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Abstract  

Non-alcoholic fatty liver disease (NAFLD) is a significant public health issue, and its frequency 

has risen in recent years. NAFLD refers to a group of disorders characterized by a buildup of fat 

in the liver. It is most commonly found in those who are overweight or obese. This thesis will use 

the distribution of genetic polymorphisms within NAFLD and control populations to answer a 

number of questions, including whether SNPs associated with a change in function of associated 

genes could perform natural experiments on disease progression, the role of environmental co-

factors, the efficacy of therapeutic targets, and disease association mechanisms. This thesis also 

aims to identify the association between NAFLD risk and CVD risk in Scottish populations. 

Using the GODARTs Scottish cohort (longitudinal). In GoDARTs, genotypic and biochemistry 

data were available for 13,150 patients. 

 We evaluated the role of the CYP2E1 gene, as well as biochemical and anthropometric parameters 

for their association with NAFLD in the GODARTs cohort. We found some candidate genes for 

CYP2E1, and environmental factors predispose to non-alcoholic fatty liver disease. In addition, 

we found the CYP2E1 polymorphism rs2249695 was positively associated with ALD. In IL-6 and 

IL-6R polymorphisms to interact with NAFLD in determining CVD risk, we did not find an 

association between them in the GODARTs cohort. 

The work presented in this thesis highlights the worth of employing a large population dataset to 

investigate the distribution of genetic polymorphisms in NAFLD and control populations, as well 

as the relevance of environmental co-factors, therapeutic efficacy, and mechanisms of disease 

association. 
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1   Introduction 

1.1 Introduction to Non-Alcoholic Fatty Liver Disease 

Non-alcoholic fatty liver disease (NAFLD) is the most prevalent liver disease of the contemporary 

world, affecting up to 25% of the global adult population, with an incidence of 90% and 76% in 

people with obesity and type 2 diabetes mellitus, respectively.1 Its progressive nature, combined 

with widespread incidence, have made it the second most common reason for liver transplantation 

in the United States.2 

The liver possesses a strategic role in detoxification, as well as the metabolic homeostasis of 

glucose, lipids and amino acids.3 The former function renders it particularly susceptible to damage 

by endogenous toxins and exogenous xenobiotics, as observed in chronic alcoholism.4 Being the 

hub of lipid transport, metabolism and de novo synthesis, any interference with liver function leads 

to the disruption of equilibrium between lipid acquisition and utilization, resulting in 

intracytoplasmic macro- or microvesicular accumulation of triglycerides within hepatocytes.5 

When the fat content exceeds 5% of liver volume, the condition is called hepatic steatosis or fatty 

liver disease (FLD).6,7 

In 1980, the term non-alcoholic fatty liver disease (NAFLD) was coined to describe a disease that 

originated in patients without a history of excessive alcohol consumption, similar to ALD.8 In all 

criteria and consensus recommendations, the existing definition of NAFLD includes the removal 

of other causes of liver diseases and a significant amount of alcohol on a regular basis, although 

the precise cut-offs to determine 'significant' remain hotly discussed.9 The proposed alcohol intake 

levels range from >21g (>2.62 units) of standard drinks per week on average in men and >14g 

(>1.75 units) of standard drinks per week on average in women, which is an acceptable level for 

substantial alcohol consumption when examining patients with suspected NAFLD.9 Nevertheless, 
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recent results, including from a large cohort of 2475 subjects in the Framingham Heart Study with 

hepatic steatosis as determined by computed tomography, indicate that alcohol use is correlated 

with hepatic steatosis according to current definitions, including in subjects with presumed 

NAFLD.9 It is obvious that the four-decade-old obsolete word NAFLD will no longer help to 

usefully identify a highly heterogeneous disease with advancements in current information on the 

spectrum of fatty liver diseases.8 A consensus for a name change from NAFLD to metabolic 

associated fatty liver disease or 'MAFLD' was recently reached to address these issues by an 

international expert panel.8 A new collection of MAFLD diagnostic criteria was subsequently 

proposed to better represent existing knowledge of the disease.8 It also provides a scientific-based 

conceptual basis to consider other etiologies that could lead to fatty liver diseases.8 Undoubtedly, 

the term MAFLD is more accurate to understand the pathophysiology of the disease, throughout 

this thesis, the term NAFLD will be used as this is the terminology used in almost all previous 

literature and is still commonly used. 

Non-alcoholic fatty liver disease is a spectrum of lesions from fatty liver (NAFL) to non-alcoholic 

steatohepatitis (NASH) without excessive alcohol consumption. However, it is not simply a binary 

stage entity, but in fact, a complex multistage condition with various patterns of hepatic injury 

culminating into end-stage organ damage, i.e. cirrhosis. 

1.2   Epidemiology and Global Burden of Disease:  

Incidence and Prevalence: Regional data showed incidence rates of 28.01 per 1000 for Israel and 

52.34 per 1000 for Asia.1 Prevalence rates documented in studies vary due to different diagnostic 

modalities employed, i.e. imaging (ultrasound, CT scan, MRI/spectroscopy), blood analysis 

(elevated liver enzymes and/or Fatty liver Index), and liver biopsies.  
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Prevalence via Imaging: Global prevalence of NAFLD when diagnosed via imaging was 25.24%. 

It included participants from Asia, Africa, Europe, Middle East, Oceania, North and South 

America. South America and the Middle East had the highest prevalence of NAFLD, whereas 

Africa had the lowest percentage.1 

Prevalence via Blood Testing: Regional prevalence was 13% (Europe), 9.26% (Asia) and 12.89% 

(North America).1 

Prevalence via Liver Biopsy: Overall prevalence was 59.10%.1 

Histopathological changes and lesions in non-alcoholic fatty liver disease can be scored by using 

Steatosis, Activity and Fibrosis (SAF) score. This score represents assessment of damage by 

grading Steatosis (S0-S3), Activity (A0-A4) and Fibrosis (F0-F4).10 

Although biopsy is considered as the best current modality to assess damage and pathological 

changes within hepatic parenchyma, yet it comes with inherent morbidity and mortality risks and 

we know that the structural changes are not uniform within the liver, so the sampling location and 

technique is a significant variable. Due to its invasive nature, it cannot be used as a population-

based screening tool and is only used in selective cases with existing clinical indication.  

Non-Alcoholic Fatty Liver (NAFL) - If more the 5 % hepatic steatosis is present in the absence 

of conditions and etiologies like hepatitis (viral and autoimmune), drug induced liver steatosis (e.g. 

Tamoxifen, Amiodarone), Wilson’s Disease, Hemochromatosis.1 NAFL covers patients who show 

only fatty liver or steatosis and mild changes associated with it such as inflammatory cells or 

ballooned hepatocytes, but not enough to label them as NASH. Some retrospective data shows that 

such cases may stay as benign as steatosis or may progress to severe disease, however at a slower 
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rate than NASH. Morbidity in patients with steatosis only, as reported by epidemiological data is 

found to be cardiovascular and/or non hepatic malignancy related conditions. Some prospective 

studies have also shown cases where lesions have stabilized or regressed over time.11 The presence, 

quantity and size of lipid droplet within hepatocyte constitute various patterns of steatosis e.g. 

‘macrovesicular’ pattern is a large lipid vacuole that fills entire hepatocyte and pushes nucleus to 

periphery. When small and large droplets are present, it forms ‘mediovesicular steatosis’.10  

Table 1: Grading steatosis 

Grading (Steatosis) 

1. Variable Grade Percentage of affected hepatocytes 

 

Steatosis 

S0 (Normal liver) Less than 5 % 

S1 Less than 33 % 

S2 At least 33 % 

S3 66 % 

Non-Alcoholic Steatohepatitis (NASH): Histological evidence of hepatocyte damage with 

hepatic steatosis constitutes NASH. Hepatic fibrosis is the most significant pathological feature 

associated with NASH.1 The definition has changed with time but currently it is agreed by all that 

in addition to steatosis, lobular inflammation and hepatocyte ballooning are required features in 

order to be labeled as NASH. Lobular Inflammation is marked by small foci of macrophages and 

lymphocytes. Other Histopathological features such as Mallory-Denk bodies also called apoptotic 

bodies may be visible but are not consistently seen and they are not a part of definition of NASH. 

Rarely neutrophil aggregates appear but with Mallory-Denk bodies they become prominent. The 

non-alcoholic fatty liver disease activity score (NAS) is defined by the NASH clinical research 

network (NASH CRN) system, which is a composite score of steatosis, lobular inflammation, 
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cytological ballooning, and fibrosis (disease stage). Importantly, the NAS score should not be used 

for diagnosing NASH as a replacement.10 NASH CRN has developed 4-tier grading score (grade 

0-3) on basis of number of inflammatory cells, where as there is 3-tier score (0-2) in SAF scoring 

system.12 Studies show that when portal inflammation is present and becomes prominent, it 

indicates a poor prognosis.10 

Ballooning Hepatocyte Injury:  Another important feature of NASH is ballooning, in which the 

hepatocytes have a clear, flocculent, non-vacuolar cytoplasm and lose their regular hexagonal 

edges. Differences between NASH CRN and SAF scoring is based upon its number (none, few 

and many) and size of ballooned hepatocytes respectively.12 SAF score shows Activity score of 

Lobular inflammation (0-2) and Ballooning (0-2) as well. This scoring has simplified disease 

scoring and studies also show that could also be correlated with overall survival.13  

Risk of Hepatocellular Carcinoma (HCC): Viral hepatitis is a well-known etiology of HCC 

however in 50 % patients it occurs due to other reasons. Prevalence of HCC in NAFLD and NASH 

is estimated approximately as 0.9% and 2.8 % respectively. A survey in North America found 

NAFLD as most frequent cause of HCC (approx 59%) followed by Diabetes (36% approx).14 

Cirrhosis was found to be present in 80% of patients with HCC; however, few case series and case 

reports also report HCC in non-cirrhotic non-alcoholic steatohepatitis patients.15 

Fibrosis: in this stage, fibrous scar tissue generates around the hepatocytes (liver cells) and blood 

vessels. Fibrosis is very significant feature that independently influences over all and organ 

specific cause of mortality. Its presence however is variable in both conditions (NAFL and NASH). 

Where fibrosis is always associated with NASH, studies have also shown that NAFL can also have 



                                                                                                                                                                         22 
 

 

some degree of fibrosis or it can be NASH in remission stage. Various stages of fibrosis are 

mentioned in the figure (1) below. 

Figure 1: Stages of Fibrosis 

 

The NASH Clinical Research Network's Pathology Committee developed and validated a 

histological feature grading system that covers the whole range of NAFLD lesions, as well as a 

NAFLD activity score (NAS) for clinical trials.16 The scoring system included 14 histological 

variables, four of which were scored semi-quantitatively: steatosis (0-3), lobular inflammation (0-

2), hepatocellular ballooning (0-2), and fibrosis (0-4).16 

The combined liver-specific and overall mortality incidence rate estimates for NAFLD cohorts 

were 0.77 per 1,000 person-years (95% confidence interval: 0.33-1.77 events) and 15.44 per 1,000 

person-years (95% confidence interval: 11.72-20.34 events), respectively.1 The yearly incidence 

of HCC in NAFLD patients was 0.44 per 1,000 person-years (95% CI: 0.29-0.66), while the pooled 
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mean annual fibrosis progression rate estimate for patients with histological NASH was 0.09 (95% 

CI: 0.06-0.12), with 40.76% progressed (95% CI: 34.69-47.13) (Figure 2).1 

Figure 2: NASH CRN Score16  

Morbidity & Mortality1 

Stage Liver specific 

Mortality 

Range Overall 

Mortality 

Range HCC incidence 

NAFLD 0.77 per 1,000 0.33- 1.77 11.77 per 1,000 

person-years 

7.10-19.53 0.44 per 1,000 

person-years 

(range,0.29-0.66)1 

NASH 15.44 per 1,000 11.72-20.34 25.56 per 1,000 

person-years 

6.29-103.80  

Disease Progression1 

 

NASH 

Fibrosis progression proportion mean annual progression rate 

40.76% (95% CI: 34.69- 47.13) 0.09 (95% CI: 0.06-0.12) 

 

Cirrhosis: It is the most advanced stage of NAFLD. In this stage, liver cells and scar tissue form 

clumps. The liver becomes lumpy and severely shrinks. The term cirrhosis refers to the contraction 

of the liver. One of the leading etiologies of liver transplant in U.S (among adults) is significant 

fibrosis causing Cirrhosis.1 Another study mentions that of the patients that progress to hepatic 

fibrosis 80 percent are slow progressors and stay within mild fibrosis (F0-F2), only 20 % patients 

are rapid progressors and advance rapidly to end stage liver i.e. cirrhosis which either culminates 

into liver transplant or if left untreated then death.14 
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Figure 3: NAFLD progression to Cirrhosis 

 

1.3   Risk factors for development of NAFLD 

The major metabolic risk factors for NAFLD are obesity, T2D and dyslipidemia.19,20 Obese 

patients are more than four times more likely to have NAFLD, according to studies.21 The 

production of free fatty acids (FFAs) from visceral fat is increased in obese patients, which leads 

to an increase in FFA uptake by the liver, resulting in steatosis.22 Although total fatness predicts 

NAFLD; central obesity is a greater risk factor.23 Because steatosis severity interacts with hepatic 

insulin resistance, visceral fat is metabolically active, and insulin resistance plays a key role in the 

link between NAFLD and obesity.22 The released FFA taken up by the liver are converted to 

triglyceride  packaged into VLDL,24 which become LDL during circulation.25,26 This causes 

dyslipidemia characterized by elevated serum triglycerides and LDL,27 which leads to hepatic lipid 

overload and NAFLD. T2D is the condition in which the pancreatic β-cells produce insulin, but it 

is insufficient because of insulin resistance.28 Peripheral insulin resistance leads to NAFLD 

through multiple mechanisms.5,29–32 
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Hypertension appears to be another condition having strong association with NAFLD.33,34 Obesity, 

T2D and dyslipidemia are mechanistic causes of development of NAFLD,5,29-31 but along with 

them, hypertension is also a part of the metabolic syndrome, and so these conditions frequently 

occur together.34 However, studies have indicated that essential hypertension in itself is the 

manifestation of insulin resistance,35 independent of obesity,36 and exhibits strong association with 

NAFLD even in non-diabetic, non-obese patients with normal levels of liver enzymes.32 

1.4   Mechanism of NAFLD development 

Insulin defends stored fat in adipose tissue from lipolysis in normal physiology.29 But in obesity, 

the adipocytes burgeoning with lipids trigger an inflammatory response that impairs their lipid-

storing and insulin-sensitizing endocrine functions, leading to increased lipolysis and high levels 

of circulating free fatty acids (FFA) irrespective of insulin secretion.37–40 These FFA released from 

adipocytes are taken up by the liver and accumulate in hepatocytes.41 White adipose tissue (WAT) 

is the primary reservoir of excess energy, in the form of fatty acids esterified as triglycerides (TG), 

stored in a single large cytoplasmic lipid droplet.37,42 WAT also sequesters most of the circulating 

free fatty acids (FFA) to prevent lipotoxicity and peripheral insulin resistance.37,43-50 Additionally, 

WAT is an important endocrine organ that secretes a range of adipokines, which enhance the action 

of insulin, and influence energy metabolism and feeding, through multiple neuroendocrine 

pathways.37,50–61 

In obesity induced by hyperphagia, adipocytes enlarge to accommodate the excess TG, and also 

proportionally upregulate enzymes involved in TG synthesis for this purpose.37,62,63 However, as 

more TG is deposited, it stresses these cells and interferes with their endocrine function.37 In this 

hypertrophied state, adipocytes activate the JNK1–MAP4K4–AP1 pathway,37,64 and begin to 

secrete large amounts of chemokines like interleukin-6 (IL-6),65-67 monocyte chemoattractant 
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protein-1 (MCP-1),68,69 tumour-necrosis factor-α (TNFα),70 and other peptides,71 which initiate an 

inflammatory response.37 

These chemoattractants enhance macrophage infiltration into adipocytes,72,73 from 5–10% 

macrophages per total number of cells in lean people, to 50% macrophages in obesity.74–77 The 

infiltrating macrophages also secrete other cytokines like interleukin-1β (IL1β),78 which lead to 

increase in adipose lipolysis and decrease in adipose TG synthesis.29 This results in increased 

levels of circulating FFA and activated lipids in pancreatic β-cells, liver and skeletal muscle, which 

contributes to insulin resistance,37 and NAFLD.5 Further, the action of insulin in liver during 

overnutrition promotes de novo lipogenesis and adds to the lipid overload in hepatocytes.5,29 

Excess accumulation of intracellular lipid in non-adipose tissue can promote insulin resistance,37 

alter lipid signalling, disrupt membrane integrity, and lead to the production of ceramide and 

reactive oxygen species (ROS), which trigger apoptosis.43-45 Hence, speedy clearance of FFA in 

hepatocytes is required to prevent lipotoxicity.5 

Clearance of FFA in hepatocytes can occur through either export or oxidation only,5,78 and both 

processes are controlled by a family of ligand-activated nuclear receptors that function as 

transcription factors, called peroxisome proliferator-activated receptors (PPARs).5,29,17,79–87 

Uptake of FFA is regulated by PPARγ.5,79 The export of excess hepatic FFA occurs in the form of 

VLDL, whose formation requires the lipidation of the integral apolipoprotein apoB100 in the 

endoplasmic reticulum (ER), by the enzyme microsomal triglyceride transfer protein (MTTP), in 

a process regulated by PPARα.5,29 Consistent with this, VLDL secretion has been observed to be 

elevated in NAFLD patients.88–90,24 Although moderate levels of fatty acids upregulated apoB100 

levels, hepatic lipid beyond 10% led to a plateau in VLDL secretion, and the posttranslational 

degradation of apoB100 due to ER stress.24,91,92 In the setting of overnutrition, insulin also 
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downregulates MTTP synthesis and promotes apoB100 degradation, thus decreasing hepatic lipid 

export,29,93,94 further contributing to hepatic lipid accumulation. 

The other route for clearance is fatty acid oxidation (FAO), which is also regulated by 

PPARα.29,17,82–87 Following transport by the carnitine shuttle into the mitochondrial matrix, FAO 

mainly proceeds through β-oxidation by the trifunctional protein (TFP), except for very long fatty 

acids that are oxidized in peroxisomes.17,18,83,3 But when the carnitine shuttle and TFP are 

overwhelmed by lipid overload as in NAFLD, PPARα activates compensatory routes, such as ω-

oxidation.5,83,84,95 This reaction is catalysed by members of the cytochrome P450 mixed function 

oxidase (CYP) family of enzymes such as CYP4A1, CYP4A3 and CYP2E1.5,84  

The alternative fate for FFAs within hepatocytes beyond oxidation or export is storage as 

triglyceride within macro- and micro-vesicles leading to steatosis, which can be viewed as an 

adaptive mechanism to reduce ROS generation.  

1.5   Role of CYP2E1 in NAFLD 

CYP2E1 is a membrane protein that is abundantly expressed in liver, so much so that it contributes 

to almost half of the total hepatic CYP family mRNA.96 Its expression is further induced in 

response to fasting,97 obesity,98 diabetes,99 ethanol100,101 and smoking.102,103 CYP2E1, like other 

members of its family, is a haem-containing enzyme that carries out oxidation via radical haem 

mechanism.104 However, the poor coupling of this radical haem mechanism to the oxidation of 

reduced NADP in CYP2E1, makes it particularly prone to generating a considerable amount of 

reactive oxygen species (ROS).105–107 It also generates toxic diols during ω-oxidation.5,84 CYP2E1 

is present in both the ER and mitochondria, and therefore, increases ROS production in both 

cellular compartments, leading to lipid peroxidation and mitochondrial DNA damage.100,108,109 



                                                                                                                                                                         28 
 

 

ROS may also make the already stressed hepatocytes more susceptible to apoptosis, in response to 

pro-inflammatory cytokines like tumour necrosis factor (TNF)-α, while also serving to activate 

hepatic stellate cells, and contribute to disease progression.17,110,111 

The relevance of CYP2E1 to hepatic steatosis is well supported by observations of an experimental 

murine model, as well as human NASH patients.5 Hepatic steatosis, with compensatory CYP2E1 

upregulation and oxidative stress, is seen in mice heterozygous for the mitochondrial TFP, which 

have a compromised β-oxidation.112,113 Increased CYP2E1 expression and activity is specifically 

observed in steatotic areas of the liver in NASH patients, as opposed to healthy controls.114–116 The 

antioxidant defence system was also depleted in the mitochondria of animal models of NAFLD, 

as well as liver biopsies of NAFLD patients,87,117 perhaps giving rise to a self-perpetuating and 

vicious cycle.5 

1.6   Polymorphisms in CYP2E1 and NAFLD 

Though there are other genes involved in lipid metabolism like adiponutrin (PNPLA3), 

transmembrane 6 superfamily member 2 (TM6SF2) and membranebound lysophospholipid 

acyltransferase 7 (MBOAT7) that are highly significant in the development of NAFLD,118 the role 

of CYP2E1 is that it may be important in disease association and progression,5,111–116  risk factors 

such as smoking and ethanol consumption also operate through it.101,107,119-122 CYP2E1 is a 

polymorphic gene, and the SNPs may affect its expression and function.123 CYP2E1 gene contains 

both non-synonymous SNPs, such as R76H (rs72559710), V179I (rs6413419) and V389I 

(rs55897648), as well as promotor polymorphisms like −1295G>C (rs3813867, also referred to as 

RsaI/PstI)124 and −1055C>T (rs2031920), in addition to intronic polymorphism like 9896C>G 

(rs2070676) in intron 7. While V179I and V389I substitutions do not impact CYP2E1 activity 

during in vitro assays,125,126 the R76H substitution resulted in only 37% of protein production and 
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36% activity as the wild-type protein, indicating reduced stability or production.126,127 The 

promotor polymorphisms −1295G>C (rs3813867) and −1055C>T (rs2031920) have been found 

to be strongly linked,128 and were demonstrated to result in higher transcription of CYP2E1.128–130 

In particular, the −1295G>C (rs3813867) polymorphism was found to increase the risk of essential 

hypertension upon ethanol consumption.131 Considering the strong association of hypertension to 

insulin resistance and NAFLD, this SNP may be relevant. The intron 7 polymorphism 9896C>G 

(rs2070676) has also been of interest due to association with altered gene function and 

expression.132 These SNPs may directly modify the tendency of CYP2E1 to associate with 

NAFLD, and also differentially modify the extent to which CYP2E1 acts on the risk factors. So, 

it is important to investigate the association of these SNPs of CYP2E1 in relation to NAFLD and 

its risk factors. 

1.7   Role of polymorphisms in other genes in NAFLD 

NAFLD is a highly polygenic condition and the role of other genes, in addition to cyp2e1, are as 

important. In fact, even in studies focused on cyp2e1, several SNPs in alcohol dehydrogenase, 

GST, and SOD genes were discovered. A dedicated search for polymorphisms in genes other than 

cyp2e1 produced relevant research articles, as mentioned in table (2).  

Table 2: Studies genetic variants associated with non-alcoholic fatty liver disease (NAFLD)  
 

Ref Study population Gene SNPs Main findings 

 

133 

 

34 Chinese patients 

 

PNPLA3 

rs738408, rs139051, 

rs738409/I148M, 

rs2072906, rs4823173, 

rs2294918 and rs2294919 

associated with NAFLD by having an 

up-regulatory effect on serum 

phospholipids 

 

 

134 

 

 

176 Czech patients  

 

 

PNPLA3 

 

 

rs738409/I148M 

very important in determining the 

outcomes of various therapies such as 

dipeptidyl peptidase-4 inhibitors, 

lifestyle changes, and bariatric surgery, 

and also in the development of hepatic 

steatosis after liver transplantation 

135 302 US patients  adiponectin rs1501299 G/G and 

rs17300539 G/G 

development of hepatic steatosis after 

liver transplantation 
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136 

 

Korean patients sample size of 1,593 

patients with NAFLD and 2,816 control 

subjects  

PNPLA3 

 

 

SAMM50 

rs738409, rs12483959 and 

rs2281135 

 

rs2143571, rs2073080 and 

rs3761472 

important for mitochondrial cristae 

maintenance and respiratory complex 

assembly, since NAFLD is a condition 

arising from energy imbalance. 

Associated with the presence and 

severity of NAFLD 

137 Iranian patients sample size 151 

participants, including 75 patients with 

NAFLD and 76 healthy  

UCP2 −866G>A polymorphism (−866G>A) that is a 

phenotype modifier in NAFLD 

138 Egyptian patients sample size 174 NAFLD 

patients and 141 control healthy  

MTTP 493 G/T important in lipoprotein assembly, and 

hence NAFLD 

 

 

139 

 

 

6,929 Finnish patients 

 

 

TM6SF2 

 

 

rs58542926-T 

 

regulates hepatic lipid droplet size, is 

also a gene whose polymorphisms 

interfere with lipid metabolism and 

can aid and abet the development and 

progression of NAFLD 

     

 

 

140 

 

3,014 Japanese patients 

PNPLA3         

 

MTTP 

rs143392071 

 

rs756998920 

 

associated with NAFLD 

141 60 Italian patients TM6SF2 rs58542926 C>T involved in postprandial lipid 

homeostasis in NAFLD 

 

142 

 

308 Italian patients  

 

GCKR 

 

          rs1260326 

correlated with the liver fat 

content, and is thus a strong 

candidate gene for assessing 

the risk of developing NAFLD 

 

143 

Chinese patients sample size 184 with 

NAFLD and 114 healthy controls 

in Chinese Han population 

 

  LYPLAL1 

 

rs12137855 

found to be associated with 

NAFLD through a genome-

wide association study (GWAS) 

 

144 

 

1,002 Italian patients 

 

 MBOAT7 

 

rs641738 

found to be associated with 

childhood obesity, insulin 

resistance and pediatric NAFLD 

     

145 Caucasian population  MBOAT7 rs626283 

 

found to be associated with 

childhood obesity, insulin 

resistance and pediatric NAFLD 

146 

 

 

 

 

147 

Turkish patients sample size 71 individuals 

including 31 NAFLD patients and 40 

healthy controls  

 

 

Iranian patients sample size 58 subjects 

with NAFLD and 88 healthy individuals 

without NAFLD   

 

ACE 

 

 

 

 

AGTR1 

 

D/D, I/I, D/I, I/D 

 

 

 

 

A1166C 

no correlation 

 

 

 

 

correlates with NAFLD 

 

148 554 Chinese patients LEPR 

 

Q223R, K109R found to bear a correlation to 

NAFLD 

149 Iranian patients sample size 282 included 

94 patients with NAFLD and 188 healthy 

peoples 

Omentin-        

1/resistin 

 

rs2274907 (326A/T)/ 

rs1862513 (-420 C/G) 

found to bear a correlation to 

NAFLD 

 

150 

 

US patients sample size 21 with NAFLD 

and 53 without NAFLD 

ZMPSTE24, 

TMPO, 

SREBF1, 

SREBF2 

 

- 

 

 

 

correlate with NAFLD using 

twin studies. 

151 

 

 

946 Italian patients 

 

 

(IFN) 

 

 

rs368234815 and 

rs12979860 

 

found to influence the progress 

of NAFLD and NASH 
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152 Egyptian patients sample size 75 with 

NAFLD and 75 healthy subjects 

IL-1A 

 

rs3783553 found to influence the progress 

of NAFLD and NASH 

     

153 

 

      604 non-Hispanic Caucasians patients    IL1B and 

   IL6 

rs16944 and rs1143634/ 

rs1800795 and rs10499563 

found to influence the progress 

of NAFLD and NASH 

 

154 Russian patients    IL6R  rs2228145(C >A) found to influence the progress 

of NAFLD and NASH 

 

 

An important gene in NAFLD susceptibility is the patatin-like phospholipase domain-containing 

protein 3 (PNPLA3), also known as adiponutrin, which encodes a membrane-bound triglyceride 

lipase that serves to mobilize fat reserves in adipocytes.133 Several polymorphisms in PNPLA3 

(rs738408, rs139051, rs738409/I148M, rs2072906, rs4823173, rs2294918 and rs2294919) are 

associated with NAFLD by having an up-regulatory effect on serum phospholipids, as seen in a 

study that examined the association between the PNPLA3 genotypes of 34 biopsy-proven NAFLD 

patients and their serum lipid profiles.133 

In particular, the I148M variant is very important in determining the outcomes of various therapies 

such as dipeptidyl peptidase-4 inhibitors, lifestyle changes, and bariatric surgery, and also in the 

development of hepatic steatosis after liver transplantation.134 

Another important gene with similar importance is the peptide hormone, adiponectin, where the 

polymorphisms rs1501299 G/G and rs17300539 G/G also result in the development of hepatic 

steatosis after liver transplantation, and this is a small study.135 

Another PNPLA3 and SAMM50 study had explored the role of polymorphisms (rs738409, 

rs12483959 and rs2281135) in the PNPLA3 gene and (rs2143571, rs2073080 and rs3761472) in 

the sorting assembly machinery protein SAMM50, which is important for mitochondrial cristae 

maintenance and respiratory complex assembly, since NAFLD is a condition arising from energy 

imbalance, by using a large Korean study sample size of 1,593 patients with NAFLD and 2,816 
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control subjects.136 Similarly, the uncoupling protein, UCP2, that is involved in thermogenesis i3 

brown adipocytes, also contains a polymorphism (−866G>A) that is a phenotype modifier in 

NAFLD.137 

In addition to PNPLA3, there are several other genes such as the microsomal triglyceride transfer 

protein (MTTP) that is important in lipoprotein assembly, and hence NAFLD.138 The 

transmembrane protein TM6SF2, which regulates hepatic lipid droplet size, is also a gene whose 

polymorphisms interfere with lipid metabolism and can aid and abet the development and 

progression of NAFLD.139 In particular, rare but deleterious variants of TM6SF2, MTTP and 

PNPLA3 have been discovered, in addition to a TM6SF2 variant involved in postprandial lipid 

homeostasis.140,141 TM6SF2 (Transmembrane 6 Superfamily Member 2) E167K variant is a cause 

of NAFLD.138 This is due to two factors: impaired mobilization of neutral lipids happens for very-

low-density lipoprotein (VLDL) assembly and secretion by the liver in E167K carriers.141 Studies 

have found frameshift mutation and a splicing variant (rs148469440) of PNPLA3, a splicing 

mutation of TM6SF2 but they were few in number and this can’t explain their link with NAFLD.140 

The functional variants are still in the dark that was previously known in the phenotype-related 

genes. Hence their link to the development of NAFLD can’t be ruled out totally. The TM6SF2 

gene variant affects tissue insulin sensitivity while its T-allele was associated with an impaired 

incretin effect. TM6SF2 protein is expressed by this impaired incretin effect due to reduced 

incretin secretion.140 

The rs1260326 polymorphism in the glucokinase regulatory protein (GCKR) directly correlated 

with the liver fat content, and is thus a strong candidate gene for assessing the risk of developing 

NAFLD.142 The rs12137855 polymorphism in the lysophospholipase-like protein (LYPLAL1), 

was found to be associated with NAFLD through a genome-wide association studies (GWAS).143 
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The 2 variants, rs626283 and rs641738, of the enzyme, membrane-bound O-acyltransferase, were 

found to be associated with childhood obesity, insulin resistance and pediatric NAFLD.144,145 

However, studies have found that while polymorphism in the angiotensin receptor correlates with 

NAFLD, polymorphism in the angiotensin-converting enzyme (ACE), bears no correlation.146,147 

Polymorphisms in the genes for 2 adipokines, omentin and resistin were found to bear a correlation 

to NAFLD, as was the receptor of another adipokine, leptin.148,149 Polymorphisms in the nuclear 

lamina proteins LAP2, ZMPSTE24, TMPO, SREBF1, SREBF2, which respond to hormones, have 

been demonstrated to correlate with NAFLD using twin studies.150 As NASH is an inflammatory 

condition, polymorphisms in various cytokines like interferons and interleukins, have also been 

found to influence the progress of NAFLD and NASH.151–154 

1.8   Role of lifestyle in CYP2E1 activity and NAFLD 

It has been known for many decades that CYP2E1 is induced by ethanol and mediates hepatocyte-

injury through ROS by metabolism of alcohol and other compounds. In a metabolic setting with 

oxidative stress, such as during lipid overload in NAFLD, stress-inducing agents tend to exacerbate 

the liver damage. It was found using literature review search, that this has been demonstrated in 

several studies, using high-cholesterol-containing “junk” foods, as well as binge-alcohol 

consumption in rats and in hepatocytes.155–157  

In this environment of oxidative stress and ROS, CYP2E1 was shown to generate reactive 

aldehydes from polyunsaturated fatty acids, leading to the formation of carcinogenic DNA-

adducts.158 To simulate the co-abuse of smoking and alcohol, nicotine and ethanol were 

administered to mice and found to increase the serum triglyceride levels, which may probably pose 

a risk of developing NAFLD.159 Such a synergistic effect of smoking on compounding the risk of 
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NAFLD was also observed in a human population study.160 On the other hand, methyl group 

donors such as betaine and S-adenosylmethionine, hypoglycemic drugs, as well as dietary fibers 

and exercise, had a protective effect against NAFLD.161–168 

The huge number of genes involved in NAFLD give an idea of the level of inter-relation in the 

web of metabolism and on the importance of metabolic homeostasis. It is clearly shown that the 

genes involved in NAFLD relate to lipid and carbohydrate metabolism. The importance of 

maintaining a healthy lifestyle is also brought out by this literature review. 

A non-synonymous SNP in cyp2e1, G1168A mutation results in R76H change, lowering the 

enzyme activity in vitro.125,169 However, as ROS producing activity of CYP2E1 is important for 

NAFLD, it may be of clinical relevance to design a future study to quantitate the amount of ROS 

produced by each variant, or measure the extent of uncoupling in CYP2E1, as a measure of genetic 

variation.  

A broad spectrum of evidence has shown recently that NAFLD patients are also at high risk of 

cardiovascular disease (CVD), the leading cause of death for these subjects. The silent, chronic 

and progressive nature of the two diseases also add to the difficulty in their screening, detection, 

treatment and management. 

Globally, CVD and NAFLD exhibit considerable overlap in prevalence.170–174 For instance, a 

cross-sectional study of 104 CVD patients found that 72 of them (69.2%) also had NAFLD.175 The 

converse was also found to hold true: for example, in a study of more than 800 patients, those with 

NAFLD had almost double the prevalence of CVD.176 Although the two diseases share risk 

factors,177 the fact that CVD, and not liver failure, is the most common reason for death in NAFLD 

patients,178 indicates a deep-rooted connection. The two diseases show a tendency to potentiate 
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and catalyse the progression of each other,179 which indicates a feedforward mechanism between 

the two. In fact, both NAFLD and CVD are now being regarded as end-organ damage brought 

about by the same causative agent: metabolic syndrome (MetS).180,181 However, the mechanistic 

link between NAFLD and CVD is still being debated.182–185 
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1.9   RESEARCH QUESTIONS 

This thesis will use the distribution of genetic polymorphisms within NAFLD and control 

populations to answer the number of questions, in the NAFLD where SNPs associated with a 

change in function of associated genes could perform natural experiments on disease progression, 

the role of environmental co-factors, the efficacy of therapeutic targets and mechanisms of disease 

association.  

NAFLD is a disease of maladaptation to excessive oxidative stress, usually in association with 

visceral obesity, for unclear reasons, not all with the predisposing factors and associated diseases 

develop the condition and those that do have variable rates of progression. 

Environmental factors may increase the risk of developing NAFLD or increase its severity or its 

speed of progression. Alcohol to excess is well known to cause liver toxicity, via excess oxidative 

stress among other mechanisms. However, it is widely used in society at moderate levels that are 

believed to be safe and many people with Non-alcoholic fatty liver disease consume alcohol, 

within moderate levels. Also, many who drink more heavily are obese, which may synergistically 

increase their risk of developing alcohol-related liver disease. CYP2E1 is a secondary pathway for 

the metabolism of alcohol that causes oxidative stress and is inducible by regular alcohol use, some 

lipids or Smoking. The hypothesis is that these levels of alcohol consumption have a synergistic 

effect with the causes of NAFLD to increase the propensity to develop NAFLD and or to increase 

the severity of the disease. 
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1.9.1  Research question 1 

To investigate this hypothesis, the thesis will analyze the effects of specific candidate gene SNPs 

related to CYP2E1 on the propensity to develop NAFLD and the risk of developing NASH or 

advanced fibrosis, dependent on alcohol consumption and smoking habit.         

1.9.2  Research question 2 

Following on from the above, in those with excessive alcohol consumption the development of 

alcohol-related liver disease would be expected to show an association with CYP2E1. So, this 

thesis will analyze the effects of specific candidate gene SNPs related to CYP2E1 on the propensity 

to develop ALD and the risk of developing Alcoholic Steatohepatitis or advanced fibrosis. 

Since both NAFLD and CVD are now being regarded as end-organ damage brought about by the 

same causative agent: metabolic syndrome (MetS). However, there is controversy around the role 

of NAFLD and cardiovascular disease, some arguing it increases risk above other risk factors; 

others hold the view that the risk is no more than the common risk factors for both diseases. If 

there is an increased risk of CVD due to NAFLD a biological mechanism would be the excessive 

production of Il-6 by liver inflammation would increase the risk of cardiovascular disease.  

1.9.3  Research question 3 

Do SNPs in Il6 signaling associated with loss of function, increase propensity of NASH and or 

Liver fibrosis? 

1.9.4  Research question 4 

Do patients with NAFLD who have SNPs in Il-6 signaling, have reduced cardiovascular disease, 

compared to controls? 



                                                                                                                                                                         38 
 

 

2   Do polymorphisms of CYP2E1 and environmental factors predispose to non-alcoholic 

fatty liver disease? 

2.1   Abstract 

Background: Non-alcoholic fatty liver disease (NAFLD) is one of the major health concerns in 

many parts of the world. There are a number of risk factors, including genetic polymorphisms in 

genes of drug-metabolizing enzymes and environmental factors.  

Methods: In this study, we evaluated the role of six mutations in CYP2E1 gene, as well as 

biochemical and anthropometric parameters for their association with NAFLD in the GODARTs 

cohort. The study cohort was divided into three groups based on their alcohol consumption, i.e., 

non-alcohol users (n=3,624), mild alcohol users (alcohol intake 1-27 units/week) (n=4,749), and 

high alcohol users (alcohol intake >27 units/week) (n=137). In addition, the abnormal level of 

serum ALT was considered as the marker of NAFLD. Linkage disequilibrium r2 values were 

evaluated for all pairwise comparisons.  

Results: In the non-alcohol users, two SNPs rs2031920 (OR=1.45, 95%CI=1.04-2.05, P=0.029) 

and rs3813867 (OR=1.51, 95%CI=1.07-2.14, P=0.017), and from environmental factors, male sex 

(OR=1.81, 95%CI=1.42-2.32, P=1.5e-06), serum total cholesterol (OR=1.36, 95%CI=1.14-1.61, 

P=0.0003), serum triglyceride (OR=1.54, 95%CI=1.10-2.19, P=0.01), LDL (OR=2.24, 

95%CI=1.05-5.35, P=0.04), diastolic blood pressure (DBP) (OR=1.80, 95%CI=1.52-2.12, P=3.1e-

12), high waist/hip ratio (OR=1.79, 95%CI=1.39-2.31, P=6.7e-06), high BMI (OR=1.99, 

95%CI=1.61-2.45, P=1.4e-10), and smoking (OR=1.36, 95%CI=1.08-1.73, P=0.0008) were found 

potentially associated with NAFLD. In the mild-alcohol users group, only one SNP rs2249695 

(OR=1.18, 95%CI=1.01-1.40, P=0.04), but several environmental factors including male sex 

(OR=1.48, 95%CI=1.18-1.86, P=0.0006), abnormal HbA1c (OR=0.67, 95%CI=0.51-0.87, 
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P=0.003), serum cholesterol (OR=1.25, 95%CI=1.07-1.47, P=0.005), serum total triglyceride 

(OR=2.13, 95%CI=1.60-2.86, P=2.3e-07), HDL (OR=0.36, 95%CI=0.15-0.85, P=0.019), LDL 

(OR=2.43, 95%CI=1.17-5.53, P=0.022), DBP (OR=1.74, 95%CI=1.52-1.99, P=5.1e-16), 

waist/hip ratio (OR=1.90, 95%CI=1.54-2.33, P=1.1e-09), high BMI (OR=2.28, 95%CI=1.86-2.81, 

P=3.1e-15), and smoking (OR=1.24, 95%CI=1.05-1.46, P=0.01) were significantly associated 

with fatty liver disease. In the high-alcohol users, SNP rs2249695 could attain significant 

association with fatty liver disease i.e., (OR=0.33, 95%CI=0.14-0.76, P=0.008). From the 

anthropometric parameters, serum cholesterol (OR=2.86, 95%CI=1.07-7.67, P=0.03), DBP 

(OR=2.17, 95%CI=1.08-4.41, P=0.03), and smoking (OR=5.22, 95%CI=1.41-33.90, P=0.03) 

were significantly associated with fatty liver disease. 

Conclusion: This study presents for the first time the predisposing role of CYP2E1 polymorphisms 

and several environmental factors in the pathophysiology of NAFLD in the GODARTs cohort. 

This study also provides the reference values of serum ALT in the normal and NAFLD individuals. 

This study's findings will help clinicians take appropriate measures to treat this condition timely 

before it progresses to the advanced stages of non-alcoholic steatohepatitis (NASH) or advanced 

fibrosis. 
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2.2   Introduction 

The liver occupies a central role in lipid metabolism and homeostasis.5,118 Hepatocytes participate 

in the synthesis, oxidation, esterification, and secretion of fatty acids (FA) and cholesterol.118 

Lipids possess high calorific value and are stored as depots of energy in all cells of all organisms 

in the form of dynamic cell organelles called lipid droplets.186 In the liver, 15–30% of the lipids in 

the lipid droplets are of dietary origin, while up to 30% arise from postprandial insulin-responsive 

de novo lipogenesis, and the rest from lipolysis of adipose tissue during fasting.187 This lipid is 

distributed to other organs.29 Although the liver involves substantial lipid trafficking, since it is 

not a storage organ for fat, hepatic lipid concentration is usually low.29 When interference to liver 

function results in an imbalance between lipid production and utilization, it leads to 

intracytoplasmic triglyceride accumulation in hepatocytes.5,29 When fat build-up exceeds 5% of 

liver weight, the condition is termed hepatic steatosis or fatty liver disease (FLD).6,7 

The predisposition to NAFLD due to genetic factors recently provided another dimension to 

explore the fundamental risk factors of the disease. Studies have shown that disparity between 

specific genes and the type of food consumed may lead to the development of complex disorders 

such as NAFLD.188,189 The gene-environment interaction may lead to either the onset of a 

multifactorial disease or it may impart its role in defining the severity of the disease.189 Drug 

metabolizing enzymes of the cytochrome P450 (CYP450) family may play a key role in the 

susceptibility of NAFLD. Earlier the expression of CYP450 enzymes of families 1, 2, and 3 have 

been found altered in the NAFLD.190 The intra-individual differences of genetic elements in these 

genes contribute as the major factors in the susceptibility of fatty livers.191  

CYP2E1 is one of the most studied CYP450 enzymes in the NAFLD. The CYP2E1 encodes a 

flavoprotein-linked monooxygenase which catalyzes many reactions, metabolizing different 
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compounds involving xenobiotic, alcohol, and indigenous metabolites. Various mutations in this 

gene hamper its normal function. Certain CYP2E1 mutations have been implicated in 

environmental factors such as response to consumption of alcohol or high-fat diets.192 More than 

100 mutations in CYP2E1 have been reported so far. Most of the mutations reported are non-

coding and belong to the 5’-flanking region, e.g., G35T and G1168A mutations clearly exhibited 

downregulation of enzyme expression and function.193 Previously, the in vitro G1168A point 

mutation (causing R76H substitution) was found to cause a two-third decrease in the expression 

and activity of the enzyme.125 Other studies showed that different mutations have varying impact 

on the function of the CYP2E1 enzyme; for example, the *5A allele of the gene (RsaI/PstI and 

DraI RFLP) increased the enzyme activity in vivo 194, the *5B allele (RsaI/PstI RFLP) and *6 

allele (DraI RFLP) reduced the enzyme activity in vivo.195 

The mutations in CYP2E1 have been implicated in different recent studies having different 

frequencies in different populations of the world.196 Using genome-wide association studies 

(GWAS), the rs2249694 in the intronic region of CYP2E1 was found associated with high body 

fat leading to NAFLD in the Hispanic population.197 In the Han Chinese population, six novel 

mutations in the promoter of the CYP2E1 (−1778G>A, −1646A>G, −971A>C, −962A>G, 

−792T>G, −722A>G), and one novel mutation in exon4 (1009C>T) of the gene was identified.198 

Likewise, the allele frequencies of −333A>T (rs2070673) and −352A>G (rs2070672) promoter 

region variants were found relatively higher in the Chinese Tibetan population.199 These studies 

suggest that screening of population-specific mutations in CYP2E1 may infer some of the 

underlying molecular mechanisms involved in the varying response to different environmental 

factors, including diet and lifestyle. 
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As the levels of alcohol consumption have a synergistic effect with the causes of NAFLD to 

increase the propensity to develop Fatty Liver and or to increase the severity of the disease. In the 

current chapter, we analyzed the effects of specific candidate gene SNPs related to CYP2E1, 

namely rs6413419, rs55897648, rs2031920, rs3813867, rs2070676, and rs2249695, on the 

propensity to develop NAFLD and the risk of developing NASH or advanced fibrosis, dependent 

on alcohol consumption.   

2.3   Methods of Diagnosing Non-Alcoholic Fatty Liver Disease 

The diagnosis of NAFLD requires a systematic review of the clinical manifestations and results of 

laboratory and radiography investigations and the absence of routine excess alcoholic usage, 

certain steatogenic drug consumption, viral or immunological causes of liver disease, or 

monogenic hereditary disorder. The NAFLD is dichotomous, i.e., NAFL is generally benign, 

giving no observable clue of abnormality, whereas NASH is actionable because it can progress to 

cirrhosis, liver failure, and liver cancer.178 This disease develops and progresses slowly without 

manifesting an abnormality or observable outcome and remains undiagnosed (at NAFL stage) until 

a major complication is observed (at NASH stage) or diagnosed in a routine medical checkup.200 

The condition worsens when an undiagnosed NAFLD progresses to HCC in subjects with 

cirrhosis. Such complications may require a liver transplant to recover.178  

Estimation of liver enzymes is the most convenient way to diagnose NAFL, especially in a 

retrospective cohort based on routine health data. Elevated liver enzymes, particularly the alanine 

transaminase (ALT), maybe the first sign of fatty liver.201 In this study, the GODARTs cohort will 

be used, and NAFLD case definition based on elevated ALT levels. The ALT has been selected as 

a specific hepatic damage marker and is used for routine detection of hepatic health. 
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2.3.1  Diagnosis of the NAFLD 

The early and correct diagnosis of the NAFLD is crucial for the patients to adopting better 

treatment of choice and other precautions.202 Given the heterogeneity in NAFLD, the diagnosis of 

NAFLD may require a schematic observation of the suspect using multiple techniques. The 

NAFLD is being diagnosed using different ways, including invasive, non-invasive, and 

radiological procedures. A brief description of these methods is presented below. 

2.3.1.1  Radiological imaging of the Liver 

Different radiological modalities can be used for the diagnosis and assessment of NAFLD. These 

include simple and routinely used procedures of radiography such as ultrasonography (US) of the 

liver, computed tomography scan (CT scan), and magnetic resonance imaging (MRI). Other 

customized modalities are also available, such as Transient elastography (TE) (Fibroscan) and 

magnetic resonance elastography (MRE), which enables to estimation stiffness of the liver. 

Although these approaches are safe and do not pose a post-procedure risk to the patient, yet each 

of these modalities has limitations. For example, the widely used Ultrasound abdomen is safe and 

does not pose contrast-related risks, but it lacks sensitivity in NAFLD patients with less than 30% 

steatosis, which makes it less appropriate for early detection of fatty liver.203 The CT scan of the 

abdomen has low sensitivity for mapping hepatic fats and has limited clinical utility in diagnosing 

NAFLD.204 Magnetic resonance imaging (MRI) using Proton Density Fat Fraction (PDFF) is the 

gold standard for diagnosis of fat; spectroscopy is a more advanced technique not widely available 

used for tracking the individual metabolism of compounds.205 Magnetic resonance elastography is 

highly sensitive to diagnose advanced fibrosis, but it is quite costly, not widely available, and 

requires sophisticated expertise to interpret the results.206 For the shear wave elastography (SWE), 

little evidence is available for its clinical utility and needs further research.207 
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2.3.1.2  Invasive method: Liver biopsy 

Although liver biopsy is a painful and risky invasive procedure for the diagnosis of NAFLD, yet 

it is the standard procedure to confirm the diagnosis after observing characteristic histologic 

features of NASH. Due to its invasive nature, this procedure is advised only to selective NAFLD 

patients who have higher probabilities of NAFLD progression into NASH. Generally, the liver 

biopsy is also advised in cases where the non-invasive procedures do not provide sufficient 

information/clue about the liver being fatty or there is suspicion of fibrosis.178 In a liver biopsy, 

NAFLD activity score (NAS) is widely used for the assessment of hepatocytes, which helps to 

make a conclusion of NASH. Notably, three important features, including steatosis, hepatocellular 

ballooning, and lobular inflammation, are being observed in a liver biopsy specimen. In NAS, the 

scores are assigned from 0-3 depending upon the degree of steatosis, ballooning, and lobular 

inflammation. A cumulative score of 3-4 indicates borderline, whereas > 5 indicates most likely 

NASH.208 Major limitations in liver biopsy include disagreement of pathologists on NAS grading 

and patients’ reluctance for the procedure. 

2.3.1.3  Non-invasive markers 

Due to the limitations and risks of the invasive method of diagnosing NAFLD, non-invasive 

methods are becoming more popular among clinicians. The non-invasive methods may be direct 

or indirect measurements of liver injury; they are more focused on the detection of generic liver 

fibrosis rather than NASH or NAFLD. When the liver is injured, encompassing cellular damage 

due to the deposition of excessive fats, the extracellular matrix (ECM), including hyaluronic acid 

(HA), fibronectin, elastin, and laminin, come and accumulate for liver regeneration. Assessment 

of these ECM markers in the blood is the direct non-invasive estimation of NAFLD if other liver 

diseases are excluded.209 An enhanced liver fibrosis (ELF) panel has been designed commercially, 
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which incorporates the markers of extracellular matrix including HA, metalloproteinase 1 (MMP-

1), and amino-terminal propeptide of type III collagen to predict fibrosis. Studies have shown that 

the efficiency of the ELF panel for predicting fibrosis at an early stage.210 Another commercially 

available panel FibroSpect II brings into consideration the estimation of blood HA, alpha-2-

macroglobulin, and tissue inhibitor of metalloproteinase-1 (TIMP-1) to predict advanced fibrosis 

in NAFLD.211 

For the indirect markers of liver fibrosis, several markers have been brought into consideration by 

the clinicians, including the circulating aminotransferases (alanine transaminase and aspartate 

transaminase), cytokeratin-18, and AST/Platelet Ratio Index (APRI). Cytokeratin 18 (CK18) is 

one of the intermediate filament family proteins highly expressed in liver cells. Two forms of 

CK18 are liberated into the blood, including a full form excreted from necrotic hepatocytes and a 

caspase-cleaved fragment of CK18 released from the apoptotic cells. These soluble fragments of 

CK18 can be detected from the blood using common immunoassays.212 Several retrospective 

studies have shown that the level of CK18 was significantly elevated in NAFLD cases progressing 

to NASH.213 Although the estimation of CK18 has yielded promising results, yet there is no 

consensus on the cut-off values in the normal cohort and NAFLD patients. Also, the high 

throughput screening kits for CK18 are not available for this estimation. For the diagnosis of 

hepatic fibrosis, the APRI (AST to platelet ratio index) score is also used.214,215 As follows, APRI 

is determined.  
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In most research, the upper limit for normal AST is agreed as 40U/L.214 This index was found to 

correlate strongly with fibrosis and cirrhosis, but for steatosis, it has no predictive value.216 In 

addition to these, simultaneous assessment of apolipoprotein A1, total bilirubin, haptoglobin, 

alpha-2-macroglobulin, gamma globulin, and gamma-glutamyl transferase along with patient’s 

age and sex has been shown to predict the extent of fibrosis in various studies.217 

2.3.1.4  Estimation of aminotransferases  

Two aminotransferases, alanine transaminase (ALT) and aspartate transaminase (AST), have a 

particular correlation with NAFLD and fibrosis. ALT and AST are among the key enzymes of 

hepatocytes that transfer amino groups between precursors of the tricarboxylic acid cycle. These 

enzymes are also expressed in heart muscles, skeletal muscles, and blood cells. These enzymes are 

secreted into the serum as a consequence of cellular injury in these tissues. Estimation of the ALT 

and AST levels in the serum provides valuable markers for primarily diagnosing liver disease.218 

These enzymes are also used in combination with other enzymes as markers to monitor the 

progression of other disorders. These include NAFLD fibrosis score (NFS), in which 

aminotransferase level in serum is measured in combination with serum glucose level, platelet 

count, and albumin and patients age and BMI. In multiple studies, a cutoff NFS score >0.676 was 

associated with a positive predictor of NAFLD.219,220 Likewise, in another scoring method, FIB-4 

index, serum ALT and AST, platelet count, and patients' age are incorporated to monitor advanced 

fibrosis. It has been found that the FIB-4 index is a better predictor for advanced fibrosis than the 

serum-based individual markers.221 FIB-4 index is also being used as a prognostic marker in 

NAFLD because it can be used to predict the outcomes in fibrosis.220 Another scoring method is 

called as ActiTest, which is similar to the FibroTest score that contains five standard biomarkers 

(gamma-glutamyltransferase, total bilirubin, alpha-2-macroglobulin, apolipoprotein A1, and 
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haptoglobin) except that it incorporates ALT levels, is used to monitor fibrosis in initial and later 

stage.217 

2.3.1.5  ALT based Diagnosis of NAFLD 

The previous section covers a number of techniques used in clinical and research settings for the 

diagnosis of NAFLD. Although the scores APRI, NFS, FIB-4 index, ActiTest, and FibroTest are 

quite useful indices for diagnosing the NAFLD and fibrosis, yet there require estimation of 

multiple variables such as AST and GGT, which makes it impracticable for employing in this study 

due to lack of data. Also, the analytical requirements of these measures would result in the 

exclusion of a significant portion of the GODARTs cohort. Estimation of ALT in the serum is an 

attractive surrogate for screening large cohorts of suspected NAFLD. For the present study, a 

NAFLD description based on elevated ALT levels is chosen based on evidence from previous 

literature and the availability of relevant data. 

ALT is part of the mechanism of gluconeogenesis and plays a significant role in the homeostasis 

of metabolism. It is an enzyme that catalyses the conversion of alpha-amino acids to form pyruvic 

acid from alanine.222 This process occurs in the liver, and ALT is also present in its highest level 

in the liver and other areas of the body in low concentrations.223 ALT is present in the hepatocyte 

cytoplasm, and ALT is released into the bloodstream when the hepatocellular injury is present. As 

a consequence, levels of ALT are common liver damage biomarkers.224 

Studies have shown that higher values of ALT were positively correlated with NAFLD and NASH 

in the Indian cohort.225 In another study on multi-ethnicity cohort from Rochester USA, Newcastle 

UK, Sydney Australia, and Italy, the level of ALT was 88 ± 74 IU/L in the experiment cohort 

(n=480) and 85 ± 74 IU/L in the validation cohort (n=253) in NAFLD.226 In another seven years 
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retrospective study on the Chinese cohort, serum ALT was found >40 IU/L in patients with fatty 

liver.227 The definition of NAFLD in terms of ALT levels may be different for different populations 

of the world. For example, for the French cohort (n=128), the level of ALT was 82 ± 64 IU/L in 

NAFLD patients, whereas, in Chinese patients (n=118), it was 67 ± 39 IU/L.228 

For a number of reasons, an ALT-based NAFLD concept is a pragmatic option for defining 

NAFLD in the GODARTs cohort used in this project. A key factor that makes ALT a useful 

biomarker for NAFLD is that in both GP and hospital settings, ALT levels are commonly 

measured. The majority of GODARTs patients have taken ALT measurements, and a large number 

of measurements have been taken over many years in many individuals. 

The levels of ALT can vary over time, so the time when blood is drawn for ALT testing can 

influence the outcome. This can incorporate another source of variance, which cannot be accounted 

for, into ALT levels. The factors mentioned above, such as the intake of paracetamol or the intake 

of low levels of alcohol, may vary, causing variations in the levels of ALT. In GoDARTs, there 

are a large number of patients who experience raised ALT levels followed by normal ALT levels. 

In fact, there is evidence that ALT levels decrease in the later stages of fibrosis.229 This could 

indicate that patients with severe fibrosis and normal ALT have previously had raised ALT levels. 

So, when making diagnoses based on biomarker levels, statistically, using a mean measurement is 

the best way because it is a single value that gives an approximate estimate of group values and 

can be useful in increasing accuracy. Also, this offers a greater degree of confidence that the 

disease is chronic. In the current study, ALT was chosen and took the mean value. 
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2.3.2  ALT versus other diseases 

In normal situations, serum ALT levels are particular indicators of liver damage due to their 

elevated serum concentrations. However, ALT is a general marker of hepatocellular injury and is 

not NAFLD-specific.224 There are a number of causes of liver damage leading to elevated levels 

of ALT; thus, all other causes of liver injury must be removed in order to use ALT for NAFLD 

diagnosis. 

Alcoholic liver disease (ALD) is one of the main alternative causes of elevated ALT levels.230 

Similar to NAFLD, excessive alcohol intake can cause liver steatosis.231 In a large proportion of 

patients, the demarcation between ALD and NAFLD is not obvious since the two diseases have 

similar characteristics and can lead to fibrosis, cirrhosis, and cancer of the liver. Patients with fatty 

liver disease can have a disorder due to both alcohol and metabolic aetiology.232 For NAFLD, the 

commonly accepted upper limits of alcohol intake are <20 grammes per day (2.5 units) for women 

and <30 grammes per day (3.75 units) for men.233 Alcohol can still lead to the disease in patients 

with a fatty liver who consume alcohol but are below these limits. Previous studies have shown 

that ALT levels are more associated with the non-alcoholic type of fatty liver disease, and in ALD, 

AST appears to be higher.234 

Viral and immunological hepatitis contain other liver insults that can increase ALT levels. Blood 

tests are typically diagnosed with these, the findings of which are recorded in EHRs in immunology 

and virology files. The research excludes patients with positive serological tests for anti-smooth 

muscle antibodies, antinuclear antibodies or anti-mitochondrial antibodies, or any positive 

serology for hepatitis B surface antigen or hepatitis C antibody, or a medical record of the diagnosis 

of liver disease. 
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2.3.3  Normal ranges level of serum ALT 

The level of ALT in the blood of normal healthy individuals varies according to different reports. 

The level of serum ALT is also different for males and females. Usually, the ALT level varies 

between 5-35 IU/L for healthy men and up to 23 IU/L for healthy women.235 40 IU/L, which was 

first set in the 1950s and is still widely used, is the most commonly used threshold.236 There has 

been a move towards these limits being lowered. The limits of 30 IU/L to 50 IU/L on average were 

seen by studies in the 1990s.236 

Many of the cohorts used to describe elevated levels of ALT are thought to include individuals 

with undiagnosed liver insults, resulting in high levels of ALT being used.237 In 2002, Prati et al. 

indicated reducing these, especially for women, even further to 19 IU/L, based on the findings of 

their study looking at 6,835 people without any viral liver insult.238 Using these values, the 

influence on the rate and accuracy of diagnosis of NAFLD was investigated by Kunde et al.237 

Tomizawa et al. found that a useful marker for NAFLD screening was the use of the threshold of 

19U/L for both male and female patients.239 For the current study, the thresholds suggested by 

Prati et al. (30 IU/L for men, 19 IU/L for women) were used. These were selected because there is 

clear evidence that these thresholds in healthy people are the true ULNs for ALT and that these 

thresholds are helpful in screening for and predicting NAFLD. 

The aim of this study was to investigate the effects of specific candidate gene SNPs related to 

CYP2E1 on the propensity to develop NAFLD and the risk of developing NASH or advanced 

fibrosis, dependent on alcohol consumption and smoking habit. 
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2.4   Methods 

2.4.1  Study Population 

The study cohort was divided into three groups based on their alcohol consumption, i.e., non-

alcohol users, mild alcohol users (alcohol intake 1-27 units/week), and high alcohol users (alcohol 

intake >27 units/week). Each group has three thresholds of serum ALT, including ≥55 IU/L for 

both men and women; ≥40 IU/L for men, ≥35 IU/L for women; and ≥30 IU/L for men, ≥19 IU/L 

for women; they were classified into cases and controls. 

In the first group, cases were those who were non-alcohol users and had an abnormal level of 

serum ALT (i.e., ≥55 IU/L for both men and women; ≥40 IU/L for men, ≥35 IU/L for women; and 

≥30 IU/L for men, ≥19 IU/L for women). The control group represented patients who were on the 

same non-alcohol users but had a low level of serum ALT (i.e., <55 IU/L for both men and women; 

<40 IU/L for men, <35 IU/L for women; and <30 IU/L for men, <19 IU/L for women). Similarly, 

for the second group, cases were those who mild alcohol users (alcohol intake 1-27 units/week) 

and abnormal levels of serum ALT (i.e., ≥55 IU/L for both men and women; ≥40 IU/L for men, 

≥35 IU/L for women; and ≥30 IU/L for men, ≥19 IU/L for women). The control group represented 

patients who were on the same mild alcohol users but had a low level of serum ALT (i.e., <55 

IU/L for both men and women; <40 IU/L for men, <35 IU/L for women; and <30 IU/L for men, 

<19 IU/L for women). Also, the third group cases were those who high alcohol users (alcohol 

intake >27 units/week) and abnormal levels of serum ALT (i.e., ≥55 IU/L for both men and 

women; ≥40 IU/L for men, ≥35 IU/L for women; and ≥30 IU/L for men, ≥19 IU/L for women). 

The control group represented patients who were on the same high alcohol users but had a low 

level of serum ALT (i.e., <55 IU/L for both men and women; <40 IU/L for men, <35 IU/L for 

women; and <30 IU/L for men, <19 IU/L for women). 
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2.4.2  GODARTs cohort 

The Genetics of Diabetes Audit and Research in Tayside Scotland (GODARTs) database is a 

repository of data that contains both genetic and phenotypic (lifestyle and clinical history) data.240 

This operation started in 1996 as a joint collaboration between the University of Dundee's 

Department of Medicine and Medicines Monitoring Unit (MEMO), three Tayside Health Care 

Trusts, and a group of Tayside general practitioners (GPs) with a special interest in diabetes care.240 

This repository provides a valuable source of information for multi-factorial polygenic diseases 

like diabetes. In addition, the ICD10 Data.com is a free reference database designed to easily look 

up all existing medical billing codes for American ICD-10-CM (diagnosis) and ICD-10-PCS 

(procedure).  

Patients with diabetes mellitus from the Tayside region of Scotland (n=391 274 on 1 January 

1996) were added to the DARTS registry for clinical purposes using electronic record linkage 

based on primary and/or secondary care data sources.240 Diabetes clinics in hospitals, mobile 

diabetes eye units, diabetes prescription databases, the Tayside regional biochemistry database, 

and all diabetes-related hospital discharge records were among them.240 This 97 percent 

sensitivity electronic record linking approach is constantly updated, resulting in a longitudinal 

dataset of clinical data that is manually validated by a dedicated team of physicians.240 Patients 

with T2D, which accounts for roughly 90% of all diabetes cases, were recruited to participate in 

the GoDARTS trial by their GP or at diabetes or eye screening clinics.240 

Between December 1998 and October 2004, 2,763 T2D patients were recruited for the study's 

pilot phase (GoDARTS1).240 Tenovus Tayside financed this phase, which was used to test 

recruiting techniques and the capacity to discreetly link patient clinical data from electronic 
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records to the study. Only blood samples were taken at the point of recruitment, and no baseline 

data were recorded, as this was the major goal of the pilot phase.240 

A second collection (GoDARTS2) was conducted as part of the Wellcome Trust United 

Kingdom Type 2 Diabetes Case-Control Collection from October 2004 to May 2009 

(WTCCC).240 In this phase, a total of 16,146 participants were recruited, comprising 7,989 T2D 

patients and 8,157 healthy controls.240 They initially invited five nondiabetic controls from the 

relevant GP practice per case; however, after initial success, this was decreased to two controls 

per case, with one of the invited controls accepting on average.240 This includes 1,292 T2D 

patients who had previously been recruited in the GoDARTS1 phase.240 All participants included 

in GoDARTS2 had baseline clinical and lifestyle parameters recorded.240 An extension to the 

WTCCC project (GoDARTS3) was authorised from October 2009 to 2015, at which time 1,342 

T2D patients were recruited. Some of these people were also recruited for GoDARTS1 (n=120), 

GoDARTS2 (n=513), or both (n=20), when baseline data was lacking, or the original DNA 

quality was inadequate.240 This results in a total GoDARTS cohort of 18,306 people, of whom 

10,149 had T2D (44.8 percent of the DARTS study, representing the diabetic community in 

Tayside), and 8,157 were healthy controls at the start.240 

The cohort is currently in the early phases of GoDARTS4, the study's fourth phase. Recruitment 

is still ongoing in this phase, with the Scottish Health Research Register (SHARE)/Scottish 

Diabetes Research Network (SDRN), the Genetics of SHARE (GoSHARE), and GoDARTS-

Scotland among the projects.240 SHARE/SDRN [http://www.share-sdrn.org] is a database of 

patients in Scotland who desire to participate in medical research and have given their agreement 

for their electronic medical records to be used for research purposes.240 
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Patients are followed up on as they visit a baseline clinic upon recruiting, with cross-sectional 

assessments.240 However, GoDARTS is a longitudinal cohort due to the use of electronic record 

linkage, which automatically updates patient information and allows access to NHS data dating 

back to 1987. The community health index (CHI) number, which is a unique numerical identity 

supplied to each patient upon first registration with a GP or admission to a hospital in Scotland, 

makes this possible.240 A GP is estimated to be registered with 96 percent of the UK 

population.240 The CHI is a ten-digit number that includes six digits representing the patient's 

date of birth (DDMMYY), two digits produced at random, one digit representing the patient's 

gender (odd for men, even for females), and one check digit.240 The Scottish Morbidity Record 

(SMR) provides data on primary and secondary diagnoses for patients discharged from hospital 

since 1980, the Tayside echocardiography database provides data on all echocardiograms 

performed at Ninewells Hospital since 1994, the General Registrar's Office provides mortality 

data since 1998, and the biochemistry database lists all assays performed since 1981.240 This 

enables the creation of an up-to-date record of each individual's health care processes and 

outcomes, as well as the linking of relevant datasets. An anonymization procedure transforms the 

CHI into a study pro-CHI, preserving the ability to link patient data across numerous datasets 

while protecting individual identities and confidentiality.240 

As a result, the GoDARTS cohort includes a lot of longitudinal phenotypic data, including 

biochemistry, prescription, morbidity, and demography.240 Furthermore, because the study is 

linked to participants' electronic medical data, which are regularly updated, the cohort is not 

limited by loss-to-follow-up bias, which can be a problem in other longitudinal studies.240 The 

usage of the CHI number, which allows patient data to remain anonymous, allows for this 

linking.240 The availability of a diverse set of clinical and demographic data allows researchers to 
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explore a wide range of diabetes-related phenotypes on both a genome-wide and more targeted 

scale, as well as adjust for typical confounders like BMI, smoking, age, and blood pressure.240 

The vast number of samples collected at the start (8,697 T2D patients and 8,141 controls) 

provides the statistical power to discover disease-causing genetic variations, both as a standalone 

cohort and as part of meta-analyses. Additionally, RNA was extracted from patient blood 

samples, allowing future gene expression investigations to be undertaken.240 

Genotyping data is provided for 8564 and 4586 individuals, respectively, out of 10149 cases and 

8157 controls. Participants were genotyped using five different testing methods. The Illumina 

HumanOmniExpress (731,296 SNPs) and the Affymetrix Genome-Wide Human SNP Array 6.0 

(932,979 SNPs) were utilised to generate genome-wide data for 7857 cases and 1108 controls, 

respectively. The Immunochip (196,524 variations, focused on immunological illnesses), the 

Cardio-Metabochip (Metabochip) (196,725 markers, focused on cardiometabolic diseases), and 

the Human Exome array were utilised to further tailor genotyping for 707 cases and 3478 

controls (247,870 markers). 

2.4.3  Data available 

Alongside the EHR reports in the GODARTs cohort. These reports included biochemical 

measurement data such as triglycerides, cholesterol, and HbA1c, anthropometric measurements 

such as sex, BMI, waist, and weight, and lifestyle variables such as smoking, drinking, and 

exercise. Moreover, HIC.Clusters website (http://hic db.cluster.lifesci.dundee.ac.uk/) contains 

genes and variants associated with GODARTs cohort. 
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2.4.4  Exclusions 

Using GODARTs data, the exclusion of patients with other types of liver disease that may affect 

the accuracy of NAFLD diagnosis is carried out. A smoking and alcohol record for diabetic 

patients is available for the GoDARTS cohort. This includes a column of mean alcohol 

consumption per week for patients.  

Patients were removed from the study if they have other causes of Any positive serological tests 

for anti-smooth muscle antibodies, antinuclear antibodies, or anti-mitochondrial antibodies, as 

well as any positive serology for hepatitis B surface antigen or hepatitis C antibody, indicate 

chronic liver disease or any medical history indicating chronic liver disease. In GODARTs, 1,200 

individuals are removed from the alternative causes identified in EHRs of liver disease. 

2.4.5  ALT Based NAFLD definition in the current study 

T After consulting existing literature and the longitudinal nature of the data linked with the cohort 

(each patient had an average of 20 ALT readings), the ALT-based NAFLD definition in this project 

is defined as follows: the mean value for ALT measurements of subjects without alternative cause 

of liver disease, which provides a greater degree of confidence that the disease is chronic. In 

addition, three thresholds of ALT criteria were used in the analysis, as is normal in the GODARTs: 

30U/L for men, 19U/L for women.238 

40U/L for men, 35U/L for women.241 

50U/L for men and women.236 
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2.4.6  Alcohol 

 

 

 

 

 

Alcohol file is available for diabetes individuals in the GODARTs cohort. This includes a column 

showing the patients' mean alcohol intake per week to identify alcoholic drinkers and non-drinkers. 

Patients were excluded if they had an ICD-10 diagnosis of code "K70", and patients with positive 

serological tests for anti-smooth muscle antibodies, antinuclear antibodies or anti-mitochondrial 

antibodies, or any positive serology for hepatitis B surface antigen or hepatitis C antibody. when 

we added this column with these excluded patients, the data decreased to 

 

 

 

 

 

 

 

Patients were placed in three groups based on alcohol consumption. First, patients were placed in 

ALT-ND if patients were presumed to be in high ALT and non-alcohol drinkers if they had a 

reported mean alcohol intake of zero units and did not have an ICD-10 diagnosis of Alcohol abuse. 

Second, patients were placed in ALT-D if patients were presumed to be in high ALT and alcohol 

drinkers 1-27 units per week. Third, patients were placed in ALT-HD if Patients were presumed 

to be in high ALT and alcohol drinkers ≥ 28 units per week.  

Total= 18,306 

Total= 8,510 

ALT-ND= ALT non-

drinkers = 3,624 

ALT-HD = ALT high-

drinkers= 137 

ALT-D= ALT moderate 

drinkers= 4,749 
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A total of 18,306 patients were identified as meeting the above criteria for ALT. When excluded 

these diseases that I mentioned above from this study, the data decreased to 17,106 patients. When 

added a column of mean alcohol consumption per week for patients to identify these three groups, 

the data decreased to 8,510 patients; 3,624 patients identified who were defined by the above 

criteria as ALT-ND, 4,749 as patients with ALT-D, and 137 as patients with ALT-HD. 

As a discovery cohort, GODARTs was used. This is a case-control cohort of 18,306 participants 

with electronic health records available and genetic data for many. Of these persons, 10,021 were 

genotyped and suitable for analysis with at least one of these variants of interest. 

2.4.7  Anthropometric parameters 

The body mass index (BMI), waist, systolic blood pressure (SBP), diastolic blood pressure (DBP), 

smoking, alcohol intake per week were collected from the GODARTs database and classified into 

normal ranges. These are shown in the tables below. 

Table 3: The normal and abnormal range for anthropometric parameters 
Anthropometric Parameters Ranges Conditions 

 

BMI 

(weight in kg/ height in m2) 

≤ 24.9 Normal 

25-29.9 Overweight 

≥ 30 Obese 

 

Waist Male / Female 

(cm) 

< 94 / < 80 Normal 

94-101 / 80-87 Overweight 

≥ 102 / ≥ 88 Obese 

SBP 

(both male and female in mmHg) 

≤ 120 Healthy 

> 120 Hypertension 

DBP 

(both male and female in mmHg) 

≤ 80 Healthy 

> 80 Hypertension 

 

Alcohol intake per-week 

(units) 

0 Non-drinking 

1-27 Drinking 1-27 

≥ 28 Drinking ≥28 

  

Smoking 

No Non-smoking 

Yes Smoking 

From Table 3 above, BMI, height, and weight measurements were recorded, from which BMI was 

calculated as follows: weight in kg/ height in m2. There are three categories for BMI, normal as 
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define as BMI ≤ 24.9, overweight 25-29.9, and Obese ≥ 30. Waist, it grouped males into three 

categories, with a normal range below 94 cm, overweight 94-101 cm, and obese ≥ 102 cm, and 

also females into three categories, with normal below 80 cm, risk 80-87 cm, and high risk ≥ 88 

cm. Healthy SBP values for both men and women were given as ≤ 120 mmHg and hypertensive > 

80 mmHg. Healthy DBP values for both men and women were given as ≤ 80 mmHg and 

hypertensive > 80 mmHg. Furthermore, the normal range for alcohol intake per week was defined 

to be 0-unit non-drinking, drinking 1-27 units, and drinking ≥ 28 units, and finally smoking into 

one and non-smoking into 0. 

2.4.8  Biochemistry test parameters 

The biochemistry test parameters include alanine aminotransferase (ALT), triglyceride (TG), low-

density lipoproteins (LDL), high-density lipoproteins (HDL), cholesterol, and hemoglobin A1C 

(HbA1C) data were collected from the GODARTs database and classified into normal ranges. 

These are shown in the table below. 

Table 4: The normal and abnormal range for biochemical parameters 
Biochemical Parameters Ranges Conditions 

ALT first normal range 

(Male and female u/l) 

< 55 Normal 

≥ 55 High 

ALT second normal range 

(Male / female u/l) 

< 40 / < 35 Normal 

≥ 40 / ≥ 35 High 

ALT third normal range 

(Male / female u/l) 

< 30 / < 19 Normal 

≥ 30 / ≥ 19 High 

TG 

(for fasting mmol/l) 

< 2.3 Normal 

≥ 2.3 Hypertriglyceridemia 

TG 

(for non-fasting mmol/l) 

< 5 Normal 

≥ 5 Hypertriglyceridemia 

LDL 

mmol/l 

≤ 4.2 Normal 

> 4.2 High 

HDL 

mmol/l 

≤ 2.5 Normal 

> 2.5 High 

Cholesterol 

mmol/l 

< 5 Normal 

≥ 5 High 

 

HbA1C 

mmol/l 

< 6 Normal 

6-6.4  Pre-diabetes 

≥ 6.5 Diabetic 
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From Table 4 above, ALT was classified as the dependent variable and the other factors collected 

as categorical variables. It was further classified into three ranges: 

i. First normal range: 0-55 u/l for both male and female then classified to: 

< 55 u/l normal and ≥ 55 u/l high 

ii. Second normal range: 40 u/l for male and 35 u/l for female. After that, classified 

male to < 40 u/l normal and ≥ 40 u/l high. Classified female to < 35 u/l normal and 

≥ 35 u/l high. 

iii. Third normal range: 30 u/l for male and 19 u/l for female. After that, classified male 

to < 30 u/l normal and ≥ 30 u/l high. Classified female to < 19 u/l normal and ≥ 19 

u/l high. 

In this way, TG was classified into two categories fasting and non-fasting, with which these were 

sub-categorized into normal and hypertriglyceridemia respectively, with values for normal valued 

at < 2.3 mmol/l and < 5 mmol/l, while for hypertriglyceridemia ≥ 2.3 mmol/l and ≥ 5 mmol/l 

respectively. Furthermore, LDL and HDL with normal valued at ≤ 4.2 mmol/l and ≤ 2.5 mmol/l 

while high at > 4.2 mmol/l and > 2.5 mmol/l. Cholesterol as defined normal < 5 mmol/l and high 

≥ 5 mmol/l. Finally, HbA1C categorized into three ranges, normal as defined < 6 mmol/l, pre-

diabetes 6-6.4, and diabetic ≥ 6.5. 

2.4.9 Cytochrome P450 2E1(CYP2E1) 

Single nucleotide polymorphisms (SNPs) genotyping.  

CYP2E1 is a pathway for the metabolism of alcohol that causes oxidative stress and is inducible 

by regular alcohol use. The levels of alcohol consumption have a synergistic effect with the causes 
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of NAFLD to increase the propensity to develop NAFLD and or to increase the severity of the 

disease. So, in this chapter, we investigated the effects of specific candidate gene SNPs related to 

CYP2E1 on the propensity to develop NAFLD and the risk of developing NASH or advanced 

fibrosis, dependent on alcohol consumption. 

The SNPs in CYP2E1 may impact its expression and function because it is a polymorphic gene.244 

Non-synonymous SNPs like R76H (rs72559710), V179I (rs6413419), and V389I (rs55897648) 

are found in the CYP2E1 gene, as well as promotor polymorphisms like 1295G>C (rs3813867, 

also known as RsaI/PstI)124 and 1055C>T (rs2031920), as well as intronic polymorphisms such as 

9896C>G (rs2070676) in intron 7. While the V179I and V389I substitutions have no effect on 

CYP2E1 activity in vitro,125,126 the R76H mutation only produced 37% of the protein and had 36% 

of the activity as the wild-type protein, indicating decreased stability or production.126,127 The 

promotor polymorphisms 1295G>C (rs3813867) and 1055C>T (rs2031920) have been discovered 

to be tightly related and to result in greater transcription levels.128-130 The polymorphism 1295G>C 

(rs3813867) was found to enhance the risk of essential hypertension when ethanol was 

consumed.131 This SNP may be important because of the strong link between hypertension, insulin 

resistance, and NAFLD. The 9896C>G (rs2070676) intron 7 polymorphism has also been studied 

because of its link to altered gene function and expression.132 These SNPs may alter CYP2E1's 

inclination to link with NAFLD, as well as the extent to which CYP2E1 acts on the risk factors. 

As a result, it's important to investigate the relationship between these CYP2E1 SNPs and NAFLD 

and their risk factors. 

DisGeNET is a platform for discovery that contains one of the largest collections of genes and 

variants related to human diseases available to the public (http:/www.disgenet.org/).242 More than 

24,000 diseases and traits, 17,000 genes, and 117,000 genomic variants are covered by the new 
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release.242 In addition, I used the SNPedia (http://www.SNPedia.com) is a Wiki resource published 

in peer-reviewed studies on the functional consequences of human genetic change.243 Online, 

freely available online for personal use since 2006, SNPedia focuses on single nucleotide 

polymorphism medical, phenotypical, and genealogical associations.242 After that, HIC.Clusters 

website (http://hic db.cluster.lifesci.dundee.ac.uk/) was used to download these six SNPs, 

rs6413419, rs55897648, rs2031920, rs3813867, rs2070676, and rs2249695.242 

Table 5: The Polymorphism frequency for these SNPs 

Gene SNP Homozygous recessive Heterozygous Homozygous dominant 

CYP2E1 rs6413419 0.018% 3.41% 96.56% 

CYP2E1 rs55897648 0 0.72% 99.2% 

CYP2E1 rs2031920 0.078% 5.54% 94.38% 

CYP2E1 rs3813867 0.089% 5.54% 98.83% 

CYP2E1 rs2070676 0.76% 18.23% 81% 

CYP2E1 rs2249695 3.56% 33.09% 63.33% 

 

Due to the very low numbers of patients with homozygous recessive rs6413419, rs55897648, 

rs3813867, rs2070676, rs2031920, and rs2249695 polymorphism in the study group, it was 

assumed that heterozygotes with rs6413419, rs55897648, rs3813867, rs2070676, rs2031920, and 

rs2249695 polymorphism possessed a similar phenotype to homozygotes recessive with 

rs6413419, rs55897648, rs3813867, rs2070676, rs2031920, and rs2249695 polymorphism. 

Herein, with rs6413419, rs55897648, rs3813867, rs2070676, rs2031920, and rs2249695 

polymorphism will refer to patients who have at least one rs6413419, rs55897648, rs3813867, 

rs2070676, rs2031920, and rs2249695 polymorphism. 

Table 6: Frequencies and functions of CYP2E1 SNPs analysed in the current study  

Gene SNP GoDARTS MAF Europe MAF Effect Description Reference Allele Alternate Allele 

CYP2E1 rs6413419 0.017 0.030 p.Val179Ile  Missense G A 

CYP2E1 rs55897648 0.004 0.001 p.Val389Ile  Missense G A 
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CYP2E1 rs2031920 0.029 0.040 - 2KB Upstream Variant  C T 

CYP2E1 rs3813867 0.031 0.040 - 2KB Upstream Variant  G C 

CYP2E1 rs2070676 0.098 0.871 - Intron G C 

CYP2E1 rs2249695 0.205 0.768 - Intron T C 

In CYP2E, there were two missense variants, two intron variants, and two 2KB upstream variants. 

Variants with a minor allele frequency MAF of over 1% were selected, except rs55897648 was 

rare 0.4%. 

The dominant model was utilized in this chapter when one or two copies of the variable allele (a) 

are required for an x-fold increase/decrease in the risk associated with the phenotype. The 

combined 'Aa' and 'aa' genotypes are compared to the reference 'AA' genotype (('Aa' +'aa') vs 

'AA'). 

2.4.10  Statistical Analysis 

The GODARTs cohort was used for assessing a statistical relationship of environmental, 

biochemical factors, and six polymorphisms in the CYP2E1 (rs6413419, rs55897648, rs2031920, 

rs3813867, rs2070676, and rs2249695) with the fatty liver disease in the absence of alcohol 

consumption, moderate alcohol consumption (1–27 units per week), and high alcohol consumption 

(≥28 units per week). Serum alanine transaminase (ALT) was used as the dependent variable to 

define the NAFLD. In view of the published literature, three different definitions of ALT were 

brought into consideration for defining the NAFLD, including ≥55 IU/L for both men and women; 

≥40 IU/L for men, ≥35 IU/L for women; and ≥30 IU/L for men, ≥19 IU/L for women. So, the 

normal or abnormal Serum alanine transaminase (ALT) is binary and, therefore, was appropriate 

as the dependent variable in this analysis. Statistical significance was determined by employing 

univariate logistic regression analysis, and it was not possible in this study to adequately assess 

the multivariate analysis because of the low frequency for CYP2E1 SNPs.  
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In this study, Genotype frequency distributions were equal to expected values of the Hardy-

Weinberg equilibrium for all studied polymorphisms of the CYP2E1 gene (P > 0.05). Pairwise 

linkage disequilibrium r2 values were calculated to avoid resampling the effects of linked SNPs. 

Statistical analysis was performed using the statistical software package R 3.6.3. A P value <0.05 

was considered statistically significant. 

2.5   Results 

This study comprises of 3 groups. We identified 8,510 total individuals after the inclusion and 

exclusion criteria were met for ALT; 3,624 patients identified by the criteria as ALT-ND, 4,749 as 

patients with ALT-D, and 137 as patients with ALT-HD. Tables 8 and 9 show the results of the 

first group's analysis, 10 and 11 show the results of the second group's analysis, and 12 and 13 

show the results of the third group's analysis. Moderately high linkage disequilibrium r2 values 

were observed for rs2070676 and rs2249695 (r2=0.53), and rs2031920 and rs6413419 (r2=0.42), 

with all others <= 0.15 (Table 7). 

Table 7: Pairwise linkage disequilibrium r2 values for CYP2E1 polymorphisms 
 rs6413419 rs55897648 

 

rs2031920 rs3813867 rs2070676 rs2249695 

rs6413419  0.01 0.42 0.15 0.05 0.12 

rs55897648 0.01  0.02 0.01 0.03 0.01 

rs2031920 0.42 0.02  1.00 0.04 0.13 

rs3813867 0.15 0.01 1.00  0.04 0.13 

rs2070676 0.05 0.03 0.04 0.04  0.53 

rs2249695 0.12 0.01 0.13 0.13 0.53  

 

In the first group (ALT-ND), 3,624 patients with a reported mean alcohol intake of zero units per 

week were recruited, and univariate analysis revealed several significant relationships. (Table 8). 

Two SNPs, rs2031920 and rs3813867 were found to be associated with NAFLD (OR=1.45, 

95%CI=1.04-2.05, P=0.029, and OR=1.51, 95%CI=1.07-2.14, P=0.017 respectively) when the 

serum ALT level ≥30 IU/L for men and ≥19 IU/L for women were considered as abnormal. Many 
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environmental factors were found significantly associated with NAFLD. Notably, male sex was 

found significantly associated with the fatty liver in two of the serum ALT definition, i.e., when 

the serum ALT level ≥55 IU/L for both men and women and ≥30 IU/L for men and ≥19 IU/L for 

women was considered as abnormal. Serum total cholesterol was found for all three definitions of 

ALT. Also, LDL-cholesterol was found to contribute to the onset of the fatty liver within the serum 

ALT ≥30 IU/L in men and ≥19 IU/L in women. Likewise, the serum triglyceride was found 

significantly associated with the definitions of serum ALT ≥40 IU/L in men and ≥35 IU/L in 

women, and serum ALT ≥30 IU/L in men and ≥19 IU/L in women. It was important to note that a 

significant association of diastolic blood pressure with the fatty liver was found for the two 

definitions of ALT, i.e., serum ALT ≥40 IU/L in men and ≥35 IU/L in women, and serum ALT 

≥30 IU/L in men and ≥19 IU/L in women. Smoking was found significantly associated with the 

fatty liver in two of the serum ALT definition, i.e., when the serum ALT level ≥40 IU/L for men 

and ≥35 IU/L for women, and ≥30 IU/L for men and ≥19 IU/L for women was considered as 

abnormal. The waist circumference and BMI of obese individuals were also strongly associated 

with fatty liver for the two definitions of ALT, i.e., serum ALT ≥40 IU/L in men and ≥35 IU/L in 

women [waist circumference obese], and serum ALT ≥30 IU/L in men and ≥19 IU/L in women 

[waist circumference obese]. Likewise, the association of BMI of obese individuals was also found 

significantly associated with the two ALT definitions, i.e., serum ALT ≥40 IU/L in men and ≥35 

IU/L in women [BMI obese], and serum ALT ≥30 IU/L in men and ≥19 IU/L in women [BMI 

obese]. These associations reflect the pathophysiology of NAFLD as an integral part of the 

metabolic syndrome, of which most of these environmental factors are biomarkers. 

Table 8: CYP2E1 polymorphism association with ALT-ND 
 

SNPs (Gene) ALT (0-55)    ALT (40-35)    ALT (30-19)   
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   OR (95% Cl)  P value  OR (95% Cl)  P value     OR (95% Cl)  P value 

           

rs6413419 1.13 (0.49-2.22)  0.74 1.51 (0.70-3.01)  0.26  1.37 (0.88-2.17)  0.15 
          

          

rs55897648 0.60 (0.03-2.92)  0.62 0.51(0.41-2.10)  0.99  0.75(0.31-1.85)  0.53 

          

          

rs2031920 1.08 (0.59-1.84)  0.77 1.30 (0.73-2.20)  0.34 
 

1.45 (1.04-2.05)  0.029 

 

          

rs3813867 1.10 (0.59-1.87)  0.73 1.33 (0.75-2.26)  0.29 

 

1.51 (1.07-2.14)  0.017 

 

          

rs2070676 0.80 (0.47-1.30)  0.40 0.27 (0.06-1.02)  0.93 

 

 1.08 (0.84-1.39)  0.54 

 
          

rs2249695 0.97 (0.73-1.28)  0.85 0.81 (0.62-1.06)  0.13 
 

 1.09 (0.93-1.27)  0.25 
 

 

 
 

Table 9: Environmental factors associated with ALT-ND 
 

Parameter ALT (0-55) 

 

   ALT (40-35) 

 

    ALT (30-19) 

 

  

    OR (95% Cl)  P value  OR (95% Cl)  P value   OR (95% Cl)  P value 

 

Sex-M                        

 

 

1.81 (1.42-2.32) 

  

1.5e-06 

 

   

2.51 (2.12-3.85) 

  

0.96 

 

0.30 (0.26-0.35) 

  

2e-16 

HbA1c-1 

 

HbA1c-2 

 

 

Chol ≥ 5 mmol/l                        

0.83 (0.47-1.48) 

 

1.02 (0.67-1.61) 

 

 

1.61 (1.22-2.11)                         

 0.54 

 

0.91 

 

 

0.0006 

              0.89 (0.54-1.48) 

 

              0.73 (0.50-1.08) 

 

 

             1.54 (1.12-2.11) 

 0.67 

 

0.11 

 

 

0.006 

0.83 (0.60-1.14) 

 

0.94 (0.73-1.20) 

 

 

1.36 (1.14-1.61) 

 0.25 

 

0.63 

 

 

0.0003 

          

          

HDL > 2.5 mmol/l 

 

 

  1.22(0.42-1.51)  0.97               0.51 (0.32-1.41)  0.22                 0.54 (0.17-1.64)  0.26 

 LDL> 4.2 mmol/l 

 

 

 SBP > 120 mmHg                                             

 

1.48 (0.44-3.77) 

 

 

1.05 (0.63-1.89) 

 0.45 

 

 

0.84 

               0.84 (0.12-3.38) 

 

 

               0.94 (0.58-1.57) 

 0.82 

 

 

0.81               

2.24 (1.05-5.35) 

 

 

0.85 (0.62-1.16) 

 0.04 

 

 

0.32 

 

          

DBP > 80 mmHg                                             

 

 

Waist-1 

 

Waist-2 

 

1.23 (0.94-1.60) 

 

 

0.85 (0.51-1.45) 

 

1.08 (0.71-1.72) 

 

 0.11 

 

 

0.55 

 

0.70 

              1.78 (1.38-2.30) 

 

 

              1.02 (0.64-1.64) 

 

              1.57 (1.06-2.38) 

 9.1e-06 

 

 

0.92 

 

0.02 

 

1.80 (1.52-2.12) 

 

 

1.10 (0.82-1.48) 

 

1.79 (1.39-2.31) 

 3.1e-12 

 

 

0.51 

 

6.7e-06 
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BMI-1 

 

BMI-2 

 

 

TG ≥ 5 mmol/l 

 

Smoking 

 

 

 

0.77 (0.52-1.17) 

 

1.08 (0.76-1.58) 

 

 

1.41 (0.82-2.28) 

 

1.02 (0.80-1.31) 

 

 

 

 0.21 

 

0.65 

 

 

0.18 

 

0.84 

 

 

              0.94 (0.63-1.43) 

 

              1.65 (1.13-2.46) 

 

 

              1.79 (1.09-2.87) 

 

              1.36 (1.08-1.73) 

 

 0.78 

 

0.01 

 

 

0.01 

 

0.0008 

 

 

 

1.19 (0.95-1.49) 

 

1.99 (1.61-2.45) 

 

 

1.54 (1.10-2.19) 

 

0.68 (0.59-0.78) 

 0.11 

 

1.4e-10 

 

 

0.01 

 

7.3e-08 

 

 

 

Suffixes -1 and -2 refer to HbA1C (Pre-diabetes= 6-6.4 mmol/l) and (Diabetic= ≥ 6.5 mmol/l), BMI 

(Overweight=25-29.9 weight in kg/ height in m2) and (Obese= ≥ 30 weight in kg/ height in m2), and 

Waist (Overweight= 94-101 / 80-87 cm) and (Obese= ≥ 102 / ≥ 88 cm). p<0.05 significant, p<0.01 highly 

significant, p<0.001 very significant. Sex-male. L/F=Low frequency 

 

In the second group (ALT-D), 4,749 patients were included. This cohort had a history of moderate 

alcohol consumption, i.e., 1-27 units per week. The ORs for all the six SNPs of CYP2E1 for their 

likely association with fatty liver and moderate consumption of alcohol has been presented in 

(Table 10). Only one SNP rs2249695 could attain a significant threshold of (OR=1.18, 

95%CI=1.01-1.40, P=0.04) in this association test, representing that most of the selected common 

SNPs of CYP2E1 do not predispose to the onset of fatty liver in the presence of moderate alcohol 

use. In environmental factors, several variables were found significantly associated with the fatty 

liver (Table 11). Notably, the male sex showed a higher significant association with the fatty liver 

when the serum ALT level ≥55 IU/L for both men and women, and ≥30 IU/L for men and ≥19 

IU/L for women was considered as abnormal. For the serum ALT ≥30 IU/L in men and ≥19 IU/L 

in women definition, the pre-diabetic patients (HBA1c = 6% - 6.4%) showed significant 

association with the fatty liver. It is noteworthy that in the same ALT definition group, the diabetic 

patients (HBA1c ≥ 6.5) showed a near significant association with the fatty liver. Serum total 

cholesterol, HDL-cholesterol, and LDL-cholesterol were also found to significantly contribute to 

the onset of the fatty liver within the same ALT definition. Likewise, the serum triglyceride was 

found significantly associated with the definitions of serum ALT ≥40 IU/L in men and ≥35 IU/L 

in women, and serum ALT ≥30 IU/L in men and ≥19 IU/L in women. It was important to note that 
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a significant association of diastolic blood pressure with the fatty liver in the presence of moderate 

alcohol use was found for all three definitions of ALT. The P values indicate that the lower the 

limits of ALT for defining fatty liver, the higher was the association. Smoking was found 

significantly associated with the fatty liver in two of the serum ALT definition, i.e., when the serum 

ALT level ≥40 IU/L for men and ≥35 IU/L for women, and ≥30 IU/L for men and ≥19 IU/L for 

women was considered as abnormal. The waist circumference and BMI of overweight and obese 

individuals were also strongly associated with fatty liver for the two definitions of ALT, i.e., serum 

ALT ≥40 IU/L in men and ≥35 IU/L in women [waist circumference overweight], [waist 

circumference obese]), and serum ALT ≥30 IU/L in men and ≥19 IU/L in women [waist 

circumference overweight], [waist circumference obese]). Likewise, the association of BMI of 

overweight and obese individuals was also found significantly associated with the two ALT 

definitions, i.e., serum ALT ≥40 IU/L in men and ≥35 IU/L in women [BMI overweight], [BMI 

obese]), and serum ALT ≥30 IU/L in men and ≥19 IU/L in women [BMI overweight], [BMI 

obese]). Notably, the BMI in obese individuals was also associated with fatty liver, even setting 

the higher limits of abnormal ALT, i.e., ≥55 IU/L. 

Table 10: CYP2E1 polymorphism association with ALT-D 

SNPs (Gene) ALT (0-55)    ALT (40-35)  ALT (30-19)   

    OR (95% Cl)  P value   OR (95% Cl)  P value OR (95% Cl)  P value 

           

rs6413419 0.72 (0.35-1.32)  0.33                 0.74 (0.441.19)  0.24 1.07 (0.76-1.52)  0.66 

          

          

rs55897648 1.10 (0.26-3.13)  0.87                 0.69 (0.19-1.86)  0.50                 0.60 (0.28-1.27)  0.18 

          

          

rs2031920 1.44 (0.92-2.16)  0.09                 1.28 (0.88-1.83)  0.17 

 

1.18 (0.88-1.58)  0.25 

 

          

rs3813867 1.37 (0.87-2.07)  0.15                 1.27 (0.88-1.81)  0.18 

 

1.18 (0.89-1.59)  0.23 

 

          

rs2070676 0.76 (0.50-1.12)  0.19                1.08 (0.84-1.39)  0.29 

 

0.83 (0.66-1.30)  0.09 
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Table 11: Environmental factors associated with ALT-D 
 

Parameter ALT (0-55) 

 

     ALT (40-35) 

 

     ALT (30-19) 

 

  

    OR (95% Cl)  P value     OR (95% Cl)  P value          OR (95% Cl)  P value 

 

Sex-M                 

 

 

1.48 (1.18-1.86) 

  

0.0006 

  

    1.04 (0.39-2.46) 

  

0.94 

 

0.24 (0.21-0.27) 

  

2e-16 

HbA1c-1 

 

HbA1c-2 

 

 

Chol ≥ 5 mmol/l                        

0.87 (0.57-1.31) 

 

0.75 (0.55-1.05) 

 

 

1.14 (0.88-1.46)                    

 0.50 

 

0.08 

 

 

0.30 

0.94 (0.65-1.35) 

 

0.93 (0.70-1.23) 

 

 

1.17 (0.93-1.46) 

 0.74 

 

0.62 

 

 

0.15 

0.67 (0.51-0.87) 

 

0.81 (0.66-1.01) 

 

 

1.25 (1.07-1.47) 

          0.003 

 

0.06 

 

 

0.005 

          

          

HDL > 2.5 mmol/l 

 

 

1.07 (0.17-3.70)  0.91 0.60 (0.31-3.74)  0.64 0.36 (0.15-0.85)  0.019 

 LDL> 4.2 mmol/l 

 

 

 SBP > 120 mmHg                                             

 

2.11 (0.85-4.51) 

 

 

0.86 (0.57-1.34) 

 0.07 

 

 

0.49 

1.75 (0.69-4.10) 

 

 

0.65 (0.47-0.90) 

 0.20 

 

 

0.009 

2.43 (1.17-5.53) 

 

 

0.97 (0.74-1.27) 

 0.022 

 

 

0.84 

 

          

DBP > 80 mmHg                                             

 

 

Waist-1 

 

Waist-2 

 

1.52 (1.23-1.86) 

 

 

1.38 (0.92-2.14) 

 

1.42 (0.99-2.12) 

 

 5.9e-05 

 

 

0.12 

 

0.066 

1.69 (1.43-1.99) 

 

 

1.57 (1.13-2.19) 

 

1.95 (1.46-2.64) 

 7.5e-10 

 

 

0.006 

 

1.02e-05 

 

1.74 (1.52-1.99) 

 

 

1.27 (1.008-1.61) 

 

1.90 (1.54-2.33) 

 5.1e-16 

 

 

0.042 

 

1.1e-09 

 

 

 

         

BMI-1 

 

BMI-2 

 

 

TG ≥ 5 mmol/l 

 

 

 Smoking 

 

 

 

1.47 (1.002-2.22) 

 

1.60 (1.10-2.40) 

 

 

1.36 (0.89-1.98) 

 

 

0.99 (0.80-1.22) 

 

 

 

 0.056 

 

0.017 

 

 

0.12 

 

 

0.94 

 

 

1.46 (1.06-2.05) 

 

2.10 (1.54-2.92) 

 

 

1.74 (1.27-2.37) 

 

 

1.24 (1.05-1.46) 

 

 

 0.021 

 

4.9e-06 

 

 

0.0004 

 

 

0.01 

 

 

 

1.42 (1.15-1.75) 

 

2.28 (1.86-2.81) 

 

 

2.13 (1.60-2.86) 

 

 

0.69 (0.61-0.78) 

 

 0.001 

 

3.1e-15 

 

 

2.3e-07 

 

 

9.7e-09 

 

 

 

Suffixes -1 and -2 refer to waist and BMI 1 (overweight) and 2 (obese). While HbA1C 1 (Pre-diabetes) and 

2 (Diabetic). p<0.05 significant, p<0.01 highly significant, p<0.001 very significant. Sex-male 

The third group (ALT-HD) comprised 137 patients with a history of higher consumption of alcohol 

(≥28 units per week). Among the six polymorphisms of CYP2E1, only one SNP rs2249695 was 

significantly associated with fatty liver disease in the presence of higher consumption of alcohol 

rs2249695 1.03 (0.82-1.29)  0.77                1.18 (1.01-1.40)  0.04 

 

0.92 (0.81-1.05)  0.24 
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(Table 12). The SNP rs2249695 was significantly associated with the two definitions of higher 

ALT, i.e., ALT ≥55 IU/L in men and women (OR=0.18, 95%CI=0.02-0.74, P=0.03), and ALT 

≥30 IU/L in men and ≥19 IU/L in women (OR=0.33, 95%CI=0.14-0.76, P=0.008). From the 

environmental factors (Table 13), elevated serum total cholesterol was found to have a significant 

effect on raising serum ALT ≥55 IU/L both in men and women in the presence of higher 

consumption of alcohol. The diastolic blood pressure was also found to significantly elevate ALT 

≥40 IU/L in men and ≥35 IU/L in women, and ≥30 IU/L in men and ≥19 IU/L in women. The 

association of smoking was statistically significant for the serum ALT ≥55 IU/L in men and 

women definition.  

Neither rs6413419, rs55897648, rs2031920, rs3813867, HDL, LDL, SBP were significant to ALT-

HD (all P > 0.05, Table 12 and 13). Although the sample size for patients with ALT-HD was 

relatively small (n=137) and this may have impacted our ability to detect these variable 

associations with ALT-HD.  

Table 12: CYP2E1 polymorphism association with ALT-HD 
 

SNPs (Gene) ALT (0-55)    ALT (40-35)      ALT (30-19)   

    OR (95% Cl)  P value  OR (95% Cl)  P value        OR (95% Cl)  P value 

           

rs6413419         (L/F)  0.99              1.53 (0.96-3.94)  0.76     0.67 (0.02-17.3)  0.78 

          

                

rs55897648         (L/F)  0.99                       (L/F)  0.99                            (L/F)  0.99 

          

          

rs2031920         (L/F)  0.99              0.73 (0.09-3.93)  0.72   

 

  0.31 (0.04-1.68)  0.19 

 

          

rs3813867         (L/F)  0.99              0.58 (0.08-2.86)  0.53 

 

  0.47 (0.08-2.24)  0.34 

 

          

rs2070676 0.47 (0.02-2.9)  0.49              0.83 (0.66-1.03)  0.64 

 

  0.27 (0.06-1.02)  0.054 

 

          

rs2249695 0.18 (0.02-0.74)  0.035              0.56 (0.24-1.26)  0.17 

 

 0.33 (0.14-0.76)  0.008 

 

L/F=Low frequency  
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Table 13: Environmental factors associated with ALT-HD 
Parameter ALT (0-55) 

 

   ALT (40-35) 

 

 ALT (30-19) 

 

  

    OR (95% Cl)  P value  OR (95% Cl)  P value OR (95% Cl)  P value 

 

Sex 

 

 

2.79 (2.80-4.01) 

  

0.98 

  

  1.08 (1.12-2.15) 

  

0.98 

 

    (L/F) 

  

0.35 

HbA1c-1 

 

HbA1c-2 

 

 

Chol ≥ 5 mmol/l                        

1.41 (0.31-6.67) 

 

0.58 (0.17-2.30) 

 

 

2.86 (1.07-7.67)                         

 0.64 

 

0.40 

 

 

0.03 

        0.71 (0.19-2.52) 

 

        0.95 (0.36-2.55) 

 

 

        1.35 (0.63-0.89) 

 0.60 

 

0.92 

 

 

0.42 

0.32 (0.081-1.18) 

 

0.39 (0.12-1.10) 

 

 

2.08 (0.96-4.70) 

 0.098 

 

0.093 

 

 

0.066 

          

          

HDL > 2.5 mmol/l 

 

 

          (L/F)  0.21                 (L/F)  0.99                     (L/F)  0.98 

 LDL> 4.2 mmol/l 

 

 

 SBP > 120 mmHg                                             

 

           (L/F) 

 

 

           (L/F) 

 0.99 

 

 

0.99 

                (L/F) 

 

 

                (L/F) 

 0.99 

 

 

0.79              

     (L/F) 

 

 

     (L/F) 

 0.41 

 

 

0.96 

 

          

DBP > 80 mmHg                                             

 

 

Waist-1 

 

Waist-2 

 

2.17 (0.80-6.50) 

 

 

0.80 (0.13-6.42) 

 

0.90 (0.20-6.32) 

 

 0.13 

 

 

0.81 

 

0.90 

         2.33 (1.46-4.86) 

 

 

          0.93 (0.23-3.65) 

 

         0.59 (0.17-2.04) 

 0.02 

 

 

0.92 

 

0.40 

 

2.17 (1.08-4.41) 

 

 

0.77 (0.17-3.06) 

 

0.60 (0.15-2.003) 

 0.03 

 

 

0.72 

 

0.42 

 

          

          

BMI-1 

 

BMI-2 

 

 

TG ≥ 5 mmol/l 

 

  

 Smoking 

 

 

 

2.15 (0.34-4.18) 

 

2.01 (0.32-3.8) 

 

 

0.67 (0.003-4.01) 

 

 

5.22 (1.41-33.90) 

 

 

 

 0.48 

 

0.52 

 

 

0.72 

 

 

0.03 

 

 

          0.61 (0.17-2.21) 

 

          0.71 (0.20-2.49) 

 

 

          3.08 (0.77-3.42) 

 

           

          1.10 (0.53-2.33) 

 

       

 0.45 

 

0.58 

 

 

0.12 

 

 

0.78 

 

 

 

0.56 (0.14-1.94) 

 

0.62 (0.15-2.16) 

 

 

1.69 (0.44-8.18) 

 

 

1.63 (0.79-3.37) 

 

 0.38 

 

1.47 

 

 

0.46 

 

 

0.18 

 

 

 

Suffixes -1 and -2 refer to waist and BMI 1 (overweight) and 2 (obese). While HbA1C 1 (Pre-diabetes) and 

2 (Diabetic). p<0.05 significant, p<0.01 highly significant, p<0.001 very significant. Sex-male. L/F=Low 

frequency 

2.6   Discussion 

In this study, an ALT-based definition of NAFLD has been used as the phenotype; this is an 

increasingly used population-based definition due to the widespread availability of liver enzyme 

results and the very large number of patients making imaging and biopsy-based definitions 

unfeasible. It has been demonstrated that conventional high “normal ranges” miss nearly 50% of 
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NAFLD diagnosis based on other modalities, it has also been demonstrated that the true healthy 

population normal range is much lower, so we used three definitions of normal to explore this. It 

is reassuring to see strong correlations between surrogates and biomarkers of metabolic syndrome 

and our disease phenotype. Furthermore, the stronger correlations with the lower ALT level 

definitions suggestions that these are the true normal range and justify our use of these. It also 

means that we have a purer population of NAFLD without cases being falsely assigned as controls. 

Different studies have shown that the presence of certain polymorphisms such as PstI/RsaI point 

mutations located in the 5′-flanking region of the CYP2E1 gene contributes to susceptibility to 

liver disease.244-246 The NAFLD has become the prime cause of chronic elevation of liver enzymes 

without manifesting symptoms in Europe and the USA.247 So, we assessed different 

anthropometric parameters, environmental and CYP2E1 genetic factors in correlation with these 

three thresholds of serum ALT that leading to NAFLD in the GODARTs cohort. Furthermore, we 

also studied the impact of alcohol intake on NAFLD using all three definitions of ALT. To the 

best of our knowledge, there is no literature that can be specifically related to the evidence given 

here since this is the first research that aimed to identify and quantify the function of rs6413419, 

rs55897648, rs2031920, rs3813867, rs2070676, and rs2249695 polymorphisms in the propensity 

to develop NAFLD.  

In the non-alcoholic users, male sex was significantly associated with increased NAFLD risk 

considering the threshold of 55 IU/L, while in the lower range (30 U/L for males and 19 U/L for 

females) was associated with decreased NAFLD risk. Recently an animal model of NAFLD has 

shown that the male sex is more prone to severe steatosis and steatohepatitis and elevated 

proinflammatory/profibrotic cytokines. The actual cause of these sex-dependent susceptibilities to 

NAFLD remains elusive, yet it has been speculated that the differences in molecular activities in 



                                                                                                                                                                         73 
 

 

livers of males and females might be an underlying cause of differential susceptibility.248 The 

elevated level of total serum cholesterol was significantly associated with increased NAFLD risk 

in the present study GODARTs cohort using all three thresholds of ALT values. This correlates 

with the previous report where a higher ratio of total cholesterol to high-density lipoprotein 

cholesterol was associated with NAFLD in the Chinese Jinchang cohort.249 In this study, the LDL 

cholesterol was found associated with increased NAFLD risk considering the definition of ALT 

using a lower threshold, i.e., 30 U/L for males and 19 U/L for females. The significant association 

of diastolic blood pressure in mid-range (40 U/L for males and 35 U/L for females) and lower 

range (30 U/L for males and 19 U/L for females) ALT definitions is persistent with the previous 

report.250 Previous studies have shown that obesity in Asian cohorts is one of the major 

contributors to NAFLD.251 Herein, the high values of BMI, waist-to-hip ratio, and a higher level 

of triglycerides were also associated with increased NAFLD risk in mid-range and lower range 

ALT definitions. Also, smoking was observed as another independent factor contributing to 

increased NAFLD risk in mid-range ALT definitions. Previously, smoking independently was 

found correlated with the severity of hepatic fibrosis in the NAFLD cohort.252 Although that 

smoking was found associated with decreased NAFLD risk considering the definition of ALT 

using a lower threshold, i.e., 30 U/L for males and 19 U/L for females. Heavy smoking was 

previously thought to be “protective” against potential MS and DM in Turkish women.253 From 

the six polymorphisms of CYP2E1, only two SNPs (rs2031920 and rs3813867) were found 

significantly associated with increased NAFLD risk using lower range ALT definition. In this 

population, of predominantly Caucasian patients. But, in another study, where the ‘T’ allele carrier 

of the rs2031920 polymorphism was found as a protective factor for esophageal squamous-cell 

carcinomas (ESCC) patients, especially in Asian populations.254 The CYP2E1 gene's 5'-flanking 
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region is highly polymorphic at two non-coding sites, rs3813867 and rs2031920. These two loci 

show complete LD (r2 = 1.0).128 This indicates that CYP2E1 is a polymorphic gene, and the SNPs 

may affect its expression and function.244 CYP2E1 gene contains promotor polymorphisms like 

−1295G>C (rs3813867, also referred to as RsaI/PstI)124 and −1055C>T (rs2031920). The 

promotor polymorphisms −1295G>C (rs3813867) and −1055C>T (rs2031920) have been found 

to be strongly linked,128 and were demonstrated to result in higher transcription of CYP2E1.128-130 

In particular, the −1295G>C (rs3813867) polymorphism was found to increase the risk of essential 

hypertension upon ethanol consumption.131 Considering the strong association of hypertension to 

insulin resistance and NAFLD. In addition, previous findings indicated rs2031920 increases the 

age of severe liver disease onset in people with heavy alcohol consumption but have not linked 

rs2031920 to NAFLD.131 

In the second group who consumed a moderate amount of alcohol, i.e., 1-27 units per week, the 

number of significantly associated parameters increased for all the three definitions of ALT levels 

for NAFLD. The anthropometric factors seem to work synergistically with the alcohol in lead an 

elevation in ALT level. The alcohol-induced fatty liver disease and its progression to NASH or 

liver cirrhosis are dependent on the amount of alcohol intake. In Mexicans, consumption of 

approximately one unit per week for the long term (~10 years) increases the risk of liver injury.255 

In our study, male sex was significantly associated with increased fatty liver disease risk 

considering the threshold of 55 IU/L, while in the lower range (30 U/L for males and 19 U/L for 

females) was associated with decreased fatty liver disease risk. The pre-diabetic (HbA1C) was 

associated with decreased fatty liver disease risk in moderate alcohol users in low-range ALT level. 

The higher waist to hip ratio was significantly contributing to increasing fatty liver disease risk for 

mid-range and lower range ALT levels, whereas the BMI was found significantly associated with 
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increased fatty liver disease risk for all the three definitions of ALT level. These findings correlate 

with previous reports where obesity was found as an independent factor posing the risk of alcoholic 

liver disease in Clamart, France.256 The increased diastolic blood pressure was associated with 

increased fatty liver disease risk for all three definitions of ALT level. Hypertension is one of the 

most important factors in the development of fatty liver. Studies have shown that approximately 

16% of hypertensive Americans are the consequence of alcoholism.257 Although HDL-cholesterol 

has been established as a cardio-protective marker, a high influx of HDL has recently been reported 

in NAFLD,258 which correlates with the significantly higher HDL level in moderate alcohol users 

in the low-range ALT level of the present study. The LDL cholesterol was found associated with 

increased fatty liver disease risk considering the definition of ALT using a lower threshold, i.e., 

30 U/L for males and 19 U/L for females. The higher level of triglycerides was associated with 

increased fatty liver disease risk in mid-range and lower-range ALT definitions. Also, smoking 

was associated with increased fatty liver disease risk in mid-range ALT definitions, but it was 

associated with decreased fatty liver considering the definition of ALT using lower-range ALT 

definitions. It is pertinent to discuss here whether alcoholism alone or in association with 

hypertension contributes to the development of the fatty liver. Among the CYP2E1 SNPs, only 

one mutation, rs2249695, was found associated with increased fatty liver risk. Although rs2249695 

has not been associated with fatty liver disease in those who drink alcohol,261,262 it does appear to 

be linked to the risk of head, neck, and nasopharyngeal cancer, which is exacerbated by alcohol 

consumption. One probable mechanism is that CYP2E1 causes the production of reactive oxygen 

species (ROS). 

In the third group who consumed alcohol in higher amounts (>27 units per week), the abnormal 

diastolic blood pressure was again found as significantly contributing to the onset of fatty liver in 
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mid-range and low range ALT definitions. The elevated diastolic blood pressure was persistently 

found to have a significant impact on liver health in all the three cohorts of alcohol users and non-

users. This potentiates the previous stance that hypertension, being the well-known biomarker of 

metabolic syndrome, is strongly linked to insulin resistance and leading to fatty liver.259 The 

abnormal level of cholesterol and presence of smoking also contributed to increased fatty liver 

disease considering the high-range ALT level. Previously, a large-scale survey of steelworkers in 

South Wales showed that the smokers had significantly higher body weight (approximately 13 lbs 

higher) than the non-smokers,260 which supports the present study. Among the CYP2E1 mutations, 

the rs2249695 was found to contribute to the decreased fatty liver disease risk in high alcohol use 

in high range and lower range ALT definitions of fatty liver, which suggests a reduced 

susceptibility to alcohol-related damage. Although rs2249695 has not been directly linked to fatty 

liver disease in people who drink heavily, there appear to be links between it and the risk of head, 

neck, and nasopharyngeal cancer, which is increased by alcohol consumption.261,262 The generation 

of reactive oxygen species (ROS) by CYP2E1 could be one possible mechanism. The most 

common source of ROS generation in cancer is ectopic expression of CYP2E1,263 which means 

CYP2E1 redirection to the mitochondria. CYP2E1 transcription is also controlled by the p53 

suppressor, suggesting a cyclical relationship.263 Although more research is needed, it is likely that 

rs2249695 associates fatty liver disease by CYP2E1 misdirection, as has previously been 

documented for the W23R and W30R CYP2E1 variations.264  

It was not possible in this study to adequately assess the associations between rs6413419, 

rs55897648, rs2031920, rs3813867, HDL, LDL, and SBP to ALT-HD due to the low frequency 

of these factors in the cohort. The study may also have been underpowered in the third group ALT-

HD in relation to a number of low-frequency SNP alleles for the analysis of associations with 
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ALT-HD, due to the small number of ALT-HD cases identified in the first threshold, 0-55 u/l for 

both male and female then classified to < 55 u/l normal and ≥ 55 u/l high (n=20), second threshold, 

40 u/l for males and 35 u/l for females (n=54), and third threshold 30 u/l for males and 19 u/l for 

females (n=81). A larger study would therefore be needed to rule out associations not identified in 

our results. 

The statistical significance was evaluated using univariate logistic regression analysis, and due to 

the low frequency, it was not able to examine the multivariate analysis satisfactorily in this study. 

The current study's limitation could be the GODARTs concept of NAFLD, which was previously 

addressed in depth. There is clear evidence that ALT levels are related to NAFLD, but there is also 

evidence that NAFLD may occur in people with average ALT levels. For that, we used three 

different ALT thresholds in the GODARTs. However, the fact that the real association can be 

stronger than we have observed cannot be excluded. However, we agree that in the absence of 

other causes of liver disease, the mean value for ALT measures provides a higher level of trust that 

the disease is chronic. Replication and further analysis are necessary to carry forward this research 

in a wider cohort with access to high-quality phenotype data. Also, although it is most likely that 

the ALT-ND group, ALT-D group, and ALT-HD group reflect the intended phenotype, it should 

be noted that patients are known to underreport their alcohol consumption.265 So, compared to the 

other groups, we saw a decline in ALT-HD. 

2.7   Conclusion 

Taken together all the findings, this study presents the effects of several metabolic, anthropometric 

and genetic factors associated with NAFLD in the absence and presence of alcohol use in the 

GODARTs cohort. Diastolic hypertension, total serum cholesterol, and smoking were found 
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imparting their role in all three study groups. Also, the rs2249695 mutation of CYP2E1 was found 

imparting their role in the second and third groups. This finding implies their independent risk in 

association with fatty liver disease. In addition, two SNPs, rs2031920 and rs3813867, were found 

to be associated with increased NAFLD risk in the first group in the lower range of ALT. In 

addition, several anthropometric factors were found contributing to the fatty liver disease in 

association with mild consumption of alcohol (1-27 units per week), including the waist to hip 

ratio, BMI, and serum triglycerides. This study would contribute to the risk assessment of NAFLD 

in this cohort for better disease management.  
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3   Do CYP2E1 polymorphisms increase the susceptibility of developing alcoholic liver 

disease? 

3.1   Abstract 

Cytochrome P-450 2E1 (CYP2E1) metabolises ethanol to produce acetaldehyde, potentially 

inducing liver damage. CYP2E1 is in turn induced by ethanol, particularly in patients with a history 

of chronic alcohol abuse. CYP2E1 polymorphisms may cause differential hepatic and behavioural 

responses to ethanol, mediated by modified CYP2E1 protein expression and form. We sought to 

identify CYP2E1 polymorphisms associated with alcoholic liver disease (ALD).  

CYP2E1 sequences were determined for 8,381 patients, including 170 with ALD, 4,751 alcohol 

drinkers without liver disease (ADs), and 3,460 non-drinkers. CYP2E1 polymorphisms rs6413419, 

rs2031920, rs3813867, rs2070676, rs2249695 and rs55897648 were analysed as independent 

predictors of ALD and alcohol consumption in multivariate models, along with sex and lifestyle 

reflective factors. Linkage disequilibrium r2 values were evaluated for all pairwise comparisons.  

Males were more likely to drink alcohol, and to have ALD (P<0.01). CYP2E1 polymorphism 

rs2249695 was positively associated with ALD (P=0.01, OR:1.13 [CI:1.10-1.63]), and rs2031920 

was positively associated with alcohol consumption (P=0.02, OR:1.52 [CI:1.60-1.97]). ALD 

patients were 3-fold more likely to carry rs2070676, and 1.5-fold more likely to carry rs2249695 

than other alcohol drinkers. ALD was more likely in patients with elevated high-density 

lipoproteins (P=0.024, OR:16.97 [CI:1.46-197.81]), and alcohol consumption was more common 

in overweight patients (P<0.001, OR:1.93 [CI:1.49 – 2.51]). The importance of dietary fat in 

aggravating ALD symptoms through lipid peroxidation should be emphasised to patients in 

treatment for alcohol dependency. 
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3.2   Introduction 

Cytochrome P450 2E1 (CYP2E1) is a membrane-bound enzyme belonging to the cytochrome 

P450 oxidase protein superfamily,97 which is highly expressed in the liver and plays a role in the 

deactivation of drugs and toxic substances, either directly or by promoting excretion from the 

body.193 CYP2E1 predominantly metabolizes drugs and toxic substances through oxidation, but 

can also oxidise and thereby bioactivate some carcinogens and other substances, mediating the 

onset of hepatoxicity in response to some substances, including ethanol. Ethanol is metabolised to 

produce acetaldehyde (a carcinogen), while CYP2E1 efficiently reduces dioxygen and other small 

metabolites, such as carbon tetrachloride, to hydrogen peroxide and other reactive oxygen species 

(ROS).  

Oxidative stress, caused by the activity of CYP2E1, can over-activate the JNK pathway which 

clears ROS, promoting liver injury through an undesirable chain of downstream reactions.111 In 

rat models, both fat within the diet and nicotine can modify the relationship between ethanol and 

CYP2E1 expression,101,102 therefore there is likely to be a strong component of lifestyle influence 

on human CYP2E1 expression level and activity. 

Although CYP2E1 expression is highest in the liver, particularly in the centrilobular region,244 

limited expression has been observed in multiple regions of the brain, including the hippocampus, 

substantia niagra, and striatum.244,266,267 CYP2E1 also catalyses ethanol metabolism within the 

central nervous system (CNS), generating acetaldehyde, which mediates alcohol-related 

behaviours including reinforcing alcoholic dependency.268 

Although, typically, CYP2E1 is only physiologically responsible for around 10% of ethanol 

metabolism, with the majority of ethanol metabolised by alcohol dehydrogenase,269 under chronic 
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alcohol consumption, CYP2E1 plays a larger role in ethanol processing.107 Ethanol in turn 

significantly induces CYP2E1, which can further initiate the metabolism of multiple toxicants, 

carcinogens, and drugs.121 When ethanol is co-administered with drugs, CYP2E1 is massively 

induced, resulting in severe liver damage.270 The mechanism for ethanol induction of CYP2E1 is 

still being elucidated, potentially involving either upregulation of CYP2E1, or preventing CYP2E1 

degradation,193 and possibly involving mitochondrial mediation.108  

3.2.1  Ethanol induction of CYP2E1 and Alcoholic Liver Disease  

CYP2E1 initiates NADPH-dependent lipid peroxidation of membrane-bound lipids, leading to the 

generation of ROS and free ion radicals. This is proposed as a direct or indirect mechanism for 

ethanol-dependent liver damage.244 In ethanol-fed rats/or human alcoholics, CYP2E1 also 

generates hydroxyl free radicals, which can expedite specific antibody formation.244 These 

antibodies in turn damage the liver cells through immunotoxic reactions. In an experiment in which 

rats were administered alcohol to observe the effects and regions of CYP2E1 expression, it was 

found that rats developed liver fibrosis concomitant with an increase in the by-products of lipid 

peroxidation.244 These by-products are also detected in the blood of alcoholics. In this rat model 

of alcoholic liver disease, inhibitors diallyl sulphide and phenethyl isothiocyanate significantly 

reduced ethanol-induced CYP2E1 transcription and translation, which in turn decreased the 

pathological score of ALD. Chlormethiazole (CMZ), an inhibitor of CYP2E1 isoenzyme, also 

significantly reduced ALD pathology, suggesting the importance of CYP2E1 downstream 

signalling in ALD progression.  

The ethanol induction of CYP2E1 increases CYP2E1-mediated and NADPH-dependent lipid 

peroxidation by a factor of 20-200.244 In general, it is this conversion of alcohol to fat, coupled 
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with high dietary fat consumption, that leads to hepatosteatosis or aggravates existing ALD. In 

alcoholic cirrhosis, an advanced form of ALD, serum cholesterol is typically lowered, while blood 

triglycerides are elevated.271,272 Some types of fats have an impact on elevating ALD symptoms, 

and, in rats which chronically consumed ethanol, fish oil, which generally reduces blood 

triglyceride level, appeared to ameliorate some of these effects.273 Dietary management is therefore 

important to preventing progression from AD to ALD. 

3.2.2  CYP2E1 polymorphisms and ALD 

CYP2E1 is polymorphic in most populations, but at varying frequencies in different geographies 

and ethnicities.244,274-277,126 Most predominant polymorphisms have been assigned ‘CYPallele’ 

IDs,278 although a number of polymorphisms independently identified correspond incompletely to 

these IDs, expanding our understanding of minor alleles.277 Some of the predominant or notable 

polymorphisms in Caucasian populations, and others with suggested links to ALD or alcohol 

drinkers (AD) in other global populations are shown in Table 14.   

Table 14: Selected widely expressed polymorphic forms of CYP2E1 and their potential 

effects on patient phenotypes, as demonstrated in previous studies in comparison to 

CYP2E1*1A (wild type). 

CYP2E1 cypallele ID or alternative ID Rs designations of 

contributing polymorphisms 

Effects 

CYP2E1*1B rs2070676 Elevated perception of alcohol 

intoxication, SHAS scale,279 alcohol 

dependency280 

CYP2E1*2 – G1168A point mutation in 

exon2, also known as R76H. 

rs72559710 Reduced CYP2E1 enzymatic activity.125 

CYP2E1*3 – G10059A base substitution 

in exon 8, also known as V380I 

rs55897648 Rare, none yet defined. 

CYP2E1*4 rs6413419 Alcohol dependency281 

CYP2E1*5B -5’ flanking region (Rsal 

c2) 

rs3813867 

rs2031920 

Colorectal cancer,282 nasopharyngeal 

carcinoma,283 hypertension,131 alcohol 

dependency284,130   and liver disease.285 

CYP2E1*6 - intron 6 (Dral C/D) rs6413432 DNA single-strand breaks,286 lung 

cancer,287 breast cancer276 and alcohol 

dependency288 

No corresponding CYPallele rs2249695 Increased head and neck cancer incidence 

in conjunction with alcohol 

consumption,261 Nasopharyngeal 

carcinoma262 
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W23R, W30R None assigned Localisation of CYP2E1 to the 

mitochondria, in vitro ethanol-induced 

toxicity264 

 

Links between either ALD, perceived response to alcohol or cancer, CYP2E1-mediated epigenetic 

modifications and these polymorphisms have previously been observed, although specific 

associations vary between populations,279 and often effects observed in Asian populations have 

been non-replicable in Caucasian populations,289 likely due either to low frequency or high linkage 

disequilibrium of apparent effectors with other polymorphisms.  

As CYP2E1 expression increases, there is increased generation of reactive species, lipid 

peroxidation, and carcinogen accumulation, leading to exacerbated damage. CYP2E1*5B and 

CYP2E1*6 polymorphisms are the two polymorphisms that are the most frequently associated 

with changes in the level of CYP2E1 transcription.264 Individuals carrying CYP2E1*5B or Rsa1 

(located in the Ticon regulatory site at the 5’-end) show differential CYP2E1 gene expression.193  

The most common allele of CYP2E1 Rsa1 in Caucasian populations is C1, which has minimal 

expression levels, whilst its counterpart allele, C2, results in a 10-fold enhanced transcription 

rate.244 Research suggests an association between CYP2E1 gene polymorphisms, (especially at the 

upstream regulatory regions to the 5’ end in the coding exons), and ALD. In a Mexican population, 

for example, a relationship has been demonstrated between the C2 allele and alcohol abuse, leaving 

individuals carrying the C2 allele prone to developing ALD.255  

Bansal et al., in 2013, showed three novel polymorphisms in the protein targeting a signal region 

of CYP2E1, namely W23R, W30R and L32N. W23/30R is preferentially targeted to the 

mitochondria, where it facilitates alcohol-dependent ROS formation, respiratory distress, and 

eventually cell damage. Massive, but reversible damage in mitochondrial cytochrome C oxidase 
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can be caused by mitochondrial-targeted CYP2E1. The L32N protein variant is conversely 

preferentially targeted to the endoplasmic reticulum and at lower levels to the mitochondria, and 

cells expressing the L32N variant have lower alcohol-induced toxicity.264 

Due to the role of CYP2E1 in ethanol metabolism, the development of alcohol-related liver disease 

may predict increased CYP2E1 expression and vice versa. To investigate this hypothesis, this 

study analyzed the associations of specific candidate gene SNPs related to CYP2E1 expression 

with the propensity to develop ALD, and also with alcohol consumption generally, comparing 

SNP prevalences across ALD, alcohol drinkers without liver disease (AD) and non-drinker groups.  

SNPs of interest were selected as follows: The rs6413419 G allele (CYP2E1*4)277 has been 

specifically linked to alcohol dependency in a South African population.281 rs2031920 and 

rs3813867 (CYP2E1*5B) have been linked to alcohol dependency, as have rs2070676 

(CYP2E1*1B) and rs6413419 (CYP2E1*4). rs2070676 was previously found to be at complete 

linkage disequilibrium with rs2515641 in a US population.279 Therefore, rs2070676 here is used 

as a proxy for both SNPs. Similarly, rs10776687 was reported to be at complete linkage 

disequilibrium with rs2031920, therefore only rs2031920 is included here. rs2249695 appears to 

indirectly influence cancer in conjunction with alcohol consumption.261 The rarer polymorphism 

rs55897648 (CYP2E1*3), which appears to have been either monomorphic or unrelated to alcohol 

dependency and ALD in most prior studies due to its low frequency, was also included. 

3.3   Methods  

3.3.1  Study Population 

The same cohort used in chapter 2 was used. Additionally, ICD10 codes were used ICD-10-CM 

(diagnosis) and ICD-10-PCS (procedure) for all patients. The hypothesis in this chapter is that in 
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the presence of excessive Alcohol consumption, the development of alcohol related liver disease 

would be expected to show an association with CYP2E1. So, we analyzed the effects of specific 

candidate gene SNPs related to CYP2E1 on the propensity to develop ALD and the risk of 

developing alcoholic steatohepatitis or advanced fibrosis. 

3.3.2  Patient selection  

 

 

 

 

A smoking and alcohol file is available for diabetes individuals in the GODARTs cohort. This 

includes a column showing the patients' mean alcohol intake per week to identify alcoholic 

drinkers and non-drinkers. Patients were excluded if they had an ICD-10 diagnosis of code "K71-

K77", and patients with positive serological tests for anti-smooth muscle antibodies, antinuclear 

antibodies or anti-mitochondrial antibodies, or any positive serology for hepatitis B surface antigen 

or hepatitis C antibody. when we added this column with these excluded patients, the data 

decreased to 

 

 

 

 

 

 

The samples were obtained from GODARTs. First, patients were placed in the Alcoholic liver 

disease group (ALD) if they had an ICD-10 diagnosis of alcoholic fatty liver, alcoholic fibrosis, 

alcoholic cirrhosis, and alcoholic hepatic failure ICD10 code “K70”. Second, patients were placed 

Total= 18306 

Total= 8381 

ND= Non-drinkers 

without liver disease = 

3460 

ALD= Alcoholic liver 

disease= 170 

AD= alcohol drinkers 

without liver disease= 4751 
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to be non-drinkers without liver disease group (ND) if they had a reported mean alcohol intake of 

zero units and did not have an ICD-10 diagnosis of ALD code “K70”, and alcohol abuse, and 

alcohol dependency ICD10 code “F10”, and did not have patients with positive serological tests 

for anti-smooth muscle antibodies, antinuclear antibodies or anti-mitochondrial antibodies, or any 

positive serology for hepatitis B surface antigen or hepatitis C antibody, or a medical record of the 

diagnosis of liver disease. Third, patients were placed in an alcohol drinkers without liver disease 

group (AD), if the majority of the patients had a reported mean alcohol intake of < 28 units per 

week, whereas a minority had a reported mean alcohol intake of ≥ 28 units per week, and patients 

did not have an ICD-10 diagnosis of code “K70-K77” and did not have patients with positive 

serological tests for anti-smooth muscle antibodies, antinuclear antibodies or anti-mitochondrial 

antibodies, or any positive serology for hepatitis B surface antigen or hepatitis C antibody, or a 

medical record of the diagnosis of liver disease. A cohort of 8,381 patients were identified as 

meeting the criteria, and all of these have genetic data available for analysis. 3,460 patients 

identified who were defined by the above criteria as non-drinkers without liver disease, 4,751 as 

patients with alcohol drinkers without liver disease, and 170 as patients with ALD. 

3.3.3  Statistical methods 

The dominant model was utilized in this study, whereby one or two copies of a variable allele (a) 

are required for an x-fold increase/decrease in the risk associated with the phenotype; The 

combined 'Aa' and 'aa' genotypes are compared to the reference 'AA' genotype ('Aa' or 'aa' vs 'AA'). 

Initially, univariate multinomial logistic regression was carried out to evaluate the association 

between outcome and independent variables. Subsequently, multivariate multinomial logistic 

regression was carried out to assess the association between an outcome variable and independent 

variables and to obtain odds ratios with 95% confidence intervals. Z scores were calculated by 
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dividing parameter estimates by standard errors and two-sided P values were calculated using 

normal probability distribution. Step-wise variable selection was adopted to evaluate the 

independent variables associated with the outcome.   

The following explanatory variables were included in the full model: sex, cholesterol, high density 

lipoprotein (HDL), low density lipoprotein (LDL), systolic and diastolic blood pressure (SBP, 

DBP), triglyceride level (TG), smoking status, body mass index (BMI) category (overweight, (25-

29.9)/obese, (≥ 30)), waist circumference category (overweight, (94-101 for male / 80-87 for 

female)/ obese, (≥ 102 for male / ≥ 88 for female)), serum HbA1c category (pre-diabetes, (6-6.4)/ 

diabetic, (≥ 6.5)), and the six previously discussed SNPs (rs6413419, rs55897648, rs2031920, 

rs3813867, rs2070676, and rs2249695). The outcome was a three-level variable representing 

reported relationships with alcohol (i.e.  non-drinkers, alcohol drinkers, and ALD sufferers).  

In this study, genotype frequency distributions were equal to expected values of the Hardy-

Weinberg equilibrium for all studied polymorphisms of the CYP2E1 gene (P > 0.05). Pairwise 

linkage disequilibrium r2 values were calculated to avoid resampling the effects of linked SNPs. 

All analyses were conducted using R 3.6.3 statistical software. A P value <0.05 was considered 

statistically significant. 

3.4   Results  

A total of 8,381 patients were identified as meeting the inclusion criteria for either the case groups 

or the control group; 3,460 patients identified were defined by the criteria as non-drinkers, and 

therefore formed the control group. We identified 4,751 alcohol drinkers without liver disease 

(ADs), and 170 as patients with ALD. Considering the six polymorphisms included in the analysis, 

there was complete linkage of two polymorphisms, rs3813867 and rs2031920, in our population, 
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both of which map to the CYP2E1 5’ flanking region. Moderately high linkage disequilibrium r2 

values were observed for rs2070676 and rs2249695 (r2=0.53), and rs2031920 and rs6413419 

(r2=0.42), with all others <= 0.15 (Table 7). 

Minor allele frequencies ranged from to 0.004 (rs55897648) to 0.205 (rs2249695) (Table 6). In 

CYP2E1, there were two missense variants, two intron variants, and two 2KB upstream variant. 

Variants with a minor allele frequency MAF of over 1% were selected, except rs55897648 was 

rare 0.4%. 

3.4.1  Associations with ALD 

Univariate analysis indicated multiple significant associations with ALD, including male gender 

(P<0.001), and lifestyle reflective variables including HDL, LDL and smoking (all P<0.05). Two 

SNPs were significantly positively associated with ALD on a univariate basis: rs2070676 and 

rs2249695 (Table 15). rs2070676 was twice as frequent in ALD patients than in non-drinkers, 

although it did not vary significantly in frequency between ALD patients and other ADs. 

rs2249695 was significantly more common in ALD patients than in ADs and non-drinkers.  

Only rs2249695 remained predictive of ALD in the multivariate analysis (Table 16), with a 13% 

higher frequency in ALD patients than in non-drinkers, and a 51% higher frequency than in other 

ADs (P=0.01, [CI: 1.10 – 1.63]). This suggests that the significant univariate associations observed 

previously with rs2070676 and rs2249695 result from close linkage between rs2070676 and 

rs2249695 (r2=0.53), leaving the individual impacts of these SNPs difficult to disentangle.  

In addition to rs2249695, HDL level and male gender were also retained in the multivariate model 

as independent predictors of ALD (Table 16). High HDL (> 2.5 mmol/l) dramatically increased 



                                                                                                                                                                         89 
 

 

the odds of ALD by a factor of 16.97 (p=0.024 [C1:1.46 – 197.81]), although the error margins 

were extremely large. Male gender increased the risk of ALD by a factor of 4.69 (p<0.001, 

[CI=2.41 – 9.14]). 

Table 15: Univariate odds ratios associated with CYP2E1 polymorphisms and individual 

level variables 

Suffixes - HbA1C (Pre-diabetes= 6-6.4 mmol/l) and (Diabetic= ≥ 6.5 mmol/l), BMI (Overweight=25-29.9 

weight in kg/ height in m2) and (Obese= ≥ 30 weight in kg/ height in m2), and Waist (Overweight= 94-101 

/ 80-87 cm) and (Obese= ≥ 102 / ≥ 88 cm). p<0.05 significant, p<0.01 highly significant, p<0.001 very 

significant. 

 

 OR with 95% CI P value 

 ADs vs ND ALD vs ND ALD vs ADs ADs vs ND ALD vs ND ALD vs ADs 

rs6413419 1.23 (0.96 – 1.59) 2.31 (0.99 – 5.42) 1.88 (0.81 – 4.36) 0.105 0.053 0.142 

rs55897648 1.10 (0.65 – 1.85) 3.17 (0.73 – 13.61) 2.89 (0.68 – 12.20) 0.812 0.120 0.148 

rs2031920 1.20 (0.90 – 1.52) 1.82 (0.90 – 3.69) 1.94 (0.96 – 3.91) 0.646 0.094 0.064 

rs3813867 1.23 (0.81 – 1.51) 1.84 (0.91 – 3.72) 1.95 (0.97 – 3.93) 0.687 0.088 0.062 

rs2070676 1.09 (0.92 – 1.28) 1.91 (1.07 – 3.41) 1.75 (0.98 – 3.12) 0.241 0.029 0.057 

rs2249695 1.07 (0.97 – 1.17) 1.50 (1.17 – 2.29) 1.34 (1.42 – 2.14) 0.162 0.021 0.009 

       

Sex – male  3.05 (2.79 – 3.33) 4.98 (3.18 – 7.82) 1.63 (1.04 – 2.56) <0.001 <0.001 0.031 

Chol ≥ 5 mmol/l 1.51 (1.68 – 1.82) 1.30 (0.90 – 1.88) 1.74 (1.21 – 2.51) <0.001 0.157 0.003 

HDL > 2.5 mmol/l 1.62 (0.95 – 2.75) 8.45 (3.12 – 22.88) 5.21 (2.03 – 12.37) 0.074 <0.001 <0.001 

LDL > 4.2 mmol/l 1.04 (0.71 – 1.52) 2.87 (1.02 – 8.12) 2.76 (0.99 – 7.68) 0.827 0.046 0.052 

SBP > 120 mmHg 0.99 (0.83 – 1.17) 0.49 (0.27 – 0.89) 0.50 (0.28 – 0.90) 0.898 0.019 0.020 

DBP > 80 mmHg 1.26 (1.15 – 1.37) 1.09 (0.73 – 1.63) 1.87 (0.58 – 1.90) <0.001 0.664 0.492 

TG ≥ 5 mmol/l 1.17 (0.96 – 1.43) 1.77 (0.28 – 2.13) 1.66 (0.24 – 1.81) 0.118 0.621 0.419 

Smoking  1.39 (1.27 – 1.51) 2.10 (1.36 – 3.24) 1.51 (0.98 – 2.33) <0.001 <0.001 0.006 

       

BMI        

Overweight  1.34 (1.19 – 1.53) 1.17 (0.68 – 2.02) 0.87 (0.50 – 1.50) <0.001 0.569 0.612 

Obese 1.16 (1.02 – 1.30) 0.78 (0.45 – 1.35) 0.68 (0.39 – 1.17) 0.018 0.378 0.159 

Waist         

Overweight 0.99 (0.83 – 1.19) 0.72 (0.38 – 1.39) 0.72 (0.38 – 1.38) 0.984 0.329 0.325 

Obese 0.46 (0.63 – 0.86) 0.46 (0.27 – 0.81) 0.63 (0.36 – 1.09) <0.001 0.007 0.095 

       

HbA1c       

Pre-diabetic 0.82 (0.69 – 0.98) 0.20 (0.10 – 0.40) 0.24 (0.12 – 0.49) 0.030 <0.001 <0.001 

Diabetic 0.73 (0.64 – 0.85) 0.23 (0.15 – 0.34) 0.31 (0.21 – 0.46) <0.001 <0.001 <0.001 
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Table 16: Multivariate odds ratios associated with significant CYP2E1 polymorphisms and 

individual level variables 
 ADs compared to ND ALD compared to ND ALD compared to ADs 

 OR (95% CI)  P value  OR (95% CI) P value  OR (95% CI) P value  

rs2031920 1.52 (1.60 – 1.97) 0.022 1.81 (0.53 – 6.23) 0.345 2.67 (0.78 – 9.11) 0.117 

rs2070676 1.09 (0.71 – 1.16) 0.430 2.85 (0.96 – 8.43) 0.059 3.14 (1.07 – 9.22) 0.038 

rs2249695 1.20 (0.97 – 1.47) 0.085 1.13 (1.10 – 1.63) 0.01 1.51 (1.17 – 1.62) 0.008 

Sex – Male 2.94 (2.56 – 3.38)  <0.001 4.69 (2.41 – 9.14) <0.001 1.59 (0.82 – 3.10) 0.170 

HDL > 2.5 mmol/l 2.92 (0.71 – 11.92)   0.136 16.97 (1.46 – 197.81) 0.024 5.80 (0.61 – 54.96) 0.125 

Waist – overweight 0.66 (0.48 – 0.89)  0.007 0.52 (0.16 – 1.69) 0.280 0.80 (0.24 – 2.55) 0.702 

Waist –obese 0.64 (0.47 – 0.87)   0.004 0.74 (0.23 – 2.36) 0.615 0..41 (0.37 – 3.67) 0.794 

BMI –overweight 1.93 (1.49 – 2.51)  <0.001 1.07 (0.37 – 3.10) 0.903 0.55 (0.19 – 1.59) 0.273 

BMI –obese  1.84 (1.39 – 2.43)  <0.001 1.18 (0.37 – 3.79) 0.781 0.64 (0.20 – 2.01) 0.444 

p<0.05 - significant, p<0.01 - highly significant, p<0.001 - very significant. 

3.4.2  Associations with alcohol consumption 

Considering alcohol consumption without liver disease as an outcome, none of the 6 included 

polymorphisms of CYP2E1 were univariate predictors, however rs2031920 was a positive 

independent predictor of alcohol consumption within the multivariate model (OR=1.52, P=0.022 

[CI: 1.60-1.97]), as was overweight/obesity defined by BMI (P<0.001, Table 16). 

Overweight/obesity defined by waist circumference was surprisingly protective against alcohol 

use when BMI was simultaneously modelled, suggesting higher visceral fat storage (P<0.01).  

3.4.3  Comparison of AD and ALD patient genotypes 

Comparing ALD patients to ADs without liver disease, of all the variables considered, only the 

CYP2E1 polymorphisms were independent predictors of progression to ALD. rs2070676 and 
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rs2249695 were simultaneously significant within the multivariate model, suggesting they play 

different roles in the development of ALD (P<0.05). Patients with ALD were 3 times more likely 

to be carrying rs2070676 than other ADs (OR:3.14 [CI:1.07 – 9.22]). rs2070676 was not 

significant in predicting AD status or ALD on a univariate basis, suggesting its effect may be 

modified by the presence or absence of rs2249695. 

3.5   Discussion 

As a key mediator of the body’s response to alcohol, CYP2E1 is a key potential target for the 

treatment of alcohol addiction and ALD, and variations within CYP2E1 sequences between 

individuals may explain why some develop addiction and some do not, and why a similar alcohol 

consumption is more likely to lead to ALD in a subset of patients than in the general population. 

Identifying commonly noted CYP2E1 polymorphisms that play a role in the development of ALD 

is a first key step in elucidating the mechanisms of transcriptional regulation and therefore 

developing CYP2E1 targeted treatments for high risk patients. 

3.5.1  Predicting alcoholic liver disease using CYP2E1 genotypes 

Considering 6 CYP2E1 polymorphisms, we identified the closely linked SNPs rs2070676 and 

rs2249695 as showing significant positive univariate associations to ALD. In this population of 

predominantly Caucasian patients, rs2249695 was also independently predictive of ALD in a 

multivariate model. There was a non-significant 2.9-fold excess of rs2070676 in the ALD group, 

rs2070676 having a frequency of 0.098 in this dataset, which may reach significance if repeated 

in a larger population (P=0.059). 

rs2249695 has not previously been directly associated with ALD, however there appear to be 

associations between rs2249695 and head, neck, and nasopharyngeal cancer risk, which are 
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enhanced by alcohol abuse.261,262 One potential mechanism for this could be CYP2E1-mediated 

ROS production. In cancer, ROS production is not typically elevated through CYP2E1 over-

expression, but through ectopic expression,263 meaning misdirection of CYP2E1 to the 

mitochondria is the most likely cause. CYP2E1 transcription also falls under the control of the p53 

suppressor, which may suggest a cyclical association.263 Although requiring further investigation, 

it is likely that rs2249695 promotes ALD through CYP2E1 misdirection, as has been previously 

reported for the W23R and W30R CYP2E1 variants.264 

3.5.2  Comparing CYP2E1 genotypes of ALD patients and other ADs  

Polymorphisms of CYP2E1 which have different frequencies in ALD patients and other alcohol 

drinkers (ADs) may be key to understanding why some patients that consume alcohol develop 

liver disease, while some do not. Comparing ADs without liver disease to patients with ALD, of 

all of the variables considered, CYP2E1 polymorphisms rs2070676 and rs2249695 were the only 

independent predictors of ALD. This suggests that the frequency of overweight, smoking status, 

and biomarkers reflective of diet were similar across the ALD and other AD groups. Male gender 

was predictive of both alcohol consumption and ALD, with men 2.9 times more likely than women 

to drink alcohol, and 4.7 times more likely to have ALD. 

ALD patients were three times more likely to carry rs2070676 than AD patients without liver 

disease. This is consistent with the previously established relationships between rs2070676 and 

alcohol dependency,280 and perceived level of intoxication from alcohol.279 As rs2515641 has been 

shown to be in complete linkage disequilibrium with rs2070676 in a US population,279 we must 

also consider that we may be indirectly sampling an effect of rs2515641 or another closely linked 

polymorphism. rs2249695, as previously discussed, was also 1.5 times more likely to be carried 

by ALD patients than by other ADs. 
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The differentiation of SNPs associated with alcohol use and ALD reflects the diversity of CYP2E1 

function, and the range of potential dysfunction in ALD and liver damage; through mistargeting 

of CYP2E1 to the mitochondria, to influencing behaviour via expression in the brain and CNS, 

and upregulation leading to unchecked lipid peroxidation and resulting steatosis.  

In comparing ALD patients and other ADs, a significant limitation of this study was the 

unavailability of age data for individual patients. We consider that younger patients may have had 

insufficient time to develop an ALD phenotype, despite being at elevated risk and potentially 

carrying risk-associated SNPs, therefore some patients recorded as being ADs without liver disease 

may be expected to progress to ALD at a later date. Some effect estimates may therefore have been 

larger if age could have been accounted for. 

3.5.3  Predicting alcohol consumption using CYP2E1 genotypes 

Predicting alcohol use is complex, as there are multiple reasons why individuals choose to avoid 

alcohol, from personal taste to cultural and ethical issues. A subset of those individuals included 

here in the non-drinking control group may include those with a known family history of alcohol 

addiction, and patients with complex health issues preventing alcohol use, which may somewhat 

confound efforts to identify SNPs linked to alcohol use. Despite these limitations, rs2031920, 

which has previously been linked to a broad range of conditions, from alcohol dependency, to 

cancer, hypertension and liver disease,282-285,130,131 could be shown to be 50% more frequent in 

alcohol users in the absence of liver disease than in non-drinkers. This may be due to perceived 

intoxication differences or predisposition in dependency, but also to cultural differences in alcohol 

consumption between different ethnic groups with varying allele frequencies, so warrants further 

exploration. As rs3813867 and rs2031920 showed complete linkage within our study population, 

we cannot distinguish the relationship between rs2031920 and alcohol use from a proxy effect of 
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rs3813867. Previous findings indicate rs2031920 influences the age of advanced liver disease 

onset in patients with chronic alcohol use,285 but have not linked rs2031920 specifically to alcohol 

use. Other SNPs, including rs6413419, which were previously shown to be significant in other 

populations in predicting alcohol addiction,281 were not found to be significant in predicting 

alcohol use in this dataset, presumably as those with addiction issues were in the minority among 

this group. 

The results of ALD and alcohol addiction association studies are typically non-consistent across 

populations, which could be due to the varying frequencies of specific alleles in different 

populations and also uneven linkage disequilibrium. 269,279 For example, in this study, only 1.7% 

of individuals were carrying the rs6413419 polymorphism, which was found to be non-significant 

to alcohol use, while 2.9% were carrying both rs2031920 and rs3813867, which showed a 

significant association. We also consider previous findings that, in the absence of CYP2E1 

polymorphisms such as rs2031920, tendency towards alcohol dependency can also be mediated 

by polymorphisms of the gene for the alcohol dehydrogenase 3 (ADH3), another ethanol 

metabolising enzyme, and the only other gene related to ethanol processing to show significant 

polymorphism between individuals.285 

3.5.4  Lifestyle influences on alcohol consumption and ALD 

Smoking did not significantly predict either alcohol use or ALD within the multivariate models. 

This is unexpected given that rat models predict that nicotine would also affect human CYP2E1 

activity,244 and that smoking was a significant positive univariate predictor of both alcohol use and 

ALD. However, it is possible that, within our multivariate model of a Caucasian population, male 

gender and BMI collectively resample the variation between smokers and non-smokers, or that the 

frequency of smoking was insufficiently low to analyse.  
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A complex relationship was observed between alcohol use and body composition; Within the 

multivariate model, overweight and obesity, as defined by BMI, similarly raised the OR of alcohol 

use, by factors of 1.9 and 1.8, respectively. However, when accounting for BMI, individuals of a 

similar BMI were significantly less likely to consume alcohol if their waist size also classified 

them as overweight or obese. 

Lipid peroxidation plays a significant role in ethanol-dependent liver damage, and, as in animal 

models,244 in our results, individuals with elevated high-density lipoproteins showed a higher 

incidence of ALD. The influence of dietary fat in combination with ethanol conversion to fat within 

the liver should not be underestimated for patients in treatment for alcohol addiction. Furthermore, 

even in the absence of alcohol abuse, a high fat diet can mediate hepatic fibrosis through 

CYP2E1.155 The importance of individual lifestyle choice to progression from alcohol use to ALD 

is highlighted by the elevated incidence of rs2070676 in the ALD population in comparison to the 

AD population, a polymorphism which has previously been linked to alcoholism,280 and more 

specifically the perception of intoxication when consuming alcohol.279 rs2249695 was also more 

prevalent in ALD patients than in other AD patients, although prior studies suggest its role to be 

predominantly physiological, for example, in increasing cancer risk rather than in increasing 

dependent behaviour.261,262 

As researchers worldwide continue to progress our understanding of why ALD is more prevalent 

in some subgroups, the link between genotype and ALD progression is opening the door to 

precision medicine approaches, such as stem cell therapy.290 The JNK pathway, which processes 

ROS generated by CYP2E1 in response to alcohol is a potential target for ALD therapy,111 and 

gene editing approaches may in future also provide a viable treatment avenue. We encourage 
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further exploration of CYP2E1 polymorphism typing as a means for identifying high risk 

individuals and refining personal patient interventions. 
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4  Interleukin-6 as a central mediator of cardiovascular risk associated with chronic 

inflammation 

 

4.1  Abstract 

A retrospective analysis was performed on 18,306 IL-6/IL-6R genotypes and routinely collected 

EHRs data from patients collected as part of the GODARTs study. IL-6 polymorphisms -174G>C 

(rs1800795) and −597G>A (rs1800797), both previously recognized as significant to NAFLD risk, 

correlated significantly but were not independent predictors of cirrhosis. A multivariate model 

revealed significant associations between cirrhosis and total cholesterol ≥ 5 mmol/l (OR: 0.52 

(0.34-0.76), p=0.001) and cirrhosis and triglycerides ≥ 5 mmol/l (OR: 2.63 (1.92-5.88) p=0.036), 

suggesting the SNP associations with cirrhosis are explained by NAFLD and associated metabolic 

syndrome, which puts up triglycerides and cholesterol. Smoking was significant as an independent 

predictor of both cirrhosis (OR: 1.69 (1.20-2.43), p=0.003) and CVD (OR: 1.52 (1.12-2.32), p=0.004). 

The unexpected negative relationship between total cholesterol and NAFLD risk may reflect the 

U-shaped effect of LDL, or a widespread use of statins. Obesity significantly predicted cirrhosis 

(OR: 2.32 (1.26-4.80), p=0.01), but did not significantly impact CVD risk in a NAFLD cohort. The 

results suggest a complex model under which a positive association between NAFLD risk and 

CVD risk is mediated by an IL-6 genotype comprising multiple IL-6 polymorphisms. A positive 

relationship between cholesterol and CVD risk is significantly amplified in hepatic cirrhosis 

patients (2.86 (1.33-6.11), p=0.006), the mechanism for which should be further explored. 
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4.2  Introduction 

Non-alcoholic steatohepatitis (NASH) is a form of Non-alcoholic fatty liver disease (NAFLD) 

strongly associated with being overweight and insulin resistance,1 which is characterized by 

inflammation and liver cell damage in addition to fat accumulation, and may be mediated by 

hepatic IL-6 production.291 NASH shares many of the features of metabolic disease, including 

elevated cardiovascular disease (CVD) risk. However, there is controversy surrounding the 

potential for a direct role of NAFLD in cardiovascular disease;292 Some argue that NASH related 

inflammation independently increases the risk of cardiovascular disease onset, while others hold 

the view that the increased risk of CVD in NAFLD patients reflects the numerous common risk 

factors for both diseases.  

The IL-6 gene, at locus 7p15.3, codes pro-inflammatory cytokine IL-6, which binds the IL-6 

receptor complex (IL-6R) during an inflammation response, either in its membrane bound form, 

IL-6R (classic signaling) or in its serum circulating form, sIL-6R (transverse signaling). This 

signaling pathway is activated in response to liver damage, and IL-6 expression is upregulated in 

NASH patients in comparison to simple steatosis patients.291 Specifically, the IL-6 SNP -6331T>C 

(rs10499563) has been demonstrated to be associated with confirmed NASH, and increased 

Hepatitis-b related liver cirrhosis in a Chinese population, along with SNP rs2069837.293 IL-6 

signaling via IL-6R has been implicated in CHD and CVD along with a broad range of other 

diseases, with IL-6 blockade suggested as one target for CHD prevention. 294,295  

Over 40 SNPs of IL-6 have been documented, most occurring in the upstream promoter region, 

such as -174G>C (rs1800795),296 −373AnTm,297 −572 G>C (rs1800796),298 −597G>A 

(rs1800797),299,300 −643C>G, −1363 G>T (rs2069827),300 −1480[CT] indel,301 −2954G>C 

(rs12700386), and −6106 A>T,302 which provide a useful toolkit for transcription haplotyping.299 
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SNPs within the promoter region of the IL-6R gene are specifically important as they affect serum 

levels of soluble IL-6 receptor (sIL-6R) so can be used to knock out or downregulate the IL-6 

signaling pathway.303 There are a limited number of variants in the 4.8 kb coding region of IL-6, 

such as 468T/A, and -183G/A in the exon for the IL-6R gene,303 although these typically have 

minor allele frequencies of less than 5%.  

Many of the SNPs linked to loss of IL-6 function occur in close proximity to binding sites for 

transcription factors (TFs) including NF-κB (−75 to −63), interferon regulatory factor, IRF1 (−267 

to −254), activator protein, AP1 (−283 to −277), and IL-1 responsive elements that sequentially 

bind NF-IL-6 (−87 to −76 and −158 to −145), the glucocorticoid receptor for downregulation 

(−466 to −461 and −557 to −552) and SP1 (−123 to −119 and −108 to −104). These SNPs may 

therefore influence IL-6 expression through interference with TF binding.  

Over 70 studies have specifically examined the association of SNP -174G>C (rs1800795) with 

CVD.304 The relationship between -174G>C and CVD risk is a particularly useful proxy for the 

impact of IL-6 level and function on CVD onset, as -174G>C is known to mediate an increase in 

IL-6 transcription level.304,305 rs1800795 has a significantly different allele frequency in CVD 

patients, and has been the most consistently recognized as significant in reducing CVD, 

specifically coronary artery disease (CAD).304 Homozygotes for the minor allele have an estimated 

11% higher risk of developing CVD in most populations,304 and -174G>C is also associated with 

increased obesity.306 SNPs including the −373AnTn variant, -597G>A, −174G/C and -572G>C can 

interact with one another to influence IL-6 level,307 meaning the relationships between individual 

SNPs and CVD remain cryptic, and the IL-6 transcription phenotypes of individuals are defined 

by the composite IL-6 haplotype. 



                                                                                                                                                                         100 
 

 

IL-6R (1q21.3) is also a polymorphic gene. Over 400 variants of IL-6R are known. Most are 

intronic variants. However, perhaps the most studied IL-6R variant is the non-synonymous 

p.Asp358Ala or 358A>C (D358A) polymorphism (rs2228145, previously known as rs8192284). 

This occurs at the site at which IL-6R is proteolytically cleaved to generate sIL-6R,303 a form in 

which IL-6R is able to exit the membrane.308,309 This variant at the ADAM protease-cleaving site 

doubles the amount of circulating sIL-6R, reduces IL-6-induced CRP production and thereby 

reduces the risk of CVD,310 presumably by acting as a sink for circulating IL-6. rs2228145A>C 

has been demonstrated to be protective against CHD, atrial fibrillation and diabetes amongst other 

conditions.311 Among other IL-6R polymorphisms, SNP -183G>A increases serum sIL-6R level 

and demonstrates linkage disequilibrium with 358A>C suggesting interaction.303 The effects of 

these polymorphisms and many other IL-6R SNPs on NAFLD remain to be studied.  

If IL-6 signaling does directly mediate the development of NAFLD symptoms and there is a causal 

relationship between this mechanism and CVD, then monoclonal anti-IL-6R and/or anti-sIL-6R 

antibodies such as tocilizumab, whose activity is analogous to the presence of the minor allele at 

rs2228145,312 may be candidates for the treatment of NAFLD, NASH and/or CVD. The first 

objective of this study was to establish whether the presence of minor alleles for selected IL-6 and 

IL-6R SNPs associated with loss of function impacts individual propensity for NASH and/or liver 

fibrosis within GODARTs cohort. Secondly, we tested whether patients with NAFLD and various 

genotypes had a reduced cardiovascular disease prevalence compared to non-NAFLD controls. A 

multivariate analysis was employed to assess the impact on cardiovascular disease prevalence of 

the presence of minor alleles across a range of SNPs linked to loss of function in IL-6 and IL-6R 

signalling. 
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4.3  Methods  

4.3.1  Study Population 

The same cohort used in chapter 2 and 3 was used. Moreover, the ICD10 Data.com is a free 

reference database designed to easily look up all existing medical billing codes for American ICD-

10-CM (diagnosis) and ICD-10-PCS (procedure). In the current chapter there were two 

hypotheses. First, do IL6 and IL6R SNPs associated with loss of function, increase propensity of 

NASH and or Liver fibrosis. Second, in patients with NAFLD who have SNPs in IL-6 and IL6R 

signalling, have reduced cardiovascular disease, compared to NAFLD controls.  

4.3.2  Patient selection  

 

 

 

 

 

 The samples were obtained from GoDARTs. Patients were placed in the NAFLD group if they 

had an ICD-10 code "K740.", "K74.1", "K74.2", "K74.6", and "K72.9" diagnosis of cirrhosis of 

liver and they had a reported mean alcohol intake of zero units in GoDARTS. A cohort of 18,306 

patients were identified as meeting the criteria and many of these have genetic data available. The 

total data 18.306 (case=164, control=18,142). The cases were those who had Cirrhosis confirmed 

in hospital admissions data with the ICD-10. 

 

 

Total= 18306 

Cirrhosis= 164 Control= 18,142 
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Patients were placed in Cardiovascular disease (CVD) if they had an ICD-10 code “I20-I25” 

diagnosis of Cardiovascular disease or Ischemic heart diseases. A cohort of 18,306 patients having 

undergone ICD-10 was identified as meeting the criteria and many of these have genetic data 

available. The total data 18,306 were identified as meeting the above criteria for CVD (case=3,810, 

control= 14,496). The cases were those who had Cardiovascular disease or Ischemic heart diseases 

confirmed in hospital admissions data with the ICD10. 

Table 17: Frequencies and functions of IL6 and IL6R SNPs analysed in the current study  

Gene SNP GoDARTS MAF Europe MAF Effect Description Reference Allele Alternate Allele 

IL6 rs1800795 0.416 0.584 - Intron C G 

IL6 rs1800796 0.058 0.047 - Intron G C 

IL6 rs1800797 0.402 0.592 - Intron A G 

IL6R rs2228145 0.418 0.359 p.Asp358Ala 

 

Missense A C 

IL6R rs2229238 0.181 0.780 - 3 Prime UTR T C 

IL6R rs4537545 0.431 0.373 - Intron C T 

IL6R rs4845617 0.413 0.396 - 5 Prime UTR G A 

IL6R rs4845623 0.439 0.380 - Intron A G 

IL6R rs7529229 0.431 0.373 - Intron T C 

 

In IL6, there were three intron variants, plus six variants in IL6R. Variants of more than 1% were 

selected with a minor allele frequency MAF. 

Total= 18306 

Cardiovascular disease = 3,810 Control= 14,496 
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In this chapter, we used the codominant (or genotypic) model to determine the individual genotypic 

effect on the phenotype of interest. The 'Aa' genotype is compared to the reference 'AA' genotype 

alone, and the 'aa' genotype is compared to the reference 'AA' genotype (('Aa' vs 'AA')). 

Table 18: The IL6 and IL6R Polymorphism frequency for these SNPs 

Gene SNP homozygous recessive Heterozygous homozygous dominant 

IL6 rs1800795 16.3% 48.9% 34.69% 

IL6 rs1800796 0.27% 10.22% 89.4% 

IL6 rs1800797 15.7% 48.2% 35.9% 

IL6R rs2228145 17% 47.8% 35% 

IL6R rs2229238 3.16% 28.9% 67.8% 

IL6R rs4537545 17.8% 48.5% 33.5% 

IL6R rs4845617 16.9% 48.4% 34% 

IL6R rs4845623 18.8% 48.6% 32.5% 

IL6R rs7529229 18.1% 48.4% 33.3% 

 

4.3.3  Statistical analysis 

We calculated univariate odds ratios for the binomial outcomes of cirrhosis diagnosis and CVD 

diagnosis for both the heterozygous and homozygous minor allele genotypes for each SNP in 

comparison to the NAFLD or CVD control group (major allele homozygotes). A generalized linear 

model (GLM) was then used to analyze the role of IL-6 and IL-6R SNPs and their interaction with 

NAFLD in predicting CVD diagnosis. We included potential variables which have been proposed 

to influence the propensity to develop CVD, including SNPs rs1800795, rs1800796, rs1800797, 

rs2228145, rs2229238, rs4537545, rs4845617, rs4845623 and rs7529229,294 NAFLD, sex, history 

of smoking, BMI category (normal weight/overweight/obese), cholesterol, high density 

lipoprotein (HDL), low density lipoprotein (LDL), and serum triglycerides. As the presence or 

absence of CVD and NAFLD is binary, the binomial distribution was specified in both GLMs.  
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Linkage disequilibrium was calculated using the r2 statistic.313 Statistical analysis was performed 

using the statistical software package R 3.6.3. All model results are expressed as odds ratios with 

95% confidence intervals.  

4.4  Results 

In total, 164 patients from the cohort (n=18,306) were assigned to the NAFLD case group and 

18,142 to the NAFLD control group). For the CVD association analysis, 3,810 were assigned to 

the case group, and 14,496 to the control group (n=18,306). Gender distribution did not vary 

significantly between the NAFLD case and control groups and the CVD case and control groups. 

There were individuals identified with both CVD and NAFLD. Ethnicity was predominantly 

Caucasian, although individual level ethnicity data and age data were not disclosed. 

Genotype frequency distributions for all studied polymorphisms of the IL-6 and IL-6R gene were 

equal to expected values in Hardy-Weinberg equilibrium (p > 0.05). Strong linkage disequilibrium 

(LD) was noted between four pairs of SNPs: rs1800795 and rs1800797 (r2=0.95), rs4537545_R 

and rs7529229_R (r2=0.97), rs4845623_R and rs7529229_R (r2=0.90), and rs4537545_R and 

rs4845623_R (r2=0.93) (Table 19).  

Table 19: Linkage disequilibrium r2 values, 1L6 and IL6-R polymorphisms 
 rs1800795 rs1800797 rs1800796 rs2228145 rs2229238 rs4537545 rs4845617 rs4845623 rs7529229 

rs1800795  0.95 0.11 0.03 0.09 0.13 0.08 0.18 0.10 

rs1800797 0.95  0.16 0.01 0.04 0.12 0.11 0.06 0.13 

rs1800796 0.11 0.16  0.01 0.21 0.10 0.08 0.04 0.18 

rs2228145 0.03 0.01 0.01  0.14 0.95 0.23 0.89 0.97 

rs2229238 0.09 0.04 0.21 0.14  0.17 0.08 0.13 0.16 

rs4537545 0.13 0.12 0.10 0.95 0.17  0.20 0.93 0.97 

rs4845617 0.08 0.11 0.08 0.23 0.08 0.20  0.20 0.19 

rs4845623 0.18 0.06 0.04 0.89 0.13 0.93 0.20  0.90 
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rs7529229 0.10 0.13 0.18 0.97 0.16 0.97 0.19 0.90  

 

The frequency of the rs1800796 minor allele, which has previously been described as 

comparatively low in Caucasian populations,314 was too low in the NAFLD case group to 

sufficiently analyze with 21 NAFLD cases (0.21%) recessive for the minor allele and 868 

heterozygotes (8.50%). The frequency of homozygosity for the minor allele at rs2229238 was also 

low in the NAFLD case group (n=320, 3.16%), although the frequency of heterozygotes was 

higher (n=2928, 28.90%) and it was possible to statistically determine association results for both 

groups. 

4.4.1  Association between loss of function SNPs involved in IL-6 and IL-6R signaling and 

patient propensity for cirrhosis 

To determine whether the selected loss of function SNPs are associated with an increased risk of 

NAFLD, we calculated univariate odds ratios for patients homozygous and heterozygous for the 

minor allele for each SNP being assigned to the NAFLD group as opposed to the NAFLD control 

group. A multivariate GLM was then constructed to assess the statistical relationships between the 

nine specified polymorphisms, lab values, sex and NAFLD diagnosis.  

Significant univariate associations were observed between NAFLD diagnosis and the heterozygote 

genotype at two of the IL-6 polymorphisms showing strong linkage disequilibrium; rs1800795 

(OR heterozygotes: 0.67 (0.46-0.96), p=0.03) and rs1800797 (OR heterozygotes: 0.53 (0.35-0.79), 

p=0.002) (Table 20). For each of these genes, only the heterozygote individuals showed a 

significantly different frequency of NAFLD from the group homozygous for the major allele. The 

differences between the homozygous minor allele genotype and the homozygous major allele 

genotype were non-significant to NAFLD diagnosis. All univariate variation for these SNPs could 
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be explained by other variables present within the multivariate model, rendering those associations 

non-significant in the GLM (p > 0.05).  

Significant associations between predictors and the NAFLD outcome included a positive 

correlation with serum triglycerides, but a counter-intuitive negative relationship with cholesterol 

level, given that NAFLD typically leads to accumulation of both triglycerides29 and free 

cholesterol.315 None of the IL-6R SNPs appeared to be significantly more or less frequent in 

cirrhosis, and sex was also non-significant to NAFLD risk (Table 20). A history of smoking 

significantly increased the risk of NAFLD (OR: 1.69 (1.20-2.43), p=0.003), as did obesity (OR: 2.32 

(1.26-4.80), p=0.01). 

Table 20: Odds ratios of NAFLD (cirrhosis) associated with IL-6 and IL-6R polymorphisms, 

sex and lab values. 

Variable  
Cirrhosis 

(Univariate) 

  Cirrhosis 

(Multivariate) 

 

  
OR (95% Cl) p value  

OR (95% Cl) p value 

IL-6 SNP1 rs1800795-1 

rs1800795-2 

0.67 (0.46-0.96) 

0.80 (0.48-1.28) 

0.03* 

0.37 

0.71 (0.12-2.33) 

0.67 (0.03-4.86) 

0.64 

0.74 

 rs1800796-1 

rs1800796-2 

0.59 (0.27-1.10) 

(L/F) 

0.13 

- 

0.56 (0.25-1.10) 

(L/F) 

0.12 

- 

 rs1800797-1 

rs1800797-2 
0.53 (0.35-0.79) 

0.79 (0.47-1.29) 

0.002*** 

0.38 

0.71 (0.21-4.25) 

1.09 (0.14-2.16) 

0.64 

0.94 

IL-6R SNP1 rs2228145_R-1 

rs2228145_R-2 

0.92 (0.65-1.32) 

1.09 (0.69-1.69) 

0.67 

0.69 

0.50 (0.20-1.63) 

0.34 (0.07-2.73) 

0.18 

0.23 

 rs2229238_R-1 

rs2229238_R-2 

0.82 (0.55-1.19) 

0.64 (0.15-1.72) 

0.31 

0.45 

0.79 (0.51-1.19) 

0.62 (0.14-1.76) 

0.27 

0.44 

 rs4537545_R-1 

rs4537545_R-2 

1.06 (0.73-1.56) 

1.25 (0.77-1.98) 

0.75 

0.34 

0.95 (0.02-3.59) 

1.43 (0.0009-1.64) 

0.98 

0.94 

 rs4845617_R-1 

rs4845617_R-1 

1.01 (0.70-1.45) 

0.68 (0.38-1.17) 

0.98 

0.18 

0.97 (0.67-1.41) 

0.67 (0.37-1.15) 

0.89 

0.16 

 rs4845623_R-1 

rs4845623_R-2 

1.01 (0.69-1.50) 

1.13 (0.70-1.81) 

0.92 

0.59 

0.92 (0.21-3.18) 

0.48 (0.05-3.78) 

0.90 

0.52 

 rs7529229_R-1 

rs7529229_R-2 

1.02 (0.70-1.51) 

1.18 (0.73-1.89) 

0.88 

0.47 

2.15 (0.06-7.12) 

4.11 (0.004-5.53) 

0.74 

0.78 

Sex  Male 1.19 (0.87-1.63) 0.27 1.04 (0.76-1.44) 0.78 

CHOL ≥ 5 mmol/l 0.48 (0.32-0.69) 0.0001*** 0.52 (0.34-0.76) 0.001** 

TG ≥ 5 mmol/l 2.46 (0.86-5.47) 

 

0.050 

 

2.63 (1.92-5.88) 

 

0.036* 

LDL > 4.2 mmol/l 0.14 (0.008-0.63) 0.052 0.21 (0.01-1.007) 0.13 
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HDL 

 

> 2.5 mmol/l 0.89 (0.44-1.62) 

 

0.74 

 

1.08 (0.53-1.98) 0.80 

BMI Overweight 1.19 (0.61-2.55) 0.62 1.18 (0.60-2.55) 0.63 

 Obese 2.30 (1.26-4.74) 0.01 2.32 (1.26-4.80) 0.01* 

Smoking  Smoker 1.76 (1.25-2.51) 0.001 1.69 (1.20-2.43) 0.003** 

 1Suffixes -1 and -2 refer to SNP genotypes 1 (heterozygous for minor allele) and 2 (homozygous for minor 

allele) at reference SNP position. R=Receptor. *p<0.05 significant, **p<0.01 highly significant, 

***p<0.001 very significant. L/F=Low frequency. 

 

4.4.2  Determining the role of IL-6 SNPs in mediating the association between NAFLD and 

CVD 

A further multivariate GLM model was used to analyze the role of IL-6 and IL-6R SNPs and their 

interaction with NAFLD in predicting CVD diagnosis, including the same 9 SNPs, NAFLD 

diagnosis, sex, cholesterol, BMI category (normal weight/overweight/obese), Smoking, HDL, 

LDL and TG. Among cirrhosis patients, diagnosis with high cholesterol increased the odds of CVD 

by a factor of 2.86 (OR: 2.86 (1.33-6.11), P=0.006), while a history of smoking increased the odds 

of CVD by a factor of 1.52 (OR: 1.12-2.32), P=0.004). 

Neither triglyceride level, HDL and LDL levels, or BMI category were significant to CVD risk in 

cirrhosis patients (all P > 0.05, Table 21). None of the SNPs studied were associated with a 

significantly different CVD risk in cirrhosis patients, although the sample size for patients with 

both cirrhosis and CVD was relatively small (n=54) and this may have impacted our ability to 

detect IL6/IL6-R polymorphism associations with CVD. 

Table 21: Odds ratios of CVD associated with IL-6 and IL-6R polymorphisms, sex, and lab 

values in hepatic cirrhosis patient subgroup 

Variable  
CVD 

(Multivariate) 

  

  
OR (95% Cl) p value  

IL-6 SNP1 rs1800795-1 

rs1800795-2 

0.92 (0.44-1.94) 

1.46 (0.55-3.93) 

0.83 

0.43 

 rs1800796-1 1.74 (0.44-7.39) 0.42 
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rs1800796-2 (L/F) - 

 rs1800797-1 

rs1800797-2 
1.31 (0.59-2.95) 

2.20 (0.79-6.26) 

0.49 

0.13 

IL-6R SNP1 rs2228145_R-1 

rs2228145_R-2 

0.83 (0.40-1.70) 

1.54 (0.63-3.83) 

0.61 

0.33 

 rs2229238_R-1 

rs2229238_R-2 

1.23 (0.56-2.66) 

0.59 (0.02-6.52) 

0.59 

0.68 

 rs4537545_R-1 

rs4537545_R-2 

0.87 (0.40-1.87) 

1.38 (0.54-3.56) 

0.72 

0.49 

 rs4845617_R-1 

rs4845617_R-1 

1.37 (0.65-2.90) 

1.83 (0.60-5.73) 

0.40 

0.28 

 rs4845623_R-1 

rs4845623_R-2 

0.78 (0.36-1.71) 

1.22 (0.47-3.18) 

0.54 

0.68 

 rs7529229_R-1 

rs7529229_R-2 

0.84 (0.39-1.84) 

1.30 (0.50-3.37) 

0.67 

0.58 

Sex  Male 0.62 (0.33-1.19) 0.15 

CHOL ≥ 5 mmol/l 2.86 (1.33-6.11) 0.006** 

TG ≥ 5 mmol/l 2.52 (0.35-50.54) 

 

0.41 

 

LDL > 4.2 mmol/l                                         (L/F) - 

HDL 

 

> 2.5 mmol/l 0.83 (0.17-3.16) 

 

0.80 

 

BMI  Overweight 1.72 (0.40-9.09) 0.48 

 Obese 1.97 (0.51-9.63) 0.34 

Smoking  Smoker 1.52 (1.12-2.32) 0.004** 

1Suffixes -1 and -2 refer to SNP genotypes 1 (heterozygous for minor allele) and 2 (homozygous for 

minor allele) at reference SNP position. R=Receptor. *p<0.05 significant, **p<0.01 highly significant, 

***p<0.001 very significant. L/F=Low frequency. 

 

4.5  Discussion 

IL-6 has been repeatedly singled out as a versatile and far reaching cytokine, with pro-

inflammatory roles in numerous disease states which are necessary for an effective immune 

response and reaction to trauma.316 In addition to -174G>C (rs1800795) having been singled out 

from prior studies as particularly significant to CVD risk304 and diabetes,317 our results showed 

that a genotype heterozygous for the minor allele significantly correlated to cirrhosis risk (p=0.03), 

used here as an indicator of NASH and/or liver fibrosis. In a previous study, the -174C allele has 

been described as being more frequent in NAFLD patients (p<0.01), with C carriers having higher 
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fasting insulin; The C allele was independently predictive of both NASH and NAFLD, and was 

more prevalent in NASH patients than in NAFLD patients.296 The use of cirrhosis as a proxy for 

NAFLD in this study likely captured most NAFLD patients but did not allow for the distinction of 

NASH individuals. 

As an additional polymorphism of interest in NAFLD, the genotype heterozygous for the 

−597G>A (rs1800797) allele, which has previously been linked generally to liver disease318 also 

had a significant positive univariate association with cirrhosis (p=0.002). Pairwise linkage 

disequilibrium analysis in a previous study had shown that rs2069827, rs1800797, rs1800795, 

rs1554606, rs2069849, rs2069861 and rs1818879 are at linkage disequilibrium.300 We confirm 

strong linkage disequilibrium (r2=0.95) between rs1800797 and rs1800795. This interaction and 

strong linkage disequilibrium to SNPs not included in this analysis such as rs2069827, rs1554606, 

rs2069849, rs2069861 and rs1818879 may contribute to rs1800795 and rs1800797 failing to reach 

significance as independent predictors of NAFLD or CVD, and the observation that the 

heterozygous genotype but not the homozygous genotype had a significantly higher frequency of 

cirrhosis. Neither polymorphism appeared significant in the multivariate model when considered 

alongside significant associations between cirrhosis and cholesterol (OR: 0.52 (0.34-0.76), p=0.001) 

and cirrhosis and triglyceride levels (OR: 2.63 (1.92-5.88), p=0.036), which appear to collectively 

explain this variation.  

NAFLD typically leads to accumulation of both triglycerides and free cholesterol, and 

dysregulation of cholesterol metabolism in NAFLD has been proposed as a mechanism for 

increased CVD risk.315 In this study, however, high cholesterol (≥ 5 mmol/l) was associated with 

a significantly lower risk of cirrhosis (OR: 0.48 (0.32-0.69), p=0.0001). There is an acknowledged 

negative relationship between inflammation and serum cholesterol level, which may be triggered 
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by an IL-6 increase associated with high serum LDL-C (low density lipoprotein cholesterol).319 

This suggests that the IL-6 signalling pathway may be broadly responsible for reduced cholesterol 

in this context, despite the absence of a direct association with any individual SNP.  

We also consider that patients with high cholesterol are more likely to be diabetic or otherwise 

considered at high CVD risk due to obesity. They are therefore more likely to be prescribed statins 

or other medications which reduce NAFLD risk. Statins are commonly prescribed to NASH 

patients, and some, including atorvastatin, have been demonstrated to significantly improve 

NAFLD/NASH inflammation whilst simultaneously reducing CVD risk.320,321 Prior studies 

suggest statin prescription does not impact LDL receptor levels in NAFLD patients,315 however 

statins may otherwise alter cholesterol levels via mechanisms yet to be determined. In this study, 

lack of linkage between the available data and prescription history means a sub-analysis could not 

be completed. 

We observed a negative relationship (although non-significant) between LDL-C and NAFLD risk, 

parallel to a similarly non-significant positive relationship between NAFLD risk and HDL-C (high 

density lipoprotein cholesterol). This is consistent with prior findings that inflammation and 

specifically IL-6 activity is associated with reduced LDL-C catabolism in some cardiovascular 

studies but is non-significant in most others. This is proposed to reflect a ‘blunted’ association 

between LDL-C and mortality in older adults based on a U-shaped relationship between 

pathogenicity and LDL-C, with both high and low levels having adverse effects on CVD 

mortality.322 Importantly, high cholesterol significantly predicted both NAFLD and CVD 

independent of BMI status, suggesting a role that is beyond that of a proxy for the risks generally 

associated with high BMI. 
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As demonstrated previously,315 triglyceride levels were significantly higher in NAFLD 

patients (OR: 2.63 (1.92-5.88), p=0.036); A triglyceride level of ≥ 5 mmol/l increased the risk 

of cirrhosis 2.6-fold. This effect likely results from cytoplasmic accumulation and failure of 

liver clearance in advanced NAFLD29 and appears to be the predominant mechanism by 

which NAFLD patients develop higher CVD risk. The relationship observed here between 

cirrhosis and smoking (OR:1.69), which leads to increased liver fibrosis,323 is similar to that 

observed in a recent NAFLD cohort study, in which the risk of NAFLD was raised by a factor 

of 1.25-1.75 depending on gender and heaviness of smoking habit.324 

These two genes, PNPLA3 and HSD17B123, are already well known to be strongly 

associated with NAFLD, but we are looking for other candidate genes. 

It was not possible in this study to adequately assess the associations between rs1800796 and 

CVD/cirrhosis due to the infrequency of the minor allele in the cohort. The study may also 

have been underpowered in relation to a number of low frequency SNP alleles for the analysis 

of associations with cirrhosis, due to the small number of cirrhosis cases identified (n=108).  

A larger study would therefore be needed to rule out associations not identified in our results. 

Also, to improve validity, the cohort for this chapter was defined using ICD-10 codes, resulting in 

a smaller cohort. While the diagnosis in chapter 2 used ALT in the definition, this allowed us to 

use a large number of patients suitable for epidemiological analysis. 

There are additional limitations to this study which relate to the influence of ethnicity and age on 

CVD risk; Evidence from multiple studies demonstrates that the association between rs1800795 

and CVD varies by ethnicity, with the potential for different genetic mechanisms to have evolved 

in parallel that mediate CVD risk in different populations, and the likely interaction of this 
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relationship with smoking, the frequency of which also varies by population.304 As this cohort was 

predominantly Caucasian, it is possible that our results, particularly with respect to rs1800795 and 

to baseline CVD risk, will not generalize to all populations. The absence of individual level age 

and ethnicity data from the patient record prevents us from further analyzing for potential 

confounding, therefore we encourage future studies in larger populations.  

4.6  Conclusion 

With the exception of IL-6 SNP rs1800796, the minor allele frequency of which was insufficient 

in the cohort to draw conclusions regarding associations with NAFLD and CVD, this study 

assessed the potential of 8 IL-6 and IL-6R polymorphisms to interact with NAFLD in determining 

CVD risk. The results suggest a complex model under which a positive association between 

NAFLD risk and CVD risk is primarily based on the triglyceride and cholesterol profile, which is 

associated with an IL-6 genotype comprising multiple IL-6 polymorphisms often operating at 

linkage disequilibrium. The relationship between cholesterol and CVD risk is amplified in hepatic 

cirrhosis patients, likely due to reduced liver clearance, although the use of statins by cirrhosis 

patients may somewhat modify this effect. It is a limitation of the present study that statin patients 

could not be excluded from the analysis, therefore further research is recommended to explore the 

relationship between cholesterol and CVD in NAFLD patients and its potential modification by 

statins. 
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5  Discussion 

5.1  Summary of Findings  

5.1.1  Do polymorphisms of CYP2E1 and environmental factors predispose to non-alcoholic 

fatty liver disease? 

The phenotype employed in this investigation was an ALT-based definition of NAFLD, which is 

becoming more popular because of the ubiquitous availability of liver enzyme findings and the 

vast number of patients who make imaging and biopsy-based classifications impracticable. It has 

been shown that typical high "normal ranges" miss approximately half of NAFLD diagnoses based 

on other modalities and that the genuine healthy population normal range is substantially lower; 

thus, we investigated this using three definitions of normal. It's encouraging to see robust links 

between metabolic syndrome surrogates and biomarkers and our disease phenotype. Furthermore, 

the stronger connections with the lower ALT level definitions imply that these represent the 

genuine normal range and hence justify their use.  

The presence of specific polymorphisms, such as PstI/RsaI point mutations in the 5′-flanking 

region of the CYP2E1 gene, have been linked to susceptibility to liver disease in various studies.244-

246 In Europe and the United States, NAFLD has become the leading cause of chronic elevations 

in liver enzymes without symptoms.247 As a result, in the GODARTs cohort, we looked at 

anthropometric, environmental, and CYP2E1 genetic variables in relation to these three serum 

ALT levels defining NAFLD, including ≥55 IU/L for both men and women; ≥40 IU/L for men, 

≥35 IU/L for women; and ≥30 IU/L for men, ≥19 IU/L for women. We also looked at the effect of 

alcohol use on NAFLD using the three ALT criteria to identify and quantify the function of 
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rs6413419, rs55897648, rs2031920, rs3813867, rs2070676, and rs2249695 polymorphisms in the 

propensity to develop NAFLD. 

In the first group of non-alcohol users (ALT-ND), we found two variants in CYP2E1; rs2031920 

and rs3813867; were significantly associated with increased NAFLD risk when the serum ALT 

level ≥30 IU/L for men and ≥19 IU/L for women were considered as abnormal in the meta-analysis 

of GODARTs. This indicates that the CYP2E1 gene has promotor polymorphisms 1295G>C 

(rs3813867, also known as RsaI/PstI)124 and 1055C>T (rs2031920). The promotor polymorphisms 

1295G>C (rs3813867) and 1055C>T (rs2031920) have been discovered to be tightly related and 

to result in increased CYP2E1 transcription.128,129,130 Also, the polymorphism 1295G>C 

(rs3813867) was found to enhance the risk of essential hypertension when ethanol was 

consumed.131 Which is supportive given the strong link between hypertension, insulin resistance, 

and NAFLD. Furthermore, earlier research has shown that rs2031920 increases the age of severe 

liver disease beginning in persons who use a large amount of alcohol, but it has not been connected 

to NAFLD.131 Many environmental factors were found significantly associated with NAFLD. 

In the second group of moderate alcohol consumption (ALT-D), we found only one SNP 

rs2249695 could attain a significant association with increased NAFLD risk when the serum ALT 

level ≥40 IU/L in men and ≥35 IU/L in women. In environmental factors, several variables were 

found significantly associated with the fatty liver. 

In the third group of higher consumption of alcohol, >27 units per week (ALT-HD), we found only 

one of the six CYP2E1 SNPs, rs2249695, was substantially related with fatty liver disease in the 

presence of higher alcohol use with the serum ALT, i.e., ALT ≥55 IU/L in men and women and 

ALT ≥30 IU/L in men and ≥19 IU/L in women. Although rs2249695 hasn't been connected to fatty 
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liver disease in heavy drinkers, it does appear to be associated with the risk of head, neck, and 

nasopharyngeal cancer, which is exacerbated by alcohol intake.261,262 One probable mechanism is 

that CYP2E1 produces reactive oxygen species (ROS). In the presence of higher alcohol 

consumption, increasing total serum cholesterol was observed to have a significant association 

with elevated serum ALT 55 IU/L in both men and women. The diastolic blood pressure was also 

associated with dramatically increase ALT, 40 IU/L in males and 35 IU/L in women, and 30 IU/L 

in men and 19 IU/L in women. Smoking was statistically significantly associated the serum ALT 

≥55 IU/L in men and women definition. rs6413419, rs55897648, rs2031920, rs3813867, HDL, 

LDL, and SBP were not associated with ALT-HD. That's because the sample size for ALT-HD 

patients was limited (n=137), this may have hampered our ability to detect these variable 

associations with ALT-HD. So, further research is needed. 

5.1.2  Do CYP2E1 polymorphisms increase the susceptibility of developing alcoholic liver 

disease?  

This study considered 6 CYP2E1 polymorphisms and their associations with alcoholic liver 

disease (ALD), calculating the odds of carrying each minor allele for individuals assigned to ALD, 

alcohol drinkers (AD) and non-drinkers control groups. Pairwise linkage disequilibrium values 

were analysed, and the influence of each SNP was estimated within a multivariate model including 

gender and lifestyle reflective biomarkers. 

5.1.2.1  CYP2E1 and alcohol use 

Polymorphisms rs2070676 (CYP2E1*1B), rs6413419 (CYP2E1*4), rs3813867 (CYP2E1*5B) 

and rs2031920 (CYP2E1*5B) have been specifically linked to alcohol dependency in other 

populations. However, it is unclear to what extent these alleles promote dependency, or to what 

extent their frequencies are by chance higher in populations with greater addiction issues. This 
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study confirmed a significant 1.5x excess of rs2031920/ rs3813867, which collectively comprise 

the Rsa1 polymorphism (CYP2E1*5B), in the genotypes of alcohol users in comparison to non-

drinkers. These two SNPs were at complete linkage disequilibrum within the study population 

(LD=1), therefore either or both could be linked to alcohol use. This may be due to differences in 

allele frequencies between geographically disparate populations which have cultural differences 

in attitudes towards alcohol consumption, or may reflect phenotypic differences in physiological 

responses to alcohol such as habit forming or perception of intoxication. 

5.1.2.2  CYP2E1 and alcoholic liver disease 

This study is the first to report a significant association between rs2249695 and ALD. rs2249695 

was 1.5x more frequent in ALD patients than in non-drinkers, and 1.3x more frequent in ALD 

patients than in AD patients. rs2249695 is known to increase cancer incidence in conjunction with 

frequent alcohol consumption, causing CYP2E1-mediated ROS production through ectopic 

CYP2E1 expression.263 It is therefore likely that the mechanism for rs2249695 influencing ALD 

is altered targeting of CYP2E1. 

This study also uniquely reports that, although there was no significant difference in rs2070676 

frequency between ALD patients and non-drinkers, there was a 3-fold increase in the frequency of 

in ALD patients carrying rs2070676 when compared to alcohol drinkers without liver disease. This 

suggests that, during chronic alcohol abuse, this polymorphism affects the level of hepatic damage 

sustained in response to alcohol. 

In a prior study of a Caucasian population,285 rs3813867 and rs2031920 (CYP2E1*5B) has been 

linked to liver disease. However, this relationship was not observed in this population, either on a 

univariate basis, or within a multivariate model.  
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5.1.2.3  Lifestyle and AD / ALD 

Body composition, based on waist circumference and BMI, was significantly different in alcohol 

users when compared to non-drinkers, with alcohol drinkers more likely to have a higher BMI but 

a lower relative waist circumference, consistent with high visceral fat storage.  

An elevated level of high-density lipoprotein (HDL) was 17 times more likely to be observed in 

ALD patients than in non-drinkers, while cholesterol, low density lipoprotein (LDL) and 

triglycerides were all non-significant to the ALD phenotype, suggesting HDL level specifically 

influences the level of lipid peroxidation, which is key to hepatic toxicity.  

Male patients were 3x more likely to consume alcohol than women, and 5x more likely to have 

ALD. However, there was no significant difference between the gender distribution of alcohol 

drinkers without liver disease and ALD patients. 

5.1.3  Interleukin-6 as central mediator of cardiovascular risk associated with 

Inflammation 

This study considered the role of IL-6 genotype in determining CVD risk, specifically in NAFLD 

patients. Univariate odds ratios were determined for each of 9 IL-6 polymorphisms (rs1800795, 

rs1800796, rs1800797, rs2228145, rs2229238, rs4537545, rs4845617, rs4845623 and rs7529229) 

in predicting NAFLD, and in predicting CVD risk in a subset of NAFLD patients. Pairwise linkage 

disequilibrium values were calculated for all SNPs. Multivariate models were then constructed to 

determine independent predictors of NAFLD, including IL-6 SNPs, gender, and lifestyle reflective 

variables (smoking, BMI, cholesterol HDL, LDL and triglycerides) as predictors, and cirrhosis as 

a response, excluding patients with alcohol related cirrhosis codes. The process was then repeated, 

to determine independent predictors of CVD. 
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5.1.3.1  Significant predictors of cirrhosis 

Initial univariate associations between two IL-6 polymorphisms, rs1800795 and rs1800797, which 

were at almost complete linkage disequilibrium within the population (LD=0.95), showed a 

significant protective effect against NAFLD when carried by heterozygous individuals (This effect 

was not seen in homozygous individuals, possibly due to their low frequency).  

Within the multivariate model, the relationship between cirrhosis and rs1800795/rs1800797 was 

explained by other variables and was no longer significant; NAFLD was significantly positively 

associated with serum triglyceride level, obesity, smoking, and negatively associated with 

cholesterol. 

5.1.3.2  Significant predictors of CVD 

Within a subgroup of NAFLD patients, CVD risk was analysed in conjunction with the same 

explanatory variables as the previous analysis. Again, none of the IL-6 polymorphisms were 

significant to CVD risk.   

CVD risk in NAFLD patients was positively associated with cholesterol and smoking; Patients 

with NAFLD were 3 times more likely to have CVD if they also had high cholesterol. 

5.1.3.3  Barriers to detecting associations with IL-6 polymorphisms 

The relationships between cholesterol and CVD and NAFLD could be influenced broadly by IL-

6, which triggers a reduction in serum cholesterol in conjunction with rising HDL-C during an 

inflammation response.319 However, no specific links to IL-6 polymorphisms were detected in this 

study, nor was there a significant effect of HDL-C.  
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It is likely that any associations between IL-6 polymorphisms and CVD risk were not found to be 

significant within the NAFLD subgroup because of the small sample size (n=54). The study was 

also likely to have been underpowered in relation to low frequency SNP alleles during the analysis 

of associations with cirrhosis, due to the small number of cirrhosis cases identified (n=108).   

Finally, it was not possible in this study to adequately assess the associations between rs1800796 

and CVD/cirrhosis due to the infrequency of the minor allele in the cohort. A larger study is 

therefore needed to rule out associations not identified in these results. 

5.1.4  Clinical Implication of the current study 

Non-alcoholic fatty liver disease (NAFLD) is the most prevalent liver disease of the contemporary 

world, affecting up to 25% of the global adult population.1 Biomarkers are useful indicators in 

diagnosing, prognosing, assessing illness, and predicting treatment outcomes in a variety of 

medical conditions. Observable phenotypic characteristics such as age, gender, and weight, 

detectable metabolites in the body such as glucose, triglyceride, cell counts, and molecular markers 

such as gene polymorphisms are all examples of disease biomarkers. However, depending on 

overall environmental factors and cultural habitats, biomarkers can differ in different population 

groups. Notably, mutations in drug-metabolizing enzyme genes have been shown to predispose 

people to NAFLD in various populations. Various studies have shown that some polymorphisms 

in the genes of CYP2E1 contribute to liver disease susceptibility.244-246 NAFLD has become the 

main cause in Europe and the US of chronically high hepatic enzymes without symptoms.247 

Therefore, in relation to these three ALT serum thresholds, which lead to NAFLD in GODARTs 

cohort, we evaluated various anthropometric parameters, environmental and genetic factors of 

CYP2E1. In addition, all three definitions of ALT have been used for studying the impact on 

NAFLD of alcohol intake. In addition, we assessed different anthropometric parameters, 
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environmental and CYP2E1 genetic factors in correlation with ALD. The present study has shown 

that the vast majority of NAFLD patients associated with most of the biochemical, anthropometric 

parameters, and some CYP2E1 SNPs with alcohol users and non-alcohol users, which is consistent 

with a previous study that NAFLD is associated with a high risk of developing T2DM, 

dyslipidemia (triglyceride high in plasma and/or high plasma lipoprotein concentration) and high 

blood pressure,22 CYP2E1 study had also been involved in ALD due to its oxidative stress 

contribution.125 Also, the relevance of CYP2E1 to hepatic steatosis is well supported by 

observations of an experimental murine model, as well as human NASH patients.247  

5.1.5  Strengths and Limitations  

For clinical variables, this study used data from EHRs (GODARTs)and current high-quality 

research studies. Large quantities of longitudinal data were available, allowing for long follow-up 

periods for several events and, in most cases, adequately driven studies. Genetic data for many of 

these patients were made available, allowing for many fascinating and fruitful genetic studies. The 

GoDARTS cohort, which is mainly a T2DM study cohort, has a 60% to 40% diabetic to non-

diabetic split, which was designed to limit selection bias created by only getting T2DM patients.240 

Our cohort has made it possible to establish clear relationships between NAFLD and ALD related 

genes without the interference of confounding factors. 

Where the diagnosis used ALT in the definition, this allowed us to use a large number of patients 

suitable for epidemiological analysis. However, for chapter 4, the cohort was defined using ICD-

10 codes to further improve validity resulting in a smaller cohort. 

The concept of NAFLD based on elevated ALT levels, which was previously discussed in detail, 

may be a limitation of the current analysis. Despite this, there is strong evidence that ALT levels 
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are linked to NAFLD. In the GODARTs cohort, we used three levels of ALT thresholds, high-

range, mid-range, and low-range, as a marker of NAFLD, but diagnosis of NAFLD was not 

confirmed by biopsy or radiological imaging. 

In chapter 2, the statistical significance was established using univariate logistic regression 

analysis, and due to the low frequency for CYP2E1 SNPs, we were not able to appropriately 

examine the multivariate analysis in this study. 

The limitation for the CYP2E1 gene and NAFLD in chapter 2, because of the low frequency of 

these factors in high alcohol users (ALT-HD), it was not possible to effectively analyse the 

association between rs6413419, rs55897648, rs2031920, rs3813867, HDL, LDL, and SBP to high 

alcohol users (ALT-HD) in this study. Also, the statistical significance was established using 

univariate logistic regression analysis, and due to the low frequency, it was not able to 

appropriately examine the multivariate analysis in this study. 

A notable limitation for ALD in chapter 3 was the absence of age data for individual patients when 

comparing AD and ALD patients. We believe that, although being at high risk and maybe 

possessing risk-associated SNPs, younger individuals may have had insufficient time to develop 

an ALD or AD phenotype; as a result, some people with AD but no liver disease may be expected 

to proceed to ALD at a later period. Some effect estimates might have been higher if age had been 

considered. 

For Interleukin-6 as a central mediator of cardiovascular risk associated with chronic 

inflammation, due to the low frequency of the minor allele in the cohort, it was not able to 

thoroughly analyse the relationships between rs1800796 and CVD/cirrhosis in this investigation. 

Due to the low number of cirrhosis cases found (n=108), the study may have been underpowered 
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regarding a few low-frequency SNP alleles for the examination of relationships with cirrhosis. A 

larger investigation would be required to rule out relationships that were not observed in our 

findings. 

There are some limitations to this study, including the effect of ethnicity and age on CVD risk; 

evidence from multiple studies shows that the link between rs1800795 and CVD differs by 

ethnicity, given the possibility that various genetic mechanisms that affect CVD risk in different 

populations have evolved in parallel, as well as the possible interplay of this link with smoking, 

the prevalence of which differs by population.304 Because this group was largely Caucasian, it is 

probable that our findings, particularly regarding rs1800795 and baseline CVD risk, will not be 

generalisable to all populations. Because the absence of individual-level age and ethnicity data 

from the patient record hinders us from further assessing for potential confounding, we recommend 

further studies in bigger populations. 

5.1.6  Future directions  

The completion of this thesis is just the start of several more exciting scientific adventures. In this 

project, we used the distributions of genetic polymorphisms in NAFLD and control populations to 

answer many questions in the NAFLD, in which natural experiments on the development of 

diseases, the role of environmental co-factor(s), the effectiveness of the treatment targets as well 

as disease association mechanisms could be conducted by SNPs associated with changes in genes. 

In chapter 1, our research has shown that several metabolic, anthropometric, and genetic factors 

associated with increased NAFLD risk may occur in the absence and presence of alcoholic use. 

For example, the CYP2E1 gene, diastolic hypertension, total serum cholesterol, and smoking were 

found imparting their role in the absence and presence of alcoholic use in NAFLD, further 
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validation studies are necessary. In addition, it should be studied whether alcoholism alone or 

combined with high blood pressure contributes to fatty liver diseases. 

Chapter 3 discussed if the CYP2E1 polymorphisms increase the susceptibility of developing 

alcoholic liver disease or can lead to alcoholic steatohepatitis or advanced fibrosis. The CYP2E1 

polymorphism rs2249695 was shown to be linked to ALD, while rs2031920 was found to be linked 

to AD. AD patients were three times more likely than ALD patients to carry rs2070676 and 1.5 

times more likely to carry rs2249695. Patients with higher high-density lipoproteins were more 

likely to develop ALD, while overweight patients were more likely to develop AD. Both AD and 

ALD were more common in males. The role of dietary fat in exacerbating ALD symptoms via 

lipid peroxidation should be emphasised to patients undergoing alcohol dependency treatment. 

Therefore, when comparing AD and ALD patients, it is important to include the age data for 

individual patients because we believe that younger patients, despite being at increased risk and 

may be carrying risk-associated SNPs, may not have had enough time to establish an ALD or AD 

phenotype, some patients with AD without liver disease may be predicted to proceed to ALD at a 

later date. As a result, certain effect estimates could have been higher if age had been taken into 

account. 

Also, further investigation is needed in this case because it may vary depending on environmental 

factors and cultural habitats in different population groups. In particular, several mutations have 

been found in different populations in genes of drug-metabolizing enzymes that are predisposed 

to severe liver damage. So, it has also been found during the search that when ethanol is co-

administered with drugs, the CYP2E1 gets massively induced, resulting in severe liver damage; 

through this, it is important to investigate the association between genes of drug-metabolizing 

enzymes that are predisposed to severe liver damage. 
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In chapter 4, we looked examined whether the presence of minor alleles for selected IL-6 and IL-

6R SNPs linked with loss of function affects individual predisposition for NASH and/or liver 

fibrosis. Second, we looked to see if individuals with NAFLD and different genotypes had a lower 

frequency of cardiovascular disease than non-NAFLD controls. The results indicated significant 

associations between cirrhosis and total cholesterol as well as cirrhosis and triglycerides, implying 

that SNP connections with cirrhosis are explained by diet, which induces NAFLD and also raises 

triglycerides and cholesterol. Smoking was found to be an independent predictor of both cirrhosis 

and CVD. The unexpected negative connection between total cholesterol and NAFLD risk could 

be attributed to the U-shaped effect of LDL or to the extensive use of statins. In a NAFLD group, 

obesity substantially predicted cirrhosis but had no effect on CVD risk. 

Due to the low frequency of the minor allele in the cohort, it was not able to thoroughly analyse 

the relationships between rs1800796 and CVD/cirrhosis in this investigation. Due to the modest 

number of cirrhosis cases found (n=108), the study may have been underpowered regarding a 

number of low-frequency SNP alleles to examine relationships with cirrhosis. A larger 

investigation would be required to rule out associations that were not observed in our findings. 

It is also important to investigate the role of ethnicity and age on CVD risk; evidence from various 

studies shows that the connection between rs1800795 and CVD differs by ethnicity, given the 

possibility that various genetic mechanisms that affect CVD risk in different populations have 

evolved in parallel, as well as the possible interplay of this link with smoking, the prevalence of 

which differs by population.304 We encourage further investigations in bigger populations since 

the existence of individual-level age and ethnicity data from the patient record allows us to further 

analyse for potential confounding. 
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Appendix 
R codes 

# Read in the worksheet named sheet 

   mydata <- read.xlsx("c:/myexcel.xlsx", sheetName = "mysheet") 

# Merge other data 

   file<-merge(name of file, name other file,by=ID)) 

# Take just the column that we need it 

   file<-name of file[,c(1,2,3,4)] 

# How to remove or exclude 

   remove<-which(name the file$column==-the thing that you want to exclude it) 

<-name of file[-name of file,] 

# How to take the mean 

   file<-name of file%>%group_by(PROCHI) %>%summarise(CONDITION = mean(CONDITION)) 

# How to classify it to normal and abnormal 

   name of file$Column<-ifelse(name of file[,number of column]==1,4,ifelse(name of    

file[,number of column]==2,5,0)) 

# For the Logistic regression model (GLM) in chapters 2 and 4 

# For univariate model 

   model_1<-glm(dependent variable~(independent variable),family = binomial,data=name of 

data) 

   summary(model_1) 

   exp(coef(model_1)) 

# For Multivariate model 

   model_2<-glm(dependent variable~(independent variable, idependent variable,,,,,,,),family = 

binomial,data=name of data) 

   summary(model_2) 

   exp(coef(model_2)) 

# For Multinomial model in Chapter 3 

# Univariate analysis 
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   library(nnet) 

   multiple_comparison<-function(data){data$CONDITION <-

relevel(data$CONDITION,ref="non_drink") 

     cat("\nreference level: non_drink................\n") 

     fit <-multinom(CONDITION ~ data[,2], data = data) 

     cat("\n") 

     z<-summary(fit)$coefficients/summary(fit)$standard.errors 

     p <- (1 - pnorm(abs(z), 0, 1)) * 2 

     cat("\np values........\n") 

     print(p) 

     cat("\nOdds ratio........\n") 

     print(exp(coef(fit))) 

     cat("\n95% CI for Odds ratio........\n") 

     print(exp(confint(fit)))} 

     data<-as.data.frame(file1) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file2) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file3) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file4) 

     head(data) 

     table(data$CONDITION,data[,2]) 
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     multiple_comparison(data) 

     data<-as.data.frame(file5) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file6) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file7) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file8) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file9) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file10) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file11) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 
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     data<-as.data.frame(file12) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file13) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file14) 

     head(data) 

     table(data$CONDITION,data[,2]) 

     multiple_comparison(data) 

     data<-as.data.frame(file15) 

     head(data) 

     table(data$CONDITION,data[,2])  

     multiple_comparison(data) 

    data<-as.data.frame(file16) 

    head(data) 

    str(data) 

    data$file16<-as.character(data$file16) 

    table(data$CONDITION,data[,2]) 

    multiple_comparison(data) 

    data<-as.data.frame(file17) 

    head(data) 

    table(data$CONDITION,data[,2]) 

    multiple_comparison(data) 

    data<-as.data.frame(file19) 

    head(data) 

    table(data$CONDITION,data[,2])  
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    multiple_comparison(data) 

    data<-as.data.frame(file20) 

    head(data) 

    table(data$CONDITION,data[,2]) 

    multiple_comparison(data) 

#multivariate analysis 

  head(File) 

  data<-as.data.frame(File) 

  head(data) 

  summary(data) 

  data$file <- as.character(data$file) 

  fit <-multinom(CONDITION ~ ., data = data) 

  summary(fit) 

  step(fit) 

  data$CONDITION <-relevel(data$CONDITION,ref="non_drink") 

  fit <- multinom(formula = CONDITION ~ column1 + column2 + column3 + column4 +   column5 

+ column6 + column7, data = data) 

  summary(fit) 

  print(fit) 

  z<-summary(fit)$coefficients/summary(fit)$standard.errors 

  p <- (1 - pnorm(abs(z), 0, 1)) * 2 

  print(p) 

  print(exp(coef(fit))) 

  print(exp(confint(fit))) 
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