : Longitudinal section of the liver and right kidney (RK). Liver 
echogenicity is markedly higher than renal cortex (RC) (fatty 
liver changes) (taken from the study population). 

 
 
In general, fatty liver infiltration is classified into four various grades from 0-III, 
which represented no fatty changes, mild, moderate and severe, respectively. 
When there is slightly increased in the liver parenchyma echogenicity, it is 
described as mild. In addition, when there is moderate increased in liver 
echogenicity with poor visualization of portal vascular walls, particularly 
peripheral branches, it is described as moderate. Moreover, when there is 
markedly increased of liver echogenicity with impaired or no visualization of 
the diaphragm and posterior portion of right liver lobe, it is described as severe 
fatty liver (S. Chen et al., 2008; Singh et al., 2013).  
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1.3 Statement of the Problem 
 
NAFLD is a common cause of liver diseases worldwide. Most of the patients 
with NAFLD are asymptomatic but others may complain fatigue, malaise, and 
right upper quadrant abdominal discomfort and they may be accompanied with 
hepatomegaly on physical examination as well as mild jaundice and elevated 
liver enzymes levels (Table 1.1). It is known as one component of metabolic 
syndrome. NAFLD is a very common in Western countries but is rapidly 
growing in Asia-pacific region as well with affecting up to 30% of general 
population (Bedogni et al., 2005; Chan et al., 2013; Williamson et al., 2011). 
For many years, hepatic steatosis was presumed to be scarce among Asian 
particularly in those with low prevalence of obesity. However, to date, the 
reports on increased prevalence of T2DM and obesity in this region have 
confirmed that prevalence of hepatic steatosis has risen among Asians and 
reached those levels in Western countries. In Malaysia, where DM and obesity 
have been an increase, it is presumed that the prevalence of NAFLD would 
be alarmingly amongst Malaysians as well (Rampal et al., 2007). 
 
 
NAFLD represents a spectrum of liver diseases that histologically ranges from 
hepatic fat accumulation without inflammation or fibrosis (simple hepatic 
steatosis) to hepatic steatosis with necroinflammatory components 
(steatohepatitis) that lead to fibrosis, cirrhosis (scar replace the liver cell or 
extensive fibrosis associated with regenerative nodules as results in chronic 
inflammation of the liver) which may progress into hepatocellular carcinoma 
(HCC) (Akcam, Boyaci, Pirgon, Koroglu, & Dundar, 2013), so that NAFLD is 
considered the main cause of liver failure and is shown to increase mortality 
(Adams et al., 2010; Duan, Qiao, & Fan, 2012). In light of that, a study by 
Adams et al., (2005) showed that 37% of patients with NAFLD have developed 
to the liver fibrosis. About 12-40% of patients with simple fatty liver would 
progress to NASH and which further would develop to fibrosis within 8-13 
years. Moreover, 15% of patients who have NASH and early stage of fibrosis 
would progress to cirrhosis. Current studies also confirmed that the presence 
of portal tracts fibrosis in obese patients was significant predictive factor of 
fibrosis development. Furthermore, around 7% of patients with NAFLD and 
associated cirrhosis would progress to HCC after 10 years, whereas about 
50% would require liver transplant or succumb to liver related condition. 
Interestingly, higher incidence of HCC is associated with NAFLD related 
cirrhosis as compared to those related to hepatitis or alcoholics (de Alwis, 
Nimantha Mark Wilfred & Day, 2008). To date, NAFLD is considered the most 
common cause of abnormal liver function (Targher et al., 2007). Elevated 
serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 
levels are the most common occurrence in NAFLD (E. J. Kim et al., 2014). 
Several studies have also indicated that NAFLD is associated with rising 
prevalence of cardiovascular disease (CVD) regardless of the presence or 
absence DM (Kotronen & Yki-Jarvinen, 2008). Hence, Kim, (2014) and his 
colleagues confirmed that NAFLD is not only a risk factor for progressive liver 
diseases, but also is considered an independent risk factor of CVD. 
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Table 1.1 : Clinical symptoms, signs, and laboratory picture of NAFLD  
 

Frequently asymptomatic  High ALT (2-4x) 
Vague and unspecific symptoms High GGT (2-6x) 
Abdominal right upper quadrant discomfort Mild elevation of AST(can be elevated in 

cirrhosis) 
Fatigue Blood glucose > 100 mg/dL 
Dyspepsia TG > 150 mg/dL 
Overweight (BMI ≥25 kg/m2) TC > 200 mg/dL 
High blood pressure HDL-C < 45 mg/dL 
Hepatomegaly (in 50%) LDL-C > 130 mgldL 
Splenomegaly (in 25%)  

(Adapted from Oliveira, de Lima Sanches, de Abreu-Silva, & Marcadenti, 2015). ALT: 
Alanine aminotransferase, GGT: Gamma-Glutamyl Transferase, TG: Triglyceride, TC: 
Total Cholesterol, HDL-C: High-Density Lipoprotein-Cholesterol, LDL-C: Low-Density 
Lipoprotein-Cholesterol 

 
 
1.4 Significant of the Study 
 
NAFLD is considered as the pandemic liver disease from the twenty-first 
century and it is increasing worldwide, in line with pandemic of obesity 
(Machado & Cortez-Pinto, 2014). There are around one billion persons 
worldwide as having NAFLD (Loomba & Sanyal, 2013). It is also considered 
as the third cause of the liver transplantation in United States. NAFLD is 
correlated with increased overall mortality by increasing CVD mortality (Adams 
et al., 2005; Rafiq et al., 2009; Söderberg et al., 2010). 
 
 
The proposed topic warrants examination as the findings from the present 
study would supply insights to our understanding of the association of different 
factors such as demographic factors (age, sex and ethnicity), anthropometric 
measurements (BMI and WHR), lifestyle (dietary pattern and physical activity), 
lipid profile (TC, TG, HDL-C and HDL-C), and medical history of diseases (DM 
and hypertension) with NAFLD. The study would also highlight on the 
differences of subcutaneous tissue thickness and hepatic echo–intensity 
attenuation between subjects with and without NAFLD. On top of that, this 
study would identify the risk predictors of NAFLD. Hence, the main reason for 
conducting this study is to determine the contributing factors of NAFLD 
amongst Malaysian adults. 
 
 
In summary, it is predicted that the findings from our study would involve to 
the body of knowledge with respect to preventive measures of the predictive 
factors of and NAFLD. 
 
 
1.5 Conceptual Framework of the Study 
 
Cobceptual framework (Figure 1.2) provides detailed description about the 
present study. There are several factors which can lead to NAFLD. These 
factors were set as independent variables and NAFLD as dependent variable. 
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However, hepatic echo-intensity attenuation rate might be affected by the 
dependent variable (NAFLD) (Xia et al., 2012). 
 
 
1.5.1 Dependent Variable 
 
The dependent variable of the present study is NAFLD which has been 
sonographically diagnosed.  
 
 
1.5.2 Independent Variables 
 
NAFLD is mostly affected by the following factors, including the demographic 
factors (age, gender and race), anthropometric measurements (BMI and 
WHR), lifestyle factors (dietary pattern and physical activity), lipid profile (TC, 
TG, HDL-C and LDL-C), medical history of diseases (DM and hypertension) 
and subcutaneous tissue thickness (Fan et al., 2005b; Wong et al., 2010). All 
the factors mentioned above were listed as independent variables in this 
study. All independent variables were analyzed to determine their association 
with dependent variable. 
 
 

 
 

Figure 1.2 : Conceptual framework of the study 
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1.6 Study Objectives  
 
General Objective 

 
To determine  the contributing factors associated with sonographic findings 
of NAFLD amongst Malaysian adults at Golden Horses Health Sancturay in 
Selangor. 

 
 
Specific Objectives 

 
1. To determine the proportions of demographic factors  (age, sex and 

ethnicity) and NAFLD grades, anthropometric measurements (BMI and 
WHR), lifestyle (dietary pattern and physical acivity), lipid profile (TC, 
TG, HDL-C, LDL-C), and medical history of diseases (DM and 
hypertension) amongst a study population. 

2. To determine the association of demographic factors ( age, sex and 
ethnicity), anthropometric measurements (BMI and WHR), lifestyle 
(dietary pattern and physical activity), lipid profile (TC, TG, HDL-C and 
LDL-C), and medical history of diseases (DM and hypertention) with 
NAFLD. 

3. To compare the differences of mean hepatic echo-intensity attenuation 
rate and subcutaneous tissue thickness between NAFLD patients and 
normal subjects. 

4. To determine the association of demographic factors (age, sex and 
ethnicity), anthropometric measurements (BMI and WHR), lifestyle 
(dietary pattern and physical activity) and medical history of diseases 
(DM and hypertension) with grading of NAFLD. 

5. To determine the predictors (age, sex, ethnicity, dietary pattern, 
physical activity, BMI, WHR, TC, TG, HDL-C, LDL-C, DM, hypertension  
and subcutaneous tissue thickness) of NAFLD. 

6. To compare the differences of mean TC,  median TG, HDL-C and LDL-
C,  between different grading of NAFLD.  

7. To compare the differences of mean hepatic echo-intensity attenuation 
rate and subcutaneous tissue thickness between different grading of 
NAFLD. 
 
 

1.7 Study Hypotheses 
 

1. There is significant association of demographic factors ( age, sex and 
ethnicity), anthropometric measurements (BMI and WHR), lifestyle 
(dietary pattern and physical activity), lipid profile (TC, TG, HDL-C and 
LDL-C), and medical history of diseases (DM and hypertention) with 
NAFLD. 

2. There are significant differences of mean hepatic echo-intensity 
attenuation rate and subcutaneous tissue thickness between NAFLD 
patients and normal subjects. 

3. There is significant association of demographic factors (age, sex and 
ethnicity), lifestyle (dietary pattern and physical activity), 
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anthropometric measurements (BMI and WHR) and with  grading of 
NAFLD. 

4. Age, female gender, Malay and Indian races, excess of fat and 
carbohydrate intake, active physical activity, obese and severe obese, 
high WHR, high TC, high TG, low HDL-C, high LDL-C, DM and 
hypertension  are risk predictors of NAFLD. 

5. There are significant differences of mean TC,  median TG, HDL-C and 
LDL-C,  between different grading of NAFLD as well as a significant 
association between medical history (DM and hypertension) and 
grading of NAFLD. 

6. There are significant differences of mean hepatic echo-intensity 
attenuation rate and subcutaneous tissue thickness between different 
grading of NAFLD. 
 
 

1.8 Definition of Terms 
 
NAFLD: It is defined as excessive deposition of fat in the  liver cell with 
abscent alcohol intake. On biopsy, it is described by excess amount of fat over 
5% of wet liver weight (Dai et al., 2009). On ultrasound, it is identified by 
increased liver parenchyma echogenicity more than adjacent organs such as 
right renal cortex or spleen (Hamer et al., 2006). 
 
NAFLD grading: It represents disease severity which are divided into three 
grades (I or mild, II or moderate and III or severe). Thses three grades can be 
diagnosed depending on increasing echogenicity of liver parenchyma as well 
as visibility of portal vein branches walls and diaphragm.  
 
BMI: It is a simple index of weight-for-height that is commonly used to classify 
underweight, overweight and obesity in adults. It is defined as the weight in 
kilograms divided by the square of the height in meters (kg/m2). 
 
WHR: It is defined as the waist circumference measurement divided by hip 
circumference measurement multiplied by 100%. Waist circumference (WC) 
is measured at the level of the umbilicus between the lowest rib and iliac crest. 
In contrast, hip circumference is measured at the widest points around 
buttocks. 
 
Physical Activity: It is defined as any bodily movement carried out by skeletal 
muscles that requires energy expenditure 
 
Vigorous Physical Activity: It is referred to heavy duty activity which requires 
a person to breath harder than normal such as running, swimming and tennis 
(single). 
 
Moderate Physical Activity: It is referred to activities of intermediate effort 
that make a person breaths less than that in vigorous but slightly harder than 
normal such as cycling slower than 10 miles per hour and tennis (double). 
 

http://en.wikipedia.org/wiki/Liver
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Lipid Profile:  Being panel of blood tests that serves as an initial medical 
examination tool for abnormalities in lipids, like TC, TG, HDL-C and LDL-C. 
Lipid profile results are used as diagnostic reference for many diseases such 
as CVD and genetic diseases.  
 
Odds ratio (OR): It is the ratio of the probability that an event (disease or 
exposure) will occur divided by the probability that the event will not occur. 
 
Response rate: It refers to the number of subjects who answered the survey 
divided by the number of subjects in the sample.     
 
 

http://en.wikipedia.org/wiki/Test_panel
http://en.wikipedia.org/wiki/Lipids
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et al. (2000). Prevalence of and risk factors for hepatic steatosis in 
northern italy. Annals of Internal Medicine, 132(2), 112-117.  

 
Bellentani, S., & Tiribelli, C. (2001). The spectrum of liver disease in the 

general population: Lesson from the dionysos study. Journal of 
Hepatology, 35(4), 531-537.  

 
Bertolotti, M., Lonardo, A., Mussi, C., Baldelli, E., Pellegrini, E., Ballestri, S., et 

al. (2014). Nonalcoholic fatty liver disease and aging: Epidemiology to 
management. World Journal of Gastroenterology: WJG, 20(39), 14185-
14204.  

 
Beymer, C., Kowdley, K. V., Larson, A., Edmonson, P., Dellinger, E. P., & 

Flum, D. R. (2003). Prevalence and predictors of asymptomatic liver 
disease in patients undergoing gastric bypass surgery. Archives of 
Surgery, 138(11), 1240-1244.  

 
Bhagat, B., Burke, W., & Dhalla, N. (1981). INSULIN‐INDUCED 

ENHANCEMENT OF UPTAKE OF NORADRENALINE IN ATRIAL 
STRIPS. British journal of pharmacology, 74(2), 325-332 . 

 
Bhatt, H. B., & Smith, R. J. (2015). Fatty liver disease in diabetes mellitus. 

Hepatobiliary surgery and nutrition, 4(2), 101-108 . 
 
Boden, G., & Shulman, G. (2002). Free fatty acids in obesity and type 2 

diabetes: defining their role in the development of insulin resistance and 
β‐cell dysfunction. European journal of clinical investigation, 32(s3), 14-
23 . 

 
Browning, J. D., Szczepaniak, L. S., Dobbins, R., Horton, J. D., Cohen, J. C., 

Grundy, S. M., & Hobbs, H. H. (2004). Prevalence of hepatic steatosis 
in an urban population in the united states: Impact of ethnicity. 
Hepatology, 40(6), 1387-1395.  

 
 



© C
OPYRIG

HT U
PM

103 
 

Brunt, E. M., Janney, C. G., Di Bisceglie, A. M., Neuschwander-Tetri, B. A., & 
Bacon, B. R. (1999). Nonalcoholic steatohepatitis: a proposal for 
grading and staging the histological lesions. The American journal of 
gastroenterology, 94(9), 2467-2474 . 

 
Bugianesi, E., McCullough, A. J., & Marchesini, G. (2005). Insulin resistance: 

a metabolic pathway to chronic liver disease. Hepatology, 42(5), 987-
1000 . 

 
Bugianesi, E., Gastaldelli, A., Vanni, E., Gambino, R., Cassader, M., Baldi, S., 

et al. (2005). Insulin resistance in non-diabetic patients with non-
alcoholic fatty liver disease: sites and mechanisms. Diabetologia, 
48(4), 634-642 . 

 
Burcelin, R., Knauf, C., & Cani, P. D. (2008). Pancreatic α-cell dysfunction in 

diabetes. Diabetes & metabolism, 34, S49-S55. 
 
Buscarini, E., Lutz, H., (2011). Manual of diagnostic ultrasound. World Health 

Organization  
 
Caglayan, E., Blaschke, F., Takata, Y., & Hsueh, W. A. (2005). Metabolic 

syndrome-interdependence of the cardiovascular and metabolic 
pathways. Current opinion in pharmacology, 5(2), 135-142 . 

 
Cao, W., Zhao ,C., Shen, C., & Wang, Y. (2013). Cytokeratin 18, alanine 

aminotransferase, platelets and triglycerides predict the presence of 
nonalcoholic steatohepatitis. PloS one, 8(12), e82092 . 

 
Capanni, M., Calella, F., Biagini, M., Genise, S., Raimondi, L., Bedogni, G., et 

al. (2006). Prolonged n‐3 polyunsaturated fatty acid supplementation 
ameliorates hepatic steatosis in patients with non‐alcoholic fatty liver 
disease: A pilot study. Alimentary Pharmacology & Therapeutics, 23(8), 
1143-1151.  

 
Carvalhana, S., Machado, M. V., & Cortez-Pinto, H. (2012). Improving dietary 

patterns in patients with nonalcoholic fatty liver disease. Current 
Opinion in Clinical Nutrition & Metabolic Care, 15(5), 468-473.  

 
Chalasani, N., Younossi, Z., Lavine, J. E., Diehl, A. M., Brunt, E. M., Cusi, K., 

et al. (2012). The diagnosis and management of non‐alcoholic fatty liver 
disease: Practice Guideline by the American Association for the Study 
of Liver Diseases, American College of Gastroenterology, and the 
American Gastroenterological Association. Hepatology, 55(6), 2005-
2023 . 

 
Chan, W., Tan, A. T., Vethakkan, S. R., Tah, P., Vijayananthan, A., & Goh, K. 

(2013). Non‐alcoholic fatty liver disease in diabetics–prevalence and 
predictive factors in a multiracial hospital clinic population in malaysia. 
Journal of Gastroenterology and Hepatology, 28(8), 1375-1383.  



© C
OPYRIG

HT U
PM

104 
 

Cheah, W. L., Lee, P. Y., Chang, C. T., Mohamed, H. J., & Wong, S. L. (2013). 
Prevalence of ultrasound diagnosed non-alcoholic fatty liver disease 
among rural indigenous community of Sarawak and its association with 
biochemical and anthropometric measures .Southeast Asian Journal of 
Tropical Medicine and Public Health, 44(2), 309-317 

 
Chen, Q., Chen, H., Huang, K., Zhong, Y., Han, J., Zhu, Z., & Zhou, X. (2004). 

Clinical features and risk factors of patients with fatty liver in guangzhou 
area. World J Gastroenterol, 10(6), 899-902.  

 
Chen, S., Liu, C., Li, S., Huang, H., Tsai, C., & Jou, H. (2008). Effects of 

therapeutic lifestyle program on ultrasound-diagnosed nonalcoholic 
fatty liver disease. Journal of the Chinese Medical Association, 71(11), 
551-558.  

 
Cheng, H., Wang, H., Chang, W., Lin, S., Chu, C., Wang, T., et al. (2013). 

Nonalcoholic fatty liver disease: Prevalence, influence on age and sex, 
and relationship with metabolic syndrome and insulin resistance. 
International Journal of Gerontology, 7(4), 194-198.  

 
Chitturi, S., Farrell, G. C., Hashimoto, E., Saibara, T., Lau, G. K., & Sollano, J. 

D. (2007). Non‐alcoholic fatty liver disease in the Asia–Pacific region: 
Definitions and overview of proposed guidelines. Journal of 
Gastroenterology and Hepatology, 22(6), 778-787.  

 
Choudhury, J., & Sanyal, A. J. (2004). Insulin resistance and the pathogenesis 

of nonalcoholic fatty liver disease. Clinics in Liver Disease, 8(3), 575-
594.  

 
Colak, Y., Tuncer, I., Senates, E., Ozturk, O., Doganay, L., & Yilmaz, Y. 

(2012). Nonalcoholic fatty liver disease: a nutritional approach. 
Metabolic syndrome and related disorders, 10(3), 161-166.  

 
Cortez-Pinto, H., de Moura, M. C., & Day, C. P. (2006). Non-alcoholic 

steatohepatitis: from cell biology to clinical practice. Journal of 
hepatology, 44(1), 197-208 . 

 
Cosgrove, D. O. (2012). Manual of Diagnostic Ultrasound, Volume 1,  
 
Cowin, G. J., Jonsson, J. R., Bauer, J. D., Ash, S., Ali, A., Osland, E. J., et al. 

(2008). Magnetic resonance imaging and spectroscopy for monitoring 
liver steatosis. Journal of Magnetic Resonance Imaging, 28(4), 937-
945 . 

 
Da Silva, H. E., Arendt, B. M., Noureldin, S. A., Therapondos, G., Guindi, M., 

& Allard, J. P. (2014). A cross-sectional study assessing dietary intake 
and physical activity in canadian patients with nonalcoholic fatty liver 
disease vs healthy controls. Journal of the Academy of Nutrition and 
Dietetics, 114(8), 1181-1194.  



© C
OPYRIG

HT U
PM

105 
 

Dai, H., Chu, L., Song, S., Li, W., Zhang, L., Wu, Z., et al. (2009). Prevalence 
of and risk factors for fatty liver disease in a professional population of 
wuhan, china. Public Health, 123(8), 545-548.  

 
Day, C. P., & James, O. F. (1998). Steatohepatitis: a tale of two “hits”? : 

Elsevier. 
 
de Alwis, Nimantha Mark Wilfred, & Day, C. P. (2008). Non-alcoholic fatty liver 

disease: The mist gradually clears. Journal of Hepatology, 48, S104-
S112.  

 
DeFilippis, A. P., Blaha, M. J., Martin, S. S., Reed, R. M., Jones, S. R., Nasir, 

K., et al. (2013). Nonalcoholic fatty liver disease and serum lipoproteins: 
The Multi-ethnic study of atherosclerosis. Atherosclerosis, 227(2), 429-
436.  

 
Diabetes: Facts and Figures (2015). International Diabetes Federation, 7th 

edition. 
 
Dietrich, P., & Hellerbrand, C. (2014). Non-alcoholic fatty liver disease, obesity 

and the metabolic syndrome. Best Practice & Research Clinical 
Gastroenterology, 28(4), 637-653.  

 
Dixon, J. B., Bhathal, P. S., & O'brien, P. E. (2001). Nonalcoholic fatty liver 

disease: predictors of nonalcoholic steatohepatitis and liver fibrosis in 
the severely obese. Gastroenterology, 121(1), 91-100 . 

 
Donati, G., Stagni, B., Piscaglia, F., Venturoli, N., Morselli-Labate, A. M., 

Rasciti, L., & Bolondi, L. (2004). Increased prevalence of fatty liver in 
arterial hypertensive patients with normal liver enzymes: Role of insulin 
resistance. Gut, 53(7), 1020-1023.  

 
Donnelly, K. L., Smith, C. I., Schwarzenberg, S. J., Jessurun, J., Boldt, M. D., 

& Parks, E. J. (2005). Sources of fatty acids stored in liver and secreted 
via lipoproteins in patients with nonalcoholic fatty liver disease. The 
Journal of Clinical Investigation, 115(5), 1343-1351.  

 
Duan, X., Qiao, L., & Fan, J. (2012). Clinical features of nonalcoholic fatty liver 

disease-associated hepatocellular carcinoma. Hepatobiliary & 
Pancreatic Diseases International, 11(1), 18-27.  

 
Dunn, W., Xu, R., Wingard, D. L., Rogers, C., Angulo, P., Younossi, Z. M., & 

Schwimmer, J. B. (2008). Suspected nonalcoholic fatty liver disease 
and mortality risk in a population-based cohort study. The American 
Journal of Gastroenterology, 103(9), 2263-2271.  

 
Durstine, J. L. (2006). Action plan for high cholesterol Human Kinetics.  
 



© C
OPYRIG

HT U
PM

106 
 

Duseja, A., Das, A., Das, R., Dhiman, R., & Chawla, Y. (2004). Nonalcoholic 
steatohepatitis: Our experience. Indian J.Gastroenterol, 23(Suppl 1), 
S25.  

 
Duseja, A., & Chawla, Y. (2005). Nonalcoholic fatty liver disease in india--how 

much? how soon? Tropical Gastroenterology : Official Journal of the 
Digestive Diseases Foundation, 26(1), 1-3.  

 
Duvnjak, M., Lerotić, I., Baršić, N., Tomašić, V., Virović Jukić, L., & Velagić, V. 

(2007). Pathogenesis and management issues for non-alcoholic fatty 
liver disease. World Journal of Gastroenterology, 13(34), 4539-4550.  

 
Eguchi, Y., Hyogo, H., Ono, M., Mizuta, T., Ono, N., Fujimoto, K., et al. (2012). 

Prevalence and associated metabolic factors of nonalcoholic fatty liver 
disease in the general population from 2009 to 2010 in japan: A 
multicenter large retrospective study. Journal of Gastroenterology, 
47(5), 586-595.  

 
El-Hassan, A. Y., Ibrahim, E. M., Al-Mulhim, F. A., Nabhan, A. A., & Chammas, 

M. Y. (1992). Fatty infiltration of the liver: analysis of prevalence, 
radiological and clinical features and influence on patient management. 
The British journal of radiology, 65(777), 774-778 . 

 
El-Koofy, N., El-Karaksy, H., El-Akel, W., Helmy, H., Anwar, G., El-Sayed, R., 

& El-Hennawy, A. (2012). Ultrasonography as a non-invasive tool for 
detection of nonalcoholic fatty liver disease in overweight/obese 
egyptian children. European Journal of Radiology, 81(11), 3120-3123.  

 
El-serag, H. B., Tran, T., & Everhart, J. E. (2004). Diabetes increases the risk 

of chronic liver disease and hepatocellular carcinoma. 
Gastroenterology, 126(2), 460-468 . 

 
Enjoji, M., & Nakamuta, M. (2010). Is the control of dietary cholesterol intake 

sufficiently effective to ameliorate nonalcoholic fatty liver disease? 
World Journal of Gastroenterology : WJG, 16(7), 800-803.  

 
Fan, J., & Cao, H. (2013). Role of diet and nutritional management in non‐

alcoholic fatty liver disease. Journal of Gastroenterology and 
Hepatology, 28(S4), 81-87.  

 
Fan, J., & Farrell, G. C. (2009). Epidemiology of non-alcoholic fatty liver 

disease in china. Journal of Hepatology, 50(1), 204-210.  
 
Fan, J., Li, F., Cai, X., Peng, Y., Ao, Q., & Gao, Y. (2007). The importance of 

metabolic factors for the increasing prevalence of fatty liver in shanghai 
factory workers. Journal of Gastroenterology and Hepatology, 22(5), 
663-668.  

 
 



© C
OPYRIG

HT U
PM

107 
 

Fan, J., Saibara, T., Chitturi, S., Kim, B. I., Sung, J. J., & Chutaputti, A. (2007). 
What are the risk factors and settings for non‐alcoholic fatty liver 
disease in Asia–Pacific? Journal of Gastroenterology and Hepatology, 
22(6), 794-800.  

 
Fan, J.-G., Zhu, J., Li, X.-J., Chen, L., Li, L., Dai, F., et al. (2005a). Prevalence 

of and risk factors for fatty liver in a general population of Shanghai, 
China. Journal of hepatology, 43(3), 508-514. 

 
Fan, J. G., Zhu, J., LI, X. J., Chen, L., LU, Y. S., Li, L., ... & CHEN, S. Y. 

(2005b). Fatty liver and the metabolic syndrome among Shanghai 
adults. Journal of gastroenterology and hepatology, 20(12), 1825-1832. 

 
Fealy, C. E., Haus, J. M., Solomon, T. P., Pagadala, M., Flask, C. A., 

McCullough, A. J., & Kirwan, J. P. (2012). Short-term exercise reduces 
markers of hepatocyte apoptosis in nonalcoholic fatty liver disease. 
Journal of Applied Physiology (Bethesda, Md.: 1985), 113(1), 1-6.  

 
Ferreira, V. S., Pernambuco, R. B., Lopes, E. P., Morais, C. N., Rodrigues, M. 

C., Arruda, M. J., & Vilar, L. (2010). Frequency and risk factors 
associated with non-alcoholic fatty liver disease in patients with type 2 
diabetes mellitus. Arquivos Brasileiros de Endocrinologia & 
Metabologia, 54(4), 362-368 . 

 
Festi ,D., Schiumerini, R., Marzi, L., Di Biase, A., Mandolesi, D., Montrone, L., 

. . . Colecchia, A. (2013). Review article: the diagnosis of non‐alcoholic 
fatty liver disease–availability and accuracy of non‐invasive methods. 
Alimentary pharmacology & therapeutics, 37(4), 392-400 . 

 
Fishbein, M., Castro, F., Cheruku, S., Jain, S., Webb, B., Gleason, T., & 

Stevens, W. R. (2005). Hepatic MRI for fat quantitation: Its relationship 
to fat morphology, diagnosis, and ultrasound. Journal of Clinical 
Gastroenterology, 39(7), 619-625.  

 
Flatt, J. P. (1995). Use and storage of carbohydrate and fat. The American 

Journal of Clinical Nutrition, 61(4 Suppl), 952S-959S.  
 
Fon Tacer, K., & Rozman, D. (2011). Nonalcoholic fatty liver disease: Focus 

on lipoprotein and lipid deregulation. Journal of Lipids, 2011, 783976.  
 
Food Portion Sizes of Malaysian Foods Album 2002/2003. Malaysian Adult 

Nutrition Survey. Technical Committee for Malaysian Adult Nutrition 
Survey. 150pp. 

 
Foster, T., Anania, F. A., Li, D., Katz, R., & Budoff, M. (2013). The prevalence 

and clinical correlates of nonalcoholic fatty liver disease (NAFLD) in 
african americans: The multiethnic study of atherosclerosis (MESA). 
Digestive Diseases and Sciences, 58(8), 2392-2398.  



© C
OPYRIG

HT U
PM

108 
 

Gabata, T., Matsui, O., Kadoya, M., Ueda, K., Kawamori, Y., Yoshikawa, J., & 
Takashima, T. (1997). Aberrant gastric venous drainage in a focal 
spared area of segment IV in fatty liver: demonstration with color 
Doppler sonography. Radiology, 203(2), 461-463. 

 
Gariani, K., Philippe, J., & Jornayvaz, F. R. (2013). Non-alcoholic fatty liver 

disease and insulin resistance: From bench to bedside. Diabetes & 
Metabolism, 39(1), 16-26.  

 
Gawrieh, S., Baye, T. M., Carless, M., Wallace, J., Komorowski, R., Kleiner, 

D. E., et al. (2010). Hepatic gene networks in morbidly obese patients 
with nonalcoholic fatty liver disease. Obesity surgery, 20(12), 1698-
1709 . 

 
George, J., & Farrell, G. C. (2005). Practical approach to the diagnosis and 

management of people with fatty liver diseases. Fatty Liver Disease: 
NASH and Related Disorders.Oxford: Blackwell Publishing, , 181-193.  

 
Gerber, L., Otgonsuren, M., Mishra, A., Escheik, C., Birerdinc, A., Stepanova, 

M., & Younossi, Z. (2012). Non‐alcoholic fatty liver disease (NAFLD) is 
associated with low level of physical activity: A population‐based study. 
Alimentary Pharmacology & Therapeutics, 36(8), 772-781.  

 
Gerstenmaier, J., & Gibson, R. (2014). Ultrasound in chronic liver disease. 

Insights into Imaging, 5(4), 441-455.  
 
Gill, H. K., & Wu, G. Y. (2006). Non-alcoholic fatty liver disease and the 

metabolic syndrome: Effects of weight loss and a review of popular 
diets. are low carbohydrate diets the answer? World Journal of 
Gastroenterology : WJG, 12(3), 345-353.  

 
Goh, S., Ho, E. L., & Goh, K. (2013). Prevalence and risk factors of non-

alcoholic fatty liver disease in a multiracial suburban asian population 
in malaysia. Hepatology International, 7(2), 548-554.  

 
Hallsworth, K., Thoma, C., Moore, S., Ploetz, T., Anstee, Q. M., Taylor, R., . . 

. Trenell, M. I. (2014). Non-alcoholic fatty liver disease is associated 
with higher levels of objectively measured sedentary behaviour and 
lower levels of physical activity than matched healthy controls. Frontline 
Gastroenterology, flgastro-2014-100432.  

 
Hallsworth, K., Fattakhova, G., Hollingsworth, K. G., Thoma, C., Moore, S., 

Taylor, R., et al. (2011). Resistance exercise reduces liver fat and its 
mediators in non-alcoholic fatty liver disease independent of weight 
loss. Gut, 60(9), 1278-1283.  

 
Hamer, O. W., Aguirre, D. A., Casola, G., Lavine, J. E., Woenckhaus, M., & 

Sirlin, C. B. (2006). Fatty liver: Imaging patterns and pitfalls 1. 
Radiographics, 26(6), 1637-1653.  



© C
OPYRIG

HT U
PM

109 
 

Hasan, I., Gani, R., & Machmud, R. (2002). Prevalence and risk factors for 
nonalcoholic fatty liver in indonesia. J Gastroenterol Hepatol, 17(Suppl 
A), 30.  

 
Hazlehurst, J. M., & Tomlinson, J. W. (2013). Non-alcoholic fatty liver disease 

in common endocrine disorders. European Journal of Endocrinology / 
European Federation of Endocrine Societies, 169(2), R27-37.  

 
Hickman, I., Jonsson, J., Prins, J., Ash, S., Purdie, D., Clouston, A., & Powell, 

E ( .4002 .) Modest weight loss and physical activity in overweight 
patients with chronic liver disease results in sustained improvements in 
alanine aminotransferase, fasting insulin, and quality of life. Gut, 53(3), 
413-419 . 

 
Hossain, N., Afendy, A., Stepanova, M., Nader, F., Srishord, M., Rafiq, N., ... 

& Younossi, Z. (2009). Independent predictors of fibrosis in patients 
with nonalcoholic fatty liver disease. Clinical Gastroenterology and 

Hepatology, 7(11), 1224-1229. 
 
Houten, S. M., & Auwerx, J. (2004). PGC-1α: turbocharging mitochondria. 

Cell, 119 (1), 5-7. 
 
Hui, J. M., Kench, J. G., Chitturi, S., Sud, A., Farrell, G. C., Byth, K., et al. 

(2003). Long-term outcomes of cirrhosis in nonalcoholic steatohepatitis 
compared with hepatitis C. Hepatology, 38(2), 420-427.  

 
International Physical Activity Questionnaire (IPAQ)(2004). Guidelines for 

Data Processing and Analysis of the International Physical Activity 
Questionnaire (Short Form). (Online). http://www.ipaq.ki.se/.2004.  

 
International Physical Activity Questionnaire (IPAQ) (2002). Short form IPAQ. 

(Online) www.ipaq.ki.se. 
 
Itai, Y., & Saida, Y. (2002). Pitfalls in liver imaging. European radiology,12(5), 

1162-1174. 
 
Jacobs, J. E., Birnbaum, B. A., Shapiro, M. A., Langlotz, C. P., Slosman, F., 

Rubesin, S. E., & Horii, S. C. (1998). Diagnostic criteria for fatty 
infiltration of the liver on contrast-enhanced helical CT. AJR.American 
Journal of Roentgenology, 171(3), 659-664.  

 
Jia, Q., Xia, Y., Zhang, Q., Wu, H., Du, H., Liu, L., . . . Liu, X. (2015). Dietary 

patterns are associated with prevalence of fatty liver disease in adults. 
European Journal of Clinical Nutrition, 69(8), 914-921.  

 
 
 
 

http://www.ipaq.ki.se/.2004
http://www.ipaq.ki.se/


© C
OPYRIG

HT U
PM

110 
 

Jiang, X.-C., Li, Z., Liu, R ,.Yang, X. P., Pan, M., Lagrost, L., et al. (2005). 
Phospholipid transfer protein deficiency impairs apolipoprotein-B 
secretion from hepatocytes by stimulating a proteolytic pathway 
through a relative deficiency of vitamin E and an increase in intracellular 
oxidants. Journal of Biological Chemistry, 280(18), 18336-18340 . 

 
Jimba, S., Nakagami, T., Takahashi, M., Wakamatsu, T., Hirota, Y., Iwamoto, 

Y., & Wasada, T. (2005). Prevalence of non‐alcoholic fatty liver disease 
and its association with impaired glucose metabolism in japanese 
adults. Diabetic Medicine, 22(9), 1141-1145.  

 
Jin, Y., Kim, K. M., Hwang, S., Lee, S. G., Ha, T., Song, G., et al. (2012). 

Exercise and diet modification in non‐obese non‐alcoholic fatty liver 
disease: Analysis of biopsies of living liver donors. Journal of 
Gastroenterology and Hepatology, 27(8), 1341-1347.  

 
Johnson, N. A., Sachinwalla, T., Walton, D. W., Smith, K., Armstrong, A., 

Thompson, M. W., & George, J. (2009). Aerobic exercise training 
reduces hepatic and visceral lipids in obese individuals without weight 
loss. Hepatology, 50(4), 1105-1112.  

 
Johnson, N. A., & George, J. (2010). Fitness versus fatness: moving beyond 

weight loss in nonalcoholic fatty liver disease. Hepatology, 52(1), 370-
380 . 

 
Joseph, A., Saverymuttu, S., Al-Sam, S., Cook, M., & Maxwell, J. (1991). 

Comparison of liver histology with ultrasonography in assessing diffuse 
parenchymal liver disease. Clinical Radiology, 43(1), 26-31.  

 
Kawamura, D. M. (Ed.). (1997). Abdomen and superficial structures (Vol. 3). 

Lippincott Williams & Wilkins. 
 
Kemp, B. E., Mitchelhill, K. I., Stapleton, D., Michell, B. J., Chen, Z. P., & 

Witters, L. A. (1999). Dealing with energy demand: the AMP-activated 
protein kinase. Trends in biochemical sciences, 24(1), 22-25. 

 
Kern, P. A., Ranganathan, S., Li, C., Wood, L., & Ranganathan, G. (2001). 

Adipose tissue tumor necrosis factor and interleukin-6 expression in 
human obesity and insulin resistance. American Journal of Physiology-
Endocrinology and Metabolism, 280(5), E745-E751 . 

 
Kern, P. A., Di Gregorio, G .B., Lu, T., Rassouli, N., & Ranganathan, G. (2003). 

Adiponectin expression from human adipose tissue. Diabetes, 52(7), 
1779-1785 . 

 
Kim, E. J., Kim, B., Seo, H. S., Lee, Y. J., Kim, H. H., Son, H., & Choi, M. H. 

(2014). Cholesterol-induced non-alcoholic fatty liver disease and 
atherosclerosis aggravated by systemic inflammation. PloS One, 9(6), 
e97841.  



© C
OPYRIG

HT U
PM

111 
 

Kim, H. J., Kim, H. J., Lee, K. E., Kim, D. J., Kim, S. K., Ahn, C. W., et al. 
(2004). Metabolic significance of nonalcoholic fatty liver disease in 
nonobese, nondiabetic adults. Archives of Internal Medicine, 164(19), 
2169-2175.  

 
Kirovski, G., Schacherer, D., Wobser, H., Huber, H., Niessen, C., Beer, C., et 

al. (2010). Prevalence of ultrasound-diagnosed non-alcoholic fatty liver 
disease in a hospital cohort and its association with anthropometric, 
biochemical and sonographic characteristics. World, 1(3), 4.  

 
Kistler, K. D., Brunt, E. M., Clark, J. M., Diehl, A. M., Sallis, J. F., & Schwimmer, 

J. B. (2011). Physical activity recommendations, exercise intensity, and 
histological severity of nonalcoholic fatty liver disease. The American 
Journal of Gastroenterology, 106(3), 460-468.  

 
Kleemann, R., Verschuren, L., van Erk, M. J., Nikolsky, Y., Cnubben, N., 

Verheij, E. R., et al. (2007). Atherosclerosis and liver inflammation 
induced by increased dietary cholesterol intake: A combined 
transcriptomics and metabolomics analysis. Genome Biol, 8(9), R200.  

 
Kleiner, D. E., & Brunt, E. M. (2012, February). Nonalcoholic fatty liver disease: 

pathologic patterns and biopsy evaluation in clinical research. Paper 

presented at the Seminars in liver disease (Vol. 32, No. 01, pp. 003-013). 
Thieme Medical Publishers. 

 
Kleiner, D. E., Brunt, E. M., Van Natta ,M., Behling, C., Contos, M. J., 

Cummings, O. W., et al. (2005). Design and validation of a histological 
scoring system for nonalcoholic fatty liver disease. Hepatology, 41(6), 
1313-1321 . 

 
Kobayashi, S., Matsui, O., Kadoya, M., Yoshikawa, J., Gabata, T., Kawamori, 

Y., et al. (2000). CT arteriographic confirmation of focal hepatic fatty 
infiltration adjacent to the falciform ligament associated with drainage 
of inferior vein of Sappey: a case report. Radiation medicine,19(1), 51-
54. 

 
Koppe, S. W. P. (2014). Obesity and the liver: Nonalcoholic fatty liver disease. 

Translational Research, 164(4), 312-322.  
 
Korenblat, K. M., Fabbrini, E., Mohammed, B. S., & Klein, S. (2008). Liver, 

muscle, and adipose tissue insulin action is directly related to 
intrahepatic triglyceride content in obese subjects. Gastroenterology, 
134(5), 1369-1375 . 

 
Kotronen, A., & Yki-Jarvinen, H. (2008). Fatty liver: A novel component of the 

metabolic syndrome. Arteriosclerosis, Thrombosis, and Vascular 
Biology, 28(1), 27-38.  



© C
OPYRIG

HT U
PM

112 
 

Krasnoff, J. B., Painter, P. L., Wallace, J. P., Bass, N. M., & Merriman, R. B. 
(2008). Health‐related fitness and physical activity in patients with 
nonalcoholic fatty liver disease. Hepatology, 47(4), 1158-1166.  

 
Kröncke, T. J., Taupitz, M., Kivelitz, D., Scheer, I., Daberkow, U., Rudolph, B., 

& Hamm, B. (2000). Multifocal nodular fatty infiltration of the liver 
mimicking metastatic disease on CT: imaging findings and diagnosis 
using MR imaging. European radiology, 10(7), 1095-1100. 

 
Kwak, M. S., Kim, D., Chung, G. E., Kim, W., Kim, Y. J., & Yoon, J. H. (2015). 

Role of physical activity in nonalcoholic fatty liver disease in terms of 
visceral obesity and insulin resistance. Liver International, 35(3), 944-
952.  

 
Kwon, H. J., Kim, K. W., Lee, S. J., Kim, S. Y., Lee, J. S., Kim, H. J., et al. 

(2013). Value of the ultrasound attenuation index for noninvasive 
quantitative estimation of hepatic steatosis. Journal of Ultrasound in 
Medicine : Official Journal of the American Institute of Ultrasound in 
Medicine, 32(2), 229-235.  

 
Lai, S.-W., Tan, C .- K., & Ng, K.-C. (2002). Epidemiology of fatty liver in a 

hospital-based study in Taiwan. Southern medical journal, 95(11), 
1288-1293 . 

 
Lafortune, M., Madore, F., Patriquin, H., & Breton, G. (1991). Segmental 

anatomy of the liver: A sonographic approach to the couinaud 
nomenclature. Radiology, 181(2), 443-448.  

 
Landsberg, L., & Young, J. B. (1985). Insulin-mediated glucose metabolism in 

the relationship between dietary intake and sympathetic nervous 
system activity. International journal of obesity, 9, 63-68 . 

 
Lau, K., Lorbeer, R., Haring, R., Schmidt, C. O., Wallaschofski, H., Nauck, M., 

... & Völzke, H. (2010). The association between fatty liver disease and 
blood pressure in a population-based prospective longitudinal 
study. Journal of hypertension, 28(9), 1829-1835. 

 
Lee, L., Alloosh, M., Saxena, R., Van Alstine, W., Watkins, B. A., Klaunig, J. 

E., et al. (2009). Nutritional model of steatohepatitis and metabolic 
syndrome in the ossabaw miniature swine. Hepatology, 50(1), 56-67.  

 
Rampal, L., Rampal, S., Khor, G. L., Zain, A. M., Ooyub, S. B., Rahmat, R. B., 

et al. (2007). A national study on the prevalence of obesity among 
16,127 malaysians. Asia Pacific Journal of Clinical Nutrition, 16(3), 561-
566.  

 
 
 



© C
OPYRIG

HT U
PM

113 
 

Lembo, G., Napoli, R., Capaldo, B., Rendina, V., Iaccarino, G., Volpe, M., et 
al. (1992). Abnormal sympathetic overactivity evoked by insulin in the 
skeletal muscle of patients with essential hypertension. Journal of 
Clinical Investigation, 90(1), 24-29 . 

 
Lessa, A. S., Paredes, B. D., Dias, J. V., Carvalho, A. B., Quintanilha, L. F., 

Takiya, C. M., et al. (2010). Ultrasound imaging in an experimental 
model of fatty liver disease and cirrhosis in rats. BMC veterinary 
research, 6(1), 1-10.  

 
Levene, A. P., & Goldin, R. D. (2012). The epidemiology, pathogenesis and 

histopathology of fatty liver disease. Histopathology, 61(2), 141-152 . 
 
Levy, J. R., Clore, J. N., & Stevens, W. (2004). Dietary n‐3 polyunsaturated 

fatty acids decrease hepatic triglycerides in fischer 344 rats. 
Hepatology, 39(3), 608-616.  

 
Li, N., Zhang, G., Zhang, J., Jin, D., Li, Y., & Liu, T. (2015). Non-alcoholic fatty 

liver disease is associated with progression of arterial stiffness. 
Nutrition, Metabolism and Cardiovascular Diseases, 25(2), 218-223.  

 
Liao, X. H., Cao, X., Liu, J., Xie, X. H., Sun, Y. H., & Zhong, B. H. (2013). 

Prevalence and features of fatty liver detected by physical examination 
in Guangzhou. World J Gastroenterol, 19(32), 5334-5339. 

 
Lonardo, A., Lombardini, S., Scaglioni, F., Ballestri, S., Verrone, A. M., 

Bertolotti, M., et al. (2006). Fatty liver, carotid disease and gallstones: 
a study of age-related associations. World Journal of Gastroenterology, 
12(36), 5826 . 

 
Loomba, R., Abraham, M., Unalp, A., Wilson, L., Lavine, J., Doo, E., & Bass, 

N. M. (2012). Association between diabetes, family history of diabetes, 
and risk of nonalcoholic steatohepatitis and fibrosis. Hepatology, 56(3), 
943-951.  

 
Loomba, R., & Sanyal, A. J. (2013). The global NAFLD epidemic. Nature 

Reviews Gastroenterology and Hepatology, 10(11), 686-690 
 
Lopez-Suarez, A., Guerrero, J. M., Elvira-Gonzalez, J., Beltran-Robles, M., 

Canas-Hormigo, F., & Bascunana-Quirell, A. (2011). Nonalcoholic fatty 
liver disease is associated with blood pressure in hypertensive and 
nonhypertensive individuals from the general population with normal 
levels of alanine aminotransferase. European Journal of 
Gastroenterology & Hepatology, 23(11), 1011-1017.  

 
Loria, P., Lonardo, A., Bellentani, S., Day, C., Marchesini, G., & Carulli, N. 

(2007). Non-alcoholic fatty liver disease (NAFLD) and cardiovascular 
disease: An open question. Nutrition, Metabolism and Cardiovascular 
Diseases, 17(9), 684-698.  



© C
OPYRIG

HT U
PM

114 
 

Lu, H., Zeng, L., Liang, B., Shu, X., & Xie, D. (2009). High prevalence of 
coronary heart disease in type 2 diabetic patients with non-alcoholic 
fatty liver disease. Archives of Medical Research, 40(7), 571-575.  

 
Ludwig, J., Viggiano, T. R., McGill, D. B., & Oh, B. J. (1980). Nonalcoholic 

steatohepatitis: Mayo clinic experiences with a hitherto unnamed 
disease. Mayo Clinic Proceedings, 55(7), 434-438.  

 
Lv, W., Sun, R., Gao, Y., Wen, J., Pan, R., Li, L., et al. (2013). Nonalcoholic 

fatty liver disease and microvascular complications in type 2 diabetes. 
World Journal of Gastroenterology: WJG, 19(20), 3134-3142.  

 
Ma, K. L., Ruan, X. Z., Powis, S. H., Chen, Y., Moorhead, J. F., & Varghese, 

Z. (2008). Inflammatory stress exacerbates lipid accumulation in 
hepatic cells and fatty livers of apolipoprotein E knockout mice. 
Hepatology, 48(3), 770-781.  

 
Ma, X., Holalkere, N., Mino-Kenudson, M., Hahn, P. F., & Sahani, D. V. (2009). 

Imaging-based quantification of hepatic fat: Methods and clinical 
applications 1. Radiographics, 29(5), 1253-1277.  

 
Machado, M. V., Ravasco, P., Jesus, L., Marques-Vidal, P., Oliveira, C. R., 

Proença, T., et al. (2008). Blood oxidative stress markers in non-
alcoholic steatohepatitis and how it correlates with diet. Scandinavian 
Journal of Gastroenterology, 43(1), 95-102.  

 
Machado, M. V., & Cortez-Pinto, H. (2014). Non-alcoholic fatty liver disease: 

What the clinician needs to know. World Journal of Gastroenterology: 
WJG, 20(36), 12956.  

 
Machado, M., Marques-Vidal, P., & Cortez-Pinto, H. (2006). Hepatic histology 

in obese patients undergoing bariatric surgery. Journal of Hepatology, 
45(4), 600-606.  

 
Madan, K., Batra, Y., Panda, S. K., Dattagupta, S., Hazari, S., Jha, J. K., & 

Acharya, S. K. (2004). Role of polymerase chain reaction and liver 
biopsy in the evaluation of patients with asymptomatic transaminitis: 
Implications in diagnostic approach. Journal of Gastroenterology and 
Hepatology, 19(11), 1291-1299.  

 
Maersk, M., Belza, A., Stodkilde-Jorgensen, H., Ringgaard, S., Chabanova, 

E., Thomsen, H., et al. (2012). Sucrose-sweetened beverages increase 
fat storage in the liver, muscle, and visceral fat depot: A 6-mo 
randomized intervention study. The American Journal of Clinical 
Nutrition, 95(2), 283-289.  

 
Malik, A., CHEAH, P., HILMI, I. N., Chan, S. P., & GOH, K. (2007). Non‐

alcoholic fatty liver disease in malaysia: A demographic, 
anthropometric, metabolic and histological study. Journal of Digestive 
Diseases, 8(1), 58-64.  



© C
OPYRIG

HT U
PM

115 
 

Manco, M., Alisi, A., Real, J. F., Equitani, F., DeVito, R., Valenti, L., & Nobili, 
V. (2011). Early interplay of intra-hepatic iron and insulin resistance in 
children with non-alcoholic fatty liver disease. Journal of Hepatology, 
55(3), 647-653.  

 
Marchesini, G., Bugianesi, E., Forlani, G., Cerrelli, F., Lenzi, M., Manini, R., et 

al. (2003). Nonalcoholic fatty liver, steatohepatitis, and the metabolic 
syndrome. Hepatology, 37(4), 917-923.  

 
Marieb, E. N., & Hoehn, K. (2007). Human anatomy & physiology. Pearson 

Education.  
 
Marović, D. (2008). Elevated body mass index and fatty liver. Srpski Arhiv Za 

Celokupno Lekarstvo, 136(3-4), 122-125.  
 
Martín-Domínguez, V., González-Casas, R., Mendoza-Jiménez-Ridruejo, J., 

García-Buey, L., & Moreno-Otero, R. (2013). Pathogenesis, diagnosis 
and treatment of non-alcoholic fatty liver disease. Revista espanola de 
enfermedades digestivas: organo oficial de la Sociedad Espanola de 
Patologia Digestiva, 105(7), 409-420 . 

 
Masterton, G., Plevris, J., & Hayes, P. (2010). Review article: Omega‐3 fatty 

acids–a promising novel therapy for non‐alcoholic fatty liver disease. 
Alimentary Pharmacology & Therapeutics, 31(7), 679-692.  

 
McMillan, K. P., Kuk, J. L., Church, T. S., Blair, S. N., & Ross, R. (2007). 

Independent associations between liver fat, visceral adipose tissue, 
and metabolic risk factors in men. Applied Physiology, Nutrition, and 
Metabolism, 32(2), 265-272.  

 
Mehta, S. R., Thomas, E. L., Bell, J. D., Johnston, D. G., & Taylor-Robinson, 

S. D. (2008). Non-invasive means of measuring hepatic fat content. 
World Journal of Gastroenterology : WJG, 14(22), 3476-3483.  

 
Meisamy, S., Hines, C. D., Hamilton, G., Sirlin, C. B., McKenzie, C. A., Yu, H., 

et al. (2011). Quantification of hepatic steatosis with T1-independent, 
T2*-corrected MR imaging with spectral modeling of fat: blinded 
comparison with MR spectroscopy. Radiology, 258(3), 767-775 . 

 
Mirmiran, P., Azadbakht, L., & Azizi, F. (2005). Dietary quality-adherence to 

the dietary guidelines in tehranian adolescents: Tehran lipid and 
glucose study. International Journal for Vitamin and Nutrition Research, 
75(3), 195-200.  

 
Mishra, P., & Younossi, Z. M. (2007). Abdominal ultrasound for diagnosis of 

nonalcoholic fatty liver disease (NAFLD). The American Journal of 
Gastroenterology, 102(12), 2716-2717.  

 



© C
OPYRIG

HT U
PM

116 
 

Mittendorfer, B., Magkos, F., Fabbrini, E., Mohammed, B. S., & Klein, S. 
(2009). Relationship between body fat mass and free fatty acid kinetics 
in men and women. Obesity, 17(10), 1872-1877 . 

 
Mollard, R. C., Senechal, M., MacIntosh, A. C., Hay, J., Wicklow, B. A., 

Wittmeier, K. D., et al. (2014). Dietary determinants of hepatic steatosis 
and visceral adiposity in overweight and obese youth at risk of type 2 
diabetes. The American Journal of Clinical Nutrition, 99(4), 804-812.  

 
Muhidin, S. O., Magan, A. A., Osman, K. A., Syed, S., & Ahmed, M. H. (2012). 

The relationship between nonalcoholic fatty liver disease and colorectal 
cancer: The future challenges and outcomes of the metabolic 
syndrome. Journal of Obesity, 2012  

 
Musso, G., Gambino, R., De Michieli, F., Cassader, M., Rizzetto, M., Durazzo, 

M., et al. (2003). Dietary habits and their relations to insulin resistance 
and postprandial lipemia in nonalcoholic steatohepatitis. Hepatology, 
37(4), 909-916.  

 
Musso, G., Gambino, R., Bo, S., Uberti, B., Biroli, G., Pagano, G., & Cassader, 

M. (2008). Should nonalcoholic fatty liver disease be included in the 
definition of metabolic syndrome? Diabetes care, 31(3), 562-568 . 

 
Musso, G., Gambino, R., Cassader, M., & Pagano, G. (2011). Meta-analysis: 

natural history of non-alcoholic fatty liver disease (NAFLD) and 
diagnostic accuracy of non-invasive tests for liver disease severity. 
Annals of medicine, 43(8), 617-649 . 

 
National Cholesterol Education Program (NCEP): Expert Panel on Detection, 

Evaluation and Treatment of High Blood Cholesterol in Adults (Adults 
Treatment Panel III) final report (2002). Circulation, 106, 3143  

 
National Coordinating Committee on Food and Nutrition (NCFFN)(2005). 

Recommended Nutrient Intakes for Malaysia (2005). Ministry of Health 
Malaysia, Kuala Lumpur. 

 
Neuschwander-Tetri, B. A., & Caldwell, S. H. (2003). Nonalcoholic 

steatohepatitis: Summary of an AASLD single topic conference. 
Hepatology, 37(5), 1202-1219.  

 
Neuschwander‐Tetri, B. A., Clark, J. M., Bass, N. M., Van Natta, M. L., Unalp‐

Arida, A., Tonascia, J., et al. (2010). Clinical, laboratory and histological 
associations in adults with nonalcoholic fatty liver disease. Hepatology, 
52(3), 913-924 . 

 
Neuschwander-Tetri, B. A. (2013). Carbohydrate intake and nonalcoholic fatty 

liver disease. Current Opinion in Clinical Nutrition & Metabolic Care, 
16(4), 446-452 . 



© C
OPYRIG

HT U
PM

117 
 

NOMURA, H., KASHIWAGI, S., HAYASHI, J., KAJIYAMA, W., TANI, S., & 
GOTO, M. (1988). Prevalence of fatty liver in a general population of 
okinawa, japan. Japanese Journal of Medicine, 27(2), 142-149.  

 
Machado, M. V., & Cortez-Pinto, H. (2014). Non-alcoholic fatty liver disease: 

what the clinician needs to know. World J Gastroenterol, 20(36), 12956-
12980. 

 
Oddy, W. H., Herbison, C. E., Jacoby, P., Ambrosini, G. L., O'Sullivan, T. A., 

Ayonrinde, O. T., et al. (2013). The western dietary pattern is 
prospectively associated with nonalcoholic fatty liver disease in 
adolescence. The American Journal of Gastroenterology, 108(5), 778-
785.  

 
Oliveira, C. P., de Lima Sanches, P., de Abreu-Silva, E. O., & Marcadenti, A. 

(2015). Nutrition and physical activity in nonalcoholic fatty liver disease. 
Journal of diabetes research, 2016. 

 
Omagari, K., Kadokawa, Y., Masuda, J. I., Egawa, I., Sawa, T., Hazama, H., 

et al. (2002). Fatty liver in non‐alcoholic non‐overweight Japanese 
adults: Incidence and clinical characteristics. Journal of 
gastroenterology and hepatology, 17(10), 1098-1105 . 

 
Oni, E. T., Kalathiya, R., Aneni, E. C., Martin, S. S., Blaha, M. J., Feldman, T., 

et al. (2015). Relation of physical activity to prevalence of nonalcoholic 
fatty liver disease independent of cardiometabolic risk. The American 
Journal of Cardiology, 115(1), 34-39.  

 
OSHIBUCHI, M., NISHI, F., SATO, M., OHTAKE, H., & OKUDA, K. (1991). 

Frequency of abnormalities detected by abdominal ultrasound among 
Japanese adults. Journal of gastroenterology and hepatology, 6(2), 
165-168 . 

 
Ozturk, Z. A., & Kadayifci, A. (2014). Insulin sensitizers for the treatment of 

non-alcoholic fatty liver disease. World Journal of Hepatology, 6(4), 
199.  

 
Pagano, G., Pacini, G., Musso, G., Gambino, R., Mecca, F., Depetris, N., et 

al. (2002). Nonalcoholic steatohepatitis, insulin resistance, and 
metabolic syndrome: Further evidence for an etiologic association. 
Hepatology, 35(2), 367-372.  

 
Pan, J., & Fallon, M. B. (2014). Gender and racial differences in nonalcoholic 

fatty liver disease. World Journal of Hepatology, 6(5), 274.  
 
Park, H. Y., Jhun, B. W., Jeong, H. J., Chon, H. R., Koh, W. J., Suh, G. Y., et 

al. (2015). The Complex Association of Metabolic Syndrome and Its 
Components with Computed Tomography–Determined Emphysema 
Index. Metabolic syndrome and related disorders, 13(3), 132-139. 



© C
OPYRIG

HT U
PM

118 
 

PARK, S. H., JEON, W. K., KIM, S. H., KIM, H. J., PARK, D. I., CHO, Y. K., et 
al.  (2006). Prevalence and risk factors of non‐alcoholic fatty liver 
disease among korean adults. Journal of Gastroenterology and 
Hepatology, 21(1), 138-143.  

 
Park, S. H., Kim, P. N., Kim, K. W., Lee, S. W., Yoon, S. E., Park, S. W., et al. 

(2006). Macrovesicular Hepatic Steatosis in Living Liver Donors: Use 
of CT for Quantitative and Qualitative Assessment 1. Radiology, 239(1), 
105-112 . 

 
Park, S. H., Kim, B. I., Yun, J. W., Kim, J. W., Park, D. I., Cho, Y. K., et al. 

(2004). Insulin resistance and C‐reactive protein as independent risk 
factors for non‐alcoholic fatty liver disease in non‐obese asian men. 
Journal of Gastroenterology and Hepatology, 19(6), 694-698.  

 
Petersen, K. F., Dufour, S., Savage, D. B., Bilz, S., Solomon, G., Yonemitsu, 

S., et al. (2007). The role of skeletal muscle insulin resistance in the 
pathogenesis of the metabolic syndrome. Proceedings of the National 
Academy of Sciences, 104(31), 12587-12594 . 

 
Petta, S., Di Marco, V., Cammà, C., Butera, G., Cabibi, D., & Craxi, A. (2011). 

Reliability of liver stiffness measurement in non‐alcoholic fatty liver 
disease: the effects of body mass index. Alimentary pharmacology & 
therapeutics, 33(12), 1350-1360 . 

 
Pi‐Sunyer, F. X. (2002). The obesity epidemic: Pathophysiology and 

consequences of obesity. Obesity Research, 10(S12), 97S-104S.  
 
Quispe, R., Manalac, R. J., Faridi, K. F., Blaha, M. J., Toth, P. P., Kulkarni, K. 

R., et al. (2015). Relationship of the triglyceride to high-density 
lipoprotein cholesterol (TG/HDL-C) ratio to the remainder of the lipid 
profile: The very large database of lipids-4 (VLDL-4) study. 
Atherosclerosis, 242(1), 243-250.  

 
Rafiq, N., Bai, C., Fang, Y., Srishord, M., McCullough, A., Gramlich, T., & 

Younossi, Z. M. (2009). Long-term follow-up of patients with 
nonalcoholic fatty liver. Clinical Gastroenterology and Hepatology, 7(2), 
234-238 

 
Rampal, L., Rampal, S., Khor, G. L., Zain, A. M., Ooyub, S. B., Rahmat, R. B., 

et al. (2007). A national study on the prevalence of obesity among 
16,127 Malaysians. Asia Pacific journal of clinical nutrition, 16(3), 561-
566. 

 
Ramsay, L. E. (1977). Liver dysfunction in hypertension. The Lancet,  

310(8029), 111-114. 
 



© C
OPYRIG

HT U
PM

119 
 

Riley, T. R., & Bruno, M. A. (2005). Sonographic measurement of the thickness 
of subcutaneous tissues in nonalcoholic fatty liver disease versus other 
chronic liver diseases. Journal of Clinical Ultrasound, 33(9), 439-441.  

 
Rocha, R., Cotrim, H. P., Carvalho, F., Siqueira, A., Braga, H., & Freitas, L. 

(2005). Body mass index and waist circumference in non‐alcoholic fatty 
liver disease. Journal of Human Nutrition and Dietetics, 18(5), 365-370.  

 
Rodriguez-Hernandez, H., Gonzalez, J. L., Marquez-Ramirez, M. D., Flores-

Hernandez, M., Rodriguez-Moran, M., & Guerrero-Romero, F. (2008). 
Risk factors associated with nonalcoholic fatty liver disease and its 
relationship with the hepatic histological changes. European Journal of 
Gastroenterology & Hepatology, 20(5), 399-403.  

 
Rogal, S. S., Ukomadu, C., Levy, B. D., & Loscalzo, J. (2011). A sweet source 

of abdominal pain. New England Journal of Medicine, 364(18), 1762-
1767.  

 
Ruhl, C. E., & Everhart, J. E. (2003). Determinants of the association of 

overweight with elevated serum alanine aminotransferase activity in the 
united states. Gastroenterology, 124(1), 71-79.  

 
Ruhl, C. E., & Everhart, J. E. (2004). Epidemiology of nonalcoholic fatty liver. 

Clinics in liver disease, 8(3), 501-519 
 
Saadeh, S., Younossi, Z. M., Remer, E. M., Gramlich, T., Ong, J. P., Hurley, 

M., et al. (2002). The utility of radiological imaging in nonalcoholic fatty 
liver disease. Gastroenterology, 123(3), 745-750.  

 
Sahebkar, A., Chew, G. T., & Watts, G. F. (2014). New peroxisome 

proliferator-activated receptor agonists: potential treatments for 
atherogenic dyslipidemia and non-alcoholic fatty liver disease. Expert 
opinion on pharmacotherapy, 15(4), 493-503 . 

 
Sanyal, A. J., Campbell–Sargent, C., Mirshahi, F., Rizzo, W. B., Contos, M. J., 

Sterling, R. K., et al. (2001). Nonalcoholic steatohepatitis: association 
of insulin resistance and mitochondrial abnormalities. 
Gastroenterology, 120(5), 1183-1192. 

 
Sanyal, A. J., & Reid, B. M. (2008). Which patients with fatty liver disease on 

ultrasound require a liver biopsy? Curbside Consultation of the Liver: 
49 Clinical Questions, , 133.  

 
Sass, D. A., Chang, P., & Chopra, K. B. (2005). Nonalcoholic fatty liver 

disease: A clinical review. Digestive Diseases and Sciences, 50(1), 
171-180.  

 
 
 



© C
OPYRIG

HT U
PM

120 
 

Sasso, M., Beaugrand, M., De Ledinghen, V., Douvin, C., Marcellin, P., 
Poupon, R., et al. (2010). Controlled attenuation parameter (CAP): a 
novel VCTE™ guided ultrasonic attenuation measurement for the 
evaluation of hepatic steatosis: preliminary study and validation in a 
cohort of patients with chronic liver disease from various causes. 
Ultrasound in medicine & biology, 36(11), 1825-1835 . 

 
Sasso, M., Miette, V., Sandrin, L., & Beaugrand, M. (2012). The controlled 

attenuation parameter (CAP): A novel tool for the non-invasive 
evaluation of steatosis using Fibroscan®. Clinics and research in 
hepatology and gastroenterology, 36(1), 13-20 . 

 
Schneider, A. L., Lazo, M., Selvin, E., & Clark, J. M. (2014). Racial differences 

in nonalcoholic fatty liver disease in the US population. Obesity, 22(1), 
292-299.  

 
Schwenzer, N. F., Springer, F., Schraml, C., Stefan, N., Machann, J., & Schick, 

F. (2009). Non-invasive assessment and quantification of liver steatosis 
by ultrasound, computed tomography and magnetic resonance. Journal 
of hepatology, 51(3), 433-445 . 

 
Sen, A., Kumar, J., Misra, R. P., Uddin, M., & Shukla, P. (2013). Lipid profile 

of patients having non-alcoholic fatty liver disease as per ultrasound 
findings in north indian population: A retrospective observational study. 
Journal of Medical & Allied Sciences, 3(2), 59-62  
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