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ABSTRACT

Background: Nonalcoholic fatty liver disease is currently the leading cause of chronic liver
disease and the second leading indication for liver transplantation in developed countries. It may
be complicated by cirrhosis and hepatocellular carcinoma. The pathogenesis of primary
nonalcoholic fatty liver disease involves insulin resistance, which also occurs in type 2 diabetes
mellitus. The prevalence of nonalcoholic fatty liver disease is increasing worldwide. However,

published data on this condition in Ghana is scarce.

General Objective: To determine the prevalence of, and factors associated with nonalcoholic fatty
liver disease in type 2 diabetes mellitus patients attending the diabetes clinic at the Greater Accra
Regional Hospital in Accra, Ghana.

Methodology: This study was a cross-sectional, hospital-based study conducted at the Greater
Accra Regional Hospital from May to October 2018. Two hundred and thirty-five type 2 diabetes
mellitus patients with insignificant alcohol history and negative screens for hepatitis B and C
infection were recruited using systematic random sampling, after giving informed consent. Socio-
demographic and clinical data were obtained using a semi-structured questionnaire.
Anthropometric measurements, general and abdominal examinations were performed for each
participant. Laboratory investigations included full blood count, fasting blood sugar, glycated
haemoglobin, lipids and liver biochemistry. Abdominal ultrasonography was performed to assess
for liver size and echogenicity and to measure the abdominal subcutaneous fat thickness. Non-
invasive scoring systems were used to predict the presence of nonalcoholic steatohepatitis and

fibrosis. Captured data was imputed and analysed using SPSS 23.0.

Results: The prevalence of nonalcoholic fatty liver disease among this cohort was 38.7% (91/235).
Grade 3 disease was the most prevalent (46.1%). Prevalence of nonalcoholic steatohepatitis and
fibrosis using non-invasive methods was estimated to be 23.1% and 26.4% respectively, in the
population diagnosed with nonalcoholic fatty liver disease. Factors associated with presence of
nonalcoholic fatty liver disease included age (p-value = 0.008), shorter duration of diabetes (p-
value = 0.004), body mass index (p-value <0.0001), waist circumference (p-value = 0.006),
waist/hip ratio (p-value = 0.001), abdominal subcutaneous fat thickness (p-value <0.0001),
hepatomegaly (p-value <0.0001), glycated haemoglobin (p-value = 0.003) and

hypertriglyceridaemia (p-value = 0.021). Increasing age (OR = 0.949; 95% CI: 0.918 - 0.980),
v



body mass index (OR =1.108; 95% ClI: 1.048- 1.171), hepatomegaly (OR = 4.230; 95% CI: 1.957
- 9.144) and elevated gamma-glutamyltransferase (OR = 3.591; 95% CI: 1.631 - 7.906) were found

to be independent predictors of nonalcoholic fatty liver disease among this cohort.

Conclusions: Roughly one-third of type 2 diabetes mellitus patients seen in clinics may have
nonalcoholic fatty liver disease. Predictors of nonalcoholic fatty liver disease in this study include
established non-modifiable risk factors such as age, as well as modifiable risk factors such as

increased body mass index.

Recommendations: Clinicians should utilize non-invasive markers to aid in the diagnosis of
nonalcoholic fatty liver disease, especially in at-risk patients. Aggressive management of type 2
diabetes mellitus is needed to improve the outcome of the disease in Ghana. Further studies on the
performance of non-invasive markers compared to liver biopsy are warranted in order to find

alternate forms of diagnosis in low resource settings.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

Nonalcoholic fatty liver disease (NAFLD) is a chronic liver condition with a clinical and
pathological spectrum that is characterized by excessive lipid deposition in the liver parenchyma
in the absence of significant alcohol consumption. This spectrum ranges from simple steatosis to
steatohepatitis and fibrosis. It was first described by Ludwig and colleagues in the 1980s among
20 patients without significant alcohol history but had liver disease with histopathologic features
similar to that of alcoholic hepatitis.? Nonalcoholic fatty liver disease in that study was more
common in women than in men. Also, majority of those with NAFLD had features of moderate
obesity which was a body mass index (BMI) within the range of 30.0kg/m? to <35.0kg/m?. This
study was subsequently followed by other studies mainly in developed countries to reveal the

epidemiology, pathophysiology, natural history, and possible treatment modalities.

Currently, NAFLD is the commonest cause of chronic liver disease worldwide ahead of alcoholic
liver disease and viral hepatitis.>* This was observed in a study involving 5,783 participants from
different ethnic groups.* The incidence or prevalence of NAFLD depends on the study population
and also on the method of diagnosis. Histology is the gold standard for its diagnosis and has the
highest diagnostic accuracy. Although data on the incidence of NAFLD are limited, five studies
from Asia and Israel recorded the current rate as a range from 28.01 per 1,000 person-years to
52.34 per 1,000 person-years.>® The current worldwide prevalence of NAFLD ranges between
24% and 30%. In a 2016 study, Younossi et al® through a meta-analysis and systematic review of
prevalence studies done between 1989 and 2015, estimated the global prevalence of NAFLD as
25.24%. This study recorded the highest prevalence in the Middle East and South America and the
lowest prevalence in Africa, that is, 31.79%, 30.45%, and 13.48% respectively. Forty-two out of

the 57 studies analysed in this meta-analysis diagnosed hepatic steatosis with imaging.

Nonalcoholic fatty liver disease can be classified using its aetiologic factors or histopathologic
features. Based on features observed on histology, it can be classified into nonalcoholic fatty liver
(NAFL) and nonalcoholic steatohepatitis (NASH).” This classification is supported by both the

American Association for the Study of Liver Diseases (AASLD) and the European Association
1



for the Study of the Liver (EASL) guidelines.®® These guidelines define NAFL as NAFLD with
histological features of simple intrahepatic steatosis and NASH as NAFLD with histological
features of steatohepatitis with or without fibrosis. The true prevalence of NASH in the general
population is difficult to assess because of the invasive nature of liver biopsies. Younossi et al®
recorded the overall prevalence of NASH among NAFLD patients diagnosed by histology as
59.10%. However, the prevalence differed among those with clinical indication for biopsy and
those without, that is, 60.64% to 69.25% and 6.67% to 29.85% respectively.®

Based on aetiology, NAFLD can either be primary or secondary. Primary NAFLD is defined as
the presence of excess amounts of lipids in the hepatocytes with no obvious aetiology. Secondary
NAFLD is the presence of excess amounts of lipids in the liver from underlying agents like toxins,

medications, and some medical conditions but with no significant history of alcohol use.

Primary NAFLD, which is of interest in this study, is now known to be associated with insulin
resistance (IR) and also with components of the metabolic syndrome like hyperlipidaemia, obesity,
type 2 diabetes mellitus (T2DM), or impaired glucose tolerance (IGT).1%%2 A recent study by
Younossi et al® supported this evidence when they reported that, NAFLD was closely associated
with obesity, T2DM, dyslipidaemia, and hypertension. Because of this association, NAFLD was
initially considered to be part of the metabolic syndrome but it is now known to occur even in non-
T2DM or non-obese patients.**!* Nonalcoholic fatty liver disease can either precede or follow the

onset of any of the components of the metabolic syndrome especially T2DM.*

The current increase in the prevalence of NAFLD is strongly linked with the increase in obesity
and T2DM which have now become epidemics worldwide and a major burden for public health.*
Prevalence of NAFLD is higher in T2DM than in the general population. Byrne and colleagues in
a 2015 report estimated this prevalence as 70% which was about twice the prevalence in the general
population.® However, Younossi et al in a 2019 meta-analysis of studies done between 1989 and
2018 recorded this current prevalence as 59.48%.%" The prevalence of NASH is also higher in
T2DM patients than in the general population with Golabi et al'® reporting it as 65.26%.
Nonalcoholic steatohepatitis in this study was diagnosed by histology. Both NAFL and NASH can
eventually progress to liver cirrhosis and hepatocellular carcinoma (HCC) which have high
morbidity and mortality rates.® This risk of progression is higher in NASH than in NAFL. It is
reported that, over a 15-year period, NAFL had a 0.7% risk of progression to cirrhosis with a liver-
2



related mortality rate of 0.9% but NASH had a 10.8% risk of progression to cirrhosis and a higher
rate of liver-related mortality, that is, 7.3%.%° The risk of progression from NASH to cirrhosis and
HCC has made NASH the second leading indication for liver transplantation in the United States
of America (USA)?! and is expected to be the leading cause by the year 2020.'! Type 2 DM serves
as a risk factor for progressive liver disease and liver-related mortality in NAFLD. This was
confirmed by Younossi et al?? who recorded an 18.2% liver-related mortality rate in NAFLD
patients with T2DM compared with 2.3% in those without T2DM.

Research works done by Armstrong et al?® and Vanni et al** showed that NAFLD had extrahepatic
manifestations involving mainly the cardiovascular system (CVS) and the kidneys but can also
cause malignancies especially in the gastrointestinal tract (GIT). Targher and colleagues reported
that primary NAFLD serves as an independent determinant of cardiovascular diseases especially
in T2DM and is also a risk factor for mortality in such patients.?> This has emphasized the need
for a multidisciplinary approach in the management of NAFLD.

1.2 STATEMENT OF PROBLEM

Primary NAFLD is known to be increasing worldwide with a higher prevalence in people with
lifestyle-related diseases. Worldwide, NAFLD has a prevalence of about 30% in the general adult
population but this prevalence is higher in obese people on high-fat diets and inactive lifestyles.?
In Ghana, the prevalence of obesity has gradually increased from 5.5% to 25.4% in the last
decade.?®?” Nonalcoholic fatty liver disease is therefore expected to increase gradually among this

group of people.

Globally, DM is one of the most common lifestyle-related diseases with the majority of cases being
T2DM, that is, about 90% of all DM cases.?®?° Type 2 DM is another metabolic condition that
increases the risk of developing NAFLD. The high prevalence of NAFLD in T2DM than in the
general populace is a result of the pathogenesis of primary NAFLD being closely linked to IR.
Insulin resistance also explains the pathogenesis of T2DM. Cross-sectional and prospective cohort
studies in Europe and North America have revealed that the prevalence of NAFLD in
asymptomatic adults in the general populace is between 19% and 30% but ranges between 21%
and 78% in those with T2DM.3%-32 In West Africa, only three cross-sectional studies on NAFLD

in T2DM are readily available. These studies were carried out in Lagos, Nigeria between 2009 and
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2018 by Onyekwere et al*®, Olusanya et al** and Afolabi et al*® and recorded the prevalence of
NAFLD in T2DM as 9.5%, 16.7% and 68.8% respectively. All studies from Nigeria used
ultrasonography (USG) to diagnose NAFLD and brought to fore the increasing prevalence of
NAFLD in the last decade.

In Ghana, information on NAFLD in the general populace is limited. The only study readily
available is by Ansumana Bockarie and recorded the prevalence of NAFLD diagnosed by USG
among patients attending the medical clinic at the Cape Coast Teaching Hospital between January
and October 2016 as 24.8%.%° Data on NAFLD among the at-risk groups in Ghana including
T2DM is however lacking. The prevalence of T2DM in Africa, including Ghana, is known to be
rising.3"* The World Health Organization (WHO) estimated the prevalence of DM among adults
older than 18 years in Africa, which includes Ghana, as 7.1% in the year 2014.*° The International
Diabetes Federation (IDF) in 2015 stated that about two-thirds of DM in Africa remain
undiagnosed.®” The prevalence of T2DM is expected to double by the year 2040 as a result of the
ageing population and urbanization of the population.®” Hence, NAFLD is also expected to

increase with a resultant increase in its complications if not prevented or effectively managed.

This study seeks to determine the prevalence of NAFLD in T2DM patients and also reveal the
factors associated with NAFLD in these patients. The results of this study will help guide patient

management and improve outcomes in affected patients.

1.3 JUSTIFICATION OF STUDY

Patients with end-stage liver disease are seen in most health facilities in Ghana but data on its
incidence is scarce. These patients usually present at an advanced stage resulting in high morbidity
and mortality. In 2006, Wiredu et al*® documented liver cancer as the first and third leading cause
of cancer-related mortality at the Korle Bu Teaching Hospital (KBTH) in males and females
respectively. Concerning cirrhosis and HCC, only few studies exist on patient characteristics and
clinical profile but chronic viral hepatitis, especially chronic hepatitis B infection, and alcoholic
liver disease are well documented as leading causes.*** Some patients however have negative
screens for chronic viral hepatitis B and C and also have no history of significant alcohol use.

Nonalcoholic fatty liver disease may play a role in the cause of cirrhosis and HCC in such patients



as it is now known to be the leading cause of chronic liver disease in developed countries and

gradually increasing in developing countries.

The prevalence of metabolic diseases such as obesity and T2DM has risen in Ghana over the last
20 years.2’® This may be attributed to changes in diet and other lifestyle habits. Nonalcoholic
fatty liver disease and T2DM have common underlying pathogenesis and an increase in one may
occur with an increase in the other. Nonalcoholic fatty liver disease may cause hepatic and
extrahepatic complications.?®?* Therefore, the coexistence of NAFLD and T2DM increases the
risk of cardiovascular, cerebrovascular, and peripheral artery diseases. The morbidity and
mortality associated with complications of both NAFLD and T2DM have a direct impact on the

socio-economic status of the individual and the country.

This study aims at determining the prevalence of NAFLD among T2DM patients and also
identifying the prevailing factors associated with NAFLD in T2DM. This will be essential in the
risk stratification of patients in relation to optimal management of their T2DM and other diseases

and therefore, improving outcomes in affected patients.

1.4 SCOPE OF STUDY

The scope of this study is limited to recruiting 235 T2DM patients attending the DM clinic at the
Greater Accra Regional Hospital (GARH) in Accra, Ghana. Patients aged 18 years or more will
be eligible for recruitment and this will be done over a period of 5 months. Data will be extracted
using a semi-structured questionnaire and each participant will have blood samples taken and also

undergo an abdominal USG.
1.5 RESEARCH QUESTION

The research questions to be answered are;

1. What is the prevalence of NAFLD in T2DM patients attending the DM clinic at the GARH

in Accra, Ghana?

2. What is the influence of sociodemographic, clinical, anthropometric, and biochemical
factors on the development of NAFLD among T2DM patients attending the DM clinic at
the GARH in Accra, Ghana?



3. Using serum alanine aminotransferase (ALT) level and neutrophil-lymphocyte ratio
(NLR), what proportion of the T2DM patients with NAFLD attending the DM clinic at the
GARH have NASH?

4. What is the prevalence of fibrosis among the T2DM patients with NAFLD attending the
DM clinic at the GARH in Accra, Ghana?

1.6 AIM AND OBJECTIVES

1.6.1 Aim of Study

To determine the prevalence of and factors associated with primary NAFLD in T2DM patients
attending the DM clinic at the GARH.

1.6.2 Specific Objectives

1. To determine the prevalence of primary NAFLD in T2DM patients using features on USG.

2. To assess the prevailing factors associated with NAFLD in T2DM patients diagnosed by
USG.

3. To determine the proportion of T2DM patients with NAFLD presenting with NASH
diagnosed by the level of serum ALT and NLR.

4. To determine the proportion of T2DM patients with NAFLD presenting with advanced

liver fibrosis using non-invasive scoring systems.
1.7 RESEARCH HYPOTHESIS

The null hypothesis (Ho) this research seeks to answer is;

1. The prevalence of NAFLD-associated risk factors in T2DM patients attending the DM
clinic at the GARH does not show any significant difference in those with and without
NAFLD.



The alternative hypothesis (Ha) this research seeks to answer is;

1. The prevalence of NAFLD-associated risk factors in T2DM patients attending the DM
clinic at the GARH shows a significant difference in those with and without NAFLD.



CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

Fatty liver is a spectrum of disorders defined by the abnormal accumulation of lipids in the liver.
The amount of lipids found in a normal adult human liver is approximately 5% of its mass.
Therefore, fatty liver is present when the amount of lipids in the hepatocytes exceeds 5%.%* Lipids
in the liver are mainly triglycerides.

Fatty liver can be classified into macrovesicular and microvesicular based on the size and number
of triglyceride droplets observed in each hepatocyte during histology.*® The type of fatty liver
present may serve as a clue to the underlying cause. In macrovesicular steatosis (figure 1), the
cytoplasm of the hepatocyte is filled with 1 or 2 fat globules which are large enough to displace
the nucleus to the periphery of the cell. This type of steatosis may be seen in NAFLD.* It is also
seen in alcoholic liver disease, chronic hepatitis C virus infection, Wilson's disease and in drug-
induced steatosis from methotrexate and corticosteroids.®#” In microvesicular steatosis, however,
the cytoplasm of the hepatocytes is filled with numerous small vesicles of fat but without
displacement of the nucleus as illustrated in figure 2. This type can be seen in pregnancy, that is,
acute fatty liver of pregnancy and HELLP syndrome, and also in Reye's syndrome and drug-

induced steatosis from valproate and antiretrovirals.®

Figure 1: Macrovesicular Steatosis
Source: Clinical Pharmacology: Advances and Applications48; cited on 29th March 2020.
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Figure 2: Microvesicular Steatosis
Source: Hepatology Communications*®; cited on 29" March 2020.

Fatty liver may also be classified as alcoholic fatty liver disease and NAFLD depending on the
presence or absence of significant alcohol history. Alcoholic fatty liver disease is the presence of
hepatic steatosis on histology in a person with a history of significant alcohol use. The chronic use
of alcohol in significant quantities result in decreased lipolysis with the accumulation of
triglycerides in the hepatocytes.®® This usually presents as simple macrovesicular steatosis
although microvesicular or mixed steatosis may occur.*"°! Steatosis can progress to steatohepatitis
and finally result in cirrhosis and HCC.%* The amount of alcohol consumed and the duration of

alcohol use is directly related to the development of these hepatic complications.>?

Although there are inconsistencies in the definition of significant alcohol intake, Bellentani et al®®
in a cross-sectional, observational study among 257 participants in Northern Italy documented
that, when daily alcohol consumption exceeded 20g in women and 30g in men, hepatic steatosis
can occur. These limits are endorsed by both the EASL and AASLD guidelines which now
considers a daily consumption of more than 30g and 20g of alcohol in men and women as
significant.2>* Ten grams of alcohol is equivalent to a unit of alcohol.>® Therefore, a daily alcohol
intake of 30g and 20g is equivalent to 3 units and 2 units. By inference, weekly alcohol intake in

quantities greater than 21 units and 14 units in men and women is considered significant.

According to the NHS in the United Kingdom,®® the units of alcohol in a drink can be calculated

using this formula;
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Units of alcohol = (Quantity of alcohol (mL) x Alcohol by volume (%)) + 1000

Worldwide, the alcohol content in beer, wine and spirit ranges from 2% - 5%, 10% - 20% and 38%
- 40% respectively. Therefore, 250mL of beer contains 0.5 - 1 unit of alcohol whiles 200mL of
wine contains 2 - 4 units of alcohol. A 30mL shot of whiskey contains 1.14 - 1.25 units of alcohol.
In Ghana, the alcohol content in the locally produced beer is 5%. Therefore, a 330mL and a 625mL
bottle of beer contain 1.65 and 3.12 units of alcohol. The locally brewed spirit, akpeteshie, has an
alcohol content of 40% - 50%.5"°® Hence, 30mL of akpeteshie contains about 1.2 - 1.5 units of

alcohol.

2.2 NONALCOHOLIC FATTY LIVER DISEASE

Nonalcoholic fatty liver disease is the presence of steatosis in the hepatocytes without a significant
alcohol history, that is when the amount of triglyceride amount is >5% of liver mass.> The NAFLD
spectrum of steatosis to steatohepatitis and fibrosis can ultimately result in cirrhosis.!** Steatosis
describes the presence of fat in the liver without inflammation whilst steatohepatitis is the presence
of fatty liver with inflammation of the parenchyma with or without necrosis.*® This forms the basis
of the histological classification of NAFLD into NAFL and NASH which is endorsed by both
EASL and AASLD.%® The term, NASH, was first coined by Ludwig et al? in 1980 at the Mayo
Clinic after they observed that, the biopsy specimen from 20 obese patients with no history of
significant alcohol intake demonstrated a histologic resemblance to alcoholic hepatitis. A later
study by Pais and colleagues reported that progression from NAFL to NASH could occur in some
patients.®® This was after they had followed up 6 patients with an initial histologic diagnosis of
simple steatosis for 5 years and a repeat of the biopsy at completion showed a progression from

steatosis to steatohepatitis in 5 out of the 6 patients.

The classification of NAFLD by its aetiology into either primary or secondary is broadly used.>*
Primary NAFLD forms the majority of NAFLD cases and may either occur alone or in
combination with components of the metabolic syndrome via its pathogenesis which involves IR.>
The metabolic syndrome includes central obesity, dyslipidaemia, systemic hypertension, T2DM
or impaired glucose tolerance and microalbuminuria.!* This type of NAFLD was initially
considered as the hepatic component of the metabolic syndrome.'* The assumption was supported

by Cortez-Pinto et al®* who after studying 30 patients with NAFLD, reported the presence of
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obesity, hypertension and T2DM in 80%, 50% and 33% of these patients respectively.
Dyslipidaemia was also recorded in 80% of the patients. However, some later studies led to the
rejection of this concept as they recorded the presence of NAFLD in persons with no features of
the metabolic syndrome. One such study was by Margariti et al at an outpatient clinic in Greece
between 2002 and 2010 and involved 162 participants.5? These researchers found NAFLD in about
12% of persons with normal BMI and with no features of metabolic syndrome. Diagnosis of
NAFLD in this study was by either raised ALT, raised GGT or both plus evidence of steatosis on
USG or histology. Although NAFLD is no longer regarded as a component of metabolic syndrome,
it is still of public health interest since it has strong associations with non-communicable diseases

and may result in poor outcomes if not properly managed.

Secondary NAFLD which rarely occurs in adults is not known to be linked to IR or metabolic
syndrome.® The use of the causative factor and resultant pathology (e.g.) drug-induced steatosis,
is currently preferred to the term ‘secondary NAFLD’.%® The possible underlying agents for this
type of NAFLD include toxins, steatogenic medications and an array of clinical conditions.®*
Clinical conditions like chronic hepatitis C infection, Wilson’s disease, coeliac disease, acute fatty
liver of pregnancy and disorders of lipid metabolism like abetalipoproteinemia,
hypobetalipoproteinaemia, lipodystrophy and glycogen storage diseases may cause hepatic
steatosis.®® Additionally, toxins and nutritional factors like starvation, total parenteral nutrition
(TPN) and severe surgical weight loss also cause this type of NAFLD. Total parenteral nutrition
causes depletion of carnitine and choline. Carnitine works by facilitating the transfer of free fatty
acid (FFA) from the cytoplasm of hepatocytes to the mitochondria for oxidation whiles choline
promotes the secretion of lipoproteins from the liver. The depletion of these 2 facilitates the
deposition of FFA in the hepatocytes, resulting in steatosis.®® The severity of the hepatic disease

is directly related to the duration of TPN.

Steatogenic medications may also cause NAFLD. The commonly used ones in our environment
include corticosteroids, methotrexate, amiodarone, tamoxifen and some antiretroviral medications.
Amiodarone causes a mild elevation of transaminases in about 25% of all patients but only 1% -
3% of patients will develop significant hepatic injury. This is similar to the histologic appearance
of NASH but exhibits a characteristic lesion known as phospholipidosis.®® Tamoxifen, a drug

commonly used in the treatment of breast cancer, causes steatosis especially in those with risk

11



factors for NAFLD. Bruno et al,®® studied 5,408 women in a prospective randomized controlled
study and showed a 2-fold increase in the risk of developing NAFLD in patients on tamoxifen
whose BMI was above normal. Progress from steatosis to steatohepatitis and fibrosis may occur
with tamoxifen but progression to cirrhosis is uncommon in these patients. Another chemotherapy
agent, methotrexate, at high doses also cause steatohepatitis with necroinflammation which can
progress to cirrhosis.®® The occurrence of cirrhosis is commonly seen in patients with a history of
alcohol abuse, obesity and DM but may also occur in the absence of these risk factors. Another
group of patients who may develop NAFLD are those on highly active antiretroviral therapy
(HAART) especially protease inhibitors and nucleoside/nucleotide reverse transcriptase
inhibitors.®” These patients may develop a microvesicular type of steatosis. Lastly, corticosteroids
can cause hepatic steatosis via activation of enzymes needed for de novo lipogenesis (DNL) and
also by inhibition of enzymes of the lipid peroxidation and mitochondrial beta-oxidation
pathways.®

2.3 PATHOPHYSIOLOGY OF NONALCOHOLIC FATTY LIVER DISEASE

Fat metabolism occurs in adipose tissue, skeletal muscle and the liver. This results in the
conversion of FFA to triglycerides which is stored in the liver or used in the synthesis of very-low-
density lipoprotein (VLDL). In the normal liver, FFA is derived from either intestinal absorption
of dietary fat, lipolysis in adipose tissue or is synthesized in the liver via DNL using Acetyl-CoA.*®
De novo lipogenesis is tightly regulated by insulin and is the primary source of hepatic FFA in the
fed state as insulin levels are normally elevated.®® The sources of FFA in the liver and the various
complex biochemical processes of DNL via the Kreb’s cycle and glycolysis pathways are shown

in figures 3 and 4.
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Figure 3: Sources of FFA in the liver and their mediators

Source: Journal of Hepatology®®; cited on 21% January 2020
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Figure 4: De novo lipogenesis via the glycolysis pathway and Kreb’s cycle

Source: Comprehensive Physiology: Energy metabolism in the liver; cited 5 February 2020.
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Lipogenesis is regulated by 2 main mediators, sterol regulatory element-binding protein (SREBP-
1c) and carbohydrate response element-binding protein (ChREBP). The SREBP-1c is activated by
insulin and acts by activating the genes that promote the production of malonyl-CoA’™ whiles
ChREBP is activated by hyperglycaemia and acts by activating the enzymes of the glycolytic
pathway and those that promote lipogenesis.

Lipolysis occurs via f3-oxidation with FFA and glycerol as end products. Aldehydes are produced
as by-products and these include 4-hydroxynonenal and malondialdehyde.” Lipolysis is increased
during fasting and decreased in the fed state.”® Carnitine acyltransferase I (CPT-1) is the main
regulator of lipolysis with its action being the rate-limiting step. It is inhibited by malonyl-CoA
and thereby decreasing the rate of lipolysis.”

For maintenance of equilibrium, the rate of lipogenesis must equal the rate of lipolysis as illustrated

in figure 5.
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Figure 5: Summary of fat metabolism in the liver

Source: Nature Clinical Practice Gastroenterology & Hepatology®; cited on 28" July 2019.

The pathophysiology of NAFLD is poorly understood. It was initially explained by the "two-hit"
hypothesis (figure 6) conceptualized at Pessayre’s lab by Benson et al.”® This theory was based on
a first and second hit principle and was able to link the presence of hepatic steatosis to the oxidation
of lipids which may progress to steatohepatitis and fibrosis. The first hit in this theory involves the

development of hepatic steatosis from IR, obesity, lack of physical activity and intake of foods

14



with high-fat content. This primes the hepatocytes for a second hit which is initiated by
environmental or genetic factors. These factors promote excessive production of free radicals
which act as a second insult to the liver and initiates lipid peroxidation. This increases the
production of cytokines and endotoxins like tumour necrosis factor-a (TNFa), interleukin 8 (IL-
8), intercellular adhesion molecule 1 (ICAM-1) and E-selectin. Also, the by-products of
peroxidation may cause necroinflammation and fibrosis. Peroxidation explains the histological
features of NASH and has been demonstrated in studies involving animal and human models.”’:"8
Additionally, free radicals are produced by an increase in oxidative stress from excessive FFA
deposition in the hepatocytes and also from increased expression of cytochrome P450 2E1
(CYP2EL1) as seen in some patients with NASH. Persistence of this cascade causes a progression
from NASH to fibrosis and cirrhosis.
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Figure 6: The “two-hit” hypothesis in the pathophysiology of NAFLD

Source: International Journal of Molecular Sciences’”; cited on 21% July 2019

The “two-hit” theory was however discarded as it was considered by experts as simplistic and
unable to explain why the majority of patients with hepatic steatosis did not progress to NASH.
This led to the birth of the “multiple hit” theory, which is multifactorial and currently used to
explain the pathophysiology of NAFLD.” This hypothesis involves genetic, environmental and
dietary factors, which may cause hepatic steatosis from IR, hyperinsulinemia or changes in the gut
microbiome. Subsequently, other harmful factors act on the already vulnerable liver causing the

progression of steatosis to NASH.
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Genes involved in NAFLD include the PNPLA3 gene, also known as adiponutrin. According to
Romeo and colleagues who performed genome studies among participants in the Dallas Heart
Study, PNPLA3 was associated with both hepatic steatosis and inflammation diagnosed by
magnetic resonance spectroscopy (MRS).& This association was with the variant, PNPLA3-148M,
which has specific sites for SREBP-1¢ and ChREBP.8! PNPLA3-148M in this study was
commonly seen in Hispanics than in other ethnic groups. Another gene, transmembrane 6
superfamily member 2 (TM6SF2) has been linked to NAFLD as it interferes with VLDL secretion
and contributes to the remodelling of hepatic triglycerides.®? Apart from genes, dietary and
environmental factors like increased intake of saturated fat with a lack of physical activity,
intestinal bacterial overgrowth, obesity, and IR contribute to NAFLD. In addition to this role,
dietary factors, which are also risk factors for the development of obesity, may also facilitate the
progression of NAFLD to fibrosis.®

In the multiple-hit theory, there is an interaction between IR, adipose inflammation, adipokines
and other factors in the presence of genetic factors. The initial hit involves the dysregulation of the
insulin-mediated processes of fat metabolism through the down-regulation of insulin receptor
substrate-1 (IRS-1), thereby, triggering an imbalance between lipogenesis and lipolysis with a
resultant increase in adipose lipolysis.®* This leads to excessive production and release of FFA into
the portal blood.>® Besides the down-regulation of IRS-1, IR decreases glucose utilization and
increases hepatic gluconeogenesis resulting in hyperglycaemia.®® For normoglycaemia to be
maintained, excess insulin is produced and the resultant hyperinsulinemia increases the rate of
DNL and lipolysis in adipose tissue, causing an influx of FFA into the liver. The IR and the
resultant steatosis serve as the first hit in the “multiple hit” theory. This, together with
hyperinsulinemia is now considered to be at the centre of NAFLD progression via various

mechanisms.>®
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Figure 7: The “multiple hit” theory in the pathophysiology of NAFLD
Source: International Journal of Molecular Sciences®; cited on 7" of February, 2020

With the development of hepatic steatosis, the liver becomes vulnerable and susceptible to other
harmful agents. These agents may arise from the lipotoxicity caused by excessive FFA deposition
or by the by-products of fat metabolism.” These act as multiple hits to the already vulnerable liver,
causing simple steatosis to progress to NASH and fibrosis.8” Consequently, the negative effects of
the multiple hits on the endoplasmic reticulum and mitochondria gives rise to oxidative stress with
a release of reactive oxygen species (Figure 7). The liver remains in a chronic inflammatory state
which then acts as a source of persistent injury to the hepatocytes, contributing to the progression
from steatosis to steatohepatitis, fibrosis and eventually cirrhosis. Apoptosis and activation of
transforming growth factor-beta (TGF-p) also influence the progression to NASH.% Other factors
implicated in the pathophysiology of NAFLD, particularly NASH, include tumour necrosis factor
o (TNF-a), leptin and adiponectin.>®®® Both elevated TNF-a as well as low adiponectin level
promote steatohepatitis. Elevated TNF-a works by impairing the action of insulin whiles decreased
adiponectin levels causes the loss of the antilipogenic effect. The role of adiponectin in NAFLD

is consistent with that in obesity, T2DM and in persons with IR.
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In addition to the above pathophysiology, alteration in the gut flora increases the permeability of
the small intestines, promoting unrestricted absorption of FFAs into the portal circulation with
subsequent deposition in the liver.*® Furthermore, alteration in the gut microbiome causes an
increase in the activation molecules of the inflammatory pathways resulting in the secretion of
inflammatory cytokines such as IL-6 and TNF-a.

Currently, the effectiveness of the “multiple-hit” theory is being debated. This is because, despite
the difference in the role of IR, both the “two-hit” and “multiple-hit” theories consider NASH as
a progression from NAFL but only limited documented evidence of this progression exists.%
Various research works have suggested the possibility of NAFL and NASH being independent but
related entities which means NASH may occur without prior evidence of NAFL. This has led to
the suggestion of the conceptualization of a new theory for the pathogenesis of NASH and the
development of non-invasive diagnostic methods to aid further research work. This suggested
theory may influence the treatment of NAFL and NASH.

Although NAFLD is usually considered a consequence of metabolic syndrome, it may precede the
onset of T2DM and other components of the metabolic syndrome.®?-% Musso and colleagues were
the first to publish a meta-analysis and reported a doubling of the incidence of T2DM among
NAFLD patients.®® Subsequently, a longitudinal study by Zhang et al®? at Shandong Provincial
Hospital between 2005 and 2011 also concluded that NAFLD may precede the onset of T2DM
and the metabolic syndrome, but this risk decreased when NAFLD was successfully managed.®?
Another meta-analysis of prospective studies by Ballestri and colleagues,® analysed 117,020
participants with NAFLD who were followed up for a period of 3 to 15 years with a median of 5
years. They reported a 1.97 relative risk of these participants developing T2DM. Also, the relative
risk of developing metabolic syndrome was 1.80 among 81,411 participants during a median

follow-up period of 4.5 years.

2.4 EPIDEMIOLOGY OF NONALCOHOLIC FATTY LIVER DISEASE

In recent years, research into primary NAFLD has increased due to the increasing incidence of
NAFLD-related cirrhosis and HCC but data on NAFLD incidence are limited. Nonalcoholic fatty

liver disease is currently considered a major health burden in developed countries and gradually
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increasing in developing countries due to urbanization and change in lifestyle habits. The rising
NAFLD prevalence is associated with the current increase in obesity and T2DM worldwide.?!!

2.4.1 Global Nonalcoholic Fatty Liver Disease

There is a dearth of data on the incidence of NAFLD compared to data on prevalence. Early studies
reported the global incidence as ranging between 19.6 to 26.8 cases per 1,000 person-years.®* A
prospective study done in Japan over a 5-year period from 1997 to 2002 among participants with
metabolic syndrome reported its incidence as 31 cases per 1000 person-years.!® This study
employed the elevation of aminotransferases as an indicator of NAFLD and showed an association
between elevated aminotransferases and risk factors for NAFLD including male sex, high BMI
and decreased HDL. Another follow up study, the Dionysos study, done in Northern Italy between
1991 and 2002, recorded NAFLD incidence after 8.5 years of follow-up as 18.5 cases per 1,000
population.®® Nonalcoholic fatty liver disease in this study was diagnosed with USG. Later, a
retrospective study from England in 2007 showed a much lower incidence rate of 29 cases per
100,000 population among the general populace in West Suffolk with a third of these patients
presenting with NASH.®® Out of these confirmed NAFLD cases in the England study, 5.5 cases
per 100,000 population had cirrhosis whilst 23.5 cases per 100,000 population showed no evidence
of cirrhosis. Nonalcoholic fatty liver disease in this study was diagnosed by USG and biopsy. Data
on the current global incidence of NAFLD are not readily available. However, Younossi et al® in
their 2016 meta-analysis of studies done between 1989 and 2015 reported the incidence in Israel
and Asia as 52.34 and 28.01 per 1,000 person-years. Studies in this analysis were by non-invasive

methods. Data on NAFLD incidence among T2DM patients are not readily available.

The worldwide prevalence of NAFLD in the general population over the past 20 years is between
2.8% and 46%.% The variation is dependent on the study population and the diagnostic method
used. Using USG, the 3 National Health and Nutrition Examination Survey estimated the
prevalence of NAFLD in the USA between 1988 and 1994 as 19%.32 Williams and colleagues
later used USG and histology to record the prevalence of NAFLD in the USA as 46%.%" Their
study was conducted between 2007 and 2010 in 400 participants between the ages of 18 to 70
years. The higher prevalence recorded could be attributed to the use of histology, which is the gold
standard for the diagnosis of NAFLD. Current data by Younossi et al® in 2016 documented the

global prevalence of NAFLD as 25.24%. About 75% of the studies used in this meta-analysis
19



diagnosed steatosis with imaging. Prevalence in this study varied between continents (Figure 8).
The low prevalence in Africa was attributed to the scarcity of data from the region. Prevalence was
lower when laboratory findings were used, that is, between 9.26% and 13.00%.

Figure 8: Current global prevalence of NAFLD by region
Source: Hepatology®®; cited on 21% January 2020.

Nonalcoholic fatty liver disease is higher in persons with metabolic syndrome and in those who
do not engage in regular physical activity.®>%” Various studies done over the years have also
reported a higher prevalence of NAFLD in T2DM compared to that in the general population.
Earlier cross-sectional and prospective cohort studies in Europe and North America revealed the
prevalence of NAFLD in asymptomatic adults in the general populace as 19% to 30% but between
30% and 50% in those with T2DM.3%%2 In the Edinburgh Type 2 Diabetes Study (ET2DM)
reported in 2011, Williamson and colleagues used USG and revealed the NAFLD prevalence in
the T2DM population as 42.6%.% Later, a study by Portillo-Sanchez and colleagues'® used proton
magnetic resonance spectroscopy (H-MRS) to assess the prevalence of NAFLD in T2DM patients
with normal aminotransferases and recorded prevalence among obese and non-obese patients as
50% and 36% respectively. Recent studies including one by Nengguang and colleagues in 2016 at
the Shanghai First People’s Hospital in China recorded the prevalence of USG-diagnosed NAFLD
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in T2DM patients as 56.5%.'% Younossi et al'’ in a recent systematic review of studies done
between 1989 and 2018 documented the global prevalence of NAFLD in T2DM as 55.48%. The
lowest prevalence was recorded in Africa, 36.29%. The AASLD in its 2018 guidelines also
suggested that NAFLD was present in about a third to two-thirds of T2DM patients but failed to
emphasise the method of diagnosis.®

The prevalence of NASH and fibrosis is thought to be lower than NAFL. Variations in prevalence
may result from the diagnostic method used. Non-invasive methods may underdiagnose NASH
and fibrosis. In 2010, Bellentani reported the prevalence of NASH as 2% to 3% in the general
population of Western countries.®® As seen in NAFLD, the prevalence of NASH has also increased
in the last decade. Data gathered by the United Network for Organ Sharing and Organ Procurement
and Transplantation Network (UNOS/OPTN) registry in the USA reported that, between 2004 and
2013, the number of new patients registered for liver plantation increased by 170% and this made
NASH-related cirrhosis the second leading cause of liver transplant in 2013.2! Younossi et al in
2016 also estimated the prevalence of NASH by USG in the general population diagnosed without
biopsy as 1.5% to 6.45%.1%2 Using histology, NASH prevalence was higher with a rate of 59.10%
but ranged from 60.64% to 69.25% and 6.67% to 29.85% in patients with and without clinical

indications for liver biopsy.® Data on incidence is still lacking.

Concerning T2DM, the prevalence of NASH and fibrosis followed the same pattern as seen in
NAFLD, that is, higher in T2DM patients than in the general population. In 2012, fibrosis in T2DM
patients diagnosed using the NAFLD fibrosis score was reported by Williamson and colleagues as
16.4%.1% Steatosis in this study was diagnosed with USG and laboratory investigations. In 2018,
Golabi and colleagues performed a meta-analysis on studies from January 1989 and May 2017 and
reported the overall prevalence of biopsy-proven NASH among T2DM as 65.26%.'8 Prevalence
in this study was highest in the Western Pacific regions. There was no data from Africa. Advanced
fibrosis in this study, that is F3 and F4, was 15.05%. Another study in 2019 by Younossi et al used
histology and reported the prevalence of fibrosis among T2DM patients with NAFLD as 17.0%.*’
Kumar and colleagues however used a FibroScan in 2018 and documented the prevalence of
fibrosis in T2DM patients with NAFLD as 34%.%

Age and gender are known risk factors of NAFLD. A study by Kneeman et al®® reported that the
highest prevalence of NAFLD was seen between the ages of 40 to 59 years but noted an increasing
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prevalence in childhood NAFLD which could be due to the current epidemic in childhood obesity.
The prevalence of NAFLD increased with increasing age. This finding was supported by Hu et
al.!® They reported a similar age-specific prevalence in a Chinese population. They also
documented a gradual increase in prevalence with increasing age with a peak prevalence between
age 50 and 65 years (Figure 9). Another study among Japanese adult patients also recorded a

similar finding and went further to report a similar pattern in NASH.%
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Figure 9: Trend of NAFLD prevalence by age and gender

Source: BMC Gastroenterology®; cited on 15" May 2020.

Concerning gender, earlier studies suggested NAFLD occurred more often in females than in
males.'%” However, recent studies from America and Europe have shown prevalence to be higher
in males than in females.®>*° Bellentani documented a male to female ratio of 2:1.3° The lower
prevalence in women was thought to be evident in the pre-menopausal years and was assumed to
be as a result of the protective nature of female hormones.®* The difference in fat distribution in
the 2 genders with men having more visceral fat than women, may also account for this difference.
Another report by Hashimoto et al noted a similar gender preference in both NAFL and NASH

prevalence. Nonalcoholic fatty liver disease was 2- to 3-fold higher in men below the age of 60
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years but higher in women after this age.’°® From Figure 9, Hu et al in their study, however,
reported that the higher NAFLD prevalence in men existed in all age groups.®

The prevalence of NAFLD is also influenced by race. This was demonstrated in a study by Angulo
et al.1% In their study, the prevalence of NAFLD among Hispanics, Caucasians and Blacks was
45%, 33% and 24% respectively. Another study by Williams et al in 2011 however recorded a
higher prevalence in Caucasians than in Hispanics and African Americans, that is, 62.5%, 22%
and 11% respectively.®” The recent meta-analysis by Younossi et al however supported the
findings of Angulo et al, recording a higher prevalence in South America than in Europe or North
America.® Familial clustering has been observed in NAFLD with about 27% of cases showing
evidence of this.!® This may be associated with the progression to NASH.

2.4.2 Nonalcoholic Fatty Liver Disease in Africa

In Africa, data on NAFLD are scanty. The earliest research was by Nail et al*'® at the Ibn Sina
Hospital in Sudan between January 2002 and December 2004 and involved 1,800 participants.
Fatty liver disease diagnosed by USG was present in 100 of these participants. Forty-four of the
100 participants, that is, 2.4% of the overall study population, had primary NAFLD. Kruger et al*!!
in 2010, followed this with a study in South Africa. This study described the clinical characteristics
of NAFLD among a population who were mostly Caucasians with few Africans. The prevalence
of NAFLD in their study was 47.6% and correlated well with studies from American and Europe.
Nonalcoholic fatty liver disease in this study was confirmed by histology and showed a strong
association with IR. Later, a study from Egypt used USG to record the prevalence of NAFLD in
obese patients as 65.3% and 62.7% in children and adults.*? This prevalence was higher compared
with other studies from the continent and demonstrated an association between NAFLD and age,
BMI, and features of the metabolic syndrome. Almobarak et al*'® also used USG to diagnose
NAFLD in the general population at the 1bn Sina Hospital in Sudan and found the prevalence to
be 20%. This prevalence was higher than a similar study done about 7 years earlier in the same
hospital. This supports the worldwide evidence of the increasing prevalence of NAFLD. The study
also showed a relationship between NAFLD and increasing BMI and age. The mean age in the

study was 53 years and showed no disparity in the two genders.
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Amongst T2DM patients, a dissertation by Kimani done at the Kenyatta National Hospital, Kenya
in 2013 recorded the prevalence of primary NAFLD in T2DM patients as 34.4%.14 He was also
able to show that, NAFLD had a close relationship with obesity and high triglyceride levels.
Currently, the mean prevalence of NAFLD among T2DM patients in Africa according to Younossi
et al is 36.29%.7

In West Africa, information on NAFLD is from 3 studies in Nigeria and 1 unpublished study from
Ghana.®*-% The reported prevalence of NAFLD using USG in the general population in Nigeria
and Ghana was 4.5% and 24.8% respectively.3*3® The studies from Nigeria recorded an upsurge
in the prevalence of NAFLD among T2DM patients from 9.5% in 2011 to 68.8% in 2018.33% This
showed that the prevalence of NAFLD in both the general population and in T2DM was rising in
Nigeria just as is seen in the rest of the world.

2.5 DIAGNOSIS OF NONALCOHOLIC FATTY LIVER DISEASE

Most patients with NAFLD are asymptomatic. In such patients, hepatic steatosis may be detected
incidentally during imaging or suspected when liver enzymes are elevated on routine
investigations. Symptomatic patients may present with right upper quadrant pain, malaise and
fatigue or with symptoms of advanced disease. A detailed medical and alcohol history is needed
to make a diagnosis of NAFLD as its histologic features are similar to that of alcoholic liver disease

and other causes of secondary NAFLD.!®

In the evaluation of NAFLD, both non-invasive and invasive methods can be used. After
confirmation, staging based on the degree of inflammation and fibrosis must be done to assess the

severity of the disease.!®

2.5.1 Invasive Methods

Liver histology is the gold standard for NAFLD diagnosis. It has the advantage of distinguishing
between NAFL and NASH and also excludes other causes of steatosis. Samples are obtained by
liver biopsy, either through the trans-jugular route or the percutaneous route with or without USG

guidance.

Histologically, NAFLD is usually characterized by macrovesicular steatosis. The percentage of

hepatocytes containing FFA can be used to grade steatosis as follows?®;

24



S1 or Mild: >5% to <10% of hepatocytes contain FFA.
S2 or Moderate: 10% to 30% of hepatocytes contain FFA.
S3 or Severe: >30% of hepatocytes contain FFA.

Characteristic features of NASH shown in Figure 10 are lobular inflammation, ballooning of
hepatocytes, mitochondrial abnormalities and fibrosis.!**" These may be absent in advanced

disease.

- : Steatosis - : Inflammation - : Ballooning

Figure 10: Histologic features of NASH
Source: http://www.kbimed.com/NewsDis-abd0058bb6de48f3870aa89fa6434755.htm*!8: cited

28" July 2019.

Lymphocytes, neutrophils and other mononuclear cells are the predominant cells in lobular
inflammation.'*® Fibrosis usually occurs around the terminal hepatic veins in zone 3 but may

involve the portal tracts.

According to Matteoni and colleagues''® who analysed 132 histology-confirmed NAFLD
specimen presented at the pathology department of the Cleveland hospital between 1979 and 1987,
the NAFLD spectrum has different features and can be classified into 4 subtypes;

Type 1: Simple hepatic steatosis without inflammation.

Type 2: Hepatic steatosis with inflammation in the lobular region.
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Type 3: Hepatic steatohepatitis with ballooning of hepatocytes only.
Type 4: Hepatic steatohepatitis with ballooning of hepatocytes, Mallory’s hyaline,
and sinusoidal fibrosis.

In this study, patients with types 3 and 4 had increased mortality from hepatic complications.
Features of types 3 and 4 are equivalent to that of modern-day NASH.%

Currently, liver biopsy has limited use because it is invasive, costly and has a risk of
complications.*?! This risk is minimal in USG-guided percutaneous biopsy. Histology is also
observer-dependent. Reports have shown variations in results depending on the pathologist.!?2
Furthermore, sampling errors have been reported depending on the site accessed.?®* Samples may
be reported as normal when NASH lesions are focal.**® The limited number of hepatologists and
interventional radiologists to perform biopsies has also restricted the routine use of histology.
These limitations and the current high prevalence of NAFLD has made histology impracticable as
the gold standard in diagnosis.*?* This led to the development of non-invasive methods for

diagnosis.

2.5.2 Non-invasive Methods

These methods include laboratory investigations and imaging. Newer methods have the ability to
diagnose and stage NAFLD, thereby, limiting the need for biopsies.'® However, their sensitivities
and specificities are not comparable to histology.'? A combination of non-invasive methods and

clinical examination can be used to assess for advanced disease.
2.5.2.1 Laboratory Investigations

Laboratory investigations may reveal active inflammation or decreased synthetic activity of the

liver. These may suggest the presence of NASH, fibrosis or cirrhosis.

(i) Liver Biochemistry

The entire spectrum of NAFLD can occur without derangement in liver enzymes. Clinical features
of obesity, T2DM or obstructive sleep apnoea with deranged liver enzymes should suggest the
likelihood of NAFLD.!® Although the majority of patients with NAFLD have normal enzymes,

raised transferase levels is an indicator of NAFLD and the commonest mode of presentation. 1
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This is significantly found in patients with NAFLD and T2DM.?%127 This elevation of transferase
levels however is minimal and usually does not exceed four times the upper limit of normal.
Neuschwander-Tetri studied 1500 samples of biopsy-proven NAFLD and reported that the rise in
ALT and AST was typically seen in the early stages of NASH and fibrosis but normalized in
advanced fibrosis and cirrhosis.'?® Agarawal and colleagues went further to explain that early
disease was associated with a rise in ALT but normalized as the disease advanced whiles AST

levels rise with disease progression.?

Elevated serum gamma-glutamyltransferase (GGT) may occur in NAFLD and is an indicator of
advanced disease. In a study involving 50 patients with biopsy-proven NAFLD, serum GGT had
a sensitivity and specificity of 83% and 69% for predicting advanced fibrosis.*?® Also, Nagaraj et
al.*?” reported significant increases in GGT in patients with both NAFLD and T2DM. Elevated

GGT is known to be associated with increased mortality. 16126
Synthetic dysfunction of the liver, usually seen in advanced disease, is evidenced by

hypoalbuminemia, hyperbilirubinemia and elevated INR or prothrombin time (PT).116:126.1%0

(i1) Eull Blood Count

The level of platelet is an indication of the synthetic function of the liver. Thrombocytopenia in

the setting of chronic liver disease may be as a result of hepatic dysfunction or indicate the presence

of portal hypertension.*3!

White blood cell differentials, especially neutrophils and lymphocytes, can be used to predict the

presence of NASH as described by the neutrophil-lymphocyte ratio (NLR).

(ili)Serum Ferritin

This is an acute phase reactant protein and has been found to be a predictor of NASH.!3? Raised
ferritin levels have been observed in about 50% of patients with NASH.**? Its involvement in the
pathophysiology of NASH is unclear.*® Ferritin level however does not correlate with the level of

iron in the liver.

27



(iv)Novel Markers

The novel markers for inflammation include TNF-a, serum adiponectin, 1L-6, cytokeratin-18
fragments and homeostasis model assessment-insulin resistance (HOMA-IR).1261% These are

however costly and not readily available.
2.5.2.2 Imaging

Various imaging techniques are available for assessing steatosis and this includes CT scan, MRI,
USG and transient elastography. An ideal imaging technique should be able to quantify steatosis

and stage the disease.

(i) Ultrasonography

Hepatic steatosis shows on USG as echogenic or bright liver. Echogenicity is assessed by
comparing the liver parenchyma to the cortex of the kidney, spleen or the walls of the intrahepatic
vessels. This may be diffused or focalized near the porta hepatis. According to Lee et al*®, hepatic
steatosis can be graded on a four-point scale from 0 to 3 depending on the severity of the
echogenicity with grade 0 being the absence of steatosis. In their study, echogenicity was
established by comparing the liver parenchyma to the cortex of the kidney, diaphragm and also the
walls of the intrahepatic vessels. Adibi et al**’ used this grading system and documented grade 1
NAFLD as the most common finding on USG in a cross-sectional study among 483 participants
of the general population in Iran. This is presented in Figure 11 and shows the overall prevalence
of NAFLD as 39.3% with 21.1% as grade 1. Normal in this study indicated the absence of NAFLD.
In Nigeria, Afolabi et al®® however reported grade 2 NAFLD as the most prevalent (32.5%),
followed by grade 3 NAFLD (20.0%) and grade 1 NAFLD (16.56%).
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Figure 11: Prevalence of different grades of NAFLD diagnosed by USG

Source: Advanced Biomedical Research®®’; cited on 21% January 2020.

Ultrasonography is widely available, cheap and can be easily performed at the bedside.**® It has
comparable sensitivity to other imaging techniques when steatosis is greater than 30%, that is,
92.3%.1% These advantages of USG makes it suitable as the imaging of choice in large screening
programmes. Its use is however limited because it is operator dependent and this can lead to
overestimation of NAFLD prevalence in inexperienced hands. The measurement of steatosis is
only qualitative and shows a low specificity and sensitivity when steatosis is less than 30%. 136140
Also, the sensitivity and specificity are decreased in morbid obesity.'** Routinely, USG is unable
to differentiate between NAFL and NASH. This can be overcome with the addition of the

ultrasonic contrast agent, levovist.'#?

(ii) Computed Tomography Scan

Although its diagnostic yield is similar to that of the USG, CT scan has the advantage of
quantifying steatosis by measuring the difference between hepatic and splenic attenuation.*® It is
accurate when hepatic steatosis is greater than 30%. At this grade of steatosis, it has a sensitivity
and specificity of 73% to 100% and 95% to 100% respectively.?® The non-contrast CT scan is

preferred to the contrast type.
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Computed tomography scans are generally expensive and not readily available. It also exposes
patients to the hazards of radiation, especially those in the younger age bracket. Its use is
unremarkable when steatosis is less than 30% and is also unable to differentiate between NAFL
and NASH. There is a risk of misdiagnosis as other pathologies like siderosis affect hepatic

attenuation.

(ili)Magnetic Resonance Imaging

In the detection of hepatic steatosis, MRI is superior to USG and CT scan. * It uses the difference
in the chemical shifts between water and fat and can accurately diagnose even when steatosis is
less than 30%. The use of MRS has enhanced the quantification of steatosis.'?® However, it is
expensive with limited availability. It is also unable to stage NAFLD and hence, unable to
differentiate between NAFL and NASH.

(iv)Transient Elastography

This is also known as the FibroScan and uses the principle of USG to assess liver stiffness, which
is a measure of fibrosis.}** Although initially validated for chronic hepatitis C infection, its use in
NAFLD has now been validated by various studies. In a study among 97 NAFLD patients in Japan,
Yoneda et al**® showed a relationship between increased liver stiffness detected by FibroScan and
histology-confirmed fibrosis. The diagnosis of cirrhosis, moderate and severe fibrosis in this study,
showed an AUROC o0f 0.99, 0.88 and 0.91. Another study involving 246 patients recorded similar
results with an AUROC for fibrosis stages F2, F3 and F4 as 0.84, 0.93 and 0.95 respectively.4

The use of the FibroScan is time-saving and can easily be done in an OPD or bedside setting.
However, it has limited use in about 5% of people. For instance, in obese patients, there is a
likelihood of not recording a reading because of excess abdominal fat. This has improved with the
addition of the XL probe. 144147

Magnetic resonance imaging can be used for transient elastography instead of USG, that is,
magnetic resonance elastography (MRE). This has enhanced the ability of the FibroScan in
detecting all grades of fibrosis, thereby, improving its sensitivity and specificity to 98% and 99%
respectively.'*® Although diagnostic efficiency is improved, the MRE is more expensive and not

widely available.

30



(v) Abdominal subcutaneous fat thickness

Abdominal fat can be evaluated by either measuring the visceral fat or subcutaneous fat thickness
using imaging techniques. Using MRI, Ducluzeau did not find an association between steatosis
and abdominal subcutaneous fat.!*° Parente also used MRI in a prospective study involving 62
patients with T2DM and reported that the abdominal visceral fat measured correlated well with
the degree of steatosis diagnosed by histology and was also able to predict NASH and fibrosis.*
In this study, abdominal subcutaneous fat did not correlate with NAFLD but was able to predict
NASH. Although these earlier studies did not find a correlation between NAFLD and abdominal
subcutaneous fat, Hegazy and colleagues in 2019 used USG and documented a correlation between
these 2 parameters.*® Subcutaneous fat thickness recorded in the umbilical region and left lobe of
the liver is a significant predictor of hepatic steatosis. Lee et al also documented an association

between these 2 parameters in obese children.®?

2.6 SCORING SYSTEMS

Various scoring systems use clinical and laboratory parameters in the prediction of steatosis,
steatohepatitis, fibrosis and cirrhosis in patients with NAFLD. This increases the sensitivity and
specificity of diagnosis. The scoring systems include the NAFLD fibrosis score, APRI score, fatty
liver index, BARD score, AST/ALT ratio (AAR) and fibrosis-4 (FIB-4) index.1?41%31%% The
AASLD guidelines documented that, the NAFLD fibrosis and FIB-4 scores were better predictors

of advanced fibrosis than the other scores.® The scores used in this study are described below.

2.6.1 AST/ALT Ratio

Both AST and ALT are parameters of the liver biochemistry test and can be run easily in most
clinics. The AAR is used to predict the presence of significant fibrosis and cirrhosis. It was
developed by McPherson and colleagues who compared the ability of some non-invasive test to
detect advanced fibrosis in patients with histology-proven NAFLD.™ In the prediction of
advanced fibrosis, AAR showed a sensitivity and specificity of 74% and 78% respectively with an
AUROC of 0.83. It was however not able to differentiate NAFL from NASH. Later, a study by
the Nonalcoholic Steatohepatitis Clinical Research Network (NASH CRN) in the USA, confirmed
AAR was better at predicting cirrhosis than NASH with an AUROC of 0.81 and 0.59

31



respectively.!?® The AAR in NASH patients was low but increased gradually with progression
from fibrosis to cirrhosis with values >1 correlating with cirrhosis on histology.

The prediction accuracy of AAR was enhanced with the addition of clinical and laboratory
parameters like BMI and comorbidities. This improved the AUROC to 0.79 and 0.91 for NASH
and cirrhosis respectively. This new finding gave rise to other scoring systems. Currently, AAR is
either used singly or as a parameter in other scoring systems including the BARD and NAFLD
fibrosis scores.

2.6.2 NAFLD Fibrosis Score

This score was designed mainly to assess the presence of significant fibrosis in NAFLD patients.
Variables of the score are AAR, serum albumin level, platelet count, hyperglycaemia, BMI and
age. It was developed at the Mayo Clinic by Angulo and colleagues during a study among 733
patients with histology-confirmed NAFLD.® They discovered that the 6 variables of the score
were all independent predictors of fibrosis in NAFLD. Applying all variables in a single model
increased the accuracy of prediction and hence, reducing the need for liver biopsy in the diagnosis
of fibrosis. In the study by Angulo et al**%, participants were assigned to either an estimation or a
validation group. With cut off values of -1.455 and 0.676, the estimation group had the negative
predictive value (NPV) and positive predictive value (PPV) as 93% and 90% respectively whiles
the validation group had values of 88% and 82% respectively. In their study comparing various
scoring systems, McPherson et al recorded the NPV and PPV of this score as 92% and 72%
respectively.®®® Later studies also proved its accuracy of excluding significant fibrosis in different

populations including Japanese and Chinese.t>*1°71%9
The formula for NAFLD fibrosis score is;

(-1.675 + 0.037 - age (years) + 0.094 - BMI (kg/m?) + 1.13) x (IFG / DM + 0.99) x (AAR -
0.013) x (platelet count (x10%1) - 0.66) x (albumin (g/dl))

In this formula, a value of 0 or 1 is given when IFG or DM is absent or present respectively. The
current cut-offs for this score are <-1.455 which signifies the absence of significant fibrosis and >

0.676 which correlates with significant fibrosis.®
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2.6.3 APRI Score

The APRI score is used for assessing fibrosis and cirrhosis. This score is easy to calculate as the

parameters used are easy to obtain and also inexpensive. The formula for the score is;
APRI score = [(AST value + Upper limit of normal AST range) x 100] + Platelet (10%/L)

It was originally used and validated by Wai et al among chronic hepatitis C patients.%® They
documented that, the score accurately predicted significant fibrosis and cirrhosis by 51% and 81%
respectively in patients who had never received treatment. Subsequently, the APRI score has been
used among NAFLD patients. Cales et al**® assessed for fibrosis and cirrhosis among 235 patients
with NAFLD and reported an AUROC of 0.866 and 0.842 for significant fibrosis and cirrhosis
respectively. Other studies done to evaluate the APRI score including that by McPherson et al
among 135 NAFLD patients, however, reported a lesser AUROC and hence, was less accurate in
predicting fibrosis.? In NAFLD patients, an APRI score of >1.5 was found to be associated with

significant fibrosis whiles values of <0.5 was a negative predictor of fibrosis.

2.6.4 BARD Score

The BARD score was designed to predict the absence of advanced disease. It incorporates 2

clinical variables and the AAR. The variables and points assigned are shown in Table 1.

Table 1: Variables and points of the BARD score

VARIABLE POINTS ASSIGNED

0 1 2
BMI <28 >28 -
Presence of DM / IFG No Yes -
AAR <0.8 - >0.8

After summation of the individual points, a score from 0 to 4 may be obtained. A higher score is
a predictor of advanced fibrosis. A score of 2 to 4 correlates with F3 and F4.1% A score of 0 or 1

is a negative predictor of significant fibrosis. In the study by Ruffillo et al*®* among 138 people
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with NAFLD diagnosed by histology, the NPV and PPV for BARD was 81% and 45%
respectively. The sensitivity and specificity were reported as 51% and 77% respectively. However,
McPherson and colleagues reported a higher NPV of 95% but a lower PPV of 25%. Sensitivity

was 89% whiles specificity was 44%.%°

2.6.5 Fibrosis-4 Index

This score uses 4 parameters, that is, age, platelet count and ALT and AST levels, to predict the
presence of fibrosis. Among NAFLD patients, it showed a sensitivity and specificity of 85% and
65% respectively with an NPV of 95% in the prediction of significant fibrosis.1?® Earlier studies
reported that FIB-4 had an advantage over NAFLD fibrosis score, AAR, APRI score and BARD
score in predicting the presence of advanced fibrosis.*?® However, Imajo et al in a study comparing
the ability of the various scoring systems and MRE with histology in predicting advanced fibrosis
reported that, FIB-4 score’s ability to predict significant fibrosis was comparable to that of NAFLD

fibrosis score and MRE.1%2
The formula of the score is;
Age (years) x AST (U/L) / [Platelet (10%/L) x ALTY2 (U/L)]

In NAFLD, a FIB-4 value of 1.30 or less rules out the presence of fibrosis whiles a value of 2.67

or more predicts the presence of significant fibrosis.!6

2.6.6 Neutrophil Lymphocyte Ratio

The NLR has proven to be effective in distinguishing between NAFL and NASH. In a study among
101 patients undergoing liver biopsy for suspected NAFLD, Alkhouri and colleagues were able to
predict the presence of NASH or fibrosis using the elevation of NLR.%* In this study, patients with
NASH had NLR of 1.9 to 3.3 with a mean of 2.5. It also showed an association between NLR and
the NAFLD activity score. Also, the study showed that NLR increased with the degree of fibrosis
with values of >2.9 correlating with F3 and F4. Tanoglu and colleagues also used NLR to predict

cirrhosis.'®® These findings were supported by Abdel-Razik et al. 6
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2.7 COMPLICATIONS OF NONALCOHOLIC FATTY LIVER DISEASE

The complications of NAFLD are either hepatic or extra-hepatic and have high morbidity and
mortality rates. Hepatic complications include cirrhosis and HCC. Both NAFL and NASH can
progress to fibrosis but NASH has a greater risk of advancing.671%8 A systematic review and meta-
analysis by Singh et al*®” reported the fibrosis progression rate per year from stage 0 as 0.07 and
0.14 for NAFL and NASH respectively. They also documented that, patients who progressed from
fibrosis stage O are either rapid or slow progressors with the majority being slow progressors. Only
20% were rapid progressors and these advanced from stage 0 through to F3 or F4. Slow progressors
advanced from stage 0 to F1 or F2. Pais and colleagues had earlier reported that progression from
NAFL to fibrosis occurred in patients who had steatosis with mild inflammation compared with
those who had only steatosis at initial diagnosis.'®® Type 2 DM is a risk factor for the progression
of NAFLD. This was evident in a study by Adams et al*®® which observed that 37% of its 103
participants showed an increase in fibrosis stage by histology within a 3-year period with DM and

high BMI were independent predictors of progression to advanced fibrosis.

Both NAFL and NASH can lead to cirrhosis and HCC.*® A study by Angulo et al?® showed that
the risk of progression to cirrhosis after 15 years of follow up, was 0.7% and 10.8% for NAFL and
NASH respectively. The risk of HCC is also increased in NAFLD especially in those with NASH
and in cirrhotic livers.'” It may also occur in non-cirrhotic livers with T2DM and obesity as
independent predictors.t’%1"2 As seen in fibrosis, HCC risk is also increased in T2DM. In a
nationwide cohort study done in Denmark where records of patients diagnosed with DM were
assessed, there was a 3-fold risk of HCC in T2DM.*"? This risk increased to 4-fold in the presence
of chronic hepatitis, cirrhosis or alcohol use, suggesting a synergistic effect. Diagnosis of DM in

this study preceded the diagnosis of HCC by many years.

Extra-hepatic associations of NAFLD include cardiovascular diseases, chronic kidney diseases
and colorectal cancer.?®!”® Cardiovascular manifestations are the most common extrahepatic
association and include coronary heart diseases, peripheral vascular diseases and cerebrovascular
diseases. These manifestations are usually a result of its association with metabolic syndrome.
According to Arslan et al'’* who conducted a prospective longitudinal study in 100 patients in
Turkey, the risk of developing cardiovascular disease was increased by 9.0% among patients with
NAFLD compared with 3.8% in those without NAFLD. This risk was also higher in patients with
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metabolic syndrome. Concerning T2DM, Targher et al?® revealed a 1.87-fold increase in the risk
of cardiovascular events when NAFLD co-existed with T2DM. Nonalcoholic fatty liver disease
also increases the risk of other T2DM complications including retinopathy and chronic kidney

disease and also increases the daily insulin requirement.*’

2.8 MANAGEMENT OF NONALCOHOLIC FATTY LIVER DISEASE

Currently, no pharmacologic therapy has proven effective in the treatment of NAFLD but research
in this field is still ongoing. The mainstay of treatment is lifestyle modification but surgical and
pharmacological methods can be used in patients who have advanced disease.>!’® Effective
management of NAFLD needs a multi-disciplinary approach involving hepatologists,

endocrinologists and dieticians and must include aggressive management of all risk factors.®

2.8.1 Lifestyle Modification

Lifestyle modification is beneficial when NAFLD is detected early as management of advanced
chronic liver disease is usually unsuccessful. It is also beneficial in the management of metabolic
syndrome that may co-exist with NAFLD. Lifestyle modification involves a combination of
physical exercise and dietary modification.>*’” This must be specific for each patient and must be
done in a period of 6 to 12 months with the aim of a reduction in total body weight. Resistance
exercises have shown more benefits than aerobic exercises in the management of obesity and
NAFLD. Hallsworth and colleagues reported an improvement in hepatic steatosis of 11 patients
with NAFLD who were previously physically inactive but assigned to resistance training for a
period of 8 weeks.'”® They concluded that even in the absence of significant weight loss, resistance
exercises increased muscle bulk leading to a decrease in IR and increased adiponectin levels. These

exercises also improved blood sugar levels.

Many studies have confirmed that lifestyle modifications may normalize aminotransferase levels
and improve steatosis.}’®18 Most of these studies used imaging techniques or other markers for
the diagnosis and monitoring of steatosis as liver biopsy is invasive. Lomanaco and colleagues,
however, used liver biopsy to monitor patients on diet therapy and exercise and observed
histological improvement in steatosis with a 3% - 5% loss in body weight.’? Also,

necroinflammation in NASH patients improved with a 7% - 10% loss in total body weight.
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Recently, Barb et al*’® reported a 40% to 80% improvement in hepatic steatosis when body weight
reduced by 8% to 10%.

2.8.2 Treatment of Nonalcoholic Steatohepatitis

Drug therapy in NAFLD management is not routinely done but may be used in the setting of
steatohepatitis. Despite the unavailability of curative medications, the use of thiazolidinediones
(TZD) and vitamin E is now considered the most effective in the management of NASH.*2

The TZD, pioglitazone, acts by improving the sensitivity of insulin on adipocytes, hepatocytes and
skeletal muscles, thereby, limiting lipolysis and reducing FFA levels. It also raises the plasma
adiponectin levels. The effectiveness of pioglitazone was first reported by Belfort et al*®! in a
controlled trial done over 6 months. In this trial, participants with T2DM or IFG and histology-
proven NASH were randomly placed in one of 2 groups. Both groups were then placed on a low-
calorie diet and one group assigned to pioglitazone whilst the other group was on placebo. At the
end of the trial, there was a significant reduction in aminotransferase levels with improvement in
blood glucose levels among patients on the pioglitazone arm. Also, there was an improvement in
microscopic inflammation and the NAFLD activity score, by 73% in the pioglitazone group and
24% in the placebo group. Improvement in the degree of fibrosis was however insignificant. Aithal
and colleagues'® supported this finding in a study that recorded significant improvement in
steatosis and inflammation with normalization of aminotransferases in participants on
pioglitazone. In their study, all participants had histology-proven NASH without T2DM and were
placed on a low caloric diet plus moderate exercises like walking and swimming. They were then

placed on either the pioglitazone or placebo arm and monitored for 12 months.

In 2010, the PIVENS trial conducted by Sanyal et al*® over a 2-year period in non-diabetic patients
had 3 arms, that is, the vitamin E arm, the pioglitazone arm and the placebo arm. Participants on
vitamin E and pioglitazone therapies showed improvements in aminotransferases, hepatic steatosis
and inflammation compared with those on placebo but these improvements were more remarkable
in the vitamin E arm. Fibrosis was however unchanged in all groups and participants on the
pioglitazone arm reported significant weight gain. Vitamin E acts by inhibiting the intrinsic
pathways for apoptosis and also protects the cells from oxidative radicals, acting as an

antioxidant.'® Recently, concerns about the safety of vitamin E have arisen because of an increase
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in the overall mortality among patients who use vitamin E supplements.!® Vitamin E
supplementation has also been associated with an increased risk of haemorrhagic stroke and

prostate cancer.

Pioglitazone is currently used in the treatment of T2DM but not recommended in NASH. This is
because its long term benefits in the treatment of NASH is still unknown as all studies done lasted
less than 24 months. 88 It can however be used as the drug of choice in NASH patients with T2DM.
Vitamin E is recommended by AASLD in the treatment of NASH in patients without T2DM. 8
Vitamin E is cheap and effective at a dose of 400 units twice a day. However, because of its side
effects, it is recommended that confirmation of NASH by histology be made before initiation of

therapy.®

Research is still ongoing to produce medications for the definitive management of NASH and
includes peroxisome proliferator-activated receptor (PPAR) and farnesoid X receptor (FXR)
agonists.'® Most of these studies are in phase 2 or 3 trials. Elafibranor, a PPAR currently in phase
3 trials, produced significant resolution of steatohepatitis in patients with severe disease in the
GOLDEN phase 2b trial.*®® Other PPAR agonist currently being developed include lanifibranor,
saroglitazar and seladelpar. Obeticholic acid (OCA), an FXR agonist, which plays a crucial role in
the metabolism of bile acids, is currently in phase 3 trial. In the FLINT study, OCA caused a
significant histologic resolution of NASH and fibrosis.'8 Other agents in trials include cenicriviroc

and selonsertib.

Liver transplant may be considered in patients with cirrhosis.®

2.8.3 Treatment of Type 2 Diabetes Mellitus in Nonalcoholic Fatty Liver Disease

Research to unravel common treatment agents for NAFLD and T2DM has gained interest because
of their common pathophysiology. These research works have involved mainly oral
hypoglycaemic agents. Initial works involved metformin as it has the ability to decrease IR mainly
in the liver.'®® Loomba et al*® used metformin to treat participants with histology-proven NASH
and recorded significant improvements in the levels of aminotransferase in patients with NASH
along with improvements in steatosis and inflammation on repeat histology. Later studies however
did not support these findings.?*21% Although metformin remains the first-line treatment for

T2DM, it is however not recommended in NASH.
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The oral hypoglycaemic agent that has proved effective in both T2DM and NASH is pioglitazone
which is discussed above. Studies using drugs like sitagliptin and the glucagon-like peptide-1
analogue, liraglutide, in the LEAN trial did not show remarkable benefits.1%* Investigations are

still ongoing in this area.

In patients with both T2DM and NAFLD, lifestyle modification and blood glucose control improve

overall outcome.

2.8.4 Treatment of Obesity in Nonalcoholic Fatty Liver Disease

The most effective treatment modality for obesity is lifestyle modification as described above.
Although pharmacological agents like sibutramine and orlistat have been available for the past 20
years and previously used in the management of NAFLD, they did not show any remarkable

advantage over the traditional diet and exercise regime.!%

Bariatric surgery has been used for weight reduction and has shown a reduction in hepatic steatosis
and steatohepatitis as well as improve the control of hypertension, T2DM and hyperlipidemia.%
A foregut bariatric surgery is however recommended only in patients who have obesity co-existing
NAFLD or NASH.®

2.8.5 Treatment of Dyslipidaemia in Nonalcoholic Fatty Liver Disease

Patients with either NAFLD or dyslipidaemia are at an increased risk of cardiovascular diseases.®’
In NAFLD, the commonest feature of the dyslipidaemia seen is low HDL with high triglycerides
and LDL levels.

Fibrates are effective in lowering triglyceride levels whiles elevating HDL levels. The use of
fenofibrate in about 16 patients with NAFLD in a study by Fernandez-Miranda et al recorded
improvements in the level of aminotransferases and hepatocyte ballooning in some patients.%
However, there was no resolution of steatosis. Other studies using other types of fibrates showed
similar results.?%%2% A review article by Jelske and colleagues concluded that, although the use of
fibrates may result in the normalization of aminotransferase levels, its ability to reduce hepatic

steatosis was unremarkable.?°?

Statins are currently considered safe for treating dyslipidaemia in the setting of NAFLD.202:203

However, this should be initiated at low doses and gradually increased to therapeutic doses whiles
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monitoring the level of the aminotransferases. It should be withheld when liver injury, evidenced
by increasing aminotransferase levels occurs. A combination of a statin and fenofibrate is the
current treatment of choice for patients with elevated triglycerides and low HDL.2%

2.9 PREVENTION OF NONALCOHOLIC FATTY LIVER DISEASE

To prevent the occurrence of NAFLD and its complications, risk factors like obesity, T2DM and
hypertension must be effectively managed.®? Effective preventive measure is similar to
management of the condition. This involves modifying both dietary habits and physical activity.
The role of resistance exercise is beneficial as demonstrated by Hallsworth et al.1’® Dietary habits
that offer benefits include increased intake of vegetables, fruits, nuts and whole grains as observed
in the Mediterranean diets.?% Reduction in the consumption of meat also aids in the prevention of
NAFLD.

2.10 PROGNOSIS OF NONALCOHOLIC FATTY LIVER DISEASE

Prognosis is dependent on the severity of the disease and the presence or absence of
complications.*”* Nonalcoholic fatty liver has a favourable prognosis compared with NASH. Bhala
et al reported a ten-fold increase in mortality among NASH patients with mortality mostly being

as a result of hepatic causes.*’

A study among 68 participants with NASH cirrhosis reported the 5-year survival as 75.2%.%
Mortality in this study was as a result of decompensation of cirrhosis or the development of HCC.
In another study done between 1995 and 2004 by Zipprich et al, the 1-year mortality rate in
participants with compensated and decompensated cirrhosis was 5.4% and 20.2% respectively.?%’
Compensated cirrhosis had longer median survival than decompensated cirrhosis, that is, 78.7
months and 29.5 months respectively. Age was a predictor of mortality among participants with

compensated cirrhosis.

In most patients, HCC is diagnosed at an advanced stage and hence, the prognosis is usually poor.
However, for patients who present with early disease, treatment improves prognosis. Benhammou
et al after a median follow-up of patients with HCC caused by NAFLD, HBV or HCV documented

a longer survival rate in those with NAFLD-related HCC who received any form of treatment
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compared with those with HCC from other causes.?® Orthotopic liver transplantation offered the
best reduction in mortality. The recurrence rate was however higher in this group.
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CHAPTER 3
METHODOLOGY
3.1 MATERIALS AND METHODS

3.1.1 Study Design

The study was a hospital-based, cross-sectional study among adults attending the DM clinic at the
GARH in Accra, Ghana. It was conducted between May and October 2018.

3.1.2 Study Site

The GARH, formerly known as the Ridge Regional Hospital, is situated in Accra, the capital city
of Ghana. Accra is located in the Greater Accra Region which has a population of about four
million people.?% Inhabitants of this region are of a multi-cultural origin. The hospital was built in
the year 1929 with a 191-bed capacity but expansion works completed in the year 2016 has
increased this capacity to 420. It is a tertiary facility under the Ghana Health Service. It provides
emergency, in-patient and outpatient services in Obstetrics and Gynaecology, Child Health,
Internal Medicine, Surgery and Dentistry. Clients of the hospital are either self-referred or referred
from other health facilities in the region and neighbouring regions, mainly in the southern part of
the country. In 2016, DM was the second most common cause of outpatient attendance at the

hospital with complications of the disease being ranked as the seventh leading cause of mortality.

The Department of Internal Medicine runs daily physician specialist clinics on weekdays at the
outpatient’s department and weekly subspecialty clinics. According to the hospital’s 2016 report,
the department recorded an average monthly outpatient attendance of about 927 patients with an
annual turnout of 11,119 patients. The department runs a weekly DM clinic on Tuesday mornings
for patients. The average monthly attendance at this clinic in 2016 was 224 patients with an annual
attendance of 2,694 patients. The clinic is manned by two endocrinologists, medical officers and
house officers rotating in the department. They are supported by the nursing staff, the public health
team and the dietitians. At every clinic, patients are educated on DM care and good dietary habits.
Their blood pressure and fasting blood sugar are recorded followed by a consultation with the

doctors.
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Figure 12: Map of Ghana showing Accra where GARH is located
Source: https://www.graphic.com.gh/features/features/evolution-of-the-regions-from-5-to-

16.html cited on 1st April 2021.
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Figure 13: Study site — The Greater Accra Regional Hospital
Source: https://www.livinspaces.net cited on 18" March 2021

3.1.3 Study Population

All patients with T2DM or IFG diagnosed at age 18 years or more and attending the weekly DM
clinic were eligible for inclusion in the study. Patients with the above criteria and currently being
managed with diet therapy or oral hypoglycaemic agents or previously managed successfully with
oral hypoglycaemic agents but now on insulin therapy were also eligible for the study.

3.1.4 Selection Criteria

Selection of participants was done using the inclusion and exclusion criteria below.
3.1.4.1 Inclusion Criteria

All adult patients with T2DM or IFG who were diagnosed at age 18 years or above using the
American Diabetes Association (ADA) guidelines and fulfilled the following criteria at the time

of recruitment;
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Being managed with diet therapy, oral hypoglycaemic agents or previously managed
successfully with oral hypoglycaemic agents but now on insulin therapy.

Have a negative history of significant alcohol intake, that is, less than 30g per day in men
and 20g per day in women. This is equivalent to less than 21 units and 14 units per week

in men and women respectively.

Have a negative screen for viral hepatitis B and C using a rapid diagnostic Kit, that is, tested
negative for HBsAg and HCV Ab.

3.1.4.2 Exclusion criteria

1.

3.15

Patients with a history of significant alcohol intake as described above.

Patients with serologic evidence of HBV or HCV at the time of recruitment, that is, positive
tests for HBsAg and HCV Ab.

Patients with evidence of other causes of NAFLD (e.g.) drugs.

Patients with evidence of terminal diseases (e.g.) malignancies.

Patients with a diagnosis of gestational diabetes.

Pregnant women.

Sample Size Determination

The appropriate sample size for this study was determined by three factors:

(i) the estimated prevalence of NAFLD in T2DM in Sub-Saharan Africa

(ii) the desired level of confidence and

(iii)the acceptable margin of error

The sample size was determined using the equation below.
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n=[z2p(1-p)]+d
n = sample size
z = confidence level at 95% (standard value of 1.96)
p = estimated prevalence of NAFLD in T2DM. This was 16.7% based on a study done in
Nigeria.>*
d = margin of error at 5% (standard value of 0.05)
Substituting these values,
n=[(1.96)? x (16.7 + 100) x (1 — (16.7 + 100))] + (0.05)?
n=[(1.96)% x 0.167 x (1 — 0.167)] + (0.05)?
n=[3.842 x 0.167 x 0.833] + 0.0025
n=0.534 +0.0025
n=213.6
n=214
To allow for contingencies (non-responses and incomplete data), the minimum sample size was
increased by 10%. The minimum sample size for this study was therefore 235.
3.1.6 Sampling Technique

The selection was by systematic random sampling with every fifth patient attending the weekly

clinic being selected. The first participant was selected by simple random sampling.
This sample interval was determined using this equation;
Sample interval (SI) = Population size (P) + sample size (n)
P = average monthly DM clinic attendance (224) x period of study (5 months)
n=235
Substituting these values;
SI =[(224 x 5) + 235]
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SI=1120 + 235
SI =47

SI=5
3.2 DATA COLLECTION

3.2.1 Data Collection: Questionnaire

On the morning of each DM clinic, an explanatory talk on the study was delivered to all attendants
of the clinic. Both new patients and those reporting for follow up visits were included in the study.
The research assistant selected folders of all eligible patients and arranged them in a pile. These
folders were given numbers which were then entered in a ballot. The folder of the first participant
was determined by an independent individual by simple random sampling using the numbers
generated from balloting. Other potential participants were then selected by systematic random

sampling with every fifth patient being selected.

During the time of checking the vital signs, selected patients who agreed to participate in the study
were given further explanation on an individual basis and in a language of their choice. An
interpreter was used where necessary. Hepatitis B and C virus screen was done for each patient
using the rapid diagnostic test kits (Core Technology Company Limited, China). Patients who
satisfied the inclusion criteria were recruited into the study and made to sign or thumbprint an

informed consent form (Appendix I11).

A total of 235 consenting patients were recruited using the above process. They were each given
a unique code to hide their identity. Vital signs including blood pressure (BP), body weight in
kilograms (kg) and height in meters (m) were recorded for each participant. Fasting blood sugar
(FBS) levels were also checked with a glucometer. Participants were then referred to the researcher

for data extraction.

A semi-structured questionnaire (Appendix V) was used to extract data from participants. This
was done by face to face interviews and also from participant’s folders which contained their
medical records. Data obtained included current and past medical histories, drug history and
information on physical activity. The clinical data obtained with the aid of the semi-structured

questionnaire were grouped into drug history, duration of DM, presence of current symptoms of
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liver disease, non-specific examination features, stigmata of chronic liver disease on examination,

features of IR, anthropometric measurements and liver characteristics.
3.2.1.1 Medical History

The medical history extracted included socio-demographic and clinical information. The socio-
demographic information included age, sex, marital status, educational level, occupation,
employment status, religion and ethnicity. These factors were grouped for easy analysis as seen in
appendix V. Their occupation was further grouped according to the International Standard
Classification of Occupations.?!® The current residence of participants was also noted and

classified as either urban or rural.

Information on the presence or absence of symptoms of liver disease was obtained. Duration of
T2DM and compliance with anti-diabetic agents and diet therapy was also obtained. A personal
and family history of metabolic diseases and also information on drugs used by patients in their

management were extracted. Exercise history was also acquired.
3.2.1.2 Clinical Examination

A general and complete abdominal examination was performed on all participants by the
researcher. The general examination included anthropometric measurements and examination for

stigmata of chronic liver disease and features of IR.

Anthropometric measurements, weight (kg) and height (m), were taken with a Seca 756
mechanical column weighing scale, fitted with a Seca 222 mechanical telescopic measuring rod
(Seca Deutschland, Germany). This was done without the participant wearing shoes and with
minimal clothing. Two readings for each measurement was taken and the averages calculated and

recorded.

The BMI (kg/m?), which is a ratio of weight (kg) to the square of height (m) was calculated from

the above parameters using the online app www.omnicalculator.com and classified according to

the current WHO criteria.?!! The BMI classes and corresponding ranges are shown in Table 2.
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Table 2: BMI classification according to WHO criteria

BMI Class Weight range
Underweight < 19.9kg/m?
Normal 20.0kg/m? - 24.9kg/m?
Overweight 25.0kg/m? - 29.9kg/m?
Class | 30.0kg/m? - 34.9kg/m?
Class 11 35.0kg/m? - 39.9kg/m?
Class 111 > 40.0kg/m?

Measurements for waist and hip circumference were also taken for the diagnosis of central obesity.
Two different readings were recorded for each participants using a tape measure with minimal
clothing barrier. The average of each of these measurements was calculated and recorded.
Measurement was taken using the guidelines of the WHO STEPS protocol, that is, participant in
the upright position with feet closed and hands by the sides.?'? The reference point for the waist
circumference was midway between the lowest palpable rib and the iliac crest and measurement
started and ended at the right mid-axillary line. The hip circumference was measured at the widest
part of the buttocks with measurement starting and ending at the right mid-axillary line. The waist

to hip ratio was then calculated using the app on www.omnicalculator.com. Central obesity was

diagnosed when waist circumference was >80cm and >94cm for females and males respectively?t®

and waist to hip ratio >0.90 and >0.85 for men and women respectively.?'?

Two resting BP readings were taken within a thirty-minute interval using an Omron M2
Intellisense digital BP monitor (Omron Corporation, Japan). This was usually taken on the right
upper arm with the forearm resting on a flat table. The cuff of the sphygmomanometer was placed
on the upper arm with the lower edge just above the elbow. The averages of the systolic and
diastolic BP were calculated from these two readings and used for analysis. The highest value was
used to classify BP according to the current ESH/ESC guidelines, that is, optimal, normal, high
normal, grade 1, grade 11, grade 111 or isolated systolic hypertension.?* The BP classes and their
corresponding blood pressure range are shown in Table 3.
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Table 3: Blood pressure classification according to 2013 ESH/ESC guidelines

BP Class Systolic BP range (mmHg) | Diastolic BP range (mmHg)

Optimal <120 <80

Normal 120 - 129 80 — 84

High normal 130 - 139 85 -89

Grade | 140 — 159 90 -99

Grade 11 160 — 179 100 — 109

Grade 111 > 180 >110

Isolated systolic hypertension > 140 <90

A general examination was performed with the participant lying on a couch to assess for stigmata
of chronic liver disease, specifically, pallor, jaundice, lymphadenopathy, spider naevi, clubbing,
palmar erythema, and pedal oedema. Signs of IR were also assessed. These included acanthosis
nigricans, xanthomata and arcus cornealis. General examination was classified either as
asymptomatic or symptomatic based on the absence or presence of any of the above-mentioned

signs.

An abdominal examination was also carried out to assess for advanced liver disease. The presence
or absence of signs like abdominal distension, dilated veins, hepatomegaly, splenomegaly and
ascites were documented. The normal liver size was a liver span of 12 to 15¢cm.?*® A span of more
than 15cm was considered as enlarged (hepatomegaly). A shrunken liver had a span of less than
10cm. A palpable spleen of any size was noted as splenomegaly. Regarding ascites, the assessment
was done mostly by shifting dullness and fluid thrill when there was a grossly distended abdomen.
Abdominal examination was classified as normal when there was no abnormality and abnormal

when any of the signs were present.

3.2.2 Data Collection Tools: Laboratory

Results of FBS and glycated haemoglobin (HbALc) presented at each clinic visit were obtained

from participants’ medical records. The level of the HbAlc was used to determine DM control.
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For this study, an HbAlc value of less than 7% was considered as controlled DM whiles a value
of 7% or more was uncontrolled DM. This was based on the ADA 2017 guidelines.?®

After this initial process, participants were scheduled for a second visit which coincided with their
next clinic visit for sample taking and abdominal USG. They were made to undertake an 8 to 12
hour fast before drawing samples for fasting lipids and abdominal USG. For convenience, blood
samples for all other tests were drawn at this particular time. Blood was drawn from the most
accessible large calibre vein, which was usually from the cubital fossa of the left upper limb. Blood
samples were drawn for FBC (to assess for haemoglobin level, white blood cell count with
differentials and platelets count), INR, lipids and liver biochemistry including albumin. A total of
10mls of venous blood was drawn. About 4mls of this was placed in an EDTA tube for FBC
analysis, 2mls in a sodium citrate tube for INR and 4mls in a gel separator tube for lipid and liver
biochemistry analysis. All samples were correctly labelled with the assigned code of participant,
gender, age, date and time of sample collection.

After collection, samples were gently inverted 8 times, placed in sealed bags and transported in an
upright position in a chest containing ice packs to the Central Laboratory Department of the Korle
Bu Teaching Hospital for analysis. The time between sample collection and processing was a
maximum of 2 hours. Haematological samples and biochemical samples were analysed using the
Hemix 5-60 auto-analyser (SFRI Medical Diagnostics, France) and Erba XL 200 (Erba
Diagnostics Company, USA) respectively.

The synthetic activity of the liver was assessed in this study using the platelet and INR levels.
Serum ALT level was used to assess for hepatic inflammation and hence, NASH. The lipid profile
parameters comprising of total cholesterol, LDL, HDL, VLDL and triglycerides were used to
determine the presence of dyslipidaemia. Derangements in laboratory findings were noted using
the reference ranges specific to the laboratory. This is indicated on the questionnaire (appendix

IV) and in appendix V.

3.2.3 Data Collection Tools: Ultrasonography

Each participant had an abdominal USG examination performed at the Imaging Department of the

GARH. This was done by the researcher under the supervision of a radiologist. A Logiq E9
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ultrasound machine (GE Healthcare, USA) was used. The patient was made to fast for a minimum
of 8 to 12 hours before this procedure. This was usually done on the day of blood sample taking.

Figure 14: Set-up of USG room at the Imaging Department of the GARH
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Figure 15: The curvilinear probe used for assessing liver characteristics during USG

With the participant in the supine position on a bed, the abdomen was exposed from the
xiphisternum to the suprapubic area. Using a B-mode USG, liver size and characteristic features
of steatosis were assessed with the aid of a low-frequency (2 — 5MHz) curvilinear probe (figure
15). The liver size was measured from the dome of the diaphragm to the lower edge of the liver
along the mid-clavicular line, during the height of deep inspiration and recorded in centimetres
(cm). Normal liver size was considered as a range of 10cm to 15¢cm.?"2'8 The liver was considered

as shrunken or enlarged (hepatomegaly) when its size was <10cm and >15cm respectively.

The echogenicity of the liver was assessed by comparing it with the cortex of the kidney and also
by observing the sharpness of the liver edges, the diaphragm and hepatic vessels. Characterization
was done as per the criteria documented by Lee et al.*3® This is shown in table 4 and figure 16.
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Table 4: Grading of hepatic steatosis

Grade 0 1 2 3
Impaired hepato-renal contrast No Minimal | Moderate Marked
Impaired diaphragm visualization No No Slight Marked
Blurred hepatic vessels No No Slight Marked
Visible edges Yes Yes No No
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(a) Grade 0 NAFLD (b) Grade 1 NAFLD

(c) Grade 2 NAFLD (d) Grade 3 NAFLD

Figure 16: Sonographic images of the grades of NAFLD
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In the assessment for advanced disease, the curvilinear probe was used to search for the presence,
number and size of any focal lesions in the liver as this could indicate the presence of HCC. Portal
hypertension which is a complication of cirrhosis was assessed by the presence of ascites and by
measuring the size of the spleen. Splenomegaly, that is, spleen size of more than 12cm from one

pole to the other,?'® and ascites are known indicators of portal hypertension.

Figure 17: Ultrasonography process
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The abdominal subcutaneous fat thickness was measured for each participant whiles in the supine
position and during normal respiration. A high-frequency linear probe (figure 18) with a frequency
of 9 - 11MHz was used with minimal pressure on the abdominal wall. This measurement was taken
about 1cm caudal to the umbilicus.'® The distance between the skin layer and the muscle layer
was considered as the abdominal subcutaneous fat thickness. The subcutaneous thickness
measured was then categorized into one of the following groups, <20mm, >20mm to 25mm,

>25mm to 30mm and >30mm.

Figure 18: Linear probe used to measure abdominal subcutaneous fat thickness
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Figure 19: Measurement of abdominal subcutaneous fat thickness using the linear probe

3.2.4 Data Collection Tools: Calculated scores

Results from the laboratory and anthropometric measurements were used to calculate the NLR,
AAR, APRI score, BARD score, FIB-4 score and NAFLD fibrosis score using online calculators

on the website, http://www.gihep.com. The reference ranges of these scores can be seen in

appendix V. The NLR was used to predict the presence of NASH whiles the presence or absence
of advanced fibrosis was predicted with the aid of the AAR, APRI score, BARD score, FIB-4 score
and NAFLD fibrosis score.

3.3STUDY DEFINITIONS

Primary NAFLD was diagnosed by;

1. Evidence of hepatic steatosis on USG.%®
AND
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2. Absence of any other cause of liver disease, that is, no history of significant alcohol use?
and no evidence of chronic viral hepatitis, medical conditions or drugs that can cause
secondary NAFLD.

Nonalcoholic steatohepatitis was diagnosed by;

1. Primary NAFLD diagnosed by the criteria stated above.
PLUS
2. A negative or indeterminate prediction for fibrosis using non-invasive scores.
PLUS
3. A neutrophil to lymphocyte ratio of 2 or more. 64
AND / OR
4. Elevated ALT®* that is, above the upper limit of the laboratory reference range of 69U/L.

Advanced fibrosis was diagnosed by;

1. Diagnosis of primary NAFLD by the above criteria.
PLUS
2. A NAFLD fibrosis score of > 0.676. This score has specifically validated for NAFLD. For
this study, it was assumed to be a good predictor of significant fibrosis in the absence of

histology and elastography.

Type 2 DM patients were diagnosed at the DM clinic of the GARH using the ADA criteria

below?6:

1. FBS level of 7mmol/L or higher; fasting was defined as no food intake for at least 8 hours.
OR
2. Random blood sugar (RBS) of 11.1mmol/L or higher in a patient with classic symptoms
of hyperglycaemia, that is, polyuria, polydipsia, polyphagia, weight loss or hyperglycaemic
crisis.
OR
3. HbAlc level of 6.5% or higher.
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Impaired fasting glucose was diagnosed at the DM clinic of the GARH using the ADA criteria
below;

1. FBS level between 5.6mmol/L and 6.9mmol/L
OR
2. HbAI1c level of 5.7% to 6.4%.

Dyslipidaemia was considered as;

1. HDL was below the lower limit of 1.55mmol/L
PLUS
2. Total cholesterol, LDL, triglycerides and VLDL above the upper limit of, 6.20mmol/L,
3.90mmol/L and 2.25mmol/L respectively.

Hepatic dysfunction was diagnosed with;

1. Platelet level below 150 x 10%/L
AND / OR
2. AnINR level greater than 1.2.

Glycaemic control was diagnosed as®*;

1. HBAIc level of < 7%

Hepatomegaly was diagnosed as;

1. Liver size of >15cm on USG.?7218 Ultrasonography was used because it was more accurate
when compared to physical examination. Physical examination is known to underestimate

liver size.?®
3.4 DATA MANAGEMENT AND ANALYSIS

3.4.1 Data Management

Each research participant was assigned a code to conceal their identity and ensure confidentiality.

Recorded data in the questionnaire were checked for completeness. This was then extracted and
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entered into an IBM SPSS statistics spreadsheet. The cleaned data were analysed by a technician

who was blinded.

Completed questionnaires were stored in a secured cabinet and used for only academic purposes.
These questionnaires are not made available to anyone outside the study and will be kept for a
period of two years before destruction by burning.

3.4.2 Data Analysis

The data captured from the questionnaire were entered onto an SPSS 23.0 (SPSS Inc., Chicago,
USA) spreadsheet for analysis. Descriptive statistics were performed for all continuous variables
and presented as mean, standard deviation and range. The nominal variables were expressed as

graphs or charts where appropriate.

Proportions were used to determine the prevalence of NAFLD among T2DM patients sampled.
The chi-square test was used to test the association between categorical variables and NAFLD.
Student t-test and analysis of variance (ANOVA) were used to test the association between
continuous variables and NAFLD where appropriate. The Mann-Whitney test was used to
determine the association between the grades of NAFLD and selected clinical and biochemical

variables.

The proportion of participants with NASH and advanced fibrosis among NAFLD participants was
also calculated. Receiver operating characteristic (ROC) curves were used to assess the predictive
strengths of ALT and NLR in distinguishing between patients who had and those who did not have
NASH based on the cut-off points documented. The predictive strengths were determined from
the models by calculating the area under the ROC curve (AUC). The same approach was used to
assess the predictive strengths of the various fibrosis scores and liver size (by examination and
USG) among participants with confirmed NAFLD. Additionally, all scoring systems used in the
study were subjected to independence testing to determine whether there was a significant
difference in their scores among patients with and without NAFLD. A test of agreement between

the NAFLD fibrosis score and all other scores used to predict fibrosis in this study.

Multivariate regression analysis was done using statistically significant variables to determine the
predictors of NAFLD. The variables were waist to hip ratio, BMI, HbAlc, GGT, triglycerides,

total cholesterol, liver size determined by USG and subcutaneous thickness by USG. These
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variables were entered into the multivariable regression analysis model and were presented as odds
ratio, 95% confidence interval (Cl) and p values. Also, the model was adjusted for age, sex and
duration of DM. A forward stepwise regression of the model was also performed with the final

model concluded after 4 simulations.

All statistical analysis was carried out at a 95% significance level with p values < 0.05 considered
as statistically significant.

3.5 ETHICAL AND LEGAL CONSIDERATIONS

The proposal for this study received approval from the Ghana College of Physicians and Surgeons.
Permission was obtained from the GARH to enable the researcher to conduct the study in the
facility. This letter (Appendix 1) was dated 6™ February 2018. An ethical approval with the
number, GHS-ERC004/03/18 (Appendix 1), was also obtained from the Ghana Health Service
Ethics Review Committee (GHS-ERC) on the 8™ of May, 2018.

As part of consenting patients, an explanatory talk on the study was given to all attendants before
the start of each clinic. Interested patients were then given further details in the language of their
choice. They were allowed to involve an impartial witness of their choice during this process.
Patients were assured that enrolment was voluntary and their refusal to participate in the study
would not affect their care in any way. They were also informed about their right to remain in this
study or withdraw at any stage without any repercussions or the need to give explanations. Those
who agreed to be part of the study were made to sign an informed consent (Appendix I11) before

enrolment.

To ensure confidentiality and anonymity, participants were assigned codes instead of using their
names. Contact numbers recorded during recruitment for easy scheduling of the second meeting
was discarded and not included in the final data set after data management and analysis were
concluded. Also, each participant was interviewed separately and in a private consulting room to

ensure their privacy and confidentiality.

This study presented only a minimal risk to participants. The process of sample taking was
associated with mild discomfort at the site. This was transient and did not pose any danger to

participants. Participants did not incur any additional cost by participating in the study neither did
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they receive any remuneration. Participants’ second visit was scheduled to coincide with their

routine clinic visit to reduce the loss of productive time.

As a direct benefit to participants, all those diagnosed with NAFLD were enrolled at the GI clinic

of the hospital for monitoring and further management.
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CHAPTER 4
RESULTS

4.1 RECRUITMENT FLOW CHART

During the period in which the study was conducted, a total of 387 patients with T2DM attending
the DM clinic at the GARH were screened. Out of this number, only 289 met the inclusion criteria.
Of the 289 patients who satisfied the inclusion criteria, 54 declined to be enrolled or lost interest
after initially giving their consent because of various reasons. These reasons included a lack of

interest in the study, fear of discovering a new medical condition and time constraints.

After this screening process, a total of 235 patients gave their informed consent and were therefore
enrolled in the study. The recruitment flow is exhibited in Figure 20.

‘ 387 patients screened ‘ => ‘ 98 patients did not meet ‘

inclusion criteria

J

‘ 235 participants recruited

Figure 20: Recruitment flow chart

4.2 CHARACTERISTICS OF STUDY SUBJECTS

The demographic and social characteristics of all study participants are presented in Table 5.

Majority of participants were female (72.8%) and the male: female ratio was 1:3.
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Table 5: Socio-demographic characteristics of all study participants

Socio-demographic characteristics

Frequency, n (%)

Gender
Male
Female
Age (years)
<30
31-40

41 -50

51 -60
6170
>70
Marital Status
Single
Married
Cohabiting
Divorced
Widowed
Ethnicity
Akan

Ga

Ewe

Hausa
Other
Religion
None
Christian
Moslem
Traditionalist

Highest level of education

None
Primary
Secondary
Tertiary
Postgraduate

Residential environment

Rural
Urban

Employment status

Unemployed

Part-time employment

Full employment
Retired

Alcohol use

No

Yes (insignificant)
Smoking

Never

Current
Ex-smoker

64 (27.2)
171 (72.8)

0(0.0)
6 (2.6)
38 (16.2)
80 (34.0)
75 (31.9)
36 (15.3)

13 (5.5)
128 (54.5)
2 (0.9)
44 (18.7)
48 (20.4)

112 (47.6)
42 (17.9)
32 (13.6)
11 (4.7)
38 (16.2)

2 (0.9)
204 (86.8)
28 (11.9)

1 (0.4)

30 (12.8)
97 (41.3)
73 (31.1)
27 (11.5)
8 (3.4)

13 (5.5)
222 (94.5)

24 (10.2)
8 (3.4)
123 (52.3)
80 (34.0)

193 (82.1)
42 (17.9)

228 (97.0)
2(0.9)
5(2.1)




4.2.1 Age Distribution

From Table 5, the age of all study participants ranged from 31 to 85 years with an overall mean
age of 59.6 + 10.0 years. There was no significant difference in the mean ages of males (59.7 £
10.7 years) and females (59.5 £ 9.7 years). The age group of 51 - 60 years had the highest
frequency, that is, 34.0% (80/235). Only 2.5% of the participants were below the age of 40 years.

Figure 21 demonstrates that age among study participants was normally distributed.

2577

20

-
W
1

Frequency

107

Age (years)

Figure 21: Age distribution of all study participants

4.2.2 Employment Status

The results of the study show that more than half of all study participants were employed and had
a steady source of income. Participants who were fully employed constituted 52.3% whilst 3.4%
were engaged in part-time employment (Table 5). One hundred and four (44.2%) were either

retired or unemployed.
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4.3 NONALCOHOLIC FATTY LIVER DISEASE IN STUDY PARTICIPANTS

4.3.1 Prevalence of Nonalcoholic Fatty Liver Disease

In this study, the prevalence of NAFLD was 38.7% (91/235) with a 95% CI of 32.5% - 45.3%
(Table 6).

Table 6: Prevalence of NAFLD grades among T2DM patients

Grade of NAFLD Frequency n, Prevalence (%) 95% CI (%)
Overall prevalence 91 (38.7) 32.5-453
Grade 1 15 (16.4) 9.5-25.7
Grade 2 34 (37.4) 27.4-48.1
Grade 3 42 (46.2) 35.6 -56.9

Grade 3 NAFLD was the most prevalent among the NAFLD population with a prevalence of
46.2% (95% CI: 35.6 - 56.9). Prevalence of grades 1 and 2 NAFLD was 16.4% and 37.4%

respectively.

4.3.2 Characteristics of Participants with Nonalcoholic Fatty Liver Disease

The sociodemographic characteristics of the 91 participants diagnosed with NAFLD were
subsequently compared with the 144 participants without NAFLD to determine whether there were

any significant differences between these two groups (Table 7).
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Table 7: Socio-demographic characteristics of participants with and without NAFLD

Socio-demographic factors

NAFLD, n (%)

Yes (n=91) No (n = 144) “p- value Crude OR [95% CI] p-value

Gender 0.402

‘Male 22 (24.2) 42 (29.2) -

Female 69 (75.8) 102 (70.8) 1.29[0.71 - 2.35] 0.403
Age (years) 0.008

'31-40 2(2.2) 4 (2.8) -

41-50 21 (23.1) 17 (11.8) 2.47 [0.40 - 15.15] 0.328
51-60 35 (38.5) 45 (31.3) 1.56 [0.27 - 8.99] 0.621
61-70 27 (29.7) 48 (33.3) 1.1310.19 - 6.55] 0.896
>70 6 (6.6%) 30 (20.8) 0.40 [0.06 - 2.70] 0.347
Ethnicity of participants 0.146

" Akan 36 (39.5) 76 (52.8) -

Ga 16 (17.6) 26 (18.0) 1.30[0.62 - 2.72] 0.487
Ewe 14 (15.4) 18 (12.5) 1.64 [0.74 - 3.67] 0.226
Hausa 4 (4.4) 7(4.9) 1.2110.33 - 4.39] 0.776
Other 21 (23.1) 17 (11.8) 2.61[1.23 - 5.53] 0.013
Employment status 0.019

"Unemployed 10 (11.0) 14 (9.7) -

Part-time employment 2 (2.2) 6 (4.2) 0.47 [0.078 - 2.81] 0.405
Full employment 58 (63.7) 65 (45.1) 1.25[0.52 - 3.03] 0.622
Retired 21 (23.1) 59 (41.0) 0.50[0.19 - 1.29] 0.152
Alcohol use 0.927

"No 75 (82.4) 118 (81.9) -

*Yes 16 (17.6) 26 (18.1) 0.97 [0.49 - 1.92] 0.927
Smoking 0.834

"Never 89 (97.8) 139 (96.5) -

Current 0 (0.0) 2 (1.4) -

Ex-smoker 2(2.2) 3(2.1) 1.04 [0.17 - 6.36] 0.965

"Reference category

“p-value from X2 or Fisher exact test

*Insignificant use



4.3.2.1 Gender distribution among participants with Nonalcoholic Fatty Liver Disease

Table 7 depicts that, out of the 91 study participants with NAFLD, there were more females than
males, 75.8% versus 24.2%, giving a male to female ratio of approximately 1:3. Gender had no
association with NAFLD in this study (p-value = 0.402).

4.3.2.2 Age distribution among participants with Nonalcoholic Fatty Liver Disease

Majority of the participants with NAFLD, 38.5% (35/91), were aged between 51 and 60 years
(Table 7). These formed approximately 43.7% (35/80) of all participants in the 51 — 60 age group.
The least proportion of participants, 2.2% (2/91), were below the age of 40 years. Figure 22 shows
that the prevalence of NAFLD increased gradually with age until the 6! decade and then declined

afterwards.

A significant association existed between age and NAFLD (p-value = 0.008). However, there was
no significant increase in the odds of NAFLD among the various age categories compared with

the reference group.
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mmmm Number of cases  ==O=—Prevalence

Figure 22: Age distribution among participants with NAFLD
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4.3.3.3 Employment Status of Participants with Nonalcoholic Fatty Liver Disease

For this study, the occurrence of NAFLD was significantly higher in participants with full-time
employment (p-value = 0.019). Fifty-eight (63.7%) of the 91 participants were fully employed
(Table 7).

4.3.3 Clinical Data of Participants

These results are presented in Tables 8, 9 and 10.
4.3.3.1 Drug History

The most commonly used OHA was metformin, 84.7%, which was used singly or in combination
with other oral agents or insulin. Similar proportions of participants in both the NAFLD and non-
NAFLD group were on metformin-containing therapies, 84.6% versus 84.7%. In Table 8, the
proportion of NAFLD participants on the metformin / TZD combination was 6.6% (6/91). None
of the participants was on TZD only. There was no significant difference in DM management in

the 2 groups. Prevalence of NAFLD also did not increase with DM management.

The prevalences of different grades of NAFLD did not show a significant association with the type

of management received for DM (Table 9).
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Table 8: Bivariate analysis of DM management

NAFLD n (%)

Yes No “p- Crude [95% CI] p-value

(n=91) (n=144)  value OR
DM Management 0.581
‘Diet only 4 (4.4) 9 (6.3) -
Metformin 20 (22.0) 32 (22.2) 0.34 0.050-2.26 0.337
Metformin + other 51 (56.0) 72 (50.0) 0.65 0.13-3.26  0.650
(without TZD regimen)
Metformin & TZD 6 (6.6) 18 (12.5) 0.50 0.062-4.04 0.500
containing regimen
Others (SU, Insulin, 10(11.0)  13(9.0) 0.25 0.20-3.07 0.278
Meglitinides)
‘reference category “p-value from X? or Fisher exact test TZD — thiazolidinediones SU - sulphonylurea
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Table 9: NAFLD grade and DM Management

NAFLD Grade, n (%)

- o -
DM Management All participants, n (%) Grade0 Gradel Grade? Grade3 Total p-value
Diet only 13 (5.5) 9 (69.2) 0 (0.0) 0 (0.0) 4 (30.8) 13 0.474
Metformin only 52 (22.1) 32 (61.5) 2(3.8) 9(17.3) 9(17.3) 52

Metformin + other 123 (52.3) 72(58.5) 11(8.9) 16(13.00 24(195 123

(without TZD regimen)

Metformin & TZD-containing 24 (10.2) 18 (75.0) 0 (0.0) 4 (16.7) 2 (8.3) 24

regimen

Others 23 (9.8) 13 (56.5) 2(8.7) 5217 3(13.0) 23

(SU, Insulin, Meglitinides)

Total 235 (100)

NB: Row percentages reported

TZD - thiazolidinediones

SU - sulphonylurea



4.3.3.2 Clinical Features

Out of 46 participants with symptoms suggestive of NAFLD, 41.3% belonged to the NAFLD
group and 58.7% in the non-NAFLD group (Table 10). The presence of current symptoms did not
show any significant association with NAFLD.

Additionally, clinical examination findings as recorded in Table 10 were grouped into non-specific
findings, stigmata of chronic liver disease and features of IR. These did not show any significant
association with the occurrence of NAFLD. Pedal oedema was the most prevalent finding in the
51 participants with non-specific examination findings. This had near equal numbers in both
groups, 48.7% (19/39) and 51.3% (20/39) in the NAFLD and non-NAFLD groups respectively.
Within the NAFLD population, only 21.9% of participants had pedal oedema. Signs of liver

disease were rarely seen in participants.

Features of IR were the most common finding but showed no difference in prevalence in the two
groups (p-value = 0.272). Arcus cornealis, the most prevalent feature of IR, was present in 34.1%
(30/88) of the NAFLD group versus 65.9% (58/88) of the non-NAFLD group (p-value = 0.272).
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Table 10: Association between clinical features and diagnosis of NAFLD

NAFLD, n (%)

Clinical features Yes No p-value' Total
*NAFLD symptoms 19 (41.3) 27 (58.7) 0.689 46
Non-specific feature

Pallor 5 (50.0) 5 (50.0) 0.454 10
Pedal oedema 20 (51.3) 19 (48.7) 0.078 39
Cachexia 1 (50.0) 1(50.0) 0.626 2
Lymphadenopathy 0 (0.0) 0 (0.0) - 0
Stigmata of liver disease

Right upper quadrant tenderness 1 (20.0) 4 (80.0) 0.651 5
Jaundice 2 (100.0) 0 (0.0) 0.149 2
Spider naevi 0 (0.0) 0 (0.0) - 0
Clubbing 0 (0.0) 0 (0.0) - 0
Palmar erythema 0 (0.0) 0 (0.0) - 0
Features of insulin resistance

Arcus cornealis 30 (34.1) 58 (65.9) 0.272 88
Acanthosis nigricans 7 (38.9) 11 (61.1) 0.587 18
Xanthoma 1(25.0) 3 (75.0) 0.497 4

Row percentages reported

‘p-value from X2 or Fisher exact test

4.3.3.3 Duration of Type 2 Diabetes Mellitus

* refer to appendix IV (questionnaire)

The duration of DM was significantly shorter among the NAFLD group than the non-NAFLD

group. From Table 11, the average duration of DM was 6.4 + 5.4 years among NAFLD patients

compared with 8.7 £ 6.3 years among non-NAFLD (p-value = 0.004).
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Table 11: Association between T2DM duration, obesity and blood pressure and NAFLD

NAFLD, Mean (£ SD)

Variables Yes No Sig. (2-tailed)
Duration of T2DM (years) 6.4 (£5.4) 8.7 (£ 6.3) 0.004
BMI ( kg/m2) 31.6 (+6.8) 27.4 (£ 5.5) < 0.0001
Waist Circumference Average (cm) 100.8 (£ 14.6) 91.9 (x12.9) < 0.0001
Waist/Hip Ratio 0.95 (+ 0.08) 0.91 (£ 0.06) < 0.0001
Average Systolic BP 139.7 (£ 20.6) 138 (+ 18.7) 0.525
Average Diastolic BP 83.6 (x 11.5) 81.5 (+ 10.6) 0.147

4.3.3.4 Anthropometric Findings

As shown in Table 11, the mean BMI was significantly higher among the NAFLD population than
the non-NAFLD population, 31.6 + 6.8kg/m? compared to 27.4 + 5.5kg/m? (p-value <0.0001).
Table 12 shows a significant association between NAFLD and BMI. It also shows that, compared
with the reference group (normal BMI), there was a significant increase in the risk of NAFLD
when BMI was > 30.0kg/m?. The odds of NAFLD in the presence of class 3 obesity was nearly
15-fold (95% ClI: 2.92 - 78.22).

Central obesity (determined by waist circumference and waist to hip ratio) showed an association
with NAFLD. The mean waist circumference was significantly higher in the NAFLD group, 100.8
+ 14.6cm, than in the non-NAFLD group, 91.9 £+ 12.9cm, p-value <0.0001 (Table 11). A greater
proportion of the NAFLD group had increased waist circumference compared with the non-
NAFLD group, 82.4% versus 66.0%, p-value = 0.006 (Table 12). The odds of NAFLD was about

2-fold when waist circumference was increased (95% ClI: 1.27 - 4.59).
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Table 11 indicates a significantly higher mean waist to hip ratio in those with NAFLD than in
those without NAFLD, 0.95 + 0.08cm and 0.91 £+ 0.06cm respectively (p-value <0.0001). The
prevalence of increased waist to hip ratio was also significantly higher among the NAFLD group
(87.9%) than the non-NAFLD group (69.4%), p-value = 0.001 (Table 12). There was a 3-fold
increase in the likelihood of NAFLD when waist to hip ratio was above the upper limit (95% CI:
1.55 - 6.60, p-value = 0.002).
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Table 12: Bivariate logistic analysis of anthropometric characteristics

NAFLD, N (%)

Yes (N=91) No (N=144) “p-value Crude OR [95% CI] p-value
BMI (kg/m?) <0.0001
Underweight (< 19.9) 0 (0.0) 6 (4.2) -
‘Normal (20.0 — 24.9) 14 (15.4) 47 (32.6) -
Overweight (25.0 — 29.9) 22 (24.2) 49 (34.0) 1.57 0.69 - 3.29 0.303
Class | (30.0 —34.9) 27 (29.7) 24 (16.7) 3.78 1.68 - 8.50 0.001
Class Il (35.0 - 39.9) 19 (20.9) 16 (11.1) 3.99 1.63-9.74 0.002
Class III (> 40.0) 9 (9.9 2 (1.4 15.11 2.92 -78.22 0.001
Waist circumference (cm) 0.006
"Normal (M < 94; F < 80) 16 (17.6) 49 (34.0) -
Increased (M > 94; F > 80) 75 (82.4) 95 (66.0) 2.42 1.27 -4.59 0.007
Waist/Hip ratio 0.001
"Normal (M < 0.90; F < 0.85) 11 (12.1) 44 (30.6) -
Increased (M > 0.90; F > 0.85) 80 (87.9) 100 (69.4) 3.20 1.55-6.60 0.002

‘Reference category

“_ p-value from X2 or Fisher exact test NS - Not significant



4.3.3.5 Liver Size and Nonalcoholic Fatty Liver Disease

Prevalence of hepatomegaly in the overall study population was determined by USG and estimated
as 21.7% (51/235). Prevalence of hepatomegaly by physical examination was 4.7% (11/235). In
Table 13, hepatomegaly was common in the NAFLD group than the non-NAFLD group. Using
USG, this was 41.8% (38/91) and 9.0% (13/144) respectively. The likelihood of NAFLD was
increased 7-fold in the presence of hepatomegaly (95% CI: 3.54 - 14.53, p-value <0.0001). A

similar picture was seen when physical examination was used.

Hepatomegaly diagnosed by USG showed a significant association with the degree of steatosis, p-
value <0.0001 (Table 14). The prevalence of hepatomegaly increased as the degree of steatosis
increased from grade 1 (5.9% (53/51)) to grade 3 (49.0% (25/51)). Thirteen (9.0%) of those with
hepatomegaly by USG had no NAFLD. With physical examination, a similar observation is seen
and this was also significant (p-value <0.0001). Only 1 (9.1%) with hepatomegaly by physicial

examination did not have NAFLD.
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Table 13: Bivariate analysis of liver size and association of NAFLD

NAFLD, n (%)

Yes (n=91) No (n=144) “p-value Crude OR [95% CI] p-value
Liver size by examination <0.0001
*Normal (10 - 15cm) 81 (89.0) 143 (99.3) -
Enlarged (>15cm) 10 (11.0) 1(0.7) 17.65 [2.22 - 140.42] 0.007
Liver size by USG <0.0001
*Normal (10 - 15cm) 53(58.2) 131 (91.0) -
Enlarged (>15cm) 38 (41.8) 13 (9.0) 7.17 [3.54-14.53]  <0.0001

‘Reference category

“_ p-value from X2 or Fisher exact test
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Table 14: NAFLD grade and its relationship with liver size

Grade 0 Grade 1 Grade 2 Grade 3

n (%) Total p-value
Liver size by examination <0.0001
*Normal (10 - 15cm) 143 (63.8) 15 (6.7) 32 (14.3) 34 (15.2) 224
Enlarged (>15cm) 1(9.1) 0 (0.0 2 (18.2) 8 (72.7) 11
Liver size by USG <0.0001
Normal (10 - 15cm) 130 (71.0) 12 (6.6) 24 (13.1) 17 (9.3) 183
Reduced (<10cm) 1 (100.0) 0 (0) 0 (0) 0 (0) 1
Enlarged (>15¢m) 13 (25.5) 3(5.9) 10 (19.6) 25 (49.0) 51

Row percentages reported



4.3.3.6 Abdominal Subcutaneous Fat Thickness and Nonalcoholic Fatty Liver Disease

About 85.7% (78/91) of respondents with NAFLD had an abdominal subcutaneous fat thickness
of more than 20mm compared with 63.9% (92/144) of non-NAFLD respondents. In Table 15, the
abdominal subcutaneous fat thickness measured had a strong association with NAFLD (p-value
<0.0001). Increasing abdominal subcutaneous fat thickness above the reference range of < 20mm

was also associated with a progressive likelihood of NAFLD.

Table 16 shows a significant association between subcutaneous abdominal fat thickness and the
grade of NAFLD. Prevalence of grade 3 NAFLD also increased with increasing abdominal

subcutaneous fat thickness above the reference range of < 20mm.
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Table 15: Bivariate analysis of abdominal subcutaneous fat thickness and association of NAFLD

NAFLD, n (%)

Yes (n=91) No (n=144)  “p-value Crude OR [95% CI] p-value
'<20mm 13 (14.3) 52 (36.1) <0.0001
>20 — 25mm 28 (30.8) 45 (31.3) 2.49 [1.15 —5.37] 0.020
>25 — 30mm 25 (27.5) 33 (22.9) 3.03 [1.36 — 6.74] 0.007
>30mm 25 (27.5) 14 (9.7) 7.14 [2.93-17.45]  <0.0001

‘Reference category

8

“_ p-value from X2 or Fisher exact test

Table 16: NAFLD grade and its relationship with abdominal subcutaneous fat thickness

Grade 0 Grade 1 Grade 2 Grade 3
n (%) Total p-value
Subcutaneous thickness (mm) <0.0001
<20 52 (80.0) 4(6.2) 5(7.7) 4 (6.2) 65
>20 — 25 45 (61.6) 7 (9.6) 11 (15.1) 10 (13.7) 73
>25 — 30 33 (56.9) 3(5.2) 10 (17.2) 12 (20.7) 58
>30 14 (35.9) 1(2.6) 8 (20.5) 16 (41.0) 39

Row percentages reported



4.3.4 Laboratory Findings

Table 17 exhibited an almost equal mean Hb in the 2 groups, 13.0 + 2.0g/dL in the NAFLD group
compared to 12.7 £ 1.6g/dL in the non-NAFLD group but this was not significant (p-value =
0.289). However, there was a significantly lower platelet level in the NAFLD group than the non-
NAFLD group, 247 + 78.5 x 10%L versus 278 + 90.8 x 10%/L (p-value = 0.008). The platelet level
in the 2 groups was within the normal range. The INR level in the 2 groups was almost the same,
that is, 1.0 = 0.3 in the NAFLD population and 0.9 £ 0.3 in the non-NAFLD (p-value = 0.033)

respectively.

Table 17: Estimated means of haematological parameters and association of NAFLD

NAFLD, Mean (= SD)

Haematological parameters Yes No Sig. (2-tailed)
Hb (g/dl) 13.0 (= 2.0) 12.7 (£ 1.6) 0.289
WBC( x 10%/L) 6.8 (£2.2) 6.8 (+ 2.6) 0.942
Neutrophils ( X109/L) 3.7 (£ 1.8) 3.6 (£ 1.9) 0.611
Lymphocytes ( X10%/L) 2.5(x0.9) 2.6 (£ 1.0) 0.587
Platelet ( X10%/L) 247.8 (+785)  278.6 (+90.8) 0.008
FBS 8.2 (£ 2.2) 8.0 (£2.7) 0.521
HbALc (%) 9.0 (+2.4) 8.1(x2.1) 0.003
INR 1.0 (+0.3) 0.9 (+0.3) 0.033
NLR 1.64 (+ 1.15) 1.56 (+ 1.24) 0.664
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Generally, there was sub-optimal glycaemic control in both groups (Table 17). This was
significantly poorer in the NAFLD group than the non-NAFLD group with mean HbAlc levels of
9.0 £ 2.4% and 8.1% =+ 2.1% respectively (p-value = 0.003).

The means of all parameters of the LFT were within the normal range (Table 18). The mean GGT
level was significantly higher in the NAFLD group, 46.6 + 22.0U/L versus 37.9 + 19.1U/L (p-
value = 0.002). Regarding AST level, a similar finding was seen in the two groups, 31.4 £ 14.9U/L
in the NAFLD group and 31.0 = 26.3U/L in the non-NAFLD group (p-value = 0.005). The seven

other parameters of the LFT did not show any significant difference between the 2 groups.

Table 18: Estimated means of parameters of liver function tests

NAFLD, Mean (= SD)

Liver Function Test Yes No Sig. (2-tailed)
Total bilirubin (mmol/L) 14.7 (5.1) 13.6 (x4.2) 0.050
Direct bilirubin (mmol/L) 3.9(x1.6) 3.6 (x1.3) 0.218
Indirect bilirubin (mmol/L) 10.8 (= 4.2) 9.9 (£3.7) 0.081
AST (U/L) 31.4 (+ 14.9) 26.3 (+ 12.2) 0.005
ALT (U/L) 32.1 (+13.6) 31.0 (+ 13.5) 0.557
ALP (U/L) 95.3 (+ 30.0) 88.8 (+ 26.3) 0.062
GGT (U/L) 46.6 (+ 22.0) 37.9 (£ 19.1) 0.002
Protein (g/L) 75.8 (+ 5.0) 75.2 (+ 4.9) 0.381
Albumin (g/L) 42.2 (+5.4) 42.8 (+ 4.4) 0.379
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Despite the normal values observed, Table 19 shows a significantly higher triglyceride level in the
NAFLD group, 1.60 = 0.65mmol/L, than in the non-NAFLD group, 1.29 £ 0.60mmol/L (p-value
< 0.0001). There was no significant difference in the other parameters of the lipid profile.

Table 19: Association between the mean lipid profile parameter and NAFLD
NAFLD, Mean(SD)

Lipid Profile Yes No Sig. (2-tailed)
Total cholesterol (mmol/L) 529 (x1.60) 5.04 (x1.29) 0.193
LDL cholesterol (mmol/L) 3.10 (£ 1.51) 2.90 (x 1.15) 0.242
HDL cholesterol (mmol/L) 1.45 (£ 0.55) 1.54 (£ 0.44) 0.184
VLDL cholesterol (mmol/L) 0.72(x0.40) 0.63(x0.32) 0.049
Triglycerides (mmol/L) 1.60 (= 0.65) 1.29 (= 0.60) <0.0001

Table 20 shows a significant association between NAFLD and dyslipidaemia, that is, elevated total
cholesterol (p-value = 0.015), elevated LDL (p-value <0.0001), elevated triglycerides (p-value
0.021) and decreased HDL (p-value = 0.004). The odds of NAFLD exhibited a 2-fold increase in
the presence of elevated total cholesterol (95% CI: 1.16 - 4.27) and a 3-fold increase when LDL
and triglycerides were elevated, (95% CI: 1.61 - 5.62) and (95% CI: 1.13 - 6.18) respectively. The
odds of NAFLD when serum HDL was below the lower limit was 2.25 (95% CI: 1.30 - 3.91).

These were statistically significant.
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Table 20: Bivariate analysis of lipid profile parameters

NAFLD, n (%)

98

Yes (n=91) No (n=144) ’p-value  Crude OR [95% ClI] p-value
Total Cholesterol (mmol/L) 0.015
*Normal (3.30 - 6.20) 66 (72.5) 123 (85.4) -
Elevated (> 6.20) 25 (27.5) 21 (14.6) 2.22 [1.16-4.27] 0.017
LDL cholesterol (mmol/L) <0.0001
"Normal (0 - 3.90) 59 (64.8) 122 (84.7) -
Elevated (> 3.90) 32 (35.2) 22 (15.3) 3.01 [1.61-5.62] 0.001
HDL-C (mmol/L) 0.004
‘Normal (> 1.55) 28 (30.8) 72 (50.0) -
Low (< 1.55) 63 (69.2) 72 (50.0) 2.25 [1.30-3.91] 0.004
VLDL (mmol/L) 0.387
‘Normal (0.0 - 2.59) 90 (98.9) 144 (100) - NS
Elevated (> 2.59) 1(1.1) 0 (0) -
Triglycerides (mmol/L) 0.021
"Normal (0.40 - 2.25) 76 (83.5) 134 (93.1) -
Elevated (> 2.25) 15 (16.5) 10 (6.9) 2.65 [1.13-6.18] 0.025

‘Reference category “p-value from X? or Fisher exact test NS - Not significant



4.4 NONALCOHOLIC STEATOHEPATITIS

In Table 21, the overall prevalence of NASH among the 91 participants with NAFLD was 23.1%
(95% CI: 14.9 - 33.1).

Table 21: Prevalence of NASH among participants with NAFLD

NAFLD and NASH Frequency, Prevalence 95% CI (%)
NAFLD (overall) 91 (38.7%) 325-453
NASH (overall) 21/91 (23.1%) 149-33.1
NASH (elevated NLR) 20/21 (95.2%) 76.2 -99.9
NASH (elevated ALT) 3/21 (14.3%) 3.1-36.3
NASH (elevated ALT and NLR) 2/21 (9.5%) 1.2-30.4

Table 21 also shows that NLR was able to predict NASH in 95.2% (95% CI: 76.2 - 99.9) of affected
persons whiles the prediction using ALT was only in 14.3% (3/21). Prediction by both ALT and

NLR was seen in only 2 participants.

Using the receiver operating characteristic (ROC) curve in Figure 23 and Table 23, NLR yielded
an AUC of 0.928 (95% CI: 0.887 - 0.970) in the prediction of NASH as against 0.680 (95% CI.
0.566 - 0.793) with ALT. The sensitivity, specificity, positive predictive and negative predictive
values of NLR were significant, 95.2%, 87.9%, 43.5% and 99.5% respectively (p-value <0.0001).
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Figure 23: Receiver operating characteristic curves of the predictors of NASH

Table 22: Performance of ALT and NLR in the diagnosis of NASH

Variables AUC 95% CI p-value  SS SP PPV NPV
(%) (%) (%) (%)

ALT

(cut-off point of > 69 U/L) 0.680  0.566 - 0.793 0.007 14 995 7B 922

NLR
(cut-off point of > 2.0) 0.928 0.887-0.970 <0.0001 95.2 87.9 43.5 99.5
SS — Sensitivity SP — Specificity PPV - Positive Predictive Value NPV - Negative Predictive Value

! [Results based on the stated cut-off points]
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Table 23 demonstrates an increasing prevalence of NASH with increasing degree of steatosis. The
highest NASH prevalence was seen in participants with grade 3 NAFLD, 76.2% (16/21).

Table 23: Prevalence of NASH by NAFLD grade

NAFLD Grade, Frequency (%) (n=21)
NASH and Grade of NAFLD Grade 1 Grade 2 Grade 3

NASH (elevated ALT and/or NLR) 1(4.8) 4 (19.0) 16 (76.2)

4.5 FIBROSIS IN NONALCOHOLIC FATTY LIVER DISEASE

The distribution of advanced liver disease diagnosed using non-invasive scoring systems in T2DM
patients with NAFLD is shown in Table 24. The BARD score recorded the highest prevalence of
significant fibrosis, 84.6% (95% CI: 75.5 - 91.3) whiles the lowest prevalence was by the APRI
score, 0.0%. However, the overall prevalence of advanced fibrosis for this study was 26.4%
(24/91) with a 95% CI: 17.7 - 36.7. This estimation was done using the NAFLD fibrosis score.
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Table 24: Prevalence of fibrosis among NAFLD patients using various scoring systems

Number (n=91) Prevalence (%) [95% ClI]
AAR Score
No fibrosis: < 0.5 8 8.8 [3.9 - 16.6]
Indeterminate: 0.5 - 1.0 46 50.5 [39.9-61.2]
Fibrosis: > 1.0 37 40.7 [30.5-51.5]
FIB-4 Score
No fibrosis: < 1.30 49 53.8 [43.1-64.4]
Indeterminate: 1.30 - 2.67 26 28.6 [19.6 - 39.0]
Significant fibrosis: > 2.67 16 17.6 [10.4 - 27.0]
APRI Score
No fibrosis: < 0.50 73 80.2 [70.6 - 87.8]
Indeterminate: 0.51 - 1.50 18 19.8 [12.2 - 29.5]
Significant fibrosis: 0 0.0 -
BARD Score
No fibrosis: FO - F1 14 15.4 [8.7 - 24.5]
Significant fibrosis: F2 - F4 77 84.6 [75.5-91.3]
NAFLD fibrosis score
No fibrosis: < -1.455 28 30.8 [21.5 - 41.3]
Indeterminate: -1.455 - 0 .676 39 42.9 [32.5 - 53.7]
Significant fibrosis: > 0.676 24 26.4 [17.7 - 36.7]
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Table 25 shows the test of agreement between the NAFLD fibrosis score and the other scoring
systems. FIB-4 score had a moderate agreement with the NAFLD fibrosis score, kappa value of
0.426 (p-value < 0.0001). The BARD score and AAR had a slight agreement with the NAFLD
fibrosis score, p-value < 0.0001 and 0.004 respectively. The APRI score demonstrated no or slight
agreement, kappa value of 0.043 (p-value = 0.150).
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Table 25: Assessment of agreement between NAFLD fibrosis score and various fibrosis scoring systems

NAFLD fibrosis score

43)

Variables No fibrosis  Intermediate  Significant fibrosis Total K [95% CI] p-value
(n=87) (n=113) (n=35)

AAR Score 0.115 [0.025 - 0.205] 0.004
"No fibrosis: < 0.5 10 8 1 19

Indeterminate: 0.5 - 1.0 66 69 9 144

Cirrhosis: > 1.0 11 36 25 72

FIB-4 Score 0.426 [0.333 - 0.518] <0.0001
"No fibrosis: < 1.30 83 60 3 146

Indeterminate: 1.30 - 2.67 4 48 12 64

Significant fibrosis: > 2.67 0 5 20 25

APRI Score 0.043 [0.004 - 0.082] 0.150
"No fibrosis: < 0.50 87 104 19 210

Indeterminate: 0.51 - 1.50 0 9 16 25

BARD Score 0.197 [0.101 - 0.293] <0.0001
"No fibrosis: FO - F1 37 18 1 56

Significant fibrosis: F2 - F4 50 95 34 179

k - Cohen’s Kappa test of agreement



4.6 DIAGNOSTIC PERFORMANCE OF PARAMETERS

The results of independence testing of all scoring systems used in this study are seen in Table 26.
From this table, there was a significant difference in the prevalence of fibrosis in the 2 groups with
the NAFLD group reporting a higher prevalence with all fibrosis scores. The use of NLR to predict
NASH did not show any significant difference in the 2 groups.

Using the NAFLD fibrosis score, the odds of NAFLD was significantly increased by 3.6 (95% CI:
1.96 - 10.69) when the score was >0.676 (Table 26).

93



Table 26: Bivariate analysis of the scoring systems used in detecting NASH and advanced fibrosis

NAFLD n (%)

6

Variables Yes (n=91) No (n=144) “p- value Crude OR [95% CI)] p-value
NLR 0.501

< 2.0 71 (78.0) 118 (81.9) -

>2.0 20 (22.0) 26 (18.1) 1.27 [0.66 - 2.46] 0.461
AAR Score 0.021

*No fibrosis: < 0.5 8(8.8) 11 (7.6) -

Indeterminate: 0.5 - 1.0 46 (50.5) 98 (68.1) 0.65 [0.24 -1.71] 0.379
Cirrhosis > 1.0 37 (40.7) 35 (24.3) 1.45 [0.52 - 4.04] 0.473
FIB-4 Score 0.015

*No fibrosis: < 1.30 49 (53.8) 97 (67.4) -

Indeterminate: 1.30 - 2.67 26 (28.6) 38 (26.4) 1.35 [0.74 - 2.48] 0.326
Significant fibrosis: > 2.67 16 (17.6) 9 (6.3) 3.52 [1.45 - 8.54] 0.005
APRI Score <0.0001

*No fibrosis: < 0.50 73 (80.2) 137 (95.1) - - -
Indeterminate: 0.51 - 1.50 18 (19.8) 7(4.9) 4.83 [1.93-12.09] 0.001
BARD Score 0.018

*No fibrosis: FO - F1 14 (15.4) 42 (29.2) -

Significant fibrosis: F2 - F4 77 (84.6) 102 (70.8) 2.27 [1.16 - 4.44] 0.017
NAFLD fibrosis score <0.0001

*No fibrosis: < -1.455 28 (30.8) 59 (41.0) -

Indeterminate: -1.455 - 0 .676 39 (42.9) 74 (51.4) 1.11 [0.61 - 2.01] 0.729
Significant fibrosis: > 0.676 24 (26.4) 11 (7.6) 4.60 [1.98 - 10.69] <0.0001

*Reference category “_ p-value from X2 or Fisher exact test



The diagnostic performance of all scoring systems, liver size and abdominal subcutaneous fat
thickness was compared. From Table 27 and Figure 24, liver size by USG proved to be the most
sensitive tool for predicting NAFLD with an AUC of 0.752 (95% CI: 0.685 - 0.818, p-value <
0.0001). Its specificity was 91% but had a low sensitivity of 41.8%. The negative and positive

predictive values were 71% and 74.5% respectively.
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Figure 24: Receiver operating characteristic curves of the diagnostic parameters of NAFLD
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Table 27: Performance of selected clinical parameters and scoring systems in the diagnosis of NAFLD

Variables AUC 95% ClI p-value  SS(%)> SP (%)? PPV (%)> NPV (%)?
NLR (>2.0) 0557 0481-0633 0143 220 8L 424 624
Liver size by examination (>15cm) 0.718 0.649-0.787 <0.0001 11.0 99.3 90.9 63.8
Liver size by USG (=15¢m) 0752 0685-0818 <0000 o O 743 710
Subcutaneous thickness (mm) (>20mm) 0.683 0.614-0.753 <0.0001 85.7 36.1 45.9 80.0
AAR ((>0.5) 0558 0478-0637 0135 12 7.6 38.4 57.9
FIB-4 score (21.30) 0568 0.480-0646 0080 >4 o4 47.2 66.4
APRI score (=0.50) 0611 0535-0687 0004 o0 72,0 65.2
BARD score (F2 - F4) 0.619 0.545-0.692  0.002 84.6 292 43.0 75.0
NAFLD fibrosis score (>-1.455) 0639 0565-0712 <o0001 ¢ 4O 426 67.8

SS - Sensitivity SP — Specificity

2 [Results based on the stated cut-off points]

PPV - Positive Predictive Value

NPV - Negative Predictive Value



4.7 MULTIVARIABLE REGRESSION ANALYSIS
(PREDICTORS OF NONALCOHOLIC FATTY LIVER DISEASE)

The following variables were entered into the multivariable regression analysis model: waist to
hip ratio, BMI, HbAlc, GGT, triglycerides, total cholesterol, liver size determined by USG and
abdominal subcutaneous fat thickness. The model was adjusted for age, sex and duration of DM
and results exhibited in Table 28.

Table 28: Multivariable regression analysis for predictors of NAFLD

Variables Adjusted Odds ratio 95% CI p-value
Age® (years) 0.958 0.958-0.922  0.028
Sex (female) 0.492 0.200 -1.209 0.122
Duration of DM* (years) 0.963 0.904-1.025 0.235
Liver size by USG (>15cm) 3.318 1.496 - 7.359  0.003
Triglycerides (>2.25 mmol/L ) 1.553 0.499 -4.833  0.448
Total cholesterol (>6.20 mmol/L ) 1.283 0.543-3.306 0.570
GGT (>58 U/L) 3.331 1.434-7.735 0.005
BMI* (kg/m?) 1.067 0.989 -1.152 0.093
Waist/Hip ratio (M >0.90; F >0.85) 2.241 0.885-5.676  0.089
HbAIc" (%) 1.055 0.901 -1.235 0.503
Abdominal subcutaneous fat thickness® (mm) 1.051 0.978-1.130 0.173

2 —variables entered as continuous variables in the model
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The multivariable regression analysis of some anthropometric, laboratory and sonographic
characteristics revealed that, age (OR = 0.958; p-value = 0.028), GGT above the upper limit of
58U/L (OR = 3.331; p-value = 0.005) and liver size of >15¢cm on USG (OR = 3.318; p-value =
0.003) significantly predicted NAFLD in T2DM. The model correctly classified 76.5% of patients
who had NAFLD ((X?= 3.699, p= 0.883)°.

Table 29 shows the final model after subjecting the model in table 28 to a forward stepwise

regression (entry = p < 0.05; removal =p > 0.1).

Table 29: Estimates of the logistic regression model for prediction of NAFLD

Variables Adjusted Odds Ratio 95% CI p-value
Age (years)" 0.949 0.918 - 0.980 0.002
Liver size by USG (>15cm) 4.230 1.957 - 9.144 <0.0001
GGT (>58U/L) 3.591 1.631 —7.906 0.002
BMI® (kg/m?) 1.108 1.048 - 1.171 <0.0001

2 —variables entered as continuous variables in the model

This final model correctly classified 73.5% of patients who had NAFLD ((X?= 3.601, p = 0.891)°.
Age and raised GGT had p-values of 0.002 whiles BMI and enlarged liver size had a p-value of <
0.0001 each. According to the model, every 1-year increase in age is associated with a 5% reduced
odds of a diagnosis of NAFLD. Furthermore, every 1kg/m? increase in BMI is associated with
roughly 11% higher odds of NAFLD. The model also shows that increasing liver size and

increasing GGT were also associated with an increased odd of NAFLD.

3 Hosmer & Lemeshow goodness of fit test
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CHAPTER 5
DISCUSSION

This study was structured to use USG to determine the prevalence of NAFLD among participants
with confirmed T2DM. Participants were mostly female and this reflected the pattern of attendance
at the DM clinic of the GARH. Almost all participants lived in the urban city of Accra.

5.1 NONALCOHOLIC FATTY LIVER DISEASE

The prevalence of NAFLD among T2DM patients in this study was 38.7%. This finding is lower
than the global NAFLD prevalence among patients with T2DM, which has been documented as
55.48% (95% Cl 47.26-63.67%) in a recent systematic review by Younossi et al.}” In comparison
to prevalence in all other world regions excluding Africa, it can be seen that this study’s finding
demonstrates a consistently lower NAFLD prevalence. For example, studies conducted in the USA
and Europe identified a mean NAFLD prevalence of 51.64% and 68.82% respectively among
T2DM patients.!” In East Asia, a 2016 cross-sectional study by Nengguang and colleagues at the
Shanghai First People’s Hospital in China used USG and quoted the overall prevalence of NAFLD
among the 541 T2DM patients as 56.6% which was a higher prevalence than what this study
recorded.'®* The AASLD also in its 2018 guidelines suggested that about a third to two-thirds of
all T2DM patients had NAFLD.® It is important to note however that the prevalence of 38.7%
identified in this study is comparable to the mean prevalence of NAFLD among T2DM patients in
the African region, which has been reported to be 36.29%?*" (95% CI 9.43-68.75). The disparity
in the prevalence of this study and other studies in Africa, compared with other world regions such
as the USA, Latin America, Europe and East Asia, may allude to the fact that Ghana and possibly
Africa at large, is in the early stages of westernization whiles those other countries have progressed
to advanced westernization. It is known that westernization is associated with a ‘nutrition
transition” in which populations undergo a change in dietary patterns that is proportional to their
degree of economic and social development.??® This in turn is associated with an increased
incidence of non-communicable diseases including cardiovascular disease, obesity and
NAFLD.??! The current reduction in physical activity due to easy access to vehicular transportation
also contribute to the increasing incidence of non-communicable diseases.??? Europe, the USA and

China are higher up the socioeconomic ladder compared to Ghana and other African countries.??
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Therefore, one could postulate that though Africa lags now in terms of NAFLD prevalence, it may
just be a matter of time before similar increasing trends are seen in terms of the NAFLD disease
burden.

To obtain a West African perspective of NAFLD in T2DM patients, the prevalence recorded in
this study is higher than that reported by Onyekwere et al*® in 2011 and Olusanya et al** in 2016,
in Nigeria. Prevalence in the two studies were 9.5% and 16.7% respectively. Interestingly, the
most recent study by Afolabi et al®® in 2018 reported a much higher NAFLD prevalence of 68.8%
among T2DM patients. This heterogeneity of results within the same country shows why
multicentre epidemiological studies in Africa are warranted. The findings in this current study fall
in between the range of the reported rates in Nigeria. Ghana and Nigeria have similar cultures and
diets, and the last decade has seen a gradual change in our lifestyle.??42% |t is possible that the
burden of disease may be similar, however, further studies in the region involving multiple centres

and larger sample sizes would be useful to better ascertain the disease burden.

The prevalence of NAFLD is also higher than that reported by Bockarie in an unpublished study
conducted at the Cape Coast Teaching Hospital, where a prevalence of 24.8% was found.*® This
current study was in a higher risk population, that is patients with T2DM, compared with the study
by Bockarie, which looked at prevalence in the general population. The disparity in the reported
prevalence is therefore likely a reflection of the differences in populations that were investigated.
Additionally, Accra, where this study was conducted, is a much more urbanized population
compared to Cape Coast, where Bockarie’s study was conducted. The dietary and lifestyle patterns
associated with urbanization are also likely to be related to the higher prevalence of NAFLD
identified in this cohort.

Regarding the severity of the disease, there was a higher proportion of patients with a higher grade
of NAFLD. It was found that grade 3 NAFLD was the most prevalent, 46.1%. The prevalence of
grades 1 and 2 were 16.4% and 37.4% respectively. This finding did not corroborate with similar
studies conducted in other countries. In Kenya, Kimani*'* in his study among T2DM recorded mild
fatty liver (grade 1 NAFLD) as the most prevalent, 60% of the NAFLD cohort, with severe fatty
liver (grade 3 NAFLD) being the least prevalent, 7% of the NAFLD cohort. The study in Nigeria
by Afolabi et al®® reported grade 2 NAFLD as the most prevalent, followed by grade 3 and then
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grade 1. The recorded prevalence in his study was 32.5%, 20.0% and 16.3% in the entire cohort

respectively.
5.1.1 Sociodemographic Associations with Nonalcoholic Fatty Liver Disease
5.1.1.1 Gender

In this study, NAFLD was commoner in females than in males. Although this was not statistically
significant, the finding was consistent with the earliest study by Ludwig et al.? However, the
findings of this study was in contrast with most recent studies conducted in the USA, Europe and
Asia.>32% These studies observed a higher male preponderance in the premenopausal years and
proposed that this may be as a result of the protective effects of the female hormones. The disparity
between the findings in this current study and these recent studies is most likely because the
majority of the female participants in this study were in their postmenopausal years. They,
therefore, lacked the protection provided by the female hormones. The mean age of females in this

study was 59.5 + 9.7 years. Also, in this study, a higher proportion of females were recruited.
5.1.1.2 Age

Increasing age was a predictor of NAFLD in this study. Nonalcoholic fatty liver disease was
common in the 5" to 7" decades of life with a peak in the age group of 51 - 60 years, 38.5%. This
observation is similar to that cited in other studies around the world including the studies from
Nigeria.®334 This observation in my study is worrying as this age group are in their productive
years and form the working class in the country. The burden of NAFLD and T2DM which includes
cardiovascular diseases, liver cirrhosis and HCC has negative implications on the economic
activities of the country as affected persons may absent themselves from work due to ill-health.
Also, the morbidity associated with NAFLD may overburden the already fragile health system in

the country.

5.1.2 Clinical Associations with Nonalcoholic Fatty Liver Disease

Significant associations were recorded with the duration of T2DM, obesity, hepatomegaly and

abdominal subcutaneous fat thickness.
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5.1.2.1 Duration of T2DM

Participants with NAFLD had a shorter duration of T2DM with an average duration of 6.4 £ 5.4
years compared with 8.7 = 6.3 years in those without NAFLD. Short DM duration was associated
with NAFLD and agreed with the works of Williamson et al®® in the Edinburgh T2DM study. In
their study, the average duration of DM was 9.0 £ 6.4 years with short DM duration being an
independent risk factor of NAFLD. A possible reason for this association, which was postulated
in the Williamson study, is that the insidious onset of T2DM leads to its diagnosis being made
many years after disease onset. This results in persistently high levels of insulin before initiation
of T2DM therapy, thereby promoting hepatic steatosis. The finding in this study also supports the
notion that NAFLD may precede T2DM diagnosis. This was reported by Zhang et al®? in a
longitudinal study where a bi-directional association between NAFLD and metabolic syndrome
was identified. The attributable risk of DM to NAFLD and vice versa was 10.85% and 3.90%

respectively.
5.1.2.2 Obesity

The association between obesity, a common feature of metabolic syndrome, and NAFLD is well
documented.®?2® Although the mechanism remains unclear, this relationship arises from their
common pathogenesis involving IR. The portal and spillover hypothesis has been used to explain
the link between central obesity and hepatic steatosis.??”?8 This study also found a significant
association between NAFLD in T2DM patients and obesity, that is, both central obesity and high
BMI. Body mass index was a significant predictor of NAFLD. This was in accordance with the
findings by Hu et al'® in their study to determine the prevalence of NAFLD by USG among
employees in Shanghai, China. They revealed BMI as a better marker than waist circumference
for diagnosing NAFLD.

5.1.2.3 Hypertension

Most study participants had good control of their BP. Hypertension was defined based on the blood
pressure measurement at the time of data collection. No association was found between
hypertension and NAFLD in this study. This was surprising as metabolic syndrome, of which

hypertension is a key component, is known to be associated with NAFLD. This observation
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disagreed with most studies performed worldwide.®23* The lack of association may be because
most participants in this study were on treatment for hypertension which may have affected the
blood pressures recorded.

5.1.2.4 Hepatomegaly

Previous data suggested that the majority of NAFLD patients had no signs on clinical examination.
However, this study documented a significant association between NAFLD and hepatomegaly.
Hepatomegaly by USG was a good predictor of NAFLD in this study. This correlated with the
study findings of Nagaraj'?’ and Kimani''* in India and Kenya respectively. Hepatomegaly by
USG also correlated well with the severity of steatosis, that is, NAFLD grade.

5.1.2.5 Abdominal subcutaneous fat thickness

Abdominal subcutaneous fat thickness showed an association with the presence and grade of
NAFLD. The observation in this study agrees with that by Hegazy et al*®* where abdominal
subcutaneous fat thickness measured with USG was able to predict hepatic steatosis in obese
adults. The finding was however contradictory to earlier studies by Parente and Ducluzeau, who
used MRI to measure the abdominal subcutaneous fat thickness.}**1*0 Parente however
documented an association between abdominal subcutaneous fat thickness and the presence of
NASH in T2DM. For this study, the higher prevalence of grade 3 NAFLD and its positive

correlation with NASH may explain this association.
5.1.3 Biochemical Associations with Nonalcoholic Fatty Liver Disease
5.1.3.1 Glycated haemoglobin

Glycated haemoglobin was unable to predict the presence of NAFLD in this study. However,
participants with NAFLD had a significantly poorer DM control compared to those without
NAFLD in this study. This was in keeping with the report by Atan et al.??° The persistently high
glucose level in poorly controlled DM results in hyperinsulinaemia which potentiates the process

of hepatic steatosis.
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5.1.3.2 Lipids

The relationship between NAFLD and dyslipidaemia and hypertriglyceridaemia is
established.?262%° This relationship is as result of their common pathogenesis of IR. Although the
majority of participants were on statins which may have altered the results of the lipid profile,
elevated total cholesterol, elevated LDL, elevated triglycerides and reduced HDL were
significantly associated with NAFLD in this study as was seen in other studies from Africa.3*!4
However, dyslipidaemia and hypertriglyceridaemia in this study were unable to predict NAFLD.

5.1.3.3 Liver biochemistry

Gamma-glutamyltransferase was a predictor of NAFLD in this study. The means of GGT and AST
showed significant association with NAFLD despite being within the laboratory range. However,
no association existed between NAFLD and ALT, ALP and albumin. This is consistent with
studies by Nagaraj*?” and Agarawal®®. In those studies, elevated GGT and AST levels occurred in
advanced NAFLD but not in early disease. This study could not confirm the presence of advanced
disease despite observing a higher prevalence of grade 3 NAFLD which correlated well with

NASH. Therefore, it is impossible to attribute this finding to the presence of advanced disease.

5.2 NONALCOHOLIC STEATOHEPATITIS

The overall prevalence of NASH as determined by a non-invasive scoring system in the population
with NAFLD was 23.1%. This is lower than the 65.26% reported by Golabi et al'® in his meta-
analysis of NASH in T2DM. The differences may be attributable to differences in the methods of
NASH assessment as the Golabi meta-analysis enrolled studies that confirmed NASH with
histology — the gold standard for diagnosis. The prevalence of NASH in this study was higher in
higher grade NAFLD.

Nonalcoholic steatohepatitis in this study was diagnosed using an elevated ALT level and NLR of
more than 2.0. Comparing the two methods, NLR was a more sensitive predictor of NASH than
ALT. The NLR had a better AUC of 0.928 with high sensitivity but low specificity. Elevated ALT
had a high specificity and low sensitivity in the diagnosis of NASH with a lower AUC of 0.680.
The poor performance of ALT was also observed in research works done by Neuschwander-Tetri

et al'?® and Agarawal et al?® These researchers recorded elevated ALT levels in the early stages of
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NAFLD and subsequent normalization of ALT with the advancement of the disease. Because
histology was not done in this study, the severity of the disease could not be confirmed. It is
therefore difficult to conclude that ALT levels are more sensitive for predicting early NAFLD

where ALT levels may be elevated.

5.3 ADVANCED FIBROSIS

Fibrosis in this study was predicted using the NAFLD fibrosis score. The recorded prevalence of
fibrosis among those with NAFLD was 26.4%. Williamson and colleagues in the Edinburgh
T2DM study used the NAFLD fibrosis score to record the prevalence of fibrosis among T2DM
patients with NAFLD as 16.4%.% Worldwide studies have revealed an increasing prevalence of
NAFLD and its complications in the last decade in both the general population and T2DM. The
lower prevalence in their study compared with this current study can be explained by the time-
setting of the Williamson study. The Edinburgh T2DM study was conducted between 2006 and
2007.

The AAR, FIB-4 and BARD were able to predict fibrosis and showed some agreement with the
NAFLD fibrosis score. Among these scores, FIB-4 and BARD were preferred in the prediction of
fibrosis as they showed better agreement with the NAFLD fibrosis score. The FIB-4 score however
documented better specificity but had lower sensitivity and NPV among the 2 scores. The good
performance of the FIB-4 score is in keeping with the study by McPherson et al.**®> The AASLD
in their 2018 guidelines recommended both FIB-4 and the NAFLD fibrosis score as screening

tools in high-risk patients.®
5.4 LIMITATIONS

The following limitations are acknowledged;

1. Some participants may have provided wrong information concerning their alcohol intake
and other medical histories. This may result in an overestimation of the prevalence of
primary NAFLD.

2. Data extracted from participants may be affected by recall biases. For instance, the use of

steatogenic medications or a history of other conditions that may cause hepatic steatosis
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could not be completely ruled out as most participants had limited knowledge of their

medical information.

. About two-thirds of study participants were on statins which may minimize the severity of
steatosis and in some cases, cause liver injury. Statins may also alter the levels of
cholesterol and triglycerides of the patient. The exclusion of these participants was not
possible as the management of most T2DM patients involved the use of statins.

More than 50% of participants were on antihypertensive treatment. This may have altered
the blood pressure recordings seen, hence, leading to underestimation of hypertension.

. The inability to use histology to confirm the diagnosis of NASH and fibrosis or the
unavailability of a FibroScan to confirm fibrosis may have affected the prevalence of these
subtypes in this study.

Confirmatory tests for chronic HBV and HCV were not done due to financial constraints.

Chronic viral hepatitis may have similar USG features to NAFLD and hence, lead to the

overestimation of the prevalence of NAFLD.
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CHAPTER 6

CONCLUSION

Conclusions made are based on this study performed in a major regional hospital in Ghana but

may attest to what is happening in other hospitals in the sub-region. The conclusions of this study

are;

1.

The prevalence of NAFLD in T2DM patients attending the GARH is relatively high
(38.7%) than reported in the general population in Ghana but lower than some data from
developed countries. The prevalence of severe NAFLD (grade 3) was also high, that is,
46.1%.

The factors associated with NAFLD in this study were older age, short DM duration, poorly
controlled DM, obesity, hepatomegaly, increased subcutaneous fat thickness
dyslipidaemia, triglyceridaemia and elevated GGT and AST. Increasing age, BMI,
hepatomegaly and elevated GGT were predictors of NAFLD in this study.

The prevalence of NASH as determined by a non-invasive method (NLR >2.0 and elevated

ALT) in this study was lower than the current global prevalence.

The prevalence of fibrosis diagnosed using the NAFLD fibrosis score was higher than

earlier studies conducted in Europe. This confirmed the worldwide increase in NAFLD.
The study rejected the null hypothesis that the prevalence of NAFLD-associated risk

factors in T2DM patients attending the DM clinic at the GARH does not show any
significant difference in those with and without NAFLD.
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CHAPTER 7

RECOMMENDATION

Recommendations are as follows;

1.

Clinicians taking care of T2DM must educate themselves on NAFLD because of its high

prevalence in this group of patients.

Clinicians must have a high index of suspicion for NAFLD when managing T2DM

patients.

Clinical features such as BMI, hepatomegaly and increasing age and basic lab parameters
like elevated GGT can be used to complement identifying T2DM patients at risk of
NAFLD.

Abnormalities on routine laboratory investigations like elevated GGT and ALT and also
on USG should not be overlooked but investigated further to rule out NAFLD or advanced

liver disease.

The use of non-invasive tools in the early diagnosis of suspected cases of NASH and

advanced fibrosis is encouraged. Liver biopsies should be used in high-risk patients.

Type 2 DM should be aggressively treated because of the association between poorly
controlled DM and NAFLD.
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APPENDIX |
GHANA HEALTH SERVICE ETHICS REVIEW COMMITTEE
I case of reply the W -, Research & Development Division
number and date of this | ! % Ghana Health Service
Letter should be guored. P H AT P.O. Box MB 190
LS > Accra

Tel: ~233-302-681109
MyRef GHS'RDD ‘ER('Admin.-Mpp{ TmrMad: D L Fax ~ 233-302-685424
Your Ref. No. l l'i 214 Email: ghsercagmail.com

14" May, 2018
Dr. Sally Afua Bampoh
Department of Internal Medicine
Greater Acera Regional Hospital
P.0O. Box 473,
Accra

The Ghana Health Service Ethics Review Committee has reviewed and given approval for the implementation of
your Study Protocol,

GHS-ERC Number GHS-ERC004/03/18

Project Title Nonalcoholic Fatty Liver Disease in Type 2 Diabetes Mellitus Patients
Attending the Diabetes Clinic at the Greater Accra Regional Hospital

Approval Date | 8" May. 2018

Expiry Date | 7% May, 2019

GHS-ERC Decision | Approved

This approval requires the following from the Principal Investigator
e Submission of yearly progress report of the study to the Ethics Review Committee (ERC)
e Renewal of ethical approval if the study lasts for more than 12 months,

e Reporting of all serious adverse events related to this study to the ERC within three days verbally and
seven days in writing.

* Submission of a final report after completion of the study

¢ Informing ERC if study cannot be implemented or is discontinued and reasons why

o Informing the ERC and your sponsor (where applicable) before any publication of the research findings.
Please note that any modification of the study without ERC approval of the amendment is invalid.

The ERC may observe or cause to be observed procedures and records of the study during and after
implementation.

Kindly quote the protocol identification number in all future correspondence in relation to this approved protocol

DR. CYNTHIA BANNERMAN
(GHS-ERC CHATRPERSON)

Ce: The Director, Research & Development Division, Ghana Health Service, Accra
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Website: www.garh.gov.gh

THE CHAIRMAN

GHANA HEALTH SERVICE ETHICAL REVIEW COMMITTEE
RESEARCH & DEVELOPMENT DIVISION
ACCRA

PERMISSION LETTER
DR. SALLY AFUA BAMPOH - PHYSICIAN SPECIALIST

This serves to introduce to you the above-named person who is pursuing a

fellowship in Gastroenterology and Hepatology under the Ghana college of
physician and surgeons.

As part of her fellowship, she is required to submit a dissertation which will be on
the topic “Nonalcoholic fatty liver disease in type 2 mellitus patients
attending the diabetes clinic at The Greater Accra Regional Hospital, Ridge”.

Management of the hospital has granted her the permission to use the facility as
her case study.

Thank you.

/ 47%;/(?%@

DR. EMMANUEL K. SROFENYOH
Ag. MEDICAL DIRECTOR
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APPENDIX I

Consent Form
Participant ID: Date:

Title of Project: Nonalcoholic fatty liver disease in type 2 diabetes mellitus patients
attending the diabetes clinic at the Greater Accra Regional Hospital

Researcher: Dr Sally Afua Bampoh
Address of Investigator:  Department of Medicine, Korle Bu Teaching Hospital, Accra

Information: This consent form contains information about the study entitled "Nonalcoholic fatty
liver disease in type 2 diabetes mellitus patients attending the diabetes clinic at the Greater Accra
Regional Hospital". To be well informed about this research and make an informed decision about
your participation or not, we ask that you carefully read this consent form or have it read and
explained to you. You can ask for further clarification. You will be required to sign or thumb print

this form in the presence of a witness.

Purpose of the study: Nonalcoholic fatty liver disease is a common cause of chronic liver disease
which occurs when there is excessive deposition of fat in the liver in the absence of significant
alcohol intake. It may occur in combination with type 2 diabetes mellitus or obesity. It can result
in complications like liver cirrhosis and hepatocellular carcinoma. Currently, there are no effective
treatment modalities for this condition but early detection with lifestyle modification decreases
risk of complications. Despite the worldwide increase in the prevalence of this disease, little is
known about it in Ghana. The current increase in type 2 diabetes mellitus and chronic liver disease
in the country has precipitated the need for this study. This study aims at determining the
prevalence and factors associated with nonalcoholic fatty liver disease in these patients. The
findings will guide healthcare professionals to detect condition early and initiate effective
monitoring and management strategies in affected patients. Guidelines can be formulated to

decrease the incidence of complications.

General information and your part in the study: To be part of this study, you should be a type
2 diabetes mellitus patient and attend the diabetes clinic at the Greater Accra Regional Hospital.

You must test negative to a rapid diagnostic test for chronic hepatitis B and hepatitis C virus. As
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a participant, a study questionnaire will be used to ask questions about yourself and your condition
and also extract data from your medical records if you readily do not have answers to some of
these questions. A physical examination will then be performed to assess your weight and height.
About 15mls of blood will be drawn for analysis. You will undergo an abdominal ultrasonography
to assess your liver. All this information will be kept confidential as provided by law. There will
be no remuneration and you will not incur additional cost by participating in this study.

Possible benefits: The direct benefit of this study to you is the early detection of the condition if
present to enable early management to decrease the risk of complications. Your participation will
also give a better understanding of this condition in type 2 diabetes mellitus patients and help
improve its surveillance and management. This can be extended to the general population

especially those with other lifestyle-related diseases.

Possible risks: During this study, blood samples will be drawn. The amount of blood drawn is
harmless. The risks of taking blood samples include discomfort or pain at the site, bleeding and
infections. To minimize these risks, well-trained health personnel will draw all blood samples and
only disposable syringes, gloves and single-use equipment will be used. You may experience some
discomfort at the site and also some bleeding or bruising but these will disappear after a few

minutes. In the event of severe bleeding, the necessary emergency management will be offered.

Withdrawal from study: Please be informed that, taking part in the study is entirely voluntary
and your refusal to be part of this study is your right. Also, you have a right to withdraw from this
study at any given time without having to give reasons despite your initial consent. Any such

decision will be respected and will not alter the care you receive from the hospital.

Confidentiality: Information collected during this study would be treated as strictly confidential
and protected from all persons not associated with the study. Also, your name will not be identified
with any reports or publications. If you ever have any questions about the research study or seek

further clarification later on, you may contact me, Dr Sally Afua Bampoh on 0206301486.

Ethical review: This research has been reviewed and approved by the Ethics Review Committee
of the Ghana Health Service. This committee is a group of scientists and lay people who look at
research to be undertaken to ensure that the research is safe and that, no deliberate harm comes to

individuals who partakes in it. For questions about the ethical aspects of this study or your rights
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as a volunteer, you may contact the administrator of the Ethics Review Committee of the Ghana
Health Service during working hours via email on ghserc@gmail.com or on +233507041223.
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Volunteer Agreement

The above document describing the benefits, risks and procedures for the research titled
"Nonalcoholic fatty liver disease in type 2 diabetes mellitus patients attending the diabetes clinic
at the Greater Accra Regional Hospital" has been read and explained to me. | have been given an
opportunity to ask any question about the research and these questions answered to my satisfaction.
| agree to participate as a volunteer.

Name of participant Signature / Thumbprint Date

If volunteers cannot read the form themselves, a witness must sign here:

| was present while the benefits, risks and procedures were read to the volunteer. All questions

were answered and the volunteer has agreed to take part in the research.

Name of witness Signature / Thumbprint Date

| certify that the nature and purpose, the potential benefits, and possible risks associated with

participating in this research have been explained to the above individual.

Name of person who obtained consent Signature Date

A copy of the signed informed consent form must be given to the subject / patient.
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APPENDIX IV

Questionnaire

Date of Interview: .....cccoeeeeeveeeeeennns

You will be asked some questions about yourself and also medical information about yourself and

your family. I assure you that any information you give will be treated as confidential.

Thank you for your cooperation.

(i) Identifier Information

Patient's ID number: ................

Patient's Initials:

Residential AdOrESS: .. ..o e

Environment (residence):

(i) Demography

Sex:

Age (years): .......

Ethnicity:

Religion:

Marital status:

Education level:

Urbano

Maleo

18 - 30o

51 - 600
Akanno
Hausao
Noneo
Traditionalisto
Singlen
Divorcedo
Noneo

Tertiaryo

137

31 - 400

61 - 700

Gao

Folder number: ........
Contact No: .............

Ruralo

Femaleno
41 - 500

> 700

Eweno

OtherD. .o oo

Christianc

OtheT T e

Marriedo

Primaryo

Cohabitingo
Widowedo
Secondaryo

Postgraduaten



Employment Status: ~ Unemployedo Part-timeo

Fully employedo Retiredo
(@ 1oolB] o -1 1 [o] o L PP
Occupation Category: Noner Major group 0o Major group 10
Major group 20 Major group 3o Major group 40
Major group S0 Major group 60 Major group 70
Major group 80 Major group 90
(iii)Current Symptoms of NAFLD: Asymptomatic o Symptomatico
If Symptomatic;
Fever: Yeso Noo
Malaise: Yeso Noo
Fatigue: Yeso Noo
Weight loss: Yeso Noo
Nausea: Yeso Noo
Vomiting: Yeso Noo
Haematemesis: Yeso Noo
Melaena Stools: Yeso Noo
Jaundice: Yeso Noo
Right Upper Quadrant pain: Yeso Noo
Abdominal distension: Yeso Noro
Pedal swelling: Yeso Noo
OTNEIS T ettt ettt ettt e ene s
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(iv)Medical History

T2DM Duration: .... (yrs) <lo 1-5o 6- 100
11- 150 16 - 200 > 200
Compliance: Noo Yes (diet only) o
Yes (medication only) o Yes (both)o
Personal History: Hypertensiono Dyslipidaemian ObesityD
Family History: T2DMo Hypertensiono Dyslipidaemiao
Obesityo NAFLDo Liver Diseasen

(i) Drug History

L B, e
2 s [T TR PR OPPT PR
B s B
Ao s T PP
D 10,

(ii) Exercise History

How many days do you exercise in a week?
Nevero 1 day / weekno
2-3 days / weekno >3 days / weekno
If exercising;

What exercises do you do?
Walkingo Joggingo Skippingo
AerobicsO OtherO.......cooviiiiiiii

What is the duration of each session?

< 30minsO 30mins — 1 houro >1 houro
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(iii)Social History

Alcohol: Yeso Noro
If yes;
Duration (years): <lo 1-50 5-100 > 100
Type of alcohol: Beer (1.31U/330ml) o Wine (11U / glass) o
Spirits (1 U / pub) o Other: ..... (..IU/...) o
Quantity (1U per week): <7o >7- 140 >14-21o
Smoking: Nevero Current smokero Ex-smokerD

If current smoker;

Number of pack per years: < 5o 5-100 >10o
Substance smoked? Tobaccono Marijuanac Othera.........
If ex-smoker;
How many years after quitting? <l1o 1-50 5- 100 >100
Herbal medication: Yeso Noo
If yes,
Duration (years): ... <lo 1-50 5- 100 >100

(iv)Examination Findings

Anthropometry:
Weight (Kg): Ist ... 2nd.............. Average................
Height (m): Ist...oo.ne. 2nd................ Average................
BMI (kg/m?): .......... Underweighto Normalo Overweighto
Class Io Class 1o Class IlIo
Waist Circumference (cm): 1st......... 2nd......cceeee. Average.........c......
(M: <94cm; F: <80cm): Normalo Increasedo
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Hip Circumference (cm): 1st........ 2nd.....ccoooenne. Average..........ceu..

Waist-Hip ratio: .... (M: <0.90, F: <0.85) Normalo Increasedo

BP (mmHg): (] U 2nd......ccoovene. Average........c.ceue.

BP Class: Optimalo Normalo High Normalo
Grade Io Grade IIo Grade I11o

Isolated Systolic Hypertensiono
General Examination: Normalo Abnormalo

If Abnormal, specify;

Fever: Yeso NoO
Pallor: Yeso Noo
Jaundice: Yeso Noo
Lymph nodes: Yeso Noo
Spider Naevi: Yeso Noo
Clubbing: Yeso Noo
Palmar Erythema: Yeso Noo
Pedal Oedema: Yeso Noo
Arcus cornealis: Yeso Noo
Acanthosis nigricans: Yeso Noo
Xanthoma: Yeso Noo
Abdominal Exam: Normalo Abnormalo
Inspection: Distendedo Dilated veinso
Liver Span (10-14cm): ....  Shrunkeno Normalo Enlargeo
Spleen enlarged? Yeso Noo
Abdominal mass? Yeso Noo
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If VS, SPECHTY. ..t

Ascites: Noneno Mildo Moderaten

Massiver

OB S, e

(v) Laboratory tests:
FBC:

Hb (M: 13 - 18g/dL; F: 11 - 16 g/dL): Normalo

Mod-Severe Anaemiac

WBC (3.50 - 9.50 x 10%/L): ............. Lowno
Neutrophils (1.80 - 6.30 x 10%L): ....  Lowno
Lymphocyte (1.10 - 3.20 x 10%L): ... Lowo

Platelets (150 - 400 x 10%/L): ............ Lown

FBS (4.0 - 6.0mmol/L): .......... Controlledo
HbAlc (<7.0%0): ............... Controlledo
INR: .o <1.2o
LFT:

Total Bilirubin (3 - 22umol/L): ............. Normalo

Direct Bilirubin (0.0 - 5.0umol/L): ...... Normalo

Indirect Bilirubin (3 - 17umol/L): ......... Normalo

AST (15-46 U/L): oo Normalo

ALT (13-69U/): oo Normalo

ALP (38-126 U/L): .o, Normalo

GGT (12-58U/L): e, Normalo

Total Protein (63-82¢g/L): ..................... Decreasedn

Albumin (35-50¢g/L): ...covviiininn Decreasedn
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Normalo

Normalo

Normalo

Normalo

Normalo

Normalo

Mild Anaemiano

Polycythaemiao

Increasedo

Increasedo

Increasedo

Increasedo

Uncontrolledo

Uncontrolledo

>1.20

Elevatedo

Elevatedo

Elevatedo

Elevatedo

Elevatedo

Elevatedo

Elevatedo

Elevatedo

Elevatedo



Lipids:

Total Cholesterol (3.30 - 6.20 mmol/L): ... Normalo

Triglycerides (0.40 - 2.25 mmol/L): ......... Normalo

HDL (> 1.03mmol/L): ........................... Normalo

VLDL (0.00 - 259 mmol/L): ................. Normalo

LDL (0.00 - 3.90 mmol/L): ................... Normalo

(vi)Scores:
NLR: ..., <2.0o0
APRI Score: ... <0.50 >0.5-1.50
FIB-4 Score: ..........cooennie. <1.30o 1.30-2.670
AST / ALT Ratio: ............. <0.50 >0.5-1.0o
NAFLD Fibrosis Score: ...... <-1.4550 -1.455-0.6760
BARD Score: .................l. 0-1o
(vii)  Ultrasonography:

Liver:

Size (10cm - 15cm): ............. Shrunkeno Normalo

Impaired hepato-renal contrast: Noneo Minimalo Moderaten

Impaired diaphragm visualization: Noo Slighto

Blurred hepatic vessels: Noo Slighto

Visible edges: Noo

Focal Lesion: Noo

If yes, Number? Singleo 2-50
<3cmo 3 - 5cmo
Spleen (£ 12cm): ............... Not Enlargedo
Ascites: Noneno Mildo Moderateo
Subcutaneous thickening: ...... <20mmo
> 25 - 30mmo
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Elevatedo
Elevatedo
Reducedo
Elevatedo

Elevatedo

<2.00
>1.50
>2.670
> 1.0o
>0.6760
2 -40

Enlargedo
Markedo
Markedo
Markedo
Yeso
Yeso

> 50

> SemO
Enlargedo
Massiver
> 20 - 25mmo

>300



APPENDIX V

FULL BLOOD COUNT
Reduced Normal Elevated
Hb (g/dL) Moderate-Severe Mild
<8.0 M=>8.0-13.0 | M=13.0-180 >18.0
F=>8.0-11.0 | F=11.0-16.0 >16.0
WBC (x10°/L) <3.50 3.50 - 9.50 >9.50
Neutrophils (x10%/L) <1.80 1.80 - 6.30 >6.30
Lymphocytes (x10°/L) <1.10 1.10-3.20 >3.20
Platelets (x10°/L) <150 150 - 400 >400
BIOCHEMISTRY
Liver Function Test:
Low Normal Elevated
Total Bilirubin (umol/L) <3.0 3.0-22.0 >22.0
Direct Bilirubin (umol/L) - 0.0-5.0 >5.0
Indirect Bilirubin (umol/L) <3.0 3.0-17.0 >17.0
AST (U/L) <15.0 15.0 - 46.0 >46.0
ALT (U/L) <13.0 13.0-69.0 >69.0
ALP (U/L) <38.0 38.0 - 126.0 >126.0
GGT (U/L) <12.0 12.0 - 58.0 >58.0
Total Protein (g/L) <63.0 63.0 - 82.0 >82.0
Albumin (g/L) <35.0 35.0 - 50.0 >50.0
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Lipids:

Total Cholesterol (mmol/L) <3.30 3.30-6.20 >6.20
Triglycerides (mmol/L) <0.40 0.40-2.25 >2.25
HDL (mmol/L) <1.03 >1.03 -
VLDL (mmol/L) - 0.00 - 2.59 >2.59
LDL (mmol/L) - 0.00 - 3.90 >3.90
Controlled Uncontrolled
FBS (mmol/L) <6.1 >6.1
HbALc (%) <7.0 >7.0
INR <1.2 >1.2
SCORING SYSTEMS
Insignificant | Indeterminate Significant
AAR <0.5 >0.5-1.0 >1.0
APRI score <0.5 >0.5-15 >1.5
BARD score 0-1 2-4
FIB-4 score <1.30 1.30 - 2.67 >2.67
NAFLD fibrosis score <-1.455 -1.455 - 0.676 > 0.676
NLR <2.0 >2.0
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