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Abstract 

Background: Chronic liver disease (CLD) is one of the leading 

causes of morbidity and mortality, accounting for more than two million 

deaths annually worldwide. In recent years, Non-alcoholic Fatty Liver 

Disease (NAFLD) has been a fast-emerging cause of CLD, which can 

progress to advanced conditions such as liver cirrhosis, hepatocellular 

carcinoma (HCC), and liver failure. While the condition of simple 

steatosis in NAFLD patients is usually benign, the risk of progression to 

advanced CLD underscores the importance of early detection, as late 

diagnosis frequently leads to poor patient outcomes. As a result, 

considerable effort is now being made to find non-invasive methods for 

the early detection of CLD. 

This study assesses the feasibility of using non-invasive 

biomarkers to predict the progression to advanced CLD. In order to 

achieve this, it begins by assessing the prevalence of NAFLD in the 

United Kingdom (UK) and the Kingdom of Saudi Arabia (KSA), and then 

determines the availability of non-invasive biomarkers among UK 

primary care patients.  

Methodology: Systematic review and meta-analysis were used 

to assess NAFLD prevalence among the general population in the UK 

and KSA. Then, three retrospective cohort studies were conducted using 

Clinical Practice Research Datalink (CPRD) data from 1 Jan 1990 ï 31 

Dec 2016. The first study determined the proportion of patients over 40 

with data within their records to calculate normal or abnormal liver 
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fibrosis biomarkers. The second and third studies utilised CPRD data, 

comprising all cases eligible for linkage to the National Cancer 

Registration and Analysis Service (NCRAS) cancer registry database, 

ONS death registration, and Hospital Episode Statistics (HES) data to 

identify patients who have been diagnosed with advanced CLD and 

determine whether the AST/ALT ratio, APRI score, and FIB-4 index 

could be used to predict subsequent advanced CLD in those for whom 

they were assessed.  

Findings: The systematic review studies showed an estimated 

pooled prevalence of NAFLD among disease-unrestricted populations to 

be 16.8% and 23.8% for KSA and the UK, respectively. There is good 

evidence that adults with type 2 diabetes mellitus (T2DM) have a higher 

prevalence of NAFLD in both countries. The CPRD findings showed that 

the most frequent calculable biomarker was the APRI score, followed by 

the AST/ALT, and the least calculable biomarker was the FIB-4. 

However, despite being the most calculable biomarker, the prevalence 

of abnormal APRI was lower than that of the other biomarkers. 

 The findings also demonstrated that the AST/ALT ratio, APRI 

score, and FIB-4 index allow for the appropriate identification of patients 

at a higher risk of developing advanced CLD or the outcomes of liver 

transplantation and, possibly, death. Notably, based on conventional 

cutoffs, abnormal APRI scores showed a stronger association with the 

development of the outcomes than the abnormal AST/ALT ratio and Fib4 

index. 
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Conclusion: This thesis revealed a high prevalence of NAFLD 

among the general population in the UK and KSA. The studies in this 

thesis have clearly shown that abnormal biomarkers allow for the 

appropriate identification of patients at a higher risk of developing 

advanced CLD. The use of routinely collected data to measure the 

availability of these biomarkers reveals the potential and practicality of a 

large dataset for future biomarker studies. 
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Chapter 1 Background and thesis rationale 
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1.1 Introduction 

Advanced liver diseases encompass a broad range of disorders that 

cause significant damage to the organ, including cirrhosis and liver 

failure (1). These diseases result from chronic inflammation, injury or 

scarring of the liver, which can be caused by factors such as Alcohol-

related liver disease (ARLD), viral hepatitis, and, most commonly, Non-

Alcoholic Fatty Liver Disease (NAFLD) (2-4). 

Chronic liver disease (CLD) has become a significant global health 

issue that results in high mortality rates (5, 6); however, CLD often 

remains undiagnosed until it has reached an advanced stage (7). This 

has led to calls for healthcare providers to develop effective strategies 

for early detection and management of CLD, with a particular focus on 

those diseases linked to lifestyle issues (8), such as NAFLD, ARLD, and 

viral hepatitis (7).  

The substantial healthcare burden associated with CLD emphasizes 

the urgent need for effective treatment and management strategies (9, 

10), and current evidence demonstrates the significance of recognising 

high-risk patients in general practice (11). The World Health 

Organization (WHO) and several scientific organisations have 

advocated non-invasive biomarkers as a potential way to identify liver 

fibrosis as an alternative to liver biopsies; however, they have called for 

further research to test their efficacy and reliability (12). In response, this 

thesis uses routinely collected data to explore the potential of non-

invasive biomarkers to predict advanced CLD among the general 

practice population in the UK.  
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1.2 What is chronic liver disease (CLD) and how does it 

develop?  

CLD is a progressive deterioration of liver functions (2). The liver 

has numerous essential functions, including the production of 

coagulation factors and other proteins, the excretion of bile, and the 

detoxification of harmful products of metabolism (2). Chronic 

inflammation, destruction, and regeneration of liver parenchyma can 

lead to these functions being compromised. As shown in Figure 1-1, CLD 

can progress from early stages, such as fatty liver, to more advanced 

stages, such as fibrosis, cirrhosis, and HCC (13, 14). 

 

Figure 1-1: General overview of the course of CLD, Adapted from reference (15). 

Liver fibrosis is a common feature of CLD. It is characterised by 

the accretion of extracellular matrix (ECM) proteins in the liver, including 

but not limited to collagens, especially collagen I and III, which can be 

induced due to various types of chronic liver injuries (16-18). Several 

events occur in the process of liver fibrogenesis, such as the activation 

of hepatic stellate cells (HSCs), bone marrow-derived cells and 

myofibroblasts (19).  

The formation of a fibrous scar commonly deforms the typical 

architecture of the liver due to ECM protein accumulation. This 

deformation impairs hepatocellular function and enhances the 

intrahepatic opposition to blood flow, causing hepatic insufficiency and 
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portal hypertension, respectively and may cause liver failure and death 

(2). 

Cirrhosis is the final stage of CLD and is defined as the 

irreversible deformation of liver architecture by fibrosis, scarring, and 

aberrant nodules (20). The formation of fibrous scar tissue can cause 

the liver to become hard and lumpy, and the liver tissue may be replaced 

by scar tissue and nodules (20). 

Liver cirrhosis can cause portal hypertension since disruption of 

the normal liver architecture impairs blood flow through the liver creating 

a back pressure in the portal vein. This can lead to complications such 

as oesophageal varices and ascites (21). As cirrhosis progresses, the 

liver's ability to function normally is significantly impaired due to the 

diminishing number of functioning hepatocytes, which substantially 

increases the risk of liver failure (21).  

1.3 Epidemiology and public health impact of CLD 

In 2017, there were 1.5 billion cases of CLD worldwide (22). The 

epidemiology of CLD varies widely between and even within countries 

and is subject to various factors, such as lifestyle behaviours, 

socioeconomic conditions, cultural influences, and historical events 

promoting each aetiology (23). Individuals of advanced age are more 

likely to have CLD than younger individuals (24). This is partially caused 

by ageing naturally, which can have an impact on the liver's capacity to 

maintain homeostasis and the accumulation of risk factors over time, 

including chronic alcohol use and viral hepatitis. There is an especially 
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notable increase in the prevalence of NAFLD in older age groups, 

particularly in type 2 diabetics (T2DM) (24). 

Public health approaches require comprehensive efforts to tackle 

this problem. Promoting healthy lifestyles, reducing risk factors, and 

providing access to early detection and effective treatment options are 

essential to prevent the development of CLD and its severe 

complications (2, 25).  

According to estimates from the WHO, cirrhosis and liver cancer 

are the eleventh and sixteenth leading causes of death, accounting for 

1.16 million and 788,000 deaths annually, respectively (25, 26). 

1.4 Aetiology of CLD 

Globally, the most prevalent underlying cause for CLD is NAFLD 

(60%), followed by Hepatitis B viral infection (HBV) (29%), Hepatitis C 

viral infection (HCV) (9%), and ARLD (2%) (27). However, the relative 

prevalence of these causes exhibits country-specific disparities, with 

certain regions witnessing higher rates of ARLD and viral hepatitis, while 

others confront a surge in NAFLD cases attributable to the escalating 

prevalence of obesity and metabolic syndrome (28). 

Global variations in CLD incidence and prevalence stem from 

diverse factors, encompassing discrepancies in genetics, environmental 

risk factors, lifestyle choices, healthcare accessibility, and 

socioeconomic status. The prevalence of HBV and HCV further 

fluctuates across different regions worldwide due to variations in risk 
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factor prevalence, such as injection drug use, unsafe medical 

procedures, and mother-to-child transmission (29, 30).  

Other Less common causes of CLD include (2): 

¶ Genetic causes such as Alpha-1 antitrypsin deficiency, Hereditary 

hemochromatosis and Wilson disease. 

¶ Autoimmune causes such as Primary biliary cirrhosis (PBC), Primary 

Sclerosing Cholangitis (PSC), and Autoimmune hepatitis (AIH).  

¶ Drugs: methotrexate, isoniazid, Amiodarone, nitrofurantoin, 

phenytoin, and others. 

1.5 Liver diseases in the UK and KSA 

In the UK, liver diseases are the 3rd most common cause of early 

death (8). The prevalence of liver fibrosis in the UK is difficult to 

determine as it often goes undiagnosed until it progresses to a more 

serious condition such as decompensated cirrhosis (31). However, an 

estimated one in five individuals in the UK has early-stage liver fibrosis 

(7, 32). This is often associated with risk factors such as obesity, T2DM, 

and excessive alcohol consumption. The recorded premature deaths 

due to liver diseases in the UK between 2015 and 2017 were 26,265 

cases, with a rate of 18.5/100,000 population younger than 75 years old 

(33). Moreover, liver cirrhosis remains a significant risk factor for HCC, 

which ranks eighth in the list of leading causes of cancer deaths in the 

UK (34).  

In the context of the UK, the future curve of NAFLD is of particular 

concern. The comprehensive study by Estes et al (35), which modelled 
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the NAFLD disease burden across various countries including the UK, 

provides critical insights into the expected trends and challenges for the 

upcoming years. The study indicates a significant and growing burden 

of NAFLD, with projections showing more substantial increase in 

advanced cases of the disease. This trend is particularly concerning in 

the context of the UK, where the already high levels of obesity and T2DM 

are key drivers of NAFLD prevalence. Despite any potential levelling off 

of obesity rates, the prevalence of NAFLD is expected to continue rising, 

largely due to the lag in the impact of obesity and T2DM on liver health. 

As NAFLD has emerged as the predominant cause of CLD in 

developed nations, such as the UK, it is anticipated that rapidly 

developing countries, such as KSA, will experience a similar trend in the 

upcoming years (5, 36). Consequently, understanding and addressing 

NAFLD is crucial for the effective management of liver disease globally. 

This study focuses specifically on NAFLD within the broader spectrum 

of CLD to provide targeted insights and interventions that are directly 

relevant to current and emerging public health challenges. 

The Kingdom of Saudi Arabia (KSA) is a rapidly developing 

country in the Middle East, with strong economic growth, and the 

accompanying changes in the prevalence of obesity and T2DM (37). 

Liver disease is now a significant health concern and HBV, HCV, 

NAFLD, and ARLD are recognised as significant contributors to CLD, 

resulting in varying prevalence rates (38, 39). In KSA context, NAFLD is 

becoming the leading cause of liver transplants, overtaking hepatitis-

induced liver disease (40). Studies indicate that 22.5% of patients with 
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CLD have NAFLD (41). In 2017, KSA reported an incidence and 

mortality rate of 10.5 and 1.2 per 100,000 people, respectively, from 

cirrhosis caused by non-alcoholic steatohepatitis (NASH) (42). 

Additionally, there was a 25% increase in cirrhosis deaths between 2007 

and 2017, with cirrhosis ranked 10th as a cause of premature death (43).  

1.6 Non-alcoholic Fatty Liver Disease (NAFLD) 

1.6.1 NAFLD definitions and staging 

NAFLD encompasses a spectrum of liver conditions 

characterized by excessive hepatic fat build-up not attributed to alcohol 

consumption or other recognized primary or secondary causes of liver 

disease (44). This complex disease progresses through several stages, 

each with its distinct features. The initial stage of NAFLD is simple fatty 

liver, also known as Steatosis or Non-Alcoholic Fatty Liver (NAFL). It is 

defined by the presence of fat globules in more than 5% of hepatocytes 

without detectable inflammation (45). As the disease progresses to 

NASH, it is characterized by over 5% hepatic steatosis and inflammation, 

with hepatocyte ballooning, with or without fibrosis, causing liver swelling 

and tenderness (45).  

The third stage, fibrosis, involves inflammation and scar tissue 

formation as the liver attempts to repair damage (46). The severity of 

fibrosis is crucial for prognosis, with various histopathological scoring 

systems used to measure its progression (47). Detailed scoring systems 

are discussed in section 1.8.1. The fourth stage, cirrhosis, is severe liver 

scarring leading to loss of liver function, taking decades to develop. 
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Cirrhosis takes a long time to develop and may even take decades; thus, 

therapies can be initiated early before this happens (46). Cirrhosis can 

lead to liver failure, cancer, and other complications (44, 48, 49). Figure 

1-2 shows the progression of NAFLD into advanced liver disease and 

HCC. Additionally, the figure also includes factors that have the potential 

to influence the histological progression of NASH. 
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Figure 1-2: Progression of NAFLD to NASH with or without fibrosis, cirrhosis, and HCC, adapted from reference (50).
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1.6.2 Global epidemiology 

In the past two decades, the prevalence of NAFLD has surpassed 

other causes of liver diseases, emerging as the most prevalent liver 

condition globally (51). However, the reliability of the reported 

prevalence of NAFLD can vary depending on the population under 

investigation and the diagnostic criteria utilized (51). A key study in 

assessing the growing worldwide problem of NAFLD is the systematic 

review and meta-analysis by Younossi et al. (52). This three-decade 

analysis carefully aggregates data from 1990 to 2019 to provide a broad 

picture of the epidemiological landscape of NAFLD. The authors report 

a global prevalence of NAFLD of about 30% based on 92 studies with a 

total sample size of more than 9 million people. 

The results of Younossi et al. show notable regional differences 

in the prevalence of NAFLD, which is consistent with the larger body of 

literature. The regions with the highest reported prevalence were the 

Middle East and North Africa (MENA) regions at 42.6%, Latin America 

at 34.5%, and Asia at 30.9%. Notably, the analysis revealed a significant 

increase in prevalence rates over time, with rates rising from 24.4% 

during 1991-2006 to 38.0% during 2016-2020. 

Therefore, while global prevalence data offer insights, caution 

should be exercised when extrapolating these findings to specific 

regions or populations without considering potential limitations and 

variations in diagnostic practices and coding. 
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Moreover, the prevalence and course of NAFLD are significantly 

influenced by ethnicity, indicating that genetic predispositions and 

distinct cultural and lifestyle factors have a major impact on disease 

development (53). A study by Al-Hazzaa et al. (54) underscores the 

importance of considering cultural, social, and environmental 

backgrounds when examining health behaviours. for example, the study 

found a significantly higher prevalence of overweight/obesity among 

Saudi adolescents (38.3%) compared to their British counterparts 

(24.1%). This difference could be attributed to varying lifestyle habits and 

dietary patterns influenced by cultural and environmental factors in each 

country. 

So, addressing research gaps, creating focused prevention and 

treatment plans, and directing healthcare policy all depend on an 

understanding of these localised dynamics. As a result, the subsequent 

chapters employed a systematic review approach to explore the 

prevalence of NAFLD in the UK and KSA populations, ultimately 

contributing to the overarching goal of predicting advanced liver 

diseases.  

1.6.3 Risk factors  

NAFLD is recognized as the hepatic manifestation of metabolic 

syndrome, characterized by interrelated metabolic abnormalities 

including obesity, dyslipidaemia, T2DM, and insulin resistance (48, 55). 

These factors are key risk factors for NAFLD due to their strong 

association with its incidence and severity (56). 
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The risk factors frequently overlap and interact; obesity often 

coincides with insulin resistance and dyslipidaemia, which are central to 

metabolic syndrome. Similarly, T2DM is closely related to both insulin 

resistance and obesity, emphasizing the interconnection among these 

risk factors (56). Patients exhibiting these risk factors are at a higher risk 

of progressing to advanced CLD. Early identification and management 

of these risk factors can help healthcare providers prevent the 

progression of NAFLD to more severe complications (see 1.7.2). 

1.6.4 Diagnosis  

Diagnosing NAFLD involves a comprehensive approach that 

integrates various diagnostic procedures alongside medical history and 

physical examination findings. Patients with risk factors such as obesity, 

T2DM, high cholesterol, or elevated triglycerides are often prioritized for 

NAFLD evaluation. While LFTs are crucial for assessing liver health, 

they may not definitively confirm NAFLD, as the disease can progress 

without significant alterations in liver enzyme levels (57). Imaging 

modalities such as Ultrasonography (US), Computed tomography (CT), 

or Magnetic resonance imaging (MRI) are pivotal in detecting NAFLD. In 

certain cases, a liver biopsy may be necessary to accurately evaluate 

liver damage, particularly fibrosis. Furthermore, it's imperative to employ 

diagnostic criteria for the diagnosis of exclusion, ruling out other potential 

causes such as medication use or underlying conditions that may lead 

to secondary forms of the disease (58). This comprehensive diagnostic 

approach ensures a thorough assessment and accurate diagnosis of 

NAFLD, facilitating appropriate management strategies. 
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1.6.5 Clinical Presentation 

The asymptomatic nature of NAFLD in its early stages can make it 

challenging to identify the disease solely based on clinical symptoms or 

abnormal liver enzyme levels (59). The clinical manifestations of NAFLD 

may include pancreatic, hepatic, and cardiac endothelial cell dysfunction 

and illness (28). 

1.6.6 Management 

Drug therapy for NAFLD aims to address fat accumulation, 

associated damage, and fibrosis (60, 61). Several medications, including 

pentoxifylline, UDCA, omega-3 fatty acids, and metformin, are under 

consideration but have not yet received approval, as clinical trial results 

have been inconsistent (62, 63)  

Lifestyle interventions are crucial for managing NAFLD, focusing 

on dietary modifications, weight loss, and addressing metabolic risks 

(64). Effective dietary strategies involve achieving a negative calorie 

balance and substituting high-glycaemic index (GI) foods with low-GI, 

high-fiber options to improve insulin sensitivity and reduce T2DM and 

NAFLD risks (65, 66). Regular physical activity, essential for managing 

NAFLD and enhancing overall health, decreases the risk of metabolic 

syndrome, T2DM, and dyslipidaemia (67). 

1.6.7 Outcome/Prognosis  

NAFLD is associated with a higher overall mortality rate 

compared to age and sex-matched controls, primarily due to vascular 
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and liver-related causes (68, 69). It is a significant factor in the 

progression to cirrhosis and potentially HCC, and by 2030, NAFLD is 

expected to become the leading indication for liver transplantation (70). 

The prognosis for patients with NAFLD varies significantly based 

on the histological stage of the disease. Individuals with simple steatosis, 

characterized by excess fat in the liver without inflammation or fibrosis, 

face a relatively low risk of progressing to cirrhosis, estimated at 0% to 

4% over 20 years (71). This understanding is critical for risk stratification 

and guiding treatment decisions, allowing for the identification of patients 

at risk of disease progression and helping to tailor management 

strategies to prevent overdiagnosis and unnecessary treatment in those 

with less severe forms of the disease. 

However, the progression rates to cirrhosis in patients with NASH 

vary, underscoring the need for continued research to support clinical 

decision-making. Studies indicate that nearly 10% of individuals with 

NASH may develop decompensated liver disease over a 13-year period, 

and about 25% may progress to cirrhosis within nine years. Importantly, 

the presence and severity of fibrosis are major determinants of disease 

progression, with individuals without fibrosis facing significantly lower 

mortality risks than those with advanced fibrosis (50).  

1.7 Early detection of chronic liver disease 

1.7.1 Recommendations for early CLD detection 

To address the growing health concern of NAFLD, guidelines from 

organizations such as the National Institute for Health and Care 
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Excellence (NICE), the American Association for the Study of Liver 

Diseases (AASLD), the European Association for the Study of the Liver 

(EASL), the European Association for the Study of Diabetes (EASD), 

and the European Association for the Study of Obesity (EASO) 

recommend implementing both opportunistic and population screening 

programs. These programs aim to facilitate evaluation and promote 

patient lifestyle modifications (72-74). Furthermore, early detection and 

intervention in NAFLD can significantly improve histological and 

metabolic outcomes, enhance overall health, and reduce the burden of 

advanced liver disease (75). However, there is a crucial need for less 

invasive methods to screen for NAFLD, evaluate disease severity, and 

monitor its progression (76). 

In this thesis, the emphasis is placed on utilizing biomarkers to 

predict advanced CLD rather than solely focusing on NAFLD, for several 

reasons. Firstly, this approach is informed by significant data limitations 

encountered when utilizing electronic health records (EHRs) such as the 

Clinical Practice Research Datalink (CPRD) and Hospital Episode 

Statistics (HES). Specifically, the absence of specific diagnostic codes 

for NAFLD complicates the accurate identification and analysis of this 

patient subgroup. This coding limitations is coupled with the potential for 

misclassification between NAFLD and ARLD. In contrast, advanced CLD 

diagnoses are more consistently coded within these systems, enabling 

more reliable extraction and analysis of data related to liver disease 

progression. The challenges of accurately determining NAFLD 

prevalence in the general population using EHRs are well-documented 
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with studies such as Åström et al. (77), who note the lack of standardized 

diagnostic codes as a major barrier to identifying NAFLD cases 

accurately, which causes irregularities and errors in the identification and 

categorization of NAFLD cases. 

The challenge of defining and coding the progression from NAFLD 

to more advanced stages, such as cirrhosis, introduces further 

complexity. Without validation studies for these codes, the reliability of 

EHR-derived data is questionable, underscoring the need for a broader 

focus on CLD in this research.  

Furthermore, Interventions aimed at controlling or managing CLD 

could significantly mitigate the impact of NAFLD, which is projected to 

become the predominant cause of CLD in the future, both in KSA and 

the UK. 

In addition, the recent shift in terminology from NAFLD to Metabolic 

Dysfunction-Associated Steatotic Liver Disease (MASLD) reflects a 

broader understanding of the disease as being related to metabolic 

dysfunctions. By studying CLD, I inherently include this important 

subset, allowing my research to stay relevant with current medical 

understanding and terminology. The concept of MASLD has evolved 

significantly from the traditional understanding of NAFLD. MASLD is 

recognized for its association with metabolic dysfunctions, 

encompassing a wider range of systemic disorders. The change from 

NAFLD to MASLD was proposed by multinational liver associations to 

better reflect the metabolic complexities underlying the disease. This 
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redefinition emphasizes the role of systemic insulin resistance and 

related metabolic dysfunctions in the development of liver-related 

morbidities and extrahepatic complications, including cardiovascular 

disease (CVD) and certain types of cancers (78). 

1.7.2 Importance of early disease detection  

As liver disease prevalence is growing, healthcare providers in 

primary and secondary care must develop effective strategies to detect 

and manage CLD (51), focusing on addressing the disease's primary 

causes (see 1.4). Fortunately, preventative measures can be taken to 

reduce the incidence of these causes, and HCV is now curable (7). 

However, CLD is often diagnosed at an advanced stage (7). 

Three-quarters of individuals with cirrhosis are not diagnosed until they 

develop potentially life-threatening symptoms of advanced disease (8). 

In the early phases of cirrhosis, compensation occurs. At this stage, the 

majority of patients are asymptomatic, and cirrhosis is typically 

discovered during unrelated medical encounters (79). In patients with 

compensated cirrhosis, decompensation is typically defined as the onset 

of ascites, oesophageal variceal bleeding, hepatic encephalopathy, and, 

in some cases, an elevated bilirubin concentration (80, 81). Due to the 

nature of decompensation, these patients are quickly brought to medical 

attention; consequently, reports on the prevalence of decompensated 

cirrhosis are likely to be much more accurate than those of compensated 

cirrhosis (80).  
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Once decompensation occurs, mortality and morbidity due to 

cirrhosis increase dramatically, and depending on the source of 

decompensation, the 1-year case-fatality rate can reach up to 80% (20, 

82). Patients with compensated cirrhosis have a life expectancy 

comparable to healthy adults if cirrhosis remains compensated (20). 

However, identifying these patients is crucial, as they are at risk of 

developing decompensated cirrhosis if they are not managed 

appropriately (80). 

The prolonged natural history of the disease, characterised by 

progressive fibrosis leading to cirrhosis, in conjunction with well-

established risk factors such as alcohol abuse, obesity, and metabolic 

syndrome, provides good opportunities for earlier diagnosis (7). In fact, 

up to 90% of CLD cases, including those related to ARLD, NAFLD, and 

viral hepatitis, are preventable through early detection and intervention 

(7).  

When CLD is detected at an early stage, there is a better chance 

of implementing timely interventions and treatments such as weight loss 

programs, alcohol brief interventions, antiviral therapies, and screening 

for complications like varices and HCC before permanent damage 

occurs (83). This can prevent or slow down disease progression to more 

severe complications such as cirrhosis, liver failure, or HCC (83). 

However, identifying at-risk patients and prioritising their care can 

be challenging for healthcare providers already struggling to meet the 

needs of patients with established CLD (7). In order to offer optimal care 
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to patients with CLD, the Lancet Commission on Liver Disease in 2013 

made several recommendations. These included policy initiatives, such 

as strategies to address the obesity epidemic and minimum unit pricing 

for alcohol, and enhancing secondary care services by establishing liver 

centres in district general hospitals staffed by hepatologists (84). 

 Notably, more than seventy-five per cent of patients were not 

referred to liver services prior to their first hospitalisation for CLD 

decompensation (8). Therefore, a key recommendation was to 

strengthen early detection of liver disease, which would require 

collaboration between primary and secondary care providers. 

Patients with early diagnosis have a higher chance of maintaining 

a better quality of life, experiencing reduced symptoms, and incurring 

lower healthcare costs. On the other hand, late diagnosis often means 

that the disease has advanced significantly, leading to limited treatment 

options, poorer prognosis, increased risk of severe complications, 

reduced quality of life, and higher healthcare expenses. Therefore, early 

detection of CLD is crucial to maximise the potential benefits for patients 

and minimise the disease burden on individuals and healthcare systems 

(85).  

1.7.3 Strategies for early detection of CLD 

Early detection of CLD may be a key step in enhancing patient 

outcomes and effectively managing healthcare resources (72-74). There 

are various strategies for early detection, each with its own advantages 
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and challenges. The main methods include general population 

screening, opportunistic screening, and pragmatic case finding. 

General Population Screening: This approach involves 

systematically testing a large portion or the entire population for liver 

disease, regardless of individual risk factors or symptoms. Its primary 

advantage lies in the potential for early disease detection across a wide 

population. However, this method is resource-intensive and may lead to 

over-diagnosis, particularly in low-risk individuals. General population 

screening could result in the inefficient use of healthcare resources, 

especially in regions where CLD prevalence is relatively low (86). An 

example of this approach would be a nationwide health initiative where 

all adults above a certain age undergo liver function tests, regardless of 

their individual risk factors or symptoms. While comprehensive, this 

approach aims to identify and address liver diseases at an early stage 

across the entire population, not solely in those already exhibiting 

symptoms or known to be at high risk. 

Opportunistic Screening: This method refers to the practice of 

screening patients for CLD during routine healthcare visits, regardless 

of their reason for the visit. This approach takes advantage of the 

opportunity presented by the patient's presence in the healthcare setting 

to assess for CLD, even if the patient has not been pre-identified or 

specifically come in for liver disease screening. It offers a more targeted 

approach than general population screening but has limitations. It may 

overlook individuals who infrequently interact with the healthcare system 

or those who may be at risk but do not exhibit clear symptoms or risk 
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factors during their healthcare visits (87). An example of the 

opportunistic screening for CLD is when a patient goes for a regular 

health check-up or for unrelated medical issues, and the healthcare 

provider conducts liver function tests or checks for liver disease markers 

as part of the examination. This approach allows for the potential early 

detection of liver issues in patients who are not specifically there for liver 

disease screening and may not have obvious symptoms or known risk 

factors. 

Pragmatic Case Finding and risk stratification: This strategy 

focuses on identifying individuals with a higher risk of developing CLD 

based on specific risk factors such as alcohol consumption, obesity, 

metabolic syndrome, or family history (85). Pragmatic Case Finding is 

more targeted than both general population and opportunistic screening. 

It concentrates resources on individuals most likely to benefit from early 

detection and intervention, enhancing healthcare efficiency and 

effectiveness. This method aligns with limited healthcare resources and 

focuses on high-risk groups, making it an efficient approach to manage 

and prevent the progression of CLD.  

An example of the pragmatic case finding for CLD involves 

identifying and screening patients who are already known to have risk 

factors for liver disease. For instance, liver services like the Scarred Liver 

project in Nottingham have implemented strategies where individuals 

with documented risk factors in their medical records are specifically 

targeted for imaging techniques like fibroscan during their healthcare 

visits (88). In this approach, healthcare providers selectively test those 
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patients who have a higher likelihood of developing CLD based on their 

medical history, lifestyle factors, or family background, rather than 

screening every patient indiscriminately. This targeted approach aims to 

efficiently identify individuals at risk of CLD progression, allowing for 

timely interventions and management strategies. 

In line with this focus, this thesis applies the pragmatic case 

finding approach to a specific subset of individuals who have undergone 

AST testing, identified within the dataset. AST tests, often indicative of 

liver health issues (see 1.8.4.1.1), allow for the targeted examination of 

a group potentially more susceptible to CLD. The next section will focus 

on exploring the essential features of an ideal screening test for the early 

detection of advanced CLD. 

1.7.4 Characteristics of an ideal screening test for early 

advanced CLD detection. 

Clearly defining the different purposes of screening and 

diagnostic tests is essential. According to the 1998 UK National 

Screening Committee, screening tests are methodical applications of a 

test or inquiry intended to identify people who are at a high risk of 

developing a particular disorder to justify additional investigation or 

taking immediate preventive action. Usually, these people don't exhibit 

any symptoms of the illness. For instance, blood tests are not used for 

diagnosis in the context of cirrhosis; rather, they are used as screening 

tools to identify individuals at higher risk (89).  
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A diagnostic test is a crucial part of the first phase of clinical 

management which is employed to identify the illness or condition an 

individual may have, guided by their symptoms and signs. So, diagnostic 

tests are targeted and specific, used to confirm or rule out a condition in 

symptomatic individuals or in those who are screen positive, whereas 

screening tests serve a preventative purpose, applied broadly to 

asymptomatic populations (89). The primary goal of screening in this 

thesis is to risk stratify a population, identifying individuals who, despite 

not showing symptoms, may be at higher risk of developing advanced 

CLDs. 

These characteristics, which are critical for determining the 

effectiveness of a screening test for early advanced CLD detection, will 

be assessed for the various screening methods for the non-invasive 

biomarkers for advanced CLD.  

General Requirements: Cost-Effectiveness: The main factor to 

take into account is a screening test's economic viability. Economical 

solutions guarantee the effective distribution of healthcare resources, 

enabling a wider population to have access to CLD screening (90). 

Acceptability: The screening test needs to be socially and 

culturally acceptable to the target population in order to be widely 

adopted. Convenience and comfort factors are important in encouraging 

test acceptability (91). 



 

25 
 

Availability: The successful implementation of CLD screening 

programmes depends on having easy access to testing facilities and 

resources (92). 

Safety: This is still the top priority. In order to promote trust and 

engagement, the screening test should reduce any potential risks to 

participants' physical and mental health (93). 

Pragmatics: It is imperative that the test be easily integrated into 

standard medical procedures. The test should be simple for medical 

professionals to administer, guaranteeing widespread adoption (94). 

Performance characteristics: 

Sensitivity: Accurately identifying people with CLD or its risk 

factors requires a high level of sensitivity. By reducing the possibility of 

false negative results, it guarantees that individuals in need of assistance 

are correctly identified (95). For a risk stratification test, high sensitivity 

specifically means the test effectively identifies all individuals who are at 

a higher risk of developing advanced CLD. 

Specificity: A test with high specificity accurately identifies people 

without CLD or the risk of developing it. High specificity reduces the 

number of false positives, which in turn minimizes patient anxiety and 

avoids unnecessary follow-up testing (95). In the context of a risk 

stratification test, high specificity ensures the accurate identification of 

individuals who are not at risk of developing advanced CLD. 

Positive Predictive Value (PPV): A high PPV minimizes 

overdiagnosis and unnecessary interventions by ensuring that a positive 
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test result reliably indicates the presence of CLD (95). A test with a high 

PPV means that individuals identified as at risk truly have a significant 

likelihood of disease progression. 

Negative Predictive Value (NPV): A high NPV accurately rules out 

the presence of CLD and provides confidence in negative test results, 

which is essential for reassuring patients (95). For a risk stratification 

test, High NPV means that those identified as negative on the screen 

are highly unlikely to have Advanced CLD. 

Reliability: It is crucial that the test delivers accurate results over 

time. Desirable characteristics in repeated testing are low variability and 

high reliability (96). 

1.8 Methods for early detection of CLD 

1.8.1 Liver biopsy  

Liver biopsy is the conventional gold standard for assessing the 

necro-inflammatory grade and stages of liver fibrosis (97). The prognosis 

of liver fibrosis disease is mainly predicted by the precise staging of 

fibrosis in CLD (47). Three staging methods are most commonly used to 

categorise liver fibrosis: the Metavir score (F0: no detected fibrosis, F1: 

fibrosis with spread to portal zones, F2: affects the portal zones and 

slight bridging fibrosis, F3: affects the portal zones with marked bridging 

fibrosis, F4: development of cirrhosis), the Batt-Ludwig systems and the 

Ishak score, which is an adjustment of the Metavir score (98).  

Table 1-1 below provides a comparison and correspondence 

between METAVIR, Batts-Ludwig and Ishak scoring systems. The 
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diagram suggests a potential correlation between the pathological 

stages in the three systems. While the METAVIR and Batt-Ludwig 

systems classify cirrhosis as stage 4, the Ishak system identifies it as 

stages 5 and 6. 

Additionally, the Ishak staging system offers more extensive and 

detailed data on fibrosis than the METAVIR and Batt-Ludwig systems. 

One METAVIR fibrosis level or Batts-Ludwig stage comprises 

approximately two Ishak scores. Despite providing more information on 

fibrosis, the Ishak score's intricacy makes it less reproducible and 

impractical for clinical application. 

Table 1-1: Correspondence and comparison between Ishak, METAVIR and Batts-
Ludwig scoring systems, adapted from reference (99). 

 

 

However, liver biopsy is an invasive, hazardous, and painful 

procedure with numerous potential complications, including the risk of 

infection and bleeding (97). Sampling error, which occurs when a tissue 

sample does not accurately reflect the pathological condition, is a 
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concern in needle-based liver biopsies (76). Additionally, inter- and intra-

observer variability can reduce the precision of histopathologic 

evaluations of CLD, thereby affecting physicians' clinical decision-

making processes (100). 

As a result, more effort has been made to find non-invasive 

measures to discover fibrosis (101). These methods not only assess the 

severity of liver fibrosis, aiding in treatment decisions and monitoring the 

condition's progression over time (102), but they are also increasingly 

recognized for their role in prognostication (103). Together, these non-

invasive procedures offer safer and more convenient alternatives to liver 

biopsy (104, 105). 

1.8.2 Imaging modalities  

Imaging modalities play a crucial role in detecting liver cirrhosis 

and fibrosis, yet each method has limitations. US is commonly used to 

detect liver cirrhosis in patients with portal hypertension, with a sensitivity 

of 84% and specificity of 93% (106). However, its sensitivity for early 

fibrosis detection is lower due to the subtle changes in liver texture that 

are hard to identify with conventional ultrasound (107). 

CT scans can image the entire abdomen and identify small 

varices, which can improve the sensitivity of the modality (108). The use 

of ionizing radiation and intravenous contrast increases the procedure's 

cost and limits its practicality for early fibrosis detection (106, 107) . 

MRI is employed to identify advanced liver disease through clear 

morphological changes and signs of portal hypertension, such as spleen 
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enlargement (109). However, like US and CT, MRI is generally limited in 

detecting early liver fibrosis and is more costly, less available, and 

requires high technical expertise (107, 110). 

Transient Elastography (TE) measures liver stiffness to diagnose 

advanced liver disease. It is cost-effective, non-invasive, and provides 

quantitative measurements of liver stiffness. However, it sometimes fails 

to provide sufficient data for identifying significant fibrosis, and its 

findings require professional interpretation (46). 

Acoustic radiation force impulses (ARFI) offer precision 

comparable to TE in diagnosing severe fibrosis and cirrhosis. Shear 

wave velocity can be determined using conventional ultrasound with 

ARFI (109). However, ARFI is highly operator-dependent and has a 

restricted range of values, affecting optimal cut-off determination (111, 

112) 

Magnetic resonance elastography (MRE) uses a transducer to 

transmit mechanical waves into the liver while concurrently obtaining 

shear elasticity and viscosity maps to estimate fibrosis over a larger area 

(113). Despite MRE's high accuracy and reliability in diagnosing 

cirrhosis, its use is limited due to expensive equipment, the need for 

considerable expertise, and potential issues with patient repositioning 

affecting diagnostic yield (114). 

These limitations prompt us to reconsider the criteria outlined in 

section 1.7.4 for an ideal screening test for early CLD detection. Imaging 

modalities often lack sensitivity for early fibrosis detection, have high 
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costs, require significant technical expertise, and can be operator 

dependent. Consequently, serum biomarkers have emerged as a more 

promising alternative for screening CLD. These biomarkers offer 

potential advantages such as non-invasiveness, cost-effectiveness, and 

the ability to provide comprehensive information about liver function and 

fibrosis progression. With these advantages, serum biomarkers have 

gained momentum as a preferred choice for disease screening, 

surpassing the limitations associated with imaging modalities and 

offering a more practical and effective approach to identifying individuals 

at risk of CLD. 

1.8.3 Direct serum markers   

Several direct serum biomarkers have been investigated as 

potential tools for assessing liver fibrosis and cirrhosis. These 

biomarkers are categorized based on their association with fibrogenesis 

and fibrinolysis, matrix deposition and degradation, and related 

cytokines and chemokines (115). Notable direct serum biomarkers 

include hyaluronic acid (HA), procollagen III peptides (PIIINP), tissue 

inhibitor of metalloproteinases-1 (TIMP-1), and YKL-40. 

Although these direct serum markers have demonstrated promise 

as diagnostic instruments for liver fibrosis and cirrhosis, their 

performance characteristics may vary based on the disease's underlying 

aetiology. Certain biomarkers, such as HA and TIMP-1, may more 

effectively diagnose fibrosis in patients with viral hepatitis than those with 

NAFLD (115, 116). However, YKL-40 may be more useful in predicting 
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fibrosis progression in patients with NAFLD than those with viral hepatitis 

(115, 117). Research also suggests that certain biomarkers may be 

more specific to particular forms of liver damage. PIIINP, for example, 

has been demonstrated to be highly diagnostic for ARLD (116). These 

findings highlight the importance of considering the underlying aetiology 

of liver fibrosis when interpreting biomarker results. 

Direct serum biomarkers have shown promise as non-invasive 

diagnostic approaches for liver fibrosis, with studies investigating their 

utility in predicting the severity and progression of the disease. However, 

their performance characteristics and clinical utility can vary, 

necessitating further research to establish their optimal use in clinical 

practice. Moreover, their routine use in healthcare settings may be 

difficult due to limited availability, a situation often exacerbated by the 

high costs associated with their implementation. Additionally, not all 

patients may be suitable candidates for these biomarkers due to factors 

like comorbidities or specific clinical conditions, so their use for 

longitudinal follow-up or monitoring of disease progression can be 

difficult. As a result, indirect serum biomarkers have also been 

investigated for their potential use in assessing liver fibrosis. These 

biomarkers are typically associated with liver function and injury, and 

their potential to predict CLD is explored in detail in the following section.  

1.8.4 Indirect serum markers   

Indirect serum biomarkers are a valuable tool for the non-invasive 

diagnosis and monitoring of liver fibrosis. These markers offer several 
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advantages over direct serum markers, including widespread 

availability, the ability to provide information about liver function, and 

usefulness for disease monitoring (103).  

The AST/ALT ratio, AST to platelet ratio index (APRI) score, and 

The Fibrosis (FIB)-4 index are particularly favoured in clinical settings 

due to their simplicity and the minimal parameters required for their 

calculation. In contrast, other non-invasive biomarkers like the BARD 

score (118), Forns index (119), Fibro index (120), and NAFLD fibrosis 

score (121), necessitate more complex calculations and sometimes 

additional laboratory tests. This increased complexity can limit their 

practicality in routine clinical use, making them less convenient and more 

time-consuming compared to the straightforward nature of the AST/ALT 

ratio, APRI score, and Fib4 index.  

Furthermore, in countries with limited healthcare resources, the 

challenge of accurately staging liver fibrosis necessitates reliable, 

accessible, and cost-effective methods. Among the various strategies for 

fibrosis assessment, the APRI and the FIB-4 index have emerged as 

prominent non-invasive tools recommended by leading health 

authorities, including the WHO and the Asian Pacific Association for the 

Study of the Liver (APASL) (122-124).  

1.8.4.1 Liver function tests (LFTs)  

Before investigating non-invasive biomarkers for liver disease, it's 

essential to first understand LFTs and their significance. Understanding 
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LFTs is necessary because they provide the baseline values required 

for the accurate calculation and interpretation of these biomarkers (125).  

LFTs encompass a range of tests, including alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline 

phosphatase (ALP), gamma-glutamyl transferase (GGT), and others like 

5'nucleotidase, total and fractionated bilirubin, prothrombin time (PT), 

the international normalized ratio (INR), and various protein measures. 

These tests collectively offer insights into liver health, identifying 

potential areas of damage and assisting in developing a differential 

diagnosis based on specific patterns of enzyme elevation (126, 127). 

In primary care, LFTs are essential tools for diagnosing and 

monitoring liver conditions. Moreover, it's crucial to emphasize that liver 

enzyme levels can vary, regardless of the stage of liver disease. It's also 

worth mentioning that normal liver biochemistry doesn't necessarily 

exclude the presence of liver disease (128, 129) 

In the scope of this review, the focus will be narrowed down to 

specifically discuss AST and ALT. In addition to platelet count, these 

enzymes are critical components of LFTs and are instrumental in 

calculating the AST/ALT ratio, APRI score, and the Fib4 index. 

AST and ALT are primarily liver enzymes, but they are also 

present in red blood cells, heart cells, muscle tissues, and other organs 

including the pancreas and kidneys. Previously known as serum 

glutamic oxaloacetic transaminase (GOT) and serum glutamic pyruvic 

transaminase (GPT) respectively, AST and ALT are crucial in diagnosing 
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liver diseases. While they are not exclusive to liver disorders, their levels, 

especially when assessed with other enzymes, are instrumental in 

monitoring various liver conditions (130). 

Itôs important to recognize that elevated levels of AST and ALT 

are common, found in about 8% of the general population, and can often 

be transient, especially in individuals without symptoms. In fact, up to 

30% of these elevations may resolve spontaneously within three weeks, 

highlighting the importance of interpreting these test results with caution 

to avoid unnecessary interventions (131). 

1.8.4.1.1 Indications for requesting LFTs 

Opportunistic evaluation of liver function is not recommended for 

individuals without symptoms and no known risk factors (132, 133). As 

noted above, it's important to recognize that healthy people might 

occasionally show slightly abnormal LFT results. Conducting tests for 

non-specific, transient symptoms like short-term fatigue might lead to 

unnecessary anxiety or further medical actions if it results in false 

positive outcomes. So, LFTs, including AST and ALT, are most 

effectively used when requested based on specific clinical indications 

(134). Liver function testing is principally recommended in the following 

situations (132-134): 

Presence of risk factors for viral hepatitis. Includes HCV, such 

as injecting drug users and children of mothers with HCV, and HBV, 

including individuals engaging in high-risk sexual practices, especially 

men who have sex with men. Hepatitis A risk factors include recent travel 
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to countries with poor sanitation or a lack of safe water within the last 

two months. Other rarer causes of viral hepatitis include Epstein-Barr 

virus and travel-related viruses. 

Presence of risk factors for MASLD, previously known as 

NAFLD. Examples include obesity, T2DM, dyslipidaemia, and 

hypertension. 

Presence of risk factors for ARLD, notably excessive alcohol 

consumption. 

Presence of risk factors for immune-mediated liver diseases 

such as PBC, PSC, AIH, or other pre-existing autoimmune disorders or 

inflammatory bowel disease. Examples for the risk factors environmental 

triggers span viral infections (e.g., hepatitis, EpsteinȤBarr), low vitamin D 

levels, altered gut microbiota, exposure to sex hormones, and urinary 

tract infections (135). 

Monitoring the impact of medications that can influence liver 

function or are known to be hepatotoxic, for instance, methotrexate, 

sodium valproate. 

Additionally, conditions affecting other organs, especially 

muscles, can lead to increased aminotransferase levels. Thus, a 

thorough clinical evaluation, including history, physical examination, and 

appropriate laboratory testing, is essential to determine the cause of LFT 

abnormalities (136). 
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1.8.4.1.2 LFTs in the CPRD  

CPRD is a large, primary care database in the UK, collecting 

anonymized patient data from general practices for public health 

research and evidence-based policy making; full details of it are provided 

in Chapter 4. In CPRD, A study by Scutt et al (137), focused on the 

utilization of AST and ALT in general practice for liver disease 

management. The study found that while the use of various liver blood 

markers has increased over the last decade, their application varied 

significantly across different population subgroups. 

 A striking observation was the sharp decline in the use of AST, 

with its measurement falling to just 2% per annum among general 

practice users. This decline poses a significant challenge to the 

implementation of current diagnostic guidelines, which often incorporate 

AST as a critical component, such as in the FIB-4 index for liver fibrosis 

assessment (12, 70, 129). In addition, the study highlighted a notable 

gap in practice: in cases of NAFLD, only 11% of patients in the UK had 

the necessary tests to assess FIB-4 (138).  

According to Scutt et al study, the preference for ALT testing over 

AST might be attributed to a focus on efficiency, with ALT being deemed 

more liver specific. However, the study suggests that AST could be a 

more sensitive indicator of chronic liver injury, especially when used in 

conjunction with ALT. This finding raises questions about current testing 

practices and underscores the need for a more balanced approach that 

includes both AST and ALT measurements, particularly in the 

assessment of liver diseases (137). 
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1.8.4.2 AST/ALT ratio 

The AST/ALT ratio is a non-invasive blood test that measures the 

ratio of two liver enzymes, AST and ALT (139).  

A cut-off of 1 for the AST/ALT ratio is widely recognized as the 

conventional threshold in the diagnosis of liver diseases. This cut-off has 

been validated by numerous studies, which demonstrate its utility in 

distinguishing between various liver conditions, particularly in identifying 

the presence of cirrhosis among patients with CLD. The study by 

Williams and Hoofnagle (139), demonstrated that an AST/ALT ratio of 1 

or more is strongly suggestive of cirrhosis in patients with NAFLD. This 

finding has been pivotal in guiding clinical practice, emphasizing the 

importance of this ratio in the diagnostic process.  

The short-term and long-term prognostic utility of the AST/ALT 

ratio was assessed in a study by Giannini et al. (140), who showed a 

significant correlation between the ratio and The Model for End-Stage 

Liver Disease (MELD) scores in patients with viral liver cirrhosis. 

Specifically, an AST/ALT ratio cutoff of 1.17 demonstrated notable 

sensitivity and specificity in predicting mortality, suggesting that this 

ratio, alongside the MELD score, could be a valuable prognostic tool in 

this patient population. However, the study also highlighted that while 

the AST/ALT ratio and MELD score each provide prognostic insights 

independently, their combined assessment significantly improves 

prognostic accuracy. This finding indicates the importance of a 

multifaceted approach to prognosis, where the AST/ALT ratio is one of 

several tools used to evaluate outcomes in patients with viral liver 
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diseases. The study underscores the need for broader prognostic 

assessments, recognizing the AST/ALT ratio's value within a 

comprehensive evaluation framework to enhance predictive accuracy for 

patient outcomes.  

In addition, in their retrospective cohort study, Lai et al. (141) 

analysed data from 1754 patients with chronic HBV, aiming to evaluate 

the AST/ALT ratio's predictive capacity for cirrhosis development. 

Employing Cox proportional hazards analysis showed an association 

between elevated AST/ALT ratio levels and an increased risk of 

cirrhosis. Particularly, they reported that patients with higher AST/ALT 

ratio levels (more than 0.7) presented a 2.77 to 2.95-fold increased risk 

of developing cirrhosis compared to those with lower AST/ALT ratio 

levels.  

The study conducted by Giannini et al. (142), on the validity and 

clinical utility of the AST/ALT in assessing disease severity and 

prognosis in patients with HCV-related CLD has shown that the AST/ALT 

ratio is a valuable non-invasive tool for assessing the severity of CLD in 

patients with HCV. This comprehensive research retrospectively 

evaluated 252 patients to explore the correlation between the AST/ALT 

ratio and the degree of liver fibrosis, as well as its association with the 

Child-Pugh score in cirrhotic patients. The research demonstrated that a 

ratio of 1 or higher is significantly more prevalent in cirrhotic patients, 

establishing a strong statistical correlation with severe liver disease. The 

study also assessed the prognostic capability of the AST/ALT ratio in 

predicting mortality among cirrhotic patients followed up for at least one 
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year and demonstrated that it could identify cirrhotic patients who died 

within one year of follow-up, with an 81.3% sensitivity and 55.3% 

specificity. 

Furthermore, a study conducted by Wang et al. (143), explored 

the prognostic significance of the AST/ALT ratio in patients with HCC 

undergoing thermal ablation combined with trans arterial 

chemoembolization (TACE). Analysing data from 117 patients, the 

researchers aimed to establish the pre-treatment AST/ALT ratio as a 

predictive marker for overall survival. They determined an optimal cut-

off value for the AST/ALT ratio at 0.89, finding that patients with a ratio 

above this threshold had notably poorer survival outcomes. The 

AST/ALT ratio, alongside alpha-fetoprotein levels and tumour count, 

emerged as independent prognostic indicators for overall survival.  

The study by Amernia et al. (144), sheds light on the diagnostic 

accuracy of the AST/ALT ratio, alongside FIB-4 and APRI, in assessing 

hepatic fibrosis among patients with NAFLD or NASH, comparing their 

effectiveness against FibroScan results. This research critically 

evaluates the AST/ALT ratio's ability to distinguish between early and 

advanced stages of liver fibrosis, setting a cut-off at 0.94 for 

differentiating F1/F2 from F3/F4 fibrosis stages. Despite finding a 

significant correlation between FibroScan scores and the AST/ALT ratio, 

albeit weaker than with FIB-4 and APRI, the study concludes APRI as 

the most reliable substitute for FibroScan in detecting significant fibrosis. 

This conclusion is particularly insightful for clinical settings lacking 

advanced diagnostic tools like FibroScan, positioning the AST/ALT ratio, 
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FIB-4, and APRI as valuable, non-invasive markers in managing 

NAFLD. Moreover, the research underlines the necessity for further 

exploration into non-invasive diagnostic methods, offering a foundation 

for future studies aimed at refining the assessment and management of 

liver fibrosis.  

Angulo et al.'s (145),  study conducted on 144 patients with NASH 

aimed to identify independent predictors of severe hepatic fibrosis. Their 

analysis, through liver biopsies and clinical data, found that an AST/ALT 

ratio greater than one, along with factors like older age, obesity, and 

diabetes mellitus, were significant independent predictors of advanced 

liver fibrosis in NASH patients. This groundbreaking work emphasized 

the AST/ALT ratio's role in non-invasively assessing liver health, 

suggesting that it could be instrumental in identifying patients at higher 

risk of severe liver disease without resorting to invasive procedures like 

biopsies.  

Building on this, McPherson et al. (146), evaluated the utility of 

various non-invasive scoring systems, including the AST/ALT ratio, in 

diagnosing advanced fibrosis among 145 patients with biopsy-proven 

NAFLD. The study underscored AST/ALT ratio alone could effectively 

rule out advanced fibrosis in patients with NAFLD, offering a valuable 

tool for primary care settings. By reducing the reliance on liver biopsies, 

McPherson et al.'s work significantly contributes to the non-invasive 

management strategies for NAFLD, offering a practical approach to 

identifying patients who require more intensive evaluation or treatment. 
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Park et al. (147), focused on HCV infection, assessing whether 

the AST/ALT ratio could predict cirrhosis in this patient group. Through 

a retrospective analysis of 153 patients, they discovered that an 

AST/ALT ratio Ó 1 offered a 95.9% specificity and 73.7% PPV in 

distinguishing cirrhotic from non-cirrhotic patients, with a 46.7% 

sensitivity and 88.1% NPV. This ratio also correlated well with the degree 

of liver fibrosis, providing a non-invasive marker that could help 

distinguish between cirrhotic and non-cirrhotic patients within the chronic 

HCV population. Park et al.'s findings reinforce the AST/ALT ratio's utility 

across different liver diseases, suggesting it as a beneficial tool in the 

clinical evaluation of patients with chronic HCV, further broadening the 

scope of non-invasive liver disease assessment. 

1.8.4.3 AST to Platelet Ratio Index (APRI) score 

 APRI score is another widely used non-invasive biomarker for 

assessing liver fibrosis. It provides a rapid estimation for cirrhosis or 

severe fibrosis based on the ratio of AST level to platelet count in the 

blood. The study by Wai and colleagues aimed to develop a simple 

model using routine laboratory data to predict significant fibrosis and 

cirrhosis among patients with HCV. This endeavour led to the creation 

of APRI, which uses the opposing effects of liver fibrosis on AST levels 

and platelet counts to predict liver fibrosis and cirrhosis. The study's 

findings revealed that the APRI, utilizing optimized cut-off values, could 

accurately predict significant fibrosis in 51% of patients and cirrhosis in 

81% of patients, demonstrating a high degree of accuracy (148). 
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WHO recommends a cutoff of 1 for the APRI as a threshold for 

identifying patients at a higher risk of liver fibrosis and cirrhosis (149, 

150). A study by Zhu et al. (151), conducted to evaluate the diagnostic 

performance of various non-invasive methods for detecting liver fibrosis 

in patients with HBV infection. Involving a cohort of 178 Chinese HBV 

patients, the research aimed to compare the utility of FibroScan, APRI, 

and FIB-4 against liver biopsy. The findings revealed that APRI, with a 

cutoff value greater than 1, achieved an AUROC of 0.83. This indicates 

a strong capacity to differentiate between patients with and without 

cirrhosis, evidenced by a sensitivity of 75.9% and a specificity of 69.2%. 

APRI was also extensively validated in a meta-analysis of 18 

studies (152) for HCV patients, in which an APRI score greater than 2 

was shown to exhibit a high specificity of 94% for cirrhosis diagnosis, 

albeit with a modest sensitivity of 48%. When the APRI threshold was 

set above 0.5, it identified fibrosis with a sensitivity of 81% and specificity 

of 55%, achieving an AUROC of 0.77.  

In the context of NAFLD, a systematic review involving 242 

patients identified that an APRI threshold of 0.54 is indicative of liver 

fibrosis, with an AUROC of 0.75. This APRI cut-off demonstrated a 

sensitivity of 77.3% and a specificity of 70.9% for the diagnosis of liver 

fibrosis in NAFLD patients (153). 

Lin et al.'s (154) updated meta-analysis significantly enhances 

our knowledge of the APRI's diagnostic utility. Their comprehensive 

evaluation across various APRI cutoffs, such as 0.3, 0.5, 0.7, 1, 1.2, 1.5, 
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and 2, provides valuable insights into the test's performance in 

diagnosing liver conditions. At a lower threshold of 0.5, APRI shows a 

high sensitivity of 74% but a moderate specificity of 49%, indicating its 

strong ability to detect liver fibrosis. Conversely, a higher threshold of 1.5 

yields a much lower sensitivity of 37% but significantly increases 

specificity to 93%, reducing false positives but risking missing true 

cases. The crucial trade-off between sensitivity and specificity when 

utilising APRI for liver fibrosis staging is illustrated by this comparison. 

The PPV and NPV at these thresholds, for instance, differ significantly 

with a fibrosis prevalence of 46%: 55% PPV and 69% NPV at the 0.5 

cutoff, compared to 82% PPV and 63% NPV at the 1.5 cutoff.  

The study conducted by Oliveira et al. (155), aimed to evaluate 

the efficacy of the APRI and FIB-4 tests as non-invasive markers for 

staging fibrosis in patients with HCV. The research focused on a cohort 

of nonelected outpatients from a referral centre in São Paulo, Brazil, 

highlighting the practical application of these tests in a real-world clinical 

setting. The study encompassed 798 adult patients, analysing medical 

records retrospectively. The criteria for the APRI and FIB-4 calculations 

were based on original descriptions, comparing these markers against 

the degree of liver injury determined through liver biopsy. Key findings 

were the cutoff values for APRI and FIB-4 that are crucial in classifying 

patients into different fibrosis stages, essentially providing a non-

invasive means of assessing liver damage which traditionally requires a 

biopsy. For APRI, cutoff values of Ò0.5 suggested a lower probability of 

significant fibrosis, while values Ó1.5 indicated a higher likelihood. For 



 

44 
 

FIB-4, the cutoffs were Ò1.45 for lower and Ó3.25 for higher chances of 

advanced fibrosis or cirrhosis. The effectiveness of the APRI test for 

detecting liver cirrhosis varies, requiring careful adjustment of its 

thresholds to balance detecting true cases against avoiding false 

positives. Its performance differs across liver diseases, highlighting the 

need for tailored application and further research to improve its accuracy 

in diagnosing and predicting cirrhosis. 

1.8.4.4 Fibrosis (FIB)-4 index 

The Fib-4 is a non-invasive biomarker commonly used to assess 

liver fibrosis. It is a simple, rapid, and cost-effective test that provides 

immediate results (156). Fib4 is calculated using a simple formula that 

considers four clinical parameters: age, AST levels, ALT levels, and 

platelet count (157).  

The conventional cutoff for the FIB-4 indexes, commonly adopted 

in clinical practice for the assessment of liver fibrosis, is 1.3. This 

threshold is recognized for its utility in distinguishing patients with 

minimal or no fibrosis from those likely to have significant fibrosis. In the 

study conducted by Shah et al.(158), the objective was to assess the 

FIB-4 index's effectiveness as a non-invasive marker for evaluating 

fibrosis in NAFLD patients and compare its performance against six 

other non-invasive fibrosis markers. Utilizing data from a national 

database of 541 adults diagnosed with NAFLD, the study meticulously 

calculated the AUROCs for FIB-4 and the other markers, aiming to 

identify those with advanced fibrosis accurately. 
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The standout finding of this analysis was the FIB-4 index's 

AUROC, which was 0.8, surpassing that of the NAFLD fibrosis score and 

significantly outperforming other evaluated markers such as the 

AST/ALT ratio. This superiority indicates FIB-4's enhanced ability to 

discern patients with significant fibrosis, potentially mitigating the need 

for invasive liver biopsies. 

Specifically, the study illuminated FIB-4's practical thresholds for 

identifying advanced fibrosis, with a score above 2.7 showcasing an 80% 

PPV for advanced fibrosis, thereby highlighting individuals at greater 

risk. Conversely, a score below 1.3 was associated with a 90% NPV, 

effectively identifying patients with a low probability of advanced fibrosis. 

In the study of Sterling et al. (156), a comprehensive analysis of 

FIB-4 index cutoffs was conducted, providing valuable insights into their 

diagnostic accuracy for liver fibrosis. This study examined a wide range 

of cutoffs, including 0.3, 0.5, 0.7, 1, 1.3, 1.5, 1.7, 2, 2.3, 2.5, 2.8, 3, 3.3, 

and 3.5, assessing their sensitivity and specificity for significant fibrosis, 

severe fibrosis, and cirrhosis. For example, at a lower cutoff of Ò 0.6, the 

study demonstrated a high sensitivity of 71% in the total cohort (830 

patients), indicating a strong ability to detect liver fibrosis. However, the 

specificity at this cutoff was 43%, suggesting a moderate rate of false 

positives. In contrast, a higher cutoff of Ó 3.25 showed a substantially 

increased specificity of 96.6% in the total cohort, significantly reducing 

the likelihood of false positives. However, the sensitivity at this threshold 

was only 23%, indicating a higher chance of missing true cases of 

fibrosis.  
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In the study conducted by Vallet-Pichard and colleagues (159), 

the effectiveness of the FIB-4 index as a non-invasive marker for 

assessing liver fibrosis in HCV infection was rigorously evaluated. The 

investigation sought to validate FIB-4 against 847 liver biopsies in HCV 

patients. 

The research findings revealed that the FIB-4 index proficiently 

identified patients with severe fibrosis (F3-F4) and cirrhosis with 

AUROCs of 0.85 and 0.91, respectively. Notably, a FIB-4 value below 

1.45 was able to exclude severe fibrosis with a 94.7% NPV and a 

sensitivity of 74.3%. Conversely, a FIB-4 value above 3.25 affirmed the 

existence of significant fibrosis with an 82.1% PPV and a specificity of 

98.2%. By applying these thresholds, the study accurately classified 

72.8% of the liver biopsies, underscoring the utility of FIB-4 in diagnosing 

liver fibrosis levels. 

Moreover, the study emphasized the concordance between FIB-

4 and FibroTest results, particularly for values outside the 1.45-3.25 

range. A substantial agreement was observed in cases with FIB-4 values 

less than 1.45 or greater than 3.25, correlating well with FibroTest 

outcomes in 92.1% and 76% of instances, respectively. This analysis not 

only highlighted the FIB-4 index's capability to mirror FibroTest results 

but also its potential to serve as a simple, cost-effective, and immediately 

available diagnostic tool for liver fibrosis assessment. 

In the meta-analysis conducted by Poynard et al.(160), the focus 

was on evaluating the prognostic value of various liver fibrosis 
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biomarkers, including FibroTest, APRI, FIB-4, and FibroScan, compared 

directly against liver biopsy for diagnosing fibrosis in patients with CLD. 

Their meta-analysis aimed to assess these biomarkers' 5-year 

prognostic values, particularly highlighting FibroTest's comparable 

prognostic utility to liver biopsy and its superiority over APRI and FIB-4 

in predicting survival without liver-related death. This comprehensive 

analysis underscores the potential of non-invasive biomarkers as 

valuable tools in the prognostication of liver diseases, offering insights 

into their clinical relevance and applicability. 

The findings of the meta-analysis showed that APRI was 

analysed across five studies involving 2,422 patients with various liver 

diseases, including HCV, HBV, and ARLD. It yielded an AUROC of 0.66, 

indicating its capability to predict survival without liver-related death. 

However, when compared directly to liver biopsy, APRI's prognostic 

value was significantly lower, with a mean difference in AUROCs of -

0.21, suggesting it may not fully substitute the prognostic accuracy 

provided by histological evaluation. 

Similarly, FIB-4's utility was examined in three studies with 1,184 

patients. This biomarker achieved an AUROC of 0.73 for predicting 

survival without liver-related death. Like APRI, FIB-4's performance was 

found to be inferior to that of liver biopsy, indicating a reduced prognostic 

effectiveness with a mean difference in AUROCs of -0.21 compared to 

biopsy. 
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Despite the lower prognostic value of APRI and FIB-4 when 

directly compared to liver biopsy, their significance in clinical practice 

cannot be understated. These biomarkers offer a non-invasive, 

accessible means for prognostication in CLD, presenting a valuable tool 

for clinicians in the assessment and management of patients. The 

findings underscore the importance of adopting a comprehensive 

approach in prognostication, incorporating non-invasive biomarkers 

alongside other diagnostic tools as necessary. This multifaceted strategy 

is crucial for facilitating informed clinical decision-making and ensuring 

optimal patient care in the management of CLDs. 

So, the review of existing literature, as conducted in the preceding 

sections, underscores the significance of indirect serum biomarkers 

such as AST/ALT ratios, APRI, and FIB-4 scores. These biomarkers are 

heralded for their critical role in the early detection of liver diseases, 

primarily due to three key advantages they offer over other diagnostic 

methods. 

Firstly, the non-invasive nature of these biomarkers greatly 

enhances patient safety, eliminating the risks associated with more 

invasive procedures such as liver biopsies. Secondly, these tests are 

accessible: they can be readily performed in most healthcare settings 

without the need for specialized equipment or highly trained personnel. 

This sets them apart from methods such as FibroScan or liver biopsy, 

which require specific technology and expertise and is particularly 

significant in resource-limited settings where advanced diagnostic tools 

might not be available. Thirdly, the cost-effectiveness of AST/ALT, APRI, 
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and FIB-4 scores cannot be overstated. These tests utilize routine blood 

work, making them significantly less expensive than imaging studies or 

liver biopsies, both of which involve higher costs from the procedure itself 

and the necessary professional expertise. This aspect is especially 

important in managing chronic liver diseases, where ongoing monitoring 

of liver health is required, potentially imposing a substantial financial 

burden on healthcare systems and patients. These biomarkers form the 

basis for the investigations reported in Chapters 5, 6, 7 and 8, aligning 

with the requirements outlined in section 1.7.4. 

1.9 Implications from the early disease detection using 

pragmatic case finding approach. 

The importance of early identification has been consistently 

emphasized (as discussed in section 1.7.2). However, to provide a more 

comprehensive understanding of the implications of widespread testing 

and the populations deemed 'at risk,' it is imperative to delve deeper into 

the expectations and potential consequences of such an approach.  

As mentioned earlier (see section 1.7.3), the pragmatic case 

finding approach is especially applicable and useful for the 'blood test' 

study. In the context of this thesis, the term "blood test" specifically refers 

to the subset of individuals who underwent an AST test within the 

dataset. AST is frequently used as a marker for underlying liver diseases 

compared to the broader application of LFTs which may be conducted 

opportunistically. This approach is based on the understanding that 

while LFTs are commonly used in a wide range of contexts, AST testing 

specifically is more likely to be intentionally directed towards individuals 
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suspected of having liver health issues, although the precise rationale 

for this selective targeting is not fully understood. 

The 'blood test' cohort may have a higher prevalence of CLD than 

the general population and may also have different risk factors. Thus, in 

terms of higher risk and susceptibility to CLD, the study's population 

differs from the general population. This distinction emphasises that 

using pragmatic case finding in this situation is appropriate. Focusing on 

a population that has already been identified by AST testing effectively 

directs resources to those who stand to gain the most from early 

detection and treatment of CLD. In contrast to the general population, it 

also enables deeper comprehension and management of the 

progression of CLD in a high-risk group. This focused strategy 

maximises the efficacy of healthcare interventions while also being in 

line with the constrained resources available. 

Recent liver guidelines from organizations such as EASL-EASO 

and NICE consistently recommend screening for advanced fibrosis in 

individuals diagnosed with NAFLD (72-74). Patients with NAFLD often 

rely heavily on secondary care liver services due to inconsistent and 

irregular management in primary care, despite the strong links between 

obesity, diabetes, and most NAFLD cases. The lack of established 

diagnostic pathways makes it challenging to identify those at risk of liver 

disease progression in primary care settings (161).  

NAFLD, prevalent in the community but less severe with only 5% 

having advanced fibrosis, shows that non-invasive tools can effectively 
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exclude advanced disease with a NPV exceeding 98% in these settings 

(161). However, LFTs in NAFLD patients often fail to reflect disease 

severity until advanced stages, presenting with liver failure signs. 

Despite this, primary care practitioners continue to use elevated liver 

enzymes from LFTs to decide referrals to specialist liver services (162), 

leading to unnecessary secondary care referrals and missing advanced 

but asymptomatic cases in the community. 

Srivastava and colleagues conducted a large prospective study 

in the UK primary care setting, involving 1,452 patients with NAFLD 

(163). Their goal was to establish a referral pathway designed to identify 

advanced fibrosis or cirrhosis within the community. This innovative 

approach was implemented in 2013 and aligns with research proposals 

outlined in the EASL-EASD-EASO guidelines. The NAFLD pathway 

consisted of a 2-step process, initially focusing on patients with elevated 

ALT levels, negative alcohol/liver screen results, and/or fatty liver 

detected on ultrasound. Subsequently, all patients underwent a FIB-4 

score assessment, and those with an indeterminate FIB-4 score (ranging 

from 1.3 to 3.25) received a sequential ELF test. As a result, 81% of 

patients were identified as having a low risk of advanced fibrosis (FIB-4 

<1.3 or ELF <9.5) and remained in the community, while the remaining 

19% were recommended for referral to liver services.  

This study represents a significant advancement in the field of 

NAFLD diagnosis and management, and the implementation of this 

approach offers several potential benefits. It has the potential to result in 

significant cost savings by reducing unnecessary referrals to specialist 
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liver services. It can increase the capacity of specialist clinics, ensuring 

that patients with advanced disease receive the attention they need, and 

help to alleviate unnecessary patient anxiety and potential harm from 

additional tests associated with referrals to hospital specialists. Beyond 

these immediate advantages, identifying patients with advanced disease 

at an earlier stage enables targeted interventions, including 

HCC/variceal surveillance, intensive lifestyle/nutritional management, 

and participation in clinical trials. Over time, it is anticipated that these 

measures may contribute positively to reducing liver-related morbidity 

and mortality rates. However, it is essential to emphasize that these 

potential benefits require further evaluation and long-term follow-up to 

be substantiated conclusively.  

The use of non-invasive markers originally developed and 

validated in secondary care settings in primary care presents its own set 

of challenges. For example, FIB-4 for patients over the age of 65 would 

have provided false reassurance in 27% of cases with advanced fibrosis 

(163). These findings underscore the importance of validating specific 

cut-off values tailored to primary care populations. It highlights the need 

to strike the right balance between minimizing the referral burden and 

ensuring accurate disease exclusion in primary care settings.  

Importantly, it is widely recognized that many patients with 

NAFLD, including those with cirrhosis, may have normal LFTs (162). 

However, the current proposed NAFLD pathway relies solely on the 

patient having an abnormal ALT measurement to initiate a FIB-4 

calculation (164). So, a substantial number of individuals with NAFLD 
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and advanced fibrosis may go undiagnosed, leading to misallocation of 

healthcare resources. 

Instead of relying only on the abnormal ALT to trigger the 

calculation of Fib4 in order to refer patients for further analysis for 

advanced liver disease, this thesis will assess whether the routinely 

collected data to calculate AST/ALT ratios, APRI scores, and FIB-4 

indexes can be used in pragmatic case finding and risk stratification for 

patients with advanced CLD. This research may provide valuable 

insights that could lead to the integration of these biomarkers into routine 

clinical visits for improved patient care and risk assessment. 

Pryke and Guha (165), provide compelling evidence for the 

integration of non-invasive biomarkers in the primary care setting as a 

significant advancement in the management of CLD, driven by the 

growing prevalence of lifestyle-related metabolic risk factors. They 

identify a gap in primary care's confidence and tools for detecting and 

managing CLD, emphasizing the potential of non-invasive biomarkers, 

such as the FIB-4 index, to address this gap effectively. Their review 

highlights the underutilization of LFT for specific liver disease risk 

assessment and outlines educational steps to promote the use of 

pragmatic algorithms for identifying fibrosis risk. 

Pryke and Guha argue for aligning liver disease management 

with the care pathways of other metabolic disorders, suggesting that this 

approach can reduce unnecessary testing and improve referral quality 

to secondary care. They also discuss the benefits of integrating liver 
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disease pathways with community lifestyle support services, positing 

that such integration can enhance the patient journey through long-term 

multimorbidity care and have wide-ranging benefits across co-existing 

metabolic disorders. 

Critically, Pryke and Guha's findings underscore the feasibility of 

integrating non-invasive biomarkers into primary care without 

significantly increasing the workload of healthcare professionals. This 

approach not only aims to improve the accuracy of CLD diagnosis and 

management but also to streamline the patient management process by 

leveraging existing frameworks for managing long-term conditions. Their 

work suggests that the adoption of non-invasive biomarkers in primary 

care could significantly enhance patient care by facilitating early 

detection, enabling appropriate referrals, and fostering an integrated 

care model that addresses the multifaceted needs of patients with CLD. 

In light of these findings, integrating non-invasive biomarkers into 

primary care represents a forward-thinking approach to CLD 

management. This integration holds the promise of transforming patient 

outcomes by enabling early intervention, personalized care strategies, 

and the efficient allocation of healthcare resources. 

1.10 Rationale, aims and objectives 

1.10.1 Rationale 

Effective screening and early treatment strategies are key for 

preventing the progression of CLD and improving patient outcomes (2, 

25); however, there are a significant gaps in our knowledge of the 
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diagnostic pathway, specifically in relation to diagnostic criteria and the 

cost-effectiveness of screening and early diagnosis of CLD (166, 167). 

Also of concern are the potential harms (e.g. patient concerns relating to 

false positive results, insufficient resources to meet demand) that could 

result from the implementation of poorly planned pragmatic case finding 

programs. 

The widespread use of non-invasive biomarkers has been identified 

as a valuable diagnostic tool in respect of a range of conditions; 

however, in the primary care setting, there is a need to investigate 

whether these biomarkers can be applied effectively in pragmatic case 

finding and risk stratification for patients at a higher risk of developing 

advanced CLD. As a result, this study draws on routinely collected data 

to conduct cohort studies to assess how common non-invasive 

biomarker recordings are among UK primary care patients. These focus 

on identifying abnormal AST/ALT, APRI, and FIB-4 scores and 

determining their ability to predict subsequent advanced CLD. As CLD 

is typically undiagnosed until it reaches an advanced stage, 

demonstrating that routinely collected patient data could be used to 

identify those at greater risk would enable interventions to be introduced 

at a much earlier stage, potentially limiting the progression of the disease 

and reducing the associated healthcare burden.  

In addition, this thesis estimates the prevalence of NAFLD in the UK 

and KSA. As a clinician with experience in the KSA, I am particularly 

interested in affecting positive change in the country, and it is anticipated 

that the findings of this thesis have the potential to be transferred to the 
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KSA, where they could have significant implications for the diagnosis of 

NAFLD and CLD and the further development of diagnostic services 

within the countryôs healthcare system. 

While previous studies may provide some insights into NAFLD 

prevalence in the UK (168-171) and KSA (172-175), they may lack 

comprehensive methodologies, sample representativeness, or 

standardization, making their findings less reliable for informing 

healthcare policies and interventions. These observations underscore 

the value of conducting a systematic review to rigorously evaluate the 

existing evidence, ensuring a thorough understanding of the published 

data of NAFLD's epidemiology across both countries. A detailed 

examination of these and other pertinent studies will be carried out in the 

systematic reviews detailed in the subsequent chapters of this thesis. 

Through this meticulous scrutiny, the reviews seek to identify gaps in the 

current literature, address the heterogeneity in study designs and 

outcomes, and ultimately contribute to a more nuanced understanding 

of NAFLD epidemiology.  

1.10.2 Aims and objectives 

As indicated above, this thesis primarily aims to assess the 

feasibility of employing non-invasive biomarkers (AST/ALT ratio, APRI 

score, and FIB-4 index) for pragmatic case finding of patients at higher 

risk of developing advanced liver diseases among individuals attending 

primary care centres in the UK. The secondary aim of estimating the 



 

57 
 

prevalence of NAFLD among the UK and KSA populations was also 

established.  

In order to achieve these aims, the following objectives were 

identified: 

¶ To estimate the prevalence of NAFLD in the UK and  KSA using 

systematic reviews. 

¶ To calculate the AST/ALT ratio, APRI score, and FIB-4 index from 

existing data within patient records where available for patients older 

than 40 years who did not have a previous diagnosis of CLD. 

¶ To estimate the proportion of patients with (normal or abnormal) 

AST/ALT ratios, APRI scores, and FIB-4 indexes based on 

conventional cut-offs. 

¶ To identify all patients aged 40 years or older with at least one year 

of up-to-standard (UTS) data and with data allowing the calculation 

of at least one of AST/ALT ratio, APRI and FIB4-index who have 

been diagnosed with liver cirrhosis, HCC, liver transplantation, and 

liver death using CPRD and linked data. 

¶ To determine whether the AST/ALT ratio, APRI score, and FIB-4 

index can be used to predict subsequent Advanced CLD in those for 

whom these calculations can be performed in UK primary care 

centres.  
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Chapter 2  The prevalence of NAFLD in the 
UK: A Systematic Review and Meta-Analysis  
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2.1 Introduction 

The number of cases of NAFLD varies greatly worldwide, with an 

estimated overall prevalence of 30% (52). However, the prevalence of 

NAFLD in the general population of the UK and KSA is not well 

established. Consequently, one of the objectives of this thesis is to 

address this knowledge gap through two systematic reviews, which aim 

to determine the prevalence of NAFLD in both countries. This research 

will contribute to assessing the associated health needs more 

accurately.  

2.2 Methods 

This section describes the methodology adopted for both 

systematic reviews. In the second review, a number of minor changes 

were made (for example, references to the óUKô were replaced with 

óSaudi Arabiaô), and these are detailed in the Methods section of the 

Saudi study.  

2.2.1 Review question 

What is the prevalence of NAFLD among the UK population? 

2.2.2 Study design and inclusion and exclusion criteria 

A systematic review and meta-analysis was conducted to 

estimate the prevalence of NAFLD among the UK population. This 

included studies investigating the prevalence of NAFLD in the UK 

diagnosed by any method previously validated for a diagnosis of NAFLD, 

such as liver biopsy, US, MRI, other liver scans, liver enzymes, and 

blood-based biomarkers, after excluding other liver diseases (176, 177). 
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 We included both community and hospital-based studies and 

those in other specific populations. Studies were excluded if the 

diagnosis of NAFLD was self-reported. We excluded studies of other 

liver diseases that cause fatty liver, including excessive alcohol 

consumption, side effects of certain medications (e.g., glucocorticoids, 

methotrexate, chemotherapy, tamoxifen, etc.), HCV, particular 

endocrine conditions, as well as many other conditions (e.g., jejunal 

diverticulitis with bacterial overgrowth, inflammatory bowel disease, 

occupational exposure) (178). We included all studies that met the 

inclusion criteria without language or time restrictions. 

2.2.3 Search strategy 

We identified the studies by conducting a systematic search of 

electronic databases in PubMed, EMBASE via OVID, CINAHL, Web of 

Science, and Google Scholar utilizing Medical Subject Headings 

(PubMed) and other search words pertaining to ñthe prevalence of 

NAFLD in the UKò as well as Boolean operators ñANDò and ñORò for 

articles from inception to January 2021. Grey literature was also 

searched, including annual and government reports, newsletters, 

reference lists, and discussion papers. We included all studies that met 

the inclusion criteria without restriction on language or time.  

The search terms were: ((Non-alcoholic fatty liver) OR (NAFLD) 

OR (Steatosis) OR (fatty liver) OR (Non-alcoholic steatosis) OR (Non-

alcoholic steatohepatitis) OR (hepatic steatosis) OR (Hepatic fat)) AND 
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((Prevalence) OR (Prevalence rate) OR (trend)) OR ((UK) OR (United 

Kingdom))  

2.2.4 Study selection and quality assessment 

Articles identified by the search were imported to the EndNote 

citation manager, allowing duplicates to be removed. Two reviewers 

(Yusef Alenezi (YA) and Tim Card (TC)) independently conducted title 

and then abstract screening and assessment, excluding non-relevant 

items. Full texts of the remaining papers were then assessed (by YA and 

Joanne Morling (JM)). Two reviewers (YA and Rebecca Harris (RH)) 

independently assessed the quality of the included studies and extracted 

data into a standardized form. Disagreements at all stages were 

resolved by consensus. 

All relevant data were extracted, including: 

¶ The study setting was classified as a hospital (inpatient or 

outpatient) or community. 

¶ The study population was defined as the general population when 

sampled from the entire population of the UK; disease-

unrestricted populations when composed of people selected due 

to hospital/clinic attendance but not limited to a specific disease; 

and disease-specific populations when the cohort was selected 

due to the presence of a specific co-morbidity (e.g., T2DM). 

Diagnostic methods for NAFLD were classified as blood tests 

only, US, CT, MRI, or other.  



 

62 
 

The quality of the studies was assessed using the Joanna Briggs 

Instituteôs critical appraisal tool for prevalence studies (Appendix A) in 

order to assess the quality of methodology and the possibility of bias. 

Each domain was evaluated as Yes, No, Unclear, or Non-applicable. All 

included studies were subject to critical appraisal, and disagreements 

were resolved by consensus. Data were extracted on an Excel sheet. 

Studies were rated ñlow riskò when at least 50% of the JBI domains were 

replied to with ñYes.ò  

2.2.5 Data management and analysis 

Rayyan-Qatar Computing Research Institute (QCRI) (179) was 

used for article management, and statistical analyses were done using 

STATA version 17 for meta-analysis. Prevalence meta-analysis was 

performed both on all the included articles and on subgroups on the 

basis of population type (disease-unrestricted population estimates 

coming from studies whose inclusion criteria did not specify any 

pathological conditions or diseases). A random-effects model was 

utilized in order to perform the meta-analysis using a weighted inverse 

variance model (DerSimonian and Laird) (180). We used Higginôs I2 test 

to evaluate the percentage of variability with inter-studies 

heterogenicityôs cut-off point at I2 >50%. We used a funnel plot and 

Eggerôs test to assess publication bias with a cut-off point with a P-value 

of 0.05 or less.  
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2.3 Results 

2.3.1 Search results 

We identified a total of 328 studies for title screening, of which 

243 were retained for abstract screening.  We did not find more eligible 

studies on searching grey literature. A total of 211 studies were excluded 

for not showing NAFLD prevalence. The remaining 32 articles were 

included for full-paper assessment, and 23 of them were excluded due 

to inappropriate analysis or self-reported NAFLD diagnosis. Finally, nine 

studies were enrolled for data extraction. The study selection process is 

illustrated in Figure 2-1. 

 

Figure 2-1: Flow diagram of articles screening and selection process for studies of 
NAFLD in the UK. 
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2.3.1.1 NAFLD prevalence in the UK 

Our study included a total of 25,439 participants from 9 studies, 

18,880 of which were from 4 disease-unrestricted populations. The 

disease-restricted populations included 1,306 from three T2DM studies, 

2818 obese subjects (170), 1,118 with abnormal LFTs (181), 910 

patients with liver-related conditions who were referred from a general 

practitioner, found to be high risk (e.g. T2DM or alcohol misuse), and 

screened for excess alcohol (182), 156 subjects with HIV (183), and 251 

with T1DM (184). Characteristics of each study are to be found in Table 

2-1 and Table 2-2.
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Table 2-1: Characteristics of the included studies for the prevalence of NAFLD in the UK:  

Author Year Study type Study 
setting  

Population Participants Males 
(%) 

Age 
range 

Age 
(Mean±SD) 

Diagnostic method Prevalence 
(95% CI) 

Khalatbari-
Soltani S et al. 
(169) 

2005-
2015 

Cross-sectional Community-
based 

Disease-
unrestricted 

9645 44.9%  48.9±7.4 US, Fatty Liver Index 
(FLI) & NAFLD score 

23.9% (95% 
CI:23.1-24.8) 

Armstrong M et 
al. (181) 

2006-
2008 

Cross-sectional Hospital-
based 

Abnormal 
LFTs Patients 

1118 56.0% 48-70 60 US 26.4% (95% 
CI:23.9-29.1) 

Neukam K et al. 
(168) 

2010-
2012 

Cross-sectional Community-
based 

Disease-
unrestricted 

597 48.7% 40-55  FLI & BARD 30.8% (95% 
CI:27.3-34.6) 

Williamson RM 
et al. (185) 

2010 Cross-sectional Community-
based 

T2DM 
Patients 

939 52.0% 61-76 68.9±4.2 US 42.6% (95% 
CI:39.5-45.8) 

El-Gohary M et 
al.(182) 

2014-
2016 

Prospective cluster 
randomized 
feasibility trial 

Hospital-
based 

High-risk liver 
admissions 

910 56.3% 31-58 47 Southampton Traffic 
Light Test & Transient 
Elastography 

49.5% (95% 
CI:46.2-52.7) 

Lombardi R et 
al. (183) 

2014 Cross-sectional Hospital-
based 

HIV patients 156 91.7%  47.5±8.5 US 71.2% (95% 
CI:63.6-77.7) 

Marjot T et al. 
(184) 

2015 Prospective Hospital-
based 

T2DM 
Patients 

141 
251 

61.0%  53.5±15.4 LFTs 13.1% (95% 
CI:8.5-19.7) 

 T1DM 
Patients 

2.0% (95% CI: 
0.0-4.0) 

Wilman HR et 
al. (170) 

2015 Prospective Community-
based 

Disease-
unrestricted 

4617 47.3% 45-73  MRI-Derived Proton 
Density Fat Fraction 
(MRI PDFF) Ó5.5% 

19.9% (95% 
CI:18.8-21) 

 BMIÓ25  2818 29.6% (95% 
CI: 27.9-31.3) 

 T2DM 
Patients 

226 50% (95% CI: 
43.5-56.5) 

Abeysekera 
KWM et al.(171) 

2015-
2017 

Cross-sectional Community-
based 

Disease-
unrestricted 

4021 37.5% 22-26 24 ALT, AST, GGT & Lipid 
Profiles 

20.7% (95% 
CI:19.5-21.9) 
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Table 2-2: Detailed characteristics of included studies in the UK systematic review: 

Study name  Study purpose/aim Target population, sampling frame, power 
calculation and response rate 

Definition of NAFLD (including diagnostic 
criteria) 

Khalatbari-
Soltani et 
al. (169) 
 

To estimate the association 
between adherence to the 
Mediterranean diet and 
hepatic steatosis among 
healthy middle-aged adults 
in two cohorts (Fenland and 
CoLaus). 

¶ The target population is all healthy middle-
aged adults in these two countries. 

¶ The sample was derived from general 
practice lists in Cambridgeshire in the UK. 

¶ No power of calculation was estimated. 

NAFLD was defined as a steatosis score >4 using 
USS or FLI>60 with the exclusion of patients with 
alcohol consumption. 

Armstrong 
et al. (181). 
 

To determine the prevalence 
and disease severity of silent 
NAFLD in a primary care 
setting 

¶ The target population would be all patients 
visiting primary care units.  

¶ The sample was obtained from eight primary 
care practices within the Birmingham region. 

¶ No power of calculation was estimated. 

NAFLD was diagnosed depending on the 
sonographic diagnosis of fatty liver, defined as 
diffusely increased liver echogenicity (>right renal 
parenchyma) with vascular blurring, exclusion of 
history of alcohol consumption exceeding current 
UK health guidelines, and exclusion of liver 
disease of other aetiology, including drug-induced, 
autoimmune, viral hepatitis, cholestatic, metabolic 
and genetic liver disease. 

Neukam et 
al. (168).  
 

Assess the prevalence of 
NAFLD among a cohort of 
first- and second-generation 
British Indians of Gujarati 
origin living in North London. 

¶ The target population is all Gujarati Indians 
living in North London.  

¶ The sample was taken, however, from two 
Hindu Temples situated in London.  

¶ No power of calculation was estimated. 

FLI (Fatty Liver Index) was used to determine the 
presence of NAFLD, the calculation of which 
depended on BMI, plasma gamma-glutamyl 
transferase (gGT), triglyceride levels, and waist 
circumference measurements. An FLI of more 
than 60 rules in NAFLD. 

Williamson 
et al.(185) 
 

To assess the prevalence of 
NAFLD in older patients with 
type 2 diabetes mellitus. 

¶ The target population is all older patients with 
type 2 diabetes mellitus.  

¶ The sample was retrieved from patients 
registered with the Lothian Diabetes 
Register.  

NAFLD was defined as the presence of hepatic 
steatosis on an ultrasound scan in the absence of 
a secondary cause for hepatic steatosis. 
Secondary causes included alcohol consumption, 
use of hepatotoxic medication within the six 
months prior to the year one clinic, positive 
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¶ The initial power calculation estimated the 
need for 800 patients. Ultimately, 1066 
patients were successfully enrolled, 
exceeding the target and further securing 
the study's capacity to accurately assess the 
intended outcomes. 

hepatitis B or C serology, and ferritin concentration 
Ó1,000 ɛg/L. 

El-Gohary 
et al. (182). 
 

To test the effectiveness of 
using nurse-led primary 
care-based liver clinics 
utilising additional non-
invasive testing to diagnose 
liver diseases. 

¶ The target population is all patients who visit 
nurse-led clinics in Southampton, UK. 

¶ The sample was derived from patients 
registered with intervention practice. 

¶ No power of calculation was estimated. 

Blood-based biomarkers were used to diagnose 
NAFLD, including FBC, LFTs including AST and 
GGT, and were obtained from blood samples in 
addition to the serum fibrosis markers HA and 
P3NP. NO cut-offs were mentioned. TE (used to 
measure a physical parameter in liver stiffness) 
was pragmatically graded as follows: Median value 
of <6kPa = no fibrosis, 6-8kPa = óliver warningô, 8ï
12.9 kPa = óprogressive fibrosisô, Ó13kPa = 
óprobable cirrhosisô; the 13kPa cut off being almost 
conservative and patients did not have a liver 
biopsy. 

Lombardi R 
et al. (183). 
 

To assess the prevalence of 
NAFLD and predictors in 
HIV-mono-infected patients 
with persistently elevated 
transaminases. 

¶ The aim implies that the target population is 
all HIV patients with elevated transaminases.  

¶ The sample was driven from HIV patients 
who attended Royal Free Hospital, London, 
UK, between January and December 2014.  

¶ No power of calculation was estimated. 

The presence of fatty liver upon abdominal US 
scans and TE with FibroScan. APRI (It has dual 
cut-offs for ruling out (<0.5) or diagnosing (>1.5) 
significant fibrosis) and FIB4 scores (It also has 
dual cut-offs for ruling out (<1.45) or diagnosing 
(>3.25) advanced fibrosis) were used to evaluate 
the presence of significant or advanced liver 
fibrosis. 

Marjot et al. 
(184).  
 

To define the attitudes and 
current clinical practice of 
diabetes specialists towards 
NAFLD across the UK 
 To assess the prevalence of 
NAFLD in all patients 

¶ The target population is all patients attending 
outpatient diabetes clinics in the UK. 

¶ The sample was obtained from all diabetic 
patients attending outpatient diabetes clinics 
within the Oxford Centre for Diabetes, 
Endocrinology and Metabolism (OCDEM).  

NAFLD was diagnosed using blood biomarkers, 
such as raised ALT and Fib4>1.3, at risk of 
advanced fibrosis. TE>7.9kPa confirmed dx. In-
text, it states that 13.1% had advanced fibrotic 
NAFLD, but this is based upon an assumption of 
those who did not attend TE. 
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attending diabetes outpatient 
clinics at a large teaching 
hospital/NHS Trust and to 
estimate the proportions of 
people with Type 1 and Type 
2 diabetes attending 
outpatient clinics who are at 
risk of advanced hepatic 
fibrosis. 

¶ No power of calculation was estimated. 

 
Wilman et 
al. (170). 
 

To investigate the prevalence 
of NAFLD in the UK Biobank 
cohort and to assess the 
potential impact of age, 
gender and BMI on hepatic 
fat deposition. 

¶ The target population implied by the aim is all 
patients signed in the UK Biobank database.  

¶ The sample was drawn from all patients 
signed in the UK Biobank database from 
2014 to 2015.  

¶ No power of calculation was estimated. 

The diagnosis was dependent on the presence of 
fat upon the performance of MRI with a PDFF 
>5.5%. 
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We found a pooled prevalence of 23.8% in the disease-

unrestricted population (95% CI: 20.7%-26.8%) (Figure 2-2). Of the 

disease-restricted populations, a single study of HIV patients reported a 

prevalence of 71.2% (95% CI: 59.7% - 82.7%), two studies of liver-

related hospital admissions yielded a prevalence of 37.90% (95% CI: 

15.3% - 60.5%), a single study BMI Ó25 (29.6%) (95% CI: 27.9% - 

31.3%) and T1DM patients (1.8%) (95% CI: 0.0% - 3.6%).  

Our results also included three studies of T2DM patients with an 

overall prevalence of 38.6% (95% CI: 25.5% - 51.7%). The overall 

prevalence in the disease-restricted studies was 36.4% (95% CI: 23.5 ï 

49.2) (Figure 2-3).  

 

Figure 2-2: Forest plot of the Prevalence of NAFLD among disease-unrestricted 
studies in the UK.  
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Figure 2-3: Forest plot of the Prevalence of NAFLD among disease-restricted studies 
in the UK.  
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2.3.2 Quality assessment  

A summary of the quality assessment of the included articles is 

presented in Table 2-2 and Table 2-3. All studies were positively rated 

on all quality criteria except for the study by Wilman et al. (170), in which 

a detailed description of the study participants was rated ñunclear,ò and 

that by Lombardi R et al. (183), where óAdequacy of response rate and 

well-handled lack of dataô was also unclear.  
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Table 2-3 Quality Assessment of the studies for the prevalence of NAFLD in the UK: 

Author Appropriate 
sample 
frame to 
reach the 
target 
population 

Appropriate 
way of 
sampling 
participants 

Was the 
sample 
size 
adequate? 

Detailed 
description 
of study 
subjects 

Presence 
of 
sufficient 
coverage 
of the 
identified 
sample in 
the data 
analysis 

Valid 
methods 
were used 
for the 
identification 
of the 
condition 

Standard 
and reliable 
way was 
used to 
measure 
the 
condition 
for all 
participants 

Was there 
an 
appropriate 
statistical 
analysis? 

Adequacy 
of 
response 
rate, and 
well-
handled 
lack of data 

Inclusion 
in meta-
analysis 

Khalatbari-
Soltani S et 
al. (169) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

Armstrong 
M et al. 
(181) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

Neukam K 
et al. (168) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

Williamson 
RM et al. 
(185) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

El-Gohary 
M et 
al.(182) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

Lombardi 
R et al. 
(183) 

Yes Yes Yes Yes Yes Yes Yes Yes Unclear Include 

Marjot T et 
al. (184) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 

Wilman HR 
et al. (170) 

Yes Yes Unclear Unclear Yes Yes Yes Yes Yes Include 

Abeyseker
a KWM et 
al.(171) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Include 
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2.3.3 Heterogeneity and publication bias 

The heterogeneity among the studies was high, with an I2 of 

93.1% in the disease non-restricted populations. An I2 of 99.1% was 

recorded in liver admissions and 93.9% in T2DM studies, as shown in 

Figure 2-2 and Figure 2-3.  

2.4 Discussion 

In our systematic review and meta-analysis, we aimed to 

comprehensively collect and analyse studies that would enable us to 

estimate the prevalence of NAFLD within the general population of the 

UK. This encompassed studies from a broad spectrum of cohorts, 

including the general population, disease-unrestricted populations 

attending hospitals or clinics without specific disease focus, and 

disease-specific populations with conditions such as T2DM. However, it 

is imperative to clarify that the notable finding of a pooled NAFLD 

prevalence of 23.8% emerges specifically from the disease-unrestricted 

group, rather than the general UK population. 

Moreover, our analysis included specific subgroups, such as 

T2DM patients and individuals admitted to hospitals for liver-related 

issues, which exhibited higher NAFLD prevalence rates of 38.6% and 

37.9%, respectively. These results point to significant variations in 

NAFLD prevalence across different population segments. 

Amongst our disease-unrestricted studies, the study of Neukam 

et al. (168) was an outlier. It found a prevalence of 30.8%, rather higher 

than the findings of other studies within our sample ranging between 
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19.9% and 23.9%. This study sample, however, though not restricted by 

disease, was restricted to Gujarati Indians living in North London, which 

may suggest a greater predisposition to NAFLD in this group for either 

genetic or environmental reasons. A study conducted on 1,002 healthy 

Indian blood donors using US found a prevalence of about 53.5%, which 

indicates a very high prevalence within India. However, another study 

conducted by Amarapurkar et al. found a relatively low prevalence 

among adult Indians living in Mumbai, 16.6% upon US examination 

(186).  

This discrepancy in results can be explained by several factors. 

The variations in geographical distribution within India could have 

influenced the findings. Local dietary habits, which can vary significantly 

across different regions, have a strong impact on the development of 

NAFLD. Therefore, these regional differences can significantly affect the 

resulting prevalence estimates of NAFLD. Also, genetic variability might 

be of great weight in this difference (187).   

Furthermore, Khalatbari-Soltani et al.ôs study (169), focusing on 

adults in Cambridgeshire, excludes certain health conditions, which 

might lead to a healthier population subset, not reflective of the general 

UK demographic. The study's limited age range and geographic focus 

also restrict its generalizability. Similarly, the study on Gujarati Indians in 

North London primarily examines a specific ethnic group within a 

religious setting, which may not mirror the wider UK population's lifestyle, 

dietary habits, and health practices. This raises concerns about the 
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study's applicability in understanding NAFLD prevalence on a national 

scale. 

The Wilman et al ôs study (170), due to its volunteer-based nature, 

potentially includes participants who are healthier and of higher socio-

economic status than the general UK population. Its age range and lower 

representation of ethnic minorities further limit its generalizability.  

Lastly, Abeysekera et al.ôs study (171) on young adults in Bristol, 

which focused on a specific birth cohort and geographic area, may not 

accurately represent the diversity in health, lifestyle, and socio-economic 

conditions found across young adults in the UK. 

The heterogeneity observed among the studies included in the 

systematic review is indeed high, raising questions about the 

appropriateness of combining them in a single meta-analysis. Diverse 

methodologies, populations, and contexts contribute to this 

heterogeneity, affecting the robustness of the synthesized prevalence 

estimates. However, in the absence of more comprehensive population 

studies, these selected studies represent the best available data to 

estimate NAFLD prevalence in the UK. It is crucial to interpret the 

combined results with caution, acknowledging the inherent variability 

and the limitations it imposes on the generalizability of the findings. 

While these studies provide valuable data, their generalizability to 

the entire UK population is limited. Specific cohorts and contexts may 

not fully capture the diversity of the UK population, potentially 

overlooking regional variations and socio-economic factors affecting 

NAFLD prevalence. This limitation raises the question of whether the 
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true prevalence of NAFLD might be higher or lower than the estimates 

derived from the meta-analysis. 

Considering potential biases, it is plausible that the true 

prevalence of NAFLD in the UK is likely higher than the estimates 

derived from the meta-analysis. This is because the disease unrestricted 

cohorts, such as biobank studies, may have recruited individuals who 

are more health-conscious and therefore at a potentially lower risk of 

NAFLD. Additionally, these cohorts might not adequately represent 

higher-risk populations who may have different health-seeking 

behaviours. Consequently, the estimates might not fully capture the true 

burden of NAFLD in the broader UK population. 

Moreover, determining how much heterogeneity is too much is 

complex and context dependent. High heterogeneity does not 

automatically invalidate a meta-analysis but necessitates a cautious 

interpretation of results (188). Statistical measures such as the I² statistic 

can indicate the degree of heterogeneity, with values above 50% 

suggesting substantial heterogeneity. Exploring sources of 

heterogeneity through subgroup and sensitivity analyses can help 

understand how different study characteristics influence results. Despite 

high heterogeneity, combining these studies may still be appropriate to 

provide a broad estimate of NAFLD prevalence, with the understanding 

that significant uncertainties and variations exist. 

Our results are very similar to those reported in the meta-analysis 

conducted by Younossi et al., where the global estimated prevalence of 
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NAFLD was found to be 24% (189). However, the results around the 

world have also varied greatly. A systematic review in Asia between 

1999 and 2019 estimated the prevalence of NAFLD at 29.6%, noting an 

increase over time of about 50.9 cases per 1000 persons/year (190).  

The prevalence of NAFLD exhibits significant geographic 

variation. In Asia, for instance, the numbers vary considerably; a pooled 

prevalence of 30.3% was reported in South Korea (191), whereas it 

ranged from 5% in Singapore to 30% in Indonesia (192). Similarly, the 

prevalence is relatively high in the United States, particularly among the 

elderly, where it ranges between 39.2% and 40.3% (193). In contrast, a 

meta-analysis pooling data from 17 studies encompassing 85,203 

individuals, estimated the NAFLD prevalence in Europe to be 26.9% 

(194). 

The variation in NAFLD prevalence globally can be attributed to 

several key factors. Genetics can make certain populations more prone 

to NAFLD (195). Dietary habits, especially those high in saturated fats 

and sugars, also play a significant role. Lifestyle elements, such as 

physical activity levels (196) and the prevalence of comorbid conditions 

like obesity and T2DM (189, 197, 198), also influence NAFLD rates. 

The role of T2DM as a risk factor for NAFLD was also apparent 

in our results, where there was a higher prevalence than in the general 

population- this is an important feature that has already been widely 

recognized (199, 200).  
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Our study has considerable strengths. It is the only meta-analysis 

of UK NAFLD prevalence to date and has been conducted in a rigorous 

manner according to standard systematic review methodology. This, 

therefore, will mean that it is likely to have produced the least biased and 

most generalizable estimate of NAFLD prevalence available for the UK.  

It has, however, also considerable weaknesses. These derive 

from the limited quantity of data available to answer our question and the 

heterogeneity of results. Heterogeneity may be rooted in the variation in 

the study locations, samples, and time. Variations in study locations can 

reflect differences in population genetics, diet, lifestyle, and healthcare 

practices. Differences in study samples may influence results depending 

on the demographics, comorbid conditions, and specific risk factors of 

the sampled population. Temporal changes can also contribute to 

heterogeneity, as diagnostic practices, awareness, and reporting of 

NAFLD have evolved over time.  

The heterogeneity was also present within the subset of studies 

examining NAFLD in T2DM patients. Marjot et al. (184) found a 

prevalence far lower than the other two results: 22.7% compared to 50% 

and 42.6%. This variation may be attributed to the difference in 

diagnostic methodology since Marjot et al. used blood analysis to 

diagnose NAFLD in their sample (184).  

The observed heterogeneity in NAFLD prevalence can be partly 

attributed to the varied methodologies employed in different studies, as 

included in this systematic review. From conventional techniques such 
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as US and LFTs to more specific ones like the Fatty Liver Index, BARD 

score, Southampton Traffic Light Test, and TE, there is a wide array of 

diagnostic methods in use. Some studies even incorporate advanced 

diagnostics, like MRI PDFF (170). 

It is also critical to note that each methodology possesses unique 

sensitivity and specificity for detecting NAFLD, subsequently influencing 

the reported prevalence rates. For instance, a study in India associated 

ALT and GGT levels with NAFLD, contributing to their prevalence rates 

(201). Conversely, a study in West Virginia focused on plasma 

biomarkers like IL-6, Leptin, and FABP-1, which could influence the 

reported prevalence there (202). The uncertainty in the ALT level cut-off 

points for diagnosing NAFLD or NASH further adds to this variability 

(203). Therefore, the reported NAFLD prevalence might reflect the 

specific methodologies used in each study, adding to the global 

variations in reported figures. 

Another weakness of the available data is that it is inadequate to 

study trends over time, and it will be important to continue to monitor the 

prevalence. Although our systematic review and meta-analysis included 

nine studies, four were not restricted to particular diseases or 

presentations, and none can be expected to reflect the general 

population of the UK accurately. As might be expected, the prevalence 

seems to be higher in T2DM, but there is limited data for other 

subgroups. 
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One limitation of the current systematic review is the variability in 

the time points at which the included studies measured the prevalence 

of NAFLD. Each study's prevalence estimate corresponds to the specific 

period during which the study was conducted, leading to potential 

discrepancies when these estimates are synthesized. This temporal 

variability must be considered when interpreting the overall prevalence 

rates derived from our meta-analysis. To approximate changes in 

NAFLD prevalence over time, we examined the publication years and 

study periods of the included studies. Although this method provides 

some insights, it is not a substitute for longitudinal analyses. The studies 

included in this review primarily offer cross-sectional data, capturing 

snapshots of NAFLD prevalence at different times and in different 

populations. Consequently, while we can hypothesize about potential 

trends, our ability to draw definitive conclusions about temporal changes 

in NAFLD prevalence is limited. 

To examine changes in NAFLD prevalence over time, one would 

ideally conduct longitudinal studies that follow specific cohorts over 

extended periods. This approach allows for the observation of NAFLD 

development and progression within the same population, providing 

clearer insights into temporal trends. Alternatively, repeated cross-

sectional studies conducted at regular intervals could offer valuable data 

on how NAFLD prevalence shifts at the population level over time. 

Alternatives may include focusing on targeted cohort studies 

within existing healthcare frameworks, utilizing data from existing 

national health surveys and databases, and engaging in collaborative 
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research efforts that pool resources and data from multiple centres. 

These approaches offer practical pathways to gather meaningful insights 

into NAFLD prevalence and its risk factors, allowing for targeted 

interventions within the constraints of current research environments. 

Additionally, standardized diagnostic criteria and imaging modalities 

should be used to accurately diagnose NAFLD across study sites. 

Longitudinal follow-up would enable the assessment of disease 

progression and associated risk factors over time.  

Collaborative efforts among researchers, healthcare providers, 

and policymakers are essential to facilitate the implementation of such a 

study. By adhering to these recommendations, future research can 

generate robust evidence on the epidemiology of NAFLD in the UK, 

informing targeted prevention and intervention strategies. 

The systematic reviews are specifically reporting on NAFLD. This 

confidence stems from the stringent inclusion criteria we employed, 

which required explicit diagnosis of NAFLD based on established clinical 

guidelines such as imaging studies, liver biopsy results, or biochemical 

markers. This rigorous selection process ensures that our prevalence 

estimates accurately reflect the burden of NAFLD. 

The decision to focus exclusively on NAFLD, rather than 

conducting a wider systematic review of all CLD forms, is rooted in 

several key considerations. NAFLD has rapidly become the leading 

cause of CLD in developed countries and is expected to follow similar 

trends in developing nations. Its association with metabolic syndrome, 
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obesity, and T2DM makes it a critical public health issue. By 

concentrating on NAFLD, we aim to address the specific risk factors and 

pathophysiology unique to this condition, enabling the development of 

targeted interventions and management strategies. This focus also 

allows for a more efficient allocation of research resources, ensuring that 

our efforts directly address the most pressing liver health challenge. 

2.5 Conclusion 

From our analysis, the current best estimate of NAFLD prevalence 

in the UK disease un-restricted population stands at 23.7%, with a higher 

prevalence noted in high-risk subgroups like those with T2DM. Given the 

high degree of heterogeneity, further studies in the UK are warranted to 

increase precision and confidence in these prevalence estimates. 

However, the call for additional research is not merely to refine this 

number but to deepen our understanding of the evolving nature of 

NAFLD. A more precise estimate could help us track trends over time, 

identify potential factors influencing these trends, and monitor the impact 

of public health interventions on NAFLD prevalence. 

Having identified the current best estimate for the prevalence of 

NAFLD in the UK, the next chapter adopts the same methodology to 

estimate its prevalence in the KSA. Brief comparisons between the 

findings in both countries are also drawn. 
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Chapter 3  The prevalence of NAFLD in the 
KSA: A Systematic Review and Meta-Analysis. 
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3.1 Introduction  

Although the worldwide prevalence of NAFLD is thought to be 

around 30%, research suggests that it may be even higher in the Middle 

East (26). This is due to rapidly increasing rates of obesity, metabolic 

syndrome, and T2DM, notably in the Gulf states (204), of which KSA is 

the largest by far. Therefore, this chapter presents a second systematic 

review which aims to estimate the prevalence of NAFLD in KSA to aid in 

the assessment of related health needs.  

3.2 Methods 

The same methods were used for both the UK and Saudi studies; 

in order to avoid repetition, this section simply identifies areas where 

changes were made to reflect the different study locations.  

3.2.1 Review question 

What is the prevalence of NAFLD among the Saudi population? 

3.2.2 Study design and inclusion and exclusion criteria 

 A systematic review and meta-analysis was conducted to 

estimate the prevalence of NAFLD among the Saudi population. We 

included studies investigating the prevalence of NAFLD in KSA 

diagnosed by any method previously validated for a diagnosis of NAFLD, 

such as liver biopsy, US, MRI, other liver scans, liver enzymes, and 

blood-based biomarkers, after excluding other liver diseases (176, 177). 

Other criteria were the same as in the UK review. 
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3.2.3 Search strategy 

The same search strategy was applied; however, In place of the 

UK, in this case the search terms were combined with ((Saudi Arabia) or 

(Saudia) or (Kingdom of Saudi Arabia)).  

3.2.4 Study selection and quality assessment 

This followed the same process as the UK review; however, the 

study population was defined as the general population when sampled 

from the entire population of KSA. 

3.2.5 Data management and analysis  

The process adopted was the same as the UK systematic review 

with no variation. 

3.3 Results 

3.3.1 Search results 

The search returned a total of 168 publications that were included 

for title screening. 46 of them were included for abstract screening, which 

led to the exclusion of 22 articles. The remaining 24 publicationsô full 

texts were reviewed, leading to the inclusion of eight for final data 

extraction (172-175, 205-208). None of the studies estimated the 

prevalence in the true general population in the KSA, and the study most 

nearly approximating such an approach estimated the prevalence 

among an age-restricted (20-30 years old) sample of Saudi women, 

producing a prevalence of 20.4%. The detailed screening process is 

presented in Figure 3-1. 
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Figure 3-1: Flow diagram of articles screening and selection process for studies of 
NAFLD in the KSA.   
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3.3.1.1 NAFLD prevalence in KSA 

A total of 4045 participants from eight studies were included in the 

meta-analysis, of which 3405 were sampled from disease-unrestricted 

populations (four studies) and 640 from patients diagnosed with T2DM 

(four studies). Characteristics of the studies are in Table 3-1 and Table 

3-2. Across the studies, there was a wide range of disease prevalence, 

from 9.7% (95% CI: 8.2-11.2) among a disease-unrestricted population 

in 1989 to 72.8% (95% CI: 67.1-78.6) among T2DM patients in 2017.  

Across all studies, the pooled prevalence was 37.2% (95%CI: 

25.0-49.6). The pooled NAFLD prevalence in the disease-unrestricted 

populations was 16.8% (95% CI: 11.1-22.5 I2=94.6%), whereas the 

pooled prevalence of NAFLD among T2DM patients was 58.0% (95%CI: 

45.0-70.9 I2=91.0%). Forrest plots for these analyses are shown in 

Figure 3-2. 



 

88 
 

 

Table 3-1: Characteristics of included studies for the prevalence of NAFLD in KSA:  

Author Year Study 

type 

Study 

setting 

Population Participants Males Age, years Diagnostic 

method 

Prevalence (95% CI) 

El-Hassan et al. 

(172) 

1985-

1989 

Cohort 

study 

Hospital-

based 

Disease-unrestricted 

population 

1425 57.0% 45.9±15.7 CT (HU < -

10) 

9.7% (95% CI:8.3-11.3) 

Akbar et al. (205) 2003 Cross-

sectional 

Hospital-

based 

T2DM Patients 116 28.0% 54±12.8 US 55% (95% CI:46.1-63.9) 

Fallatah et al. (206) 2008-

2009 

Cohort 

study 

Hospital-

based 

T2DM Patients 72 41.7% 58.5 US  55.6% (95% CI:44.1-66.5) 

Al-hamoudi et al. 

(173) 

2009 Cross-

sectional 

Hospital-

based 

Disease-unrestricted 

population 

1312 51.0% 44.7±11.5 US 16.6% (95% CI:14.7-18.7) 

Alshumrani et al. 

(174) 

2012 Cohort 

study 

Hospital-

based 

Disease-unrestricted 

population 

100 76.0% 41.7±11.2 CT (HU < 

40) 

23% (95% CI:15.8-32.2) 

Elmakki et al(207) 2013 Cross-

sectional 

Hospital-

based 

T2DM Patients 207 54.1% - US 47.8% (95% CI:41.1-54.6) 

Alsabaani et al. 

(208) 

2016 Cross-

sectional 

Community-

based 

T2DM Patients 245 66.1% 57.1±13.5 US 72.8% (95% CI:66.6-78.1) 

Alazzeh et al. (175) 2017 Cross-

sectional 

Community-

based 

Disease-unrestricted 

population 

568 0.0% 22.6±4.7 US 20.4% (95% CI:17.3-23.9) 
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Table 3-2: Detailed characteristics of included studies for the prevalence of NAFLD in the KSA.   

Study name  Study purpose/aim Target population, sampling frame, power calculation and 

response rate 

Definition of NAFLD (including diagnostic criteria) 

El-Hassan et 

al(172) 

 

To better examine the intricacy of 

cases and diagnostic signs and to 

cover inadequate data concerning 

clinical and radiological features 

of fatty infiltration of the liver (FIL). 

¶ All patients suffering from fatty infiltration of liver FIL 
attended King Fahd University Hospital. 

¶ Two independent reviewers reviewed the files of all 
patients over a five-year period (1985-1989).  

¶ The sample includes all patients with positive CT 
results on the presence of FIL.  

¶ The power of calculation was not mentioned. 

The presence of unequivocal radiological evidence, positive liver 

biopsy results or/and appropriate radiological follow-up was 

performed, defined as diffuse or focal FIL. The existence of a 

non-spherical focal area with no mass effect and low density 

defined local FIL. 

Akbar et al 

(205) 

 

Assessing prevalence and 

characteristics of NAFLD in 

patients with type 2 diabetes 

attending King Abdulaziz 

University Hospital. 

¶ All type-2 diabetic patients in King Abdulaziz University 
Hospital. 

¶ The sample was drawn from type-2 diabetic patients 
attending King Abdulaziz University Hospital. 116 
patients were randomly selected. Abdominal ultrasound 
and liver measurement were performed for the entire 
sample.  

¶ No power of calculation was mentioned. 

An increase in the echogenicity of the liver parenchyma in 

sonography was diagnostic of NAFLD, which is determined by the 

lack of hyperechoic walls of the portal vein radicals and an 

interface between the diaphragm and liver. 

Fallatah et 

al(206) 

 

Comparison between Fibroscan, 

FIB-4 scores, APRI scores, and 

AST/ALT ratios in the assessment 

of liver fibrosis in patients with 

NAFLD. 

¶ All patients with NAFLD attending King Abdulaziz 
University Hospital (KAUH). 

¶ The sample was extracted from patients with NAFLD 
based on abdominal ultrasound and serum hepatic 
enzyme testing. All patients who attended the diabetic 
clinic were included in the study (122 patients).  

¶ No power of calculation was indicated. 

Those patients with abnormal findings of abdominal ultrasound 

(showed fatty change), serum hepatic enzyme testing, Fibroscan, 

FIB-4 scores and APRI scores. 

Al-hamoudi et 

al (173) 

 

To assess characteristics of Saudi 

NAFLD patients attending 

university hospitals and other 

factors that affect ALT levels. 

¶ All patients undergo ultrasound regardless of the 
primary ultrasound indication. At King Khalid University 
Hospital, they were screened for NAFLD. A total of 218 
patients were labelled as having NAFLD, leaving 202 
after applying the remaining exclusion criteria (if they 
had other liver diseases such as viral liver disease, 
consumed alcohol, and were on medications. 

¶ Power calculation was not mentioned. 

Existence of fatty liver upon the performance of abdominal 

ultrasound without the presence of coexisting liver problems or 

alcohol abuse. 
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Alshumrani et 

al (174) 

 

Using unenhanced CT to assess 

the prevalence of hepatic 

steatosis among adults in 

southwest Saudi Arabia. 

¶ All adults with hepatic steatosis based on CT results in 
southwest Saudi Arabia. 

¶ The sample was extracted from patients attending a 
tertiary hospital in southwest Saudi Arabia after 
unenhanced CT testing to evaluate the urinary tract 
stones.  

¶ No power of calculation was mentioned. 

The definition of NAFLD was found in abnormal CT findings 
depending on different cut-offs of fatty liver disease. Five cut-offs 
depend on mean liver density MLD and mean spleen density 
MSD. MLD Ò 40 HU, MLD Ò(MSD-10) HU , MLD ÒMSD 36 , MLD  
Ò(MSD+5) HU MLD/MSDÒ 1.1  
HU: Hounsfield units 

Elmakki et 

al(207) 

 

Assessing the Prevalence of 

NAFLD among type-2 diabetic 

patients in the Jazan region, 

Saudi Arabia and explore the 

most important associated 

factors. 

¶ Type-2 diabetic patients in the Jazan region with a 
diagnosis of NAFLD. 

¶ The sample was extracted from patients attending 
Jazan General Hospital. Patients were chosen through 
systematic random sampling.  

¶ A representative sample of 230 participants was 

calculated, estimating a non-response rate of 15%. 

Abnormal Ultrasound results are indicative of the presence of 

fatty liver-defined patients with NAFLD. 

Alsabaani et al 

(208) 

 

Determining the Prevalence of 

NAFLD among diabetic patients in 

Abha region, Saudi Arabia, and 

the associated factors. 

¶ All patients diagnosed with diabetes in Abha region, 
Saudi Arabia. 

¶ The sample was taken from patients attending diabetes 
clinics in Abha region using systematic random 
sampling. 

¶ A sample size of 267 was calculated. 

Presence of fatty liver upon performing an ultrasound with the 

absence of coexisting liver disease, alcohol or steatogenic drugs 

consumption. 

Alazzeh et al 

(175) 

 

To assess the Prevalence of 

NAFLD among female university 

students in the Hail region, Saudi 

Arabia, examine the associated 

risk factors and try to validate 

different simple, non-invasive 

indices, which can be of clinical 

importance. 

¶ All female university students attending university in 
Hail region.  

¶ The sample was retrieved from females attending the 
University of Hail. Data were collected by recruiting 568 
female students to study the Prevalence of NAFLD 
among female students. 

¶ A cross-sectional study was initially performed, 
followed by a case-control study to assess the different 
risk factors.  

¶ No power calculation was estimated. 

Positive findings using ultrasound with the exception of 

coexistence of CLD, hepatitis B virus surface antigen or the 

presence of hepatitis C virus antibodies, abuse of alcohol or 

steatogenic drugs. 
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Figure 3-2: Forest plot of the Prevalence of NAFLD in KSA by subgroups:  

 

3.3.2 Quality assessment 

A summary of the quality assessment of the included articles is 

presented in Table 3-3. All articles were of adequate quality, meeting our 

definition of low risk of bias. Five studies were unclear about the 

adequacy of sample size (172, 173, 175, 205, 206), sampling was not 

clearly explained in two studies (175, 205), one did not properly describe 

subjects and settings (174), and one study did not mention the response 

rate (205). 



 

92 
 

Table 3-3: Quality assessment of included studies for NAFLD prevalence in KSA. 

Author Was the 
sample 
frame 
appropriate 
to address 
the target 
population? 

Were study 
participants 
sampled in 
an 
appropriate 
way? 

Was the 
sample 
size 
adequate? 

Were the 
study 
subjects 
and the 
setting 
described 
in detail? 

Was the 
data 
analysis 
conducted 
with 
sufficient 
coverage of 
the 
identified 
sample? 

Were valid 
methods used 
for the 
identification 
of the 
condition? 

Was the 
condition 
measured in a 
standard, 
reliable way 
for all 
participants? 

Was there 
an 
appropriate 
statistical 
analysis? 

Was the 
response rate 
adequate, and if 
not, was the 
low response 
rate managed 
appropriately? 

El-Hassan et 
al.  (172) 

Yes Yes Unclear Yes Yes Yes Yes Yes Yes 

Akbar et al. 
(205) 

Yes Unclear Unclear Yes Yes Yes Yes Yes Unclear 

Fallatah et al. 
(206) 

Yes Yes Unclear Yes Yes Yes No  Yes Yes 

Al-hamoudi et 
al. (173) 

Yes Yes Unclear Yes Yes Yes Yes Yes Yes 

Alshumrani et 
al. (174) 

Yes Yes Yes Unclear Yes Yes No  Yes Yes 

Elmakki et 
al(207) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Alsabaani et 
al. (208) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Alazzeh et al. 
(175) 

Yes Unclear Unclear Yes Yes Yes Yes Yes Yes 
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3.3.3 Heterogeneity and publication bias.  

The between-study variability was extremely high, with I2 

for the overall analysis being 98.9%. There was high 

heterogeneity within population subgroups, with I2=94.6% among 

the disease-unrestricted population and I2=91.0% among T2DM 

patients.  

3.4 Discussion  

We have shown that the available literature to assess the 

prevalence of NAFLD in KSA is limited. Our review included eight 

studies of adequate but variable quality, none of which addressed 

a true general population. In this study, we have found the pooled 

prevalence of NAFLD in KSA to be 37.2%. However, we were 

unable to identify any general population studies.  

Amongst people attending hospitals/community 

healthcare for any reason (disease unrestricted), the prevalence 

was 16.8%, and the only disease-specific subgroup was T2DM, 

with a prevalence of 58.0%. The closest study to a general 

population was (175), which found a prevalence of 20.4% in a 

group of young (20-30 years) women.  

No previous systematic reviews have estimated the 

prevalence of NAFLD in the KSA. We, therefore, provide the best 

estimates to date. NAFLD is often a diagnosis of exclusion, 
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identified in a broad range of specialties, and requires the 

exclusion of several other conditions. As a result, there is no 

single diagnostic test, leading to inconsistencies in reporting.  

This complex diagnostic process makes conducting truly 

population-based studies challenging compared to conditions 

where a single, inexpensive diagnostic test is available. 

Consequently, few such studies are conducted. 

Four of the studies we included could be considered to 

approximate a general population study (172-175). Three of these 

studies included people attending for imaging (either CT or US) 

for reasons unrelated to NAFLD (172-174), and the other was a 

cross-sectional study of female University students (175). 

The study of El-Hassan et al (172), has several critiques 

regarding its representativeness of the general population in KSA. 

The study's patient cohort was derived from adults undergoing CT 

studies at a single university hospital over a six-year period. This 

selection criterion inherently introduces a bias towards individuals 

with underlying health conditions severe enough to warrant a CT 

scan. Therefore, the study population may have a higher 

prevalence of health issues compared to the general population. 

Moreover, as it was conducted in Dammam in the Eastern 

Province of KSA, the study's findings may not be generalizable 

across the entire country due to regional variations in lifestyle and 
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diet. The study's demographic details also reveal a predominance 

of middle-aged males (mean age of 45.9 years and 57% male), 

which may not accurately represent the age and gender 

distribution of the entire population. 

The study by Al-hamoudi et al (173). conducted at King 

Khalid University Hospital in Riyadh, Saudi Arabia, aimed to 

determine the characteristics of Saudi patients with NAFLD. 

While the study provides important insights into the prevalence 

and characteristics of NAFLD among patients in a hospital 

setting, several critiques regarding its representativeness of the 

general Saudi population. The study's hospital-based design 

means that the participants were patients referred for US at a 

university hospital, likely due to existing health concerns or 

symptoms suggestive of liver disease. This selection bias limits 

the study's ability to capture the true prevalence and spectrum of 

NAFLD in the general population, as it excludes healthy 

individuals or those without indications for an ultrasound who 

might still have NAFLD. In addition, as the study was conducted 

in Riyadh, the capital and one of the largest cities in KSA, the 

study's findings may not be generalizable to the entire country. 

Furthermore, the study reports high prevalences of obesity and 

diabetes among the participants, which are major risk factors for 

NAFLD. While these conditions are indeed prevalent in KSA, the 
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concentration of patients with these risk factors in a hospital 

setting might inflate the association between these conditions and 

NAFLD compared to a community-based sample. This could lead 

to an overestimation of NAFLD prevalence linked to obesity and 

diabetes, overlooking other potential risk factors or causes of the 

disease in the general population. 

The study by Alshumrani et al (174). assesses the 

distribution of hepatic steatosis among adults in Southwestern 

Saudi Arabia using unenhanced CT scans. While the study 

makes an important contribution to understanding the prevalence 

of fatty liver disease in this region, there are several critiques 

concerning its representativeness of the general population in 

Saudi Arabia. 

The study's sample consisted of 100 consecutive adult 

patients who presented with suspected symptoms of renal colic 

to the Outpatient Clinic or Emergency Department of a tertiary 

care hospital. This sampling method results in a population that 

may not be representative of the general community, as it is 

biased towards individuals with specific symptoms leading to the 

performance of unenhanced CT scans primarily for detecting 

urinary stones, not liver disease. The gender distribution within 

the study was notably skewed, with 76% of the participants being 

men and only 24% women. This imbalance could affect the 
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generalizability of the findings, especially considering that fatty 

liver disease might present differently between genders. 

Additionally, while the study mentions nationality, it does not 

elaborate on the proportions of Saudi nationals versus 

expatriates, which could also influence the representativeness of 

the findings. And, finally, the focus in the study on the 

Southwestern region of Saudi Arabia may mean the study's 

findings are not generalizable to the entire country. 

The study by Alazzeh et al (175). focuses on identifying 

NAFLD in Saudi females and validating non-invasive indices. 

While this study contributes important insights into NAFLD among 

Saudi females and explores non-invasive diagnostic tools, there 

are several considerations regarding its generalizability and 

representativeness. By exclusively studying Saudi females, the 

research provides valuable data on this demographic. However, 

the findings cannot be directly extrapolated to the entire 

population, including males, due to physiological, metabolic, and 

potentially lifestyle differences between genders that can 

influence NAFLD prevalence and characteristics. While focusing 

on females addresses an important gap in the literature, 

additional research is necessary to understand NAFLD's full 

impact across all demographics within KSA. Furthermore, the 

study was conducted only in Hail, so the findings may reflect the 
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prevalence and characteristics of NAFLD in this specific region. 

However, KSA is a country with diverse populations and varying 

dietary, lifestyle, and genetic factors across its regions, so the 

results from one region might not accurately represent the 

situation in other areas, especially urban versus rural settings, 

which can have different risk factor profiles for NAFLD. 

Although not true general population studies, it is 

reasonable to consider these as providing more realistic 

reflections of the general population risk than is available in 

studies selected for reasons related to liver disease, NAFLD or its 

risk factors. it's evident that while individually, each study may 

have limitations in fully estimating the true general prevalence of 

NAFLD across the KSA, collectively, they provide a valuable 

estimation. Each study, with its unique focus ranging from specific 

populations, such as Saudi females, to different geographic 

regions within the country, and employing various methodologies 

contributes to the larger of understanding of NAFLD prevalence 

in Saudi Arabia. 

Collectively, these studies underscore the multifaceted 

nature of NAFLD in Saudi Arabia. While no single study captures 

the entire scope of NAFLD prevalence across the Kingdom, 

together, they form a comprehensive picture that highlights the 

significant health burden posed by NAFLD.  
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Moreover, these studies collectively call attention to the 

urgent need for nationwide, representative epidemiological 

research on NAFLD. Such research would ideally integrate 

diverse methodologies and populations to accurately assess the 

prevalence, risk factors, and regional variations of NAFLD across 

Saudi Arabia. By building on the existing research foundation, 

future studies can aim to provide a more definitive understanding 

of NAFLD's impact, guiding public health initiatives and 

healthcare resource allocation effectively. 

It is striking that the prevalence from the three disease-

unrestricted imaging-based studies is close to that from the cross-

sectional survey and also that these estimates are between those 

provided by cross-sectional surveys from Iran and Israel, which 

were included in the meta-analysis by Younossi et al. studying the 

global epidemiology of NAFLD (209, 210). The overall estimate 

from that study of Middle Eastern NAFLD prevalence of 32% was 

greatly raised by including a study from Turkey conducted on 

gastroenterological and general internal medical outpatients, 

among whom 55.1% were found to have NAFLD (211).  

Compared to the Younossi review, this study's estimate 

falls between the population-based estimates from Iran and Israel 

and is lower than the estimate from Turkey, which was specific to 

gastroenterology outpatients. Iran and Israel's estimates provide 
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a broader representation of the disease burden in the general 

population, while Turkey's estimate may overestimate the disease 

burden due to the selection of a specific patient population. 

In addition to being broadly similar to other Middle Eastern 

estimates of NAFLD prevalence, our results also mirror those 

elsewhere, showing that NAFLD is more common in people with 

diabetes. We found a pooled prevalence in studies of T2DM 

populations of 58.0%, and this greatly elevated prevalence is 

reflected in studies from China, India, Africa and Europe (212-

214).  

Looking forward, the one-quarter of the adult population of 

KSA affected by T2DM is predicted to more than double by 2030 

(215). Similarly, the worrying levels of obesity in the population 

are projected to rise further (216). Reflecting this, modelling 

estimates NAFLD prevalence of 25.7% and with likely trends in 

risk factors, this has been estimated to rise by 2030 to reach 

31.7% among the Saudi general population (43).  

Despite the limitations of the data available, it could be 

argued that this rising trend is already clear within the studies we 

have included based on disease unrestricted imaging series. The 

study by El-Hassan (172) and colleagues utilising CT scans from 

1985-89 found a NAFLD prevalence of 9.7%, which rose to 16.6% 

in the US-based study of Al-hamoudi (173) and colleagues in 
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2009 and to 23% in the CT based study of Alshumrani (174) in 

2012.  

This rising tide of NAFLD is likely to have a profound 

impact on the people and healthcare systems of KSA. NASH has 

already overtaken HCV hepatitis as the most common cause of 

liver transplant in KSA (40). However, NAFLD progresses slowly, 

so these transplants are likely to reflect NAFLD, which developed 

many years ago when the prevalence was lower (217).  

Hence, the current levels of clinical liver disease due to 

NAFLD are likely to be just the beginning of far larger impacts in 

future. It is not yet known what the rate of progression of screen 

detected NAFLD will be. We do, though, know that about 20% of 

T2DM patients have elevated liver stiffness internationally 

(suggesting the presence of significant fibrosis), that NAFLD 

patients with fibrosis have a high risk of progressing to cirrhosis 

(218) and that the rate of T2DM in KSA is high and rising (215). It 

is reasonable, therefore, to assume that there will be high levels 

of cirrhosis, decompensated cirrhosis and HCC in the coming 

years. 

The systematic methodology of this study reduces the risk 

of selection bias in study selection and ensures that our results 

are as authoritative as possible. However, as for any systematic 

review, the quality of the output is dependent upon the available 
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studies. In this case, the studies have high heterogeneity due to 

the variety of study designs and diagnostic methods utilised. In 

addition, and arguably a more serious issue, a paucity of studies 

limits the scope and precision of the results. None of the studies 

addressed a true general population prevalence of NAFLD or 

reported on high-risk subgroups other than diabetics.  

Our study sheds light on the prevalence of NAFLD in the 

KSA, providing insights into the epidemiological landscape of this 

condition within the country. The wide range of prevalence rates 

observed across the included studies underscores the 

heterogeneity in NAFLD prevalence estimates, reflecting 

variations in population demographics, diagnostic criteria, and 

study methodologies. The substantial burden of NAFLD among 

individuals with T2DM is particularly noteworthy, emphasizing the 

intricate interplay between metabolic disorders and hepatic 

steatosis. These findings underscore the urgent need for targeted 

interventions to address the growing public health challenge 

posed by NAFLD in the KSA. 

The findings of our study have significant clinical and 

public health implications for the management of NAFLD in the 

KSA. Given the high prevalence of NAFLD observed among 

individuals with T2DM and other metabolic disorders, healthcare 

providers must prioritize the early detection and management of 
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NAFLD to mitigate the risk of disease progression and associated 

complications. The clinical implications of our findings underscore 

the necessity for a multidisciplinary approach involving 

collaboration between healthcare professionals, policymakers, 

and community stakeholders are essential to develop and 

implement comprehensive strategies for the prevention, 

diagnosis, and management of NAFLD in the KSA. Moreover, 

public health initiatives aimed at promoting healthy lifestyle 

behaviours, including regular physical activity and a balanced 

diet, are crucial for reducing the burden of NAFLD and its 

associated comorbidities in the population. 

3.5 Conclusion 

The best available estimates of NAFLD prevalence in KSA 

show that it is common and has similar risk factors to those 

elsewhere, as far as can currently be assessed, and it is 

reasonable to assume that it will become an ever-greater disease 

burden without action being taken. Without better estimates of the 

prevalence in both the general population and at-risk groups in 

KSA, precise estimates of the size of this problem are made more 

difficult; however, based on the available knowledge, 

interventions targeting obesity and T2DM are likely to be 

appropriate measures to limit the spread of this disease in the 

KSA. 
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Overall, the findings of these systematic reviews indicate 

that, in general, the burden of NAFLD in KSA and the UK closely 

aligns with global estimates for the general population and for 

specific groups, such as individuals with T2DM. This suggests 

that risk factors for NAFLD may be similar in the two nations and 

that hence the broad strategy of targeting those risk factors to 

reduce the prevalence of NAFLD may be generalisable from the 

UK to KSA. 

However, it is essential to consider the different factors 

driving NAFLD in these regions. In the UK, lifestyle factors such 

as high rates of obesity and sedentary behaviour are significant 

contributors (219). In contrast, in KSA, dietary patterns high in fats 

and sugars, along with genetic predispositions, play a more 

prominent role (43). Given these differences, public health 

measures that are effective in the UK may need to be adapted to 

suit the unique context of KSA. 

For example, interventions focusing on dietary modifications 

might need to account for traditional dietary practices in KSA 

(220). Similarly, strategies to promote physical activity may 

require different approaches tailored to cultural norms and 

available infrastructure (221). This implies that while the core 

components of public health measures may be similar, their 
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implementation needs to be context-specific, respecting the 

cultural, social, and environmental factors unique to each region. 

As non-invasive biomarkers, notably the AST/ALT ratio, 

APRI score, and FIB-4 index, have already demonstrated their 

diagnostic accuracy in respect of NAFLD (109), the next part of 

this study establishes whether these biomarkers can also serve 

as predictive tools for CLD in order to facilitate the introduction of 

interventions at an earlier and more effective stage. 

 

  



 

106 
 

Chapter 4  Clinical Practice Research 
Datalink (CPRD) 
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4.1 Introduction 

The CPRD is one of the world's largest electronic health 

research databases based on general practice records. General 

practices (GPs) are the gatekeepers of the National Health 

Service (NHS) in the UK, which serves roughly 98% of the total 

population. The CPRD collects anonymised electronic health 

record data from participating practices on a regular basis (222), 

and these provide the basis for the studies reported in Chapters 

6 and 7.  

This chapter, therefore, provides an introduction to the 

CPRD, describing its nature and structure and identifying its 

strengths and limitations. The methodology portion of the 

subsequent chapters contains further study-specific information 

on the actual data used. The ethical approval process involved in 

accessing the CPRD for the purposes of this research is also 

described.  

4.2 Development of CPRD 

The database was founded in 1987 in London as the Value 

Added Medical Products (VAMP) computer research database as 

a business endeavour (223). However, VAMP Ltd was acquired 

by Reuters in 1993, which in turn donated the database to the 

Department of Health, who renamed it the General Practice 

Research Database (GPRD) (224). Administration of the GPRD 
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became the responsibility of the Medicines and Healthcare 

Products Regulatory Agency (MHRA) (225) in 2003, at which 

point the use of the database expanded considerably. It was 

renamed the Clinical Practice Research Datalink (CPRD) in 2012, 

with the aim of integrating a broader spectrum of health data and 

extending the scope of research possible with the database (225).  

4.3 Nature and structure of CPRD 

CPRD data is collated into two distinct formats, CPRD GOLD 

and CPRD Aurum, each dependent on the software employed in 

the general practice. GPs routinely record patient information 

during their clinical practice using their personal desktop 

computers with either Vision software for CPRD Gold or EMIS 

software for CPRD Aurum. The fundamental differences between 

these two databases stem from the unique structures and coding 

methods used by each software system. Following the recording 

process, this data, initially generated for clinical use, is then 

repurposed to meet CPRD recording requirements, which allows 

for its further utilization in research endeavours. 

 In all of these systems, which use fundamentally similar data 

models for primary care data, single healthcare events are kept 

as date-stamped coded records. The way this data is organised 

varies due to differences in system design, which slightly 

influences recording methods. However, it's crucial to note that 
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despite these variations, the baseline data remains consistent 

(225). The following information must be filled in for all active 

patients in practice: 

¶ Birth date, sex, date of registration with the practice, and 

current registration status are all included in the 

registration details. 

¶ Morbidity events include those that end in hospitalisation 

or referral, events that result in a medicine prescription, 

and events that require many consultations. 

¶ Symptoms, investigations, procedures, and diagnosis.  

¶ Details of the death, including the date and reason, if 

known. 

¶ Pregnancy outcomes.  

¶ Prescriptions' information. 

The practice must provide at least 95% of this "Research 

Information" after being accepted into the CPRD Gold in 

order to be declared UTS (226). 

 In CPRD, data is structured into two primary categories: 

practice data and patient data, each distinguished by 

pseudonymized IDs. The patientsô data is subdivided into more 

categories: clinical, test and therapy data, immunisation, and 

referral. Patients' demographics, clinical data, and medical staff 

and practices information are included (227). Appendix B (CPRD 
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GOLD Data Specification) contains descriptions of the CPRD's 

organizational structure. 

This thesis exclusively utilizes data input using Vision 

software for CPRD GOLD. The selection of CPRD Gold over 

CPRD Aurum for my study lies in the commencement of data 

coverage. Although both databases provide similar linkages to 

HES data, Death Registration, Cancer data, and the Index of 

Multiple Deprivation, CPRD Gold's initiation from approximately 

1988 seamlessly aligns with the start of our study in 1990. 

Additionally, CPRD GOLD provides access to a time when AST 

testing was more prevalent, which is critical for this study. This 

prevalence offers a more comprehensive view of the period when 

AST testing was commonly conducted. 

While CPRD GOLD provides a longer historical coverage 

starting from 1988, which aligns with the commencement of our 

study in 1990, there is a recognized limitation regarding the 

linkage to HES data. The linkage with HES data did not start until 

1997, which means that for the initial years of the study, the 

benefits of this extended historical coverage are not fully realized 

in terms of hospital episode statistics. This poses a potential 

weakness in the rationale for exclusively using CPRD GOLD over 

CPRD Aurum, which could have provided similar linkages starting 

from a later period when HES data were available. 
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In contrast, although CPRD Aurum boasts a higher 

coverage population, with 19 million patients from 738 practices, 

its inclusion of records predating 1995 introduces an arbitrary cut-

off that may compromise the completeness and reliability of 

recorded information following this point (228). Therefore, while 

CPRD Aurum offers a broader dataset, the historical 

completeness and the prevalence of AST testing available in 

CPRD GOLD were deemed more critical for the purposes of this 

study. Additionally, the study was limited by the number of cases 

that could be drawn from CPRD, meaning that there was no real 

power benefit from using CPRD Aurum, as the maximum number 

of cases allowed had already been reached with CPRD GOLD. 

To address the potential weaknesses and assess the impact 

of these temporal data variations, chapter 8 of this thesis performs 

a sensitivity analysis stratifying by three distinct time periods. This 

analysis examines the effect of changes in available data 

throughout the study, ensuring that the findings are robust and 

account for the varying data coverage over time. 

Vision software is an electronic patient management system 

for doctors that records information mainly as "events." Patient 

information is kept on file from their first interaction with the 

participating clinic until their last. Data from individual practices 

are uploaded to CPRD on a monthly basis. The obtained data is 
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subjected to a quality check to guarantee complete longitudinal 

records, adherence to CPRD recording recommendations, 

practice-level data, and internal consistency of patient data. 

 

4.4 CPRD coverage 

By December 2017, the CPRD GOLD database contained 

information on nearly 17 million patients or 12 per cent of the 

population of the UK. Nearly 5 million of these were active 

registered patients (222). Data is recorded in practice data 

according to the 13 geographical regions on nearly 735 practices 

that exist in the UK, with ten representing England and one 

representing each of the three other countries: Northern Ireland, 

Scotland, and Wales. 

However, the level of participation in practices from 

different regions is unequal, with some regions contributing much 

more than others. The greatest number of patients were from 

London (13.6% of the total) and the least in the East Midlands 

(0.7%), according to a publication published in 2013 (222).  

4.5 External linkage 

In addition to CPRD, data from other databases are linked 

to provide a richer health record. These include the HES, offering 

details about hospital admissions, outpatient appointments, and 
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A&E attendances (229); the Office of National Statistics (ONS) 

death registration data with primary and secondary causes of 

death (230); and the National Cancer Registration and Analysis 

Service (NCRAS) cancer registry data on malignant and pre-

malignant neoplasms (231).  

Additional linked databases include the Myocardial 

Ischemia National Audit Project (MINAP), the mother-baby link, 

the national joint registry, and data on socioeconomic deprivation. 

This linkage enhances the information available for approximately 

75% of English practices within the CPRD, providing a more 

comprehensive view of patients' health trajectories (222) 

4.6 Diagnosis codes 

Diagnoses were coded using the Oxford Medical 

Information System (OXMIS) during the early years of the CPRD, 

which was eventually replaced by Read codes in 1995. Read 

codes are available for CPRD gold. HES maintains information 

about hospital admissions, but instead of using the Read coding 

system, it utilises the International Classification of Diseases 

(ICD-10) coding system for diagnosis. 

4.7 Strengths and limitations of CPRD  

CPRD is one of the largest primary care databases 

available, containing information on lifestyle and morbidity 
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determinants, as well as links to secondary care and mortality 

statistics (222). 

The large number of patients in the database and the 

longitudinal data make it a valuable resource for researchers 

looking into illness links and outcomes, among other things. The 

CPRD broadly represents the UK's general population, making 

population-based studies feasible in this country (222, 228).  

The Quality and Outcomes Framework (QOF), which was 

first implemented in 2004, is an optional annual incentive 

programme requiring general practice services to track numerous 

quality-of-care parameters to obtain monetary rewards. QOF 

provides a set of indicators that can be used to assess the overall 

quality of services offered at the practice level (232). The QOF 

enhanced the completeness of many variables recorded (222).  

While the early years of CPRD might have seen less 

comprehensive recording of lifestyle determinants, the advent of 

QOF has substantially improved these records, making them 

invaluable for present-day research. However, despite the lack of 

liver-specific indicators in the QOF, its implementation has led to 

more consistent and complete patient data recording, indirectly 

benefiting liver-related research. Several QOF indicators, such as 

alcohol consumption, obesity, diabetes, and cholesterol 
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management, are relevant to liver disease risk factors and 

comorbidities, especially NAFLD.  

Other advantages include the availability of laboratory and 

examination results data, many external linkages, and a high 

proportion of secondary care events recorded in general practice 

records. Investigators may acquire access to anonymised 

extracts of original medical records and contact primary care 

physicians to conduct supplementary questionnaires dependent 

upon approvals and payment of fees (225). 

4.7.1 Size 

Because the CPRD is such a big longitudinal primary care 

database, it is especially promising for study into relatively 

uncommon illnesses like cirrhosis. Using a big database like the 

CPRD will enable more exact estimations of the prevalence of 

cirrhosis and the consequences associated with this chronic 

disease than smaller, clinically oriented databases could 

previously provide. 

4.7.2 Representative 

Although the practices included in the CPRD were initially 

self-selected, they have since been found to be generally 

representative of the UK's general population in terms of 

morbidity and mortality estimates and terms of age, sex, ethnicity 



 

116 
 

and BMI. Thus, it would appear reasonable to generalise data 

from the CPRD to the entire UK population (222). The CPRD 

provides a good opportunity for various academic research such 

as clinical epidemiology, health service research, drug safety, 

health outcomes research, disease management, and 

pharmacoeconomics (222). 

Nonetheless, it's essential to recognize that our study's 

'blood test' population, consisting of individuals with AST 

measurements, represents a specific subset within the CPRD 

database. This subset may have distinct characteristics and risk 

factors compared to the entire UK population. As a result, the 

generalizability of our study's findings to the broader population 

should be considered with caution. 

4.7.3 Prospectively collected 

The majority of data in the CPRD are acquired 

prospectively as part of each patient's routine medical care. As a 

result, there is significantly less potential for bias in recording 

individual diagnoses, symptoms, or, more specifically, exposures 

than there may be in smaller studies meant to address a specific 

research question. Indeed, there is no possibility of bias in 

reporting primary care prescriptions, as the database's 

prescription information is generated electronically concurrently 

with the prescription itself. 
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However, because some of the data in the CPRD are 

based on letters from secondary care, some occurrences may be 

misclassified in terms of their precise dates of occurrence. 

4.7.4 Incomplete recording 

As data in the CPRD is collected on a regular basis as part 

of the usual course of care, certain information that would be 

useful for research purposes, particularly information about 

previous exposures, may be missing. Furthermore, because the 

data collection is based on what the GPs consider to be significant 

for the patient's ongoing care, there is likely to be a bias in the 

information obtained.  

 Medication that is either prescribed in secondary care or 

consumed as over-the-counter medication without a prescription 

is another potential gap in the information captured in the CPRD. 

4.7.5 Duration of follow-up 

Although the CPRD is the largest longitudinal database of 

primary care data, it is limited in terms of the duration of follow-up 

time that may be stored on each patient. Patients are free to 

change general practice whenever they like, and there has been 

turnover in participating practices, so many individuals will 

contribute a limited follow up period. Though the database's 

power for estimating incidence will be high, the power for following 
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up on these event cohorts will be poorer due to the short period 

of individual person time. 

4.7.6 Reproducibility 

The CPRD is an ongoing database that allows for the use 

of the same methods repeatedly to evaluate trends over time. 

4.8 Ethical Consideration and Research Approval 

The ethical approval of CPRD provides assurance that the 

service is committed to adhering to strict ethical standards in 

research. The approval process involves a thorough review of the 

research proposal to ensure that it meets ethical standards and 

that the benefits of the research outweigh any potential risks.  

Permission from the Independent Scientific Advisory 

Committee (ISAC) is required to undertake research that can be 

published. This committee was formed in February 2006 by The 

Secretary of State for Health to examine research proposals 

using the Yellow Card Scheme and MHRA's CPRD datasets 

(233). The ISAC committee evaluates the proposed research's 

quality, feasibility, and usefulness to public health using 

anonymized patient-level CPRD data. It assesses planned 

studies' medical, epidemiological, and methodological aspects 

and offers high-quality peer assessments on the precise validity 

of submitted study ideas.  
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After completing and successfully reviewing the ISAC 

protocol form (Appendix C), Protocol number 17_235 was 

approved, and the data used in this thesis was provided according 

to this protocol. The details of the study population are presented 

in the following chapters. 

4.9 Conclusion 

This chapter has introduced CPRD which forms the primary 

data source for the following studies, describing its development, 

nature and structure, and considering its strengths and 

limitations. For the purposes of this research study, it provides an 

established source of routinely collected patient data, meaning 

that no additional patient data would need to be collected if the 

procedures described in the next chapters were to be adopted as 

part of wider early identification processes, thereby reducing the 

time and costs required.  
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Chapter 5  Assessing the availability of 
non-invasive liver biomarkers among UK 
primary care patients 
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5.1 Introduction 

As previously discussed in (section 1.7.2), CLD is often 

diagnosed at a late stage, typically when severe and irreversible 

liver damage, such as liver cirrhosis or HCC, has already 

occurred. While liver biopsy is the gold standard procedure for 

diagnosing and assessing the degree of liver inflammation and 

fibrosis in patients (see Section 1.8.1), the procedure has some 

limitations, including the risk of sampling error, infection, and 

bleeding (76, 234), and there has been a significant push towards 

identifying non-invasive measures for detecting fibrosis (145, 

235).  

Before examining the utility of biomarkers such as the 

AST/ALT ratio, APRI score, and FIB-4 index, it is essential to 

establish their availability within the general practice population in 

the UK. This is fundamental as it provides insights into the 

retrospective application of these biomarkers, enabling their use 

without necessitating general practitioners to conduct additional 

blood tests, and it forms the basis for understanding the 

practicality and feasibility of using these biomarkers in the real-

world context of primary care.  

5.2 Aim 

 This study therefore aims to estimate the proportion of 

patients over 40 years of age, registered with a GP on CPRD and 
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free of known advanced CLD, who had data within their records 

to calculate liver fibrosis biomarkers. A further aim is to establish 

the proportions of these patients with normal or abnormal 

biomarkers based on conventional cut-offs. 

5.2.1 Objectives 

¶ To calculate the AST/ALT ratio, APRI score, and FIB-4 

index from existing data within patient records where 

available for patients older than 40 years who did not have 

a previous diagnosis of advanced CLD. 

¶ To estimate the proportion of patients with (normal or 

abnormal) AST/ALT ratios, APRI scores, and FIB-4 

indexes based on conventional cut-offs. 

5.3 Methods 

5.3.1 Study design 

 A retrospective cohort study was conducted using CPRD 

data. 

5.3.2  Data source 

 CPRD data were prepared for use in this study and 

approved by ISAC under protocol number 17_235. The data 

source for this study has been fully described in Chapter 4.  

The population from the CPRD GOLD database (October 

2018) comprised all cases eligible for data linkage to NCRAS, 
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ONS, and HES. In defining our cohort within NCRAS, Patients are 

identified in the CPRD GOLD database during the coverage 

period from 1 Jan 1990 ï 31 Dec 2016. Additionally, I obtained 

data from the ONS's registered deaths from 2 Jan 1998 to 31 Dec 

2016 and from CPRD practices in England linked to HES from 1 

Jan 1997 to 31 Dec 2016. 

5.3.3 Study population 

  The study population are patients aged 40 years or older 

during the study period (1 Jan 1990 ï 31 Dec 2016) and 

registered for at least one year on CPRD after the latest of either 

the date of registration or the date the practice was labelled UTS. 

The included patients are those among this population who have 

an AST measurement whilst over age 40 and did not have known 

advanced CLD, as defined in the next chapter, prior to the first 

AST measurement.  

The sample was limited to those over age 40 primarily 

because it is unlikely enough time has passed for cirrhosis to have 

developed in younger patients, making this age group more 

relevant for the study. Additionally, the limits upon the number of 

cases that could be drawn from CPRD prevented all cases from 

being utilized. Age over 40 is the age group within which most 

outcomes occur, and hence this choice maximized power for 

chapters 6, 7, and 8 within the permitted data limits. 
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The study populationôs characteristics (birth, sex, UTS 

date, and death date óif applicableô) were extracted using patientsô 

files from CPRD GOLD.  

5.3.4 Data processing 

I processed the data to isolate reliable and accurate blood 

marker values for AST, ALT, and Platelets. I applied a thorough 

data cleaning process to the records extracted from the entity 

files, to enhance the integrity and usability of this data, Data 

cleaning, which is also referred to as data cleansing or scrubbing, 

entails rigorously identifying and correcting or removing any 

inaccuracies and inconsistencies (236).  

This involved extracting all relevant test results recorded 

during the study period from general practice sources, as 

documented in the CPRD GOLD's 'test' files. Specifically, these 

included results for ALT (entity file code 155), AST (entity file code 

156), and platelet count (entity file code 189). 

The raw data from the CPRD GOLD database, which is a 

large collection of test results, often needs careful cleaning and 

checking to make it ready for detailed analysis. These included 

the removal of records with missing or incomplete values and the 

identification and exclusion of potential outliers or anomalous 

reading.  This step is important to ensure the data's quality and 
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reliability for analysis. Detailed steps and methods used in the 

data cleaning process are outlined in the following sections. 

5.3.4.1 AST and ALT 

AST and ALT had the same data cleaning steps. Firstly, all 

records under 155 and 156 entities were extracted from the 

patient test files. Then, any missed results with no values were 

removed from the recorded observations. 

Subsequently, further cleaning was carried out to ensure 

the accuracy of the data. This involved removing all results that 

had decimals (because AST and ALT are expressed as integers 

without decimal fractions) and all readings that were higher than 

1500 U/L. The value of 1500 U/L was more than four times the 

level of 99% of the data and, therefore, likely an erroneous value.  

5.3.4.2 Platelets  

Firstly, all records under entity 189, which included both 

platelet counts and platelet volumes, were extracted. Following 

this, I used medcodes 7 (platelet count), 4415 (platelet count 

abnormal), 26926 (platelet count NOS), and 26927 (platelet count 

normal) to extract only platelet count records within entity 189. 

Then, all observations with missed values (i.e., records with no 

value) and those containing decimals were removed (because 
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platelet count is expressed as an integer without a decimal 

fraction).  

Based on data observation, some platelet counts had 

decimal values, which is unusual and likely indicates overlap with 

platelet volume measurements, possibly because platelet count 

and platelet volume are stored under the same entity number. So, 

further data cleaning was needed. As a result, values of less than 

15 × 109/L were removed during cleaning to prevent overlap with 

platelet volume measurements. The value of 15 was chosen 

because it represents the highest level of normal platelet volume. 

Values greater than 2000 × 109/L were also removed during the 

cleaning process as they were deemed implausible and likely 

erroneous. This decision was based on the fact that test results 

higher than 2000 × 109/L were four times higher than 99% of the 

data, making them potentially indicative of measurement or data 

entry errors. 

5.3.5 Biomarkers calculation 

¶ AST/ALT was calculated as AST(IU/L)/ALT(IU/L),  

¶ APRI was calculated as [[AST(IU/L)/upper limit normal] / 

platelets × (109/L)] × 100, and  

¶ FIB-4 was calculated as [age(years) × AST(IU/L)] / 

[platelets × (109/L) Ĭ ãALT(IU/L)]. 
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5.3.6 Outcomes  

Each biomarker was assessed in a separate cohort study.  

The normal and abnormal groups were defined using cut-offs for 

each index, which were chosen based on existing literature. A cut-

off of one was used for the AST/ALT ratio (139), a cut-off of one 

for the APRI score (151), and a cut-off of 1.3 for the Fib4 index 

(158). More detail on the validity of different cut-offs has been 

discussed in the introduction chapter (section 1.8.4).  

5.3.7 Determining patients with normal and abnormal 

scores 

 Patients were included in the normal group when they had 

no history of abnormal scores. In contrast, patients were included 

in the abnormal group when they had at least one abnormal 

score. 

5.3.8 Statistical analysis 

5.3.8.1 Determining the acceptable period between the 

tests 

To determine the most appropriate interval between the 

biomarker components, all the results of the tests undertaken for 

each patient were combined, and the durations between the tests 

were determined. Ideally, all components of a calculated score 

would be measured at the same time. If the time interval between 
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the biomarker components had been extended, it could have 

potentially allowed for more individuals to be included in the study. 

On the other hand, reducing the time between tests will likely 

improve the validity of the biomarkers used in the study. 

I divided the time between tests into three categories. The 

first category included all possible combinations without a time 

limit. The second category was from zero to ten days, and the 

third was from zero to one day.  

5.3.8.2 Proportion calculations 

The frequency of liver biomarkers was presented for each 

of the three biomarkers as follows:   

¶ The proportion of patients with at least one calculable 

biomarker (for each biomarker) out of the total eligible 

population (Unique patients aged 40 years or older during the study 

period (01/01/1990ï31/12/2016)) over the study period was 

calculated as follows: 

!ÌÌ ÐÁÔÉÅÎÔÓ ×ÉÔÈ Á ÓÃÏÒÅ ÍÅÁÓÕÒÅÄ 

4ÏÔÁÌ ÅÌÉÇÉÂÌÅ ÐÏÐÕÌÁÔÉÏÎ ÏÖÅÒ ÔÈÅ ÓÔÕÄÙ ÐÅÒÉÏÄ
 

¶ The proportion of patients with an abnormal value out of 

the total eligible population over the study period for each 

biomarker was calculated as follows: 

!ÌÌ ÐÁÔÉÅÎÔÓ ×ÉÔÈ ÁÎ ÁÂÎÏÒÍÁÌ ÓÃÏÒÅ ÍÅÁÓÕÒÅÄ 

4ÏÔÁÌ ÅÌÉÇÉÂÌÅ ÐÏÐÕÌÁÔÉÏÎ ÏÖÅÒ ÔÈÅ ÓÔÕÄÙ ÐÅÒÉÏÄ ÆÏÒ ÅÁÃÈ ÂÉÏÍÁÒËÅÒ
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Analyses were repeated with the patients stratified by sex 

(male, female) and age (at the date of biomarker measurement) 

based on ten-year age bands (i.e., 40ï49 years, 50ï59, 60ï69, 

and more than 70 years old). 

5.3.8.3 Annual distribution of calculable scores.  

To determine the annual availability of calculable scores for 

my study population throughout the study period, I calculated the 

annual distribution of scores for the AST/ALT ratio, APRI score, 

and FIB-4 index. Additionally, I documented the annual frequency 

of conducted AST, ALT, and platelet tests during the study period.  

5.3.8.4 Age sex interaction 

I conducted a logistic regression analysis to assess the impact 

of age and gender on the likelihood of being classified into the 

normal and abnormal groups. The model incorporated age as a 

continuous variable, sex as a categorical variable, and an 

interaction term between age and gender to explore potential 

differences in the age effect on being classified into the normal 

and abnormal groups status by sex. 

The model's fit was evaluated using the likelihood ratio chi-

square test. The significance of the predictors, including the 

interaction term, was determined through Wald z-tests. Odds 

ratios (ORs) with 95% (CIs) were computed to elucidate the 



 

130 
 

influence of age, gender, and their interaction on the odds of 

exposure. A P-value less than 0.05 was deemed to indicate 

statistical significance. 

5.4 Results  

5.4.1 Characteristics of the participants 

Figure 5-1 shows the process of extracting the study 

population from the source population (CPRD) and the number of 

included patients for the analysis. From the source population, 

15,081,817 patients were registered between 1 Jan 1990 ï 31 

Dec 2016, and 11,083,422 patients had at least one year of UTS 

follow-up.  

During the study period, 3,513,680 (23.3%) unique 

patients were aged 40 years or older at the end of the study 

period. This does include anyone who died or transferred before 

2016, provided that they were at least 40 years old at the time of 

death or transfer and were eligible to be included in the study. A 

total of 2,946,250 (19.5%) patients were excluded because they 

had no AST measured in their records or they had advanced CLD 

before the date of the first AST measurement. The data provided 

from the CPRD combines the number of patients excluded for not 

having an AST measurement and those with pre-existing 

advanced CLD into a single figure.  
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Consequently, out of the 3,513,680 eligible patients, 

567,430 (approximately 16.1%) were ultimately included in the 

study.  

 

 

Figure 5-1: The process of extracting the study population from the source 
population (CPRD) and the number of included patients for the analysis. 
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5.4.2 Results of data processing 

Platelet count was the most frequently measured blood 

marker, with 4,383,974 observations for 546,862 patients, 

followed by 2,702,579 ALT observations for 393,317 patients. For 

AST, in the initial dataset, there were a total of 567,430 patients 

over 40 years old with recorded AST measurements. However, 

following rigorous data processing and cleaning procedures, 

which included removing inaccuracies and inconsistencies, the 

final analysis was conducted on 564,367 patients with a total of 

2,402,106 AST observations. The details of AST, ALT, and 

Platelet data processing results are shown in Figure 5-2, Figure 

5-3, and Figure 5-4.  

 

Figure 5-2: Results of data processing for AST from test files in CPRD. 
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Figure 5-3: Results of data processing for ALT from test files in CPRD.  

 

 

Figure 5-4: Results of data processing for Platelet count from test files in 
CPRD. 
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5.4.3 Time difference between the tests 

A time difference between tests of one day covered 47.2%, 

88.2%, and 87.4% of the all possible combinations for AST/ALT, 

APRI, and FIB-4 measurements, respectively. Extending the 

interval for including test results from 1 day to 10 days resulted in 

a marginal increase in the study population. Specifically, the initial 

1-day interval captured 98% of the observations that would have 

been included with a 10-day separation. This minor addition to the 

study population did not justify the potential reduction in study 

validity. Instead, maintaining a 1-day interval significantly 

enhanced the validity of my findings. Accordingly, the maximum 

time between the tests included in the calculation of the scores 

was one day. More details are shown in Table 5-1, Table 5-2, and 

Table 5-3. 

Table 5-1: Number of patients over a different time between AST and ALT 
date (to calculate ast/alt): 

 

 

 All possible 
combinations 

0-10 days 0-1 day  

Number of 
observations 

n
. 

22,276,329 865,847 821,572 

% 100% 3.8% 3.6% 

Number of 
patients 

n
. 

394,414 190,600 186,504 

% 100% 48.3% 47.2% 
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Table 5-2: Number of patients over a different time between AST and platelet 
date (to calculate APRI): 

 

Table 5-3: Number of patients over a different time between AST and platelet 
date (when AST and ALT were done on the same day) to calculate Fib-4: 

 

5.4.4 Score results 

5.4.4.1 Patients with normal and abnormal AST/ALT ratios 

After excluding those with advanced CLD at the time of the 

biomarker measurement, there were 821,572 calculable 

AST/ALT ratio scores from 186,504 patients. The proportion of all 

patients with at least one AST/ALT ratio among the study 

population (i.e., those aged 40 years or more, 3,513,680 patients) 

was 5.3%. 

 All possible 
combinations 

0-10 days  0-1 day 

Number of 
observations 

n. 42,283,729 1,847,382 1,700,555 

% 100% 4.3% 4.0% 

Number of 
patients 

n. 547,304 493,571 483,097 

% 100% 90.1% 88.2% 

 All possible 
combinations 

0-10 days 0-1 day 

Number of 
observations 

n. 15,524,407 654,528 601,267 

% 100% 4.2% 3.8% 

Number of 
patients 

n. 180,517 161,400 157,804 

% 100% 89.4% 87.4% 
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Of those with a valid AST/ALT ratio, 63.3% (n=118,039) had 

at least one abnormal score. Females were more likely than 

males to have abnormal scores (72.3 vs. 53.4%, respectively). 

The likelihood of being in the abnormal group increased with age, 

with the highest percentage among patients over 70 years old 

(84% abnormal vs. 48% abnormal in those aged 40-49 years). 

Full details of the numbers of patients in the normal and abnormal 

groups stratified by sex and age are shown in Table 5-4.
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Table 5-4: Characteristics of participants (with at least 1 score measured) in 
the normal and abnormal groups stratified by sex and age group: 

 

5.4.4.2 Patients with normal and abnormal APRI scores 

From a total of 483,097 patients, 1,700,555 APRI scores 

were analysed, accounting for 13.7% of the study cohort. A 

subset (3.9%) had high-risk values, with males showing a slightly 

higher prevalence (4.9% vs. 3.1% in females). Older age groups 

had a higher proportion of abnormal results. Details are available 

in Table 5-4.  

  AST/ALT APRI FIB-4 

n. of patients  186,504 483,097 157,804 

  Normal Abnormal Normal Abnormal Normal Abnormal 

n. of patients in 

normal and 

abnormal groups 

N 68,465 118,039 464,204 18,893 77,590 80,214 

% 36.7 % 63.3% 96.1% 3.9% 49.2% 50.8% 

Sex        

Male N 41,169 47,135 209,498 10,810 33,712 39,177 

% 46.6 % 53.4% 95.1% 4.9% 46.3% 53.7% 

Female N 27,296   70,904 254,706 8,083 43,878 41,037 

% 27.7% 72.3% 96.9% 3.1% 51.7% 48.3% 

Age group        

40-49 N 26,339 24,334 131,369 4,114 35,579 6,093 

% 52.0% 48.0% 97.0% 3.0% 85.4% 14.6% 

50-59 N 21,321 25,246 113,898 4,792 23,345 15,094 

% 45.8% 54.2% 95.9% 4.1% 60.7% 39.3% 

60-69 N 12,908 27,885 96,581 4,216 11,849 22,566 

% 31.6% 68.4% 95.8% 4.2% 34.5% 65.5% 

70 years and older N 7,897 40,574 122,356 5,771 6,817 36,461 

% 16.3% 83.7% 95.5% 4.5% 15.7% 84.3% 
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5.4.4.3 Patients with normal and abnormal FIB-4 indexes:  

I analysed 601,267 FIB-4 scores from 157,804 patients, 

which is 4.5% of our study population. Of these, 50.8% had 

abnormal results. There was a higher incidence of abnormal 

scores in males (53.7%) compared to females (48.3%). 

Abnormalities were notably more common in older age groups, 

with 84.3% of those over 70 years displaying abnormal scores, 

versus 14.6% in the 40ï49-year range. Details are available in 

Table 5-4. 

5.4.4.4 Annual distribution of calculable scores.  

My study documented a consistent trend in the annual 

calculation of AST scores, AST/ALT ratios, APRI, and FIB-4 from 

1990 to 2016, as shown in Figure 5-5 and Figure 5-6. Initially, 

AST scores were low, rising to peak in 2004, then declining 

notably. A similar trend was observed in AST/ALT ratios, APRI, 

and FIB-4, all peaking around 2004 and declining by 2010. This 

pattern underscores the pivotal role of AST in liver health 

assessments and indicates that increases in AST testing 

paralleled the availability of calculable liver health scores. 

Detailed annual distributions can be found in Table 5-5. 
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Table 5-5: Annual distribution of AST, ALT, platelet, and calculable scores. 

 AST ALT  Platelet AST/ALT APRI FIB4 

1990 230 92 722 130 93 71 

1991 682 246 2088 347 370 101 

1992 2211 963 5824 768 1248 264 

1993 3464 1535 8429 1164 1945 452 

1994 3274 1587 8077 1063 2018 474 

1995 5620 2225 11998 1196 3666 569 

1996 11501 4347 21431 2613 7818 1589 

1997 22362 10457 38446 6159 14249 3830 

1998 36866 17513 58468 10981 25189 7816 

1999 64244 25411 90440 15664 45489 11357 

2000 92816 38961 136465 22376 63111 14950 

2001 116454 64510 167364 34030 76850 22562 

2002 164354 89019 212703 41724 110577 26412 

2003 205244 124854 257713 60528 133619 38875 

2004 203990 154821 275359 67542 132877 44301 

2005 200222 179377 293331 69294 131001 46560 

2006 173780 209427 302770 64799 117433 43869 

2007 177764 217437 325339 67423 125185 48329 

2008 179,487 219,196 335,143 70,792 131,359 51,951 

2009 164865 219263 324846 66634 124394 56755 

2010 156611 200380 311123 54232 121561 42770 

2011 132847 207609 308663 50305 106606 41320 

2012 100673 200063 276400 39001 78776 32907 

2013 78537 165248 227369 30328 61562 25396 

2014 60218 141373 184862 26675 48502 23001 

2015 29330 94833 116844 12343 23922 11174 

2016 14460 71445 81756 3461 11135 3312 

Total  2,402,106 2,702,579 4,383,974 821,572 1,700,555 601,267 

 



 

140 
 

 

Figure 5-5: Annual Distribution of calculable scores. 

 

 

Figure 5-6: Annual Distribution of AST, ALT, and Platelet conducted for the 
study population. 

 

 

0

20000

40000

60000

80000

100000

120000

140000

160000

19901992199419961998200020022004200620082010201220142016

Annual Distribution of  Calculable scores

AST/ALT APRI FIB4

0

50000

100000

150000

200000

250000

300000

350000

400000

19901992199419961998200020022004200620082010201220142016

Annual Distribution of AST, ALT, and Platelet 
conducted for the study population

AST ALT Platelet



 

141 
 

5.4.4.5 Age sex interaction  

5.4.4.5.1 AST/ALT ratio analysis 

My analysis revealed a significant correlation between age 

and an increased risk of being classified into the abnormal group, 

with the log odds of exposure rising by approximately 0.06 for 

every additional year of age (p < 0.001). Gender also played a 

critical role, with females showing significantly higher log odds of 

being classified into the abnormal group (an increase of 2.2) 

compared to males (p < 0.001). However, this increased risk was 

moderated by the interaction between age and female gender, 

resulting in a decrease in log odds by 0.023 for each additional 

year (p < 0.001), suggesting that the increase in the risk of being 

classified into the abnormal group with age is less pronounced in 

females. The results of the regression analysis are presented in 

Table 5-6. 

Table 5-6: Regression analysis demonstrating the interaction effect of sex 
and age on the likelihood of being classified into the abnormal group among 
AST/ALT population.  

Variables  log odds Std. err z   

score  

P>|z| (95% conf. 

interval) 

age 0.06 0.001 201.34 0.001 (0.06, 0.06) 

Sex-female 2.2 0.026 84.93 0.001 (2.2, 2.3) 

Sex * age      

Female -0.023 0.0004 -59.84 0.001 (-0.024- , -0.023) 
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5.4.4.5.2 APRI score analysis 

Age plays a significant role in the APRI score analysis, with 

each additional year increasing the log odds of being classified 

into the abnormal group by 0.01 (p < 0.001). Female gender was 

associated with a decrease in the log odds by 1.2. The interaction 

between sex and age further impacted this trend, with an increase 

in the log odds by 0.008 per year for females, indicating that the 

risk associated with age is slightly more pronounced in females 

(Table 5-7). 

Table 5-7: Regression analysis demonstrating the interaction effect of sex 
and age on the likelihood of being classified into the abnormal group among 
the APRI score population. 

Variables  log odds Std. err z    

score 

P>|z| (95% conf. 

interval) 

age 0.01 0.001 -26.80 0.001 (-.016   -.014) 

Sex-female -1.15 0.05 -21.23 0.001 (-1.2 -1.0) 

Sex * age      

Female 0.008 0.001 10.49 0.001 (0.007 0.01) 

 

5.4.4.5.3 FIB-4 index analysis 

Age was significantly correlated with an increased risk of 

being classified into the abnormal group, raising log odds by 0.1 

per year (p < 0.001). Female gender slightly reduced the risk, 

decreasing log odds by 0.05. The age-sex interaction led to a 

further reduction of 0.007 in log odds per year (Table 5-8).  
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Table 5-8: Regression analysis demonstrating the interaction effect of sex 
and age on the likelihood of being classified into the abnormal group among 
the Fib4 index population. 

Variables  log odds Std. err z   

score  

P>|z| (95% conf. 

interval) 

age 0.1 0.001 233.91 0.001 (0.1, 0.1) 

Sex-female -0.05 0.03 -1.31 0.001 (-0.12, 0.02) 

Sex * age      

Female -0.007 0.001 -13.87 0.001 (-.0.008, -

0.006) 

 

5.5 Discussion 

5.5.1 Availability of calculable non-invasive biomarkers 

among general practice populations 

This study shows that, of those assessed, the most 

commonly calculable liver marker was APRI score in 

approximately 14% of those aged over 40 years attending UK 

general practice. The least calculable biomarker was the FIB-4 

index (4.5%). Using the conventional cutoffs, despite APRI being 

the most readily calculable marker, it was found to yield the lowest 

proportion of abnormal scores. There was wide variation in the 

proportion of abnormal scores across the three biomarkers: 

63.3% for the AST/ALT ratio, 50.8% for the FIB-4 index, and 3.9% 

for the APRI score. 

This thesis explores the feasibility of using non-invasive 

biomarkers like the AST/ALT ratio, APRI score, and FIB-4 index 

for identifying patients at higher risk of advanced liver diseases. 
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The findings of this study are enlightening as they demonstrate 

that these biomarkers can be calculated from existing patient 

records in GP, emphasizing their accessibility and practical utility 

in clinical settings. 

The lower calculability of the FIB-4 index along with the 

AST/ALT ratio in compare to APRI score, which may be the result 

of less frequent recording of the required parameters in routine 

patient evaluations, raises concerns about potential issues with 

its routine application.  

5.5.2 Variability in liver function testing practices in 

primary care; implications for non-Invasive biomarker 

calculability 

The inequality in the scoresô measurements can be 

attributed to the variable approaches in conducting LFTs across 

different primary care settings. 

The current study found that a significant variation was 

observed in the use of ALT and AST tests when analysing LFT 

practices in primary care in the UK. After thorough data 

processing and analysis, my study findings revealed that a total 

of 2,402,106 AST tests were given to a larger group of 564,367 

patients. However, within this group, a specific subset of 393,317 

(69.7%) patients not only had AST tests but also underwent ALT 
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testing. In this particular subset, a substantial number of ALT 

tests, totalling 2,702,579, were conducted.  

So, as I am describing routine data, the observations reflect 

variations in practice and not just in the performance of the 

biomarkers. APRI's higher calculability, requiring only AST, 

contrasts with other indices that need both AST and ALT. This 

finding aligns with Scutt et al. (137), who noted an increase in 

most liver indicators over the last decade but a significant drop in 

AST testing in primary careðonly about 2% of patients receive 

annual AST tests. Since AST is essential for calculating AST/ALT 

ratios, APRI scores, and FIB-4 indices, reduced testing impacts 

these biomarker measurements significantly. 

It's important to recognize that simply increasing AST 

testing doesn't automatically enhance biomarker calculability, 

given that the AST/ALT ratio and FIB-4 index also rely on ALT 

values, and both the APRI and FIB-4 indices require platelet 

counts. Integrating these tests could greatly reduce the current 

variability in calculable scores caused by diverse testing 

practices. This comprehensive approach would provide a more 

accurate assessment of liver health and align with our study's 

goal to effectively use non-invasive biomarkers in primary care for 

liver disease detection. 
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Furthermore, the observed differences in AST and ALT 

testing frequencies in this study are not contradictory to the 

literature but rather indicative of the study's focus on patients with 

measured AST levels. While ALT is more specific to hepatic 

conditions (237), AST could potentially be a more sensitive 

marker for chronic liver damage (238, 239). Consequently, the 

study's results may be more representative of this specific patient 

subgroup rather than the broader primary care population.  

The annual distribution of calculable scores observed in 

my study lends support to the findings presented by Scutt et al. 

(137), as the reduction in AST calculation directly impacts the 

number of calculable scores, corroborating my observations that 

the ability to calculate the AST/ALT ratio, APRI, and FIB-4 has 

diminished over time. 

It is important to note that the plots display raw counts for 

time trends rather than rates, as we did not have access to the 

denominator population for each year of the study. While I do 

have the denominator for the overall study population, the lack of 

annual denominators means that changes between years might 

reflect shifts in the underlying population over time. This means 

that changes between years might reflect shifts in the underlying 

population over time, such as an initial increase followed by a 

decrease as practices left the CPRD Gold database. Despite this 
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limitation, comparisons between the tests within the same year 

remain valid because they were conducted within the same 

populations. So, these raw counts should be interpreted with 

caution, recognizing that they do not account for population 

changes over time. Future studies should aim to access 

denominator data to calculate rates and provide a more accurate 

representation of time trends. 

5.5.3 Gender and age disparities in liver function 

testing 

Another area in which findings may reflect clinical practice 

rather than the performance of the tests is in the variations 

between ages and sexes regarding the proportions of patients 

tested. Females predominated over males in numbers with 

scores calculable for each of the three indices may reflect the fact 

that females are known to consult their general practice services 

more than males and hence have an increased opportunity for 

testing (240, 241).   

This is also supported by the finding from Scutt et al. (137),  

study who showed that females generally undergo AST and ALT 

testing more frequently than males. It is possible that this is 

enough to counter the knowledge that liver disease is more 



 

148 
 

common in males than females (242, 243) since otherwise 

targeted testing of males may be expected.  

Scutt et al. (137) reported that females are more likely to 

have normal AST and ALT levels compared to males, which can 

be attributed to physiological differences such as hormonal 

variations, lower average muscle mass, and different fat 

distributions in females. These factors might influence baseline 

ALT levels. Additionally, since AST is present in various tissues 

beyond the liver, including muscle and heart, this finding suggests 

gender-specific differences in factors like muscle mass, cardiac 

health, and other systemic conditions affecting AST levels (244, 

245).  

Contrary to this, my study findings show that females more 

frequently have abnormal scores in the AST/ALT ratio, while 

males are more likely to exhibit abnormal scores in the APRI and 

FIB-4. This discrepancy adds complexity to the interpretation of 

liver enzyme tests and biomarkers, highlighting that while females 

generally present with normal AST and ALT levels, they might still 

have abnormalities in specific liver function ratios and scores. 

This underlines the importance of a nuanced approach in 

assessing liver health, considering gender-specific physiological 

and systemic factors.  
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A similar phenomenon may be occurring in the elderly. 

Since about 90% of liver disease deaths in the UK occur under 

age 70 (246), one might expect that general practitioners would 

conduct fewer tests of liver function in this age group. That similar 

numbers of scores are calculable in the over 70s may reflect the 

fact that LFTs are not measured purely to assess the liver and 

that older individuals tend to have more healthcare contact (247, 

248).  

My study identified an increased probability of presenting 

abnormal liver biomarker levels in patients over 70 years old, 

diverging from the pattern observed by Scutt et al. (137), who 

found that normal ALT and AST levels generally rise with age, 

with the proportion of the population undergoing testing peaking 

at ages 70-79 before slightly declining. Notably the peak age for 

abnormal test results was identified as 50-59. This difference 

underlines a crucial aspect: the calculated biomarkers, rather 

than AST levels, guide the selection of individuals for further 

investigation. This distinction supports the subsequent discussion 

that liver enzymes and calculated scores may not identify the 

same individuals for additional diagnostic procedures, 

highlighting the importance of context in interpreting these 

biomarkers. 
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As individuals age, the metabolic demands on the liver 

may decrease, accompanied by a reduction in cellular turnover. 

These changes could contribute to the stabilization of liver 

enzyme levels, resulting in more frequent 'normal' ALT and AST 

levels in older populations (249, 250). However, it's important to 

interpret these 'normal' levels cautiously. In older adults, even 

'normal' enzyme levels may not accurately reflect the liver's 

functional capacity, as aging is associated with a general decline 

in organ efficiency and regenerative ability (250). Therefore, the 

increased likelihood of abnormal biomarker results in older 

patients in our study might actually reflect a more accurate 

indication of liver health in this age group. 

5.5.3.1 Age sex interaction. 

Age-sex interaction refers to the differential impact that 

age has on a health outcome based on sex, and vice versa. Given 

the variability in liver disease epidemiology across ages and 

sexes, examining this interaction allows for a more refined 

understanding of disease risk, potentially leading to improved 

case findings and the personalized treatment approaches. My 

analysis revealed a significant correlation between age and an 

increased risk of liver disease, as indicated by all three 

biomarkers. However, this risk was modulated by sex, with 

females experiencing a different trajectory of risk increase with 
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age compared to males. Specifically, while females showed a 

baseline higher risk in some biomarkers, the age-sex interaction 

indicated that the rate of risk increase with age is less pronounced 

for females.  

These findings align with the literature, notably the 

comprehensive review by Cooper et al.(251), which underscores 

sex differences in chronic liver disease and the protective effects 

of oestrogens against hepatic fibrosis. Their review elaborates on 

how sex hormones contribute to the pathophysiology of liver 

diseases, with oestrogen having a direct inhibitory effect on HSCs 

and thereby modulating fibrosis. This is consistent with my 

observation that the increase in liver disease risk with age is 

moderated in females, likely due to oestrogenôs protective roles. 

Cooper et al. also discuss the increased risk of fibrosis in post-

menopausal women, aligning with my findings that suggest an 

increased risk of being in the abnormal group with age among 

females. This comparison emphasizes the critical need for 

considering age-sex interactions in liver disease research and 

clinical practice, advocating for personalized approaches to liver 

health assessment and management. 
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5.5.4 Implications of biomarker utilization in case 

finding and risk stratification.  

The EASL-EASD-EASO clinical practice guidelines 

propose using the FIB-4 score as part of the diagnostic protocol 

for ruling out advanced fibrosis (252). The recommendations also 

suggest using FIB-4 as a prognostic indicator to exclude 

progression to severe liver disease and death. If we were to 

implement widespread FIB-4 testing among the UK population 

aged over 40 years, this could have a substantial impact on 

general practice, laboratory and hepatology services.  

 Furthermore, though some measures of diagnostic 

accuracy, such as specificity and sensitivity, are generally thought 

of as being characteristics purely of a test, others, such as PPV, 

are also affected by the population tested. In a low-risk 

population, the PPV of a FIB-4 of 1.3, may be as low as 5% (253). 

This means that out of the 17 million abnormal results, only 5% 

would be true positives. Consequently, with a PPV of 5%, we 

would expect only 850,000 of these 17 million abnormal results to 

accurately indicate the presence of the condition, leading to a 

large number of false positives and potentially unnecessary 

further investigations. Therefore, any approach needs to target 

those at the highest risk of disease without compromising the 

potential to detect cases or intervene to improve outcomes. 
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The extrapolation of abnormal FIB-4 tests results from a 

study population primarily consisting of high-risk individuals to the 

general UK population over 40 years of age requires careful 

consideration. The study cohort we have used may not be 

representative of the broader population since general 

practitioners are likely to have to some degree targeted the testing 

of blood for AST and other LFTs. Hence the proportion of the 

general population over 40 who would have abnormal results is 

likely to be lower. 

This difference in test outcomes between high-risk 

individuals and the general population highlights the importance 

of targeted testing. Screening the entire population over 40 years 

might not be as effective or efficient as continuing the current 

practice of opportunistic case finding approach. Such a targeted 

approach ensures that resources are efficiently used, focusing on 

those most likely to benefit from early detection and intervention, 

thereby optimizing healthcare outcomes without overwhelming 

the system with low-yield screenings. 

Another consideration is the use of such biomarkers for 

surveillance rather than diagnosis. Recent studies have shown 

that serial measurements of FIB-4 over time can be useful in 

monitoring disease progression and identifying patients at higher 

risk of developing liver complications such as cirrhosis or HCC 
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(129). By tracking changes in FIB-4 over time, clinicians can 

identify patients who may require closer surveillance or more 

aggressive treatment to prevent or delay the development of liver 

complications. This approach could help to improve risk 

stratification and guide personalised management strategies for 

patients with chronic viral hepatitis (254).  

So, the surveillance potential of biomarkers, particularly FIB-

4, enhances the scope of our study. While our main focus is on 

the feasibility of using non-invasive biomarkers for identifying 

advanced liver diseases in primary care, understanding their role 

in ongoing disease monitoring offers valuable insights. This 

broader view of biomarker applications, beyond initial diagnosis 

to include disease progression surveillance, aligns with the 

overall objective of improving liver disease management in 

primary care settings. 

5.5.5 Source of the data to calculate the Biomarkers. 

Several studies have looked at the role primary care plays 

in managing liver disease, emphasising how important it is for 

early disease intervention and management (88, 163) as well as 

its cost-effectiveness (255). However, Jarvis et al. (256), have 

emphasized that despite the established advantages, routine 

primary care practices do not fully integrate liver disease 

pathways.  
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The conduct of my study in primary care data allows me to 

examine further the potential for such interventions, focusing on 

a patient population at a stage where liver disease might not yet 

be evident, but where early detection can have a significant 

impact.  

Moreover, Pryke and Guha, in their article (165), 

highlighted the benefits of integrating non-invasive biomarkers 

into primary care for liver disease management, suggesting their 

significant role in improving patient care and managing 

associated conditions. These biomarkers, as they note, enhance 

patient care in primary care settings without substantially 

increasing the workload of healthcare professionals, 

demonstrating their efficiency and effectiveness. 

My research offers an innovative viewpoint by proving that 

a significant amount of data is available in primary care to 

calculate non-invasive liver biomarkers even in the absence of an 

active case-finding strategy. This is a noteworthy finding because 

it implies that primary care settings in the UK already have the 

data needed to use non-invasive biomarkers for liver disease in 

an efficient manner. However, it is important to note that this data 

is primarily available for a subset of the population who have had 

blood tests, specifically AST tests, as part of their clinical care. 
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The population undergoing AST/ALT testing is likely to 

differ from the general UK population. Typically, these individuals 

are those at higher risk of liver disease. General practitioners GPs 

are more likely to check LFTs in patients in whom they either 

suspect liver disease or in whom clinical guidelines suggest 

testing. This includes patients with conditions such as obesity, 

diabetes, alcohol use disorder, or other metabolic conditions. 

Additionally, patients presenting with symptoms indicative of liver 

dysfunction or those being monitored for known liver conditions 

are more likely to undergo these tests. 

Demographically, the population getting AST/ALT testing 

may have a higher prevalence of CLD and associated risk factors 

compared to the general population. They may also differ in age, 

with older individuals more likely to be tested, and could have a 

higher representation of males, as men are often at greater risk 

for certain liver conditions. Socioeconomic status may also play a 

role, as those with better access to healthcare services are more 

likely to receive regular testing. 

Therefore, while primary care settings do have the 

necessary data to use non-invasive biomarkers, this data 

primarily reflects a high-risk group rather than the general UK 

population. This distinction is crucial, as it suggests that while the 

findings demonstrate the availability of data within the CPRD, 
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they may not be entirely representative of the broader 

population's health status. 

However, it is worth noting that the results of my study, 

which primarily came from a primary care setting, may have 

limited relevance in management of the advanced CLD within 

secondary care sittings. As the disease progresses and requires 

more complex diagnostic and management strategies, the 

usefulness of these biomarkers may not be as significant. In 

advanced stages, which are characterized by various clinical 

symptoms and complications, a shift towards more 

comprehensive diagnostic approaches like liver biopsy becomes 

necessary. Grattagliano et al. (257), emphasize that the 

progression of liver disease and the increasing need for 

specialized care in advanced stages, my findings contribute a 

complementary perspective by demonstrating the availability and 

potential utility of non-invasive biomarkers in primary care. This is 

particularly significant given the rising prevalence of liver 

diseases and the need for early intervention strategies.  

However, the integration of non-invasive biomarkers into 

referral pathways from primary to secondary care aligns with the 

main aim of my thesis. By effectively categorizing patients in 

primary care, these biomarkers have the potential to rationalize 

the referral process, thereby optimizing healthcare resources and 
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enhancing patient management in the continuum of care from 

primary to secondary settings.  

As discussed in the introduction chapter (Section 1.9), 

non-invasive biomarkers can be used in the referral pathways 

from primary to secondary care. The study by Srivastava et al 

(164) presented that the integration of non-invasive biomarkers 

into referral systems for liver diseases can bring about wide-

ranging advantages. These advantages include financial savings 

and improved patient treatment, which align with the overall goals 

of many healthcare systems to provide efficient and patient-

focused care. By accurately categorizing patients in primary care 

and minimizing unnecessary referrals to specialists, this 

approach highlights the potential of non-invasive biomarkers to 

optimize healthcare resources and enhance the management of 

liver diseases. 

5.6 Conclusion 

The study presented in this chapter has shown that a 

considerable number of patients in UK general practice have 

calculable AST/ALT ratios, APRI scores, and FIB-4 indexes 

without a targeted case-finding approach. The results suggest 

that, although the APRI score was the most calculated among the 

study population, it had the lowest proportion of abnormal scores 

at conventional cut-offs.  
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The utilisation of data within general practice to explore the 

potential of such risk scores could be particularly advantageous 

for enhancing early case identification and improving disease 

management. 
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Chapter 6  Identifying Advanced CLD 
outcomes among the Study Population.  
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6.1 Introduction  

The introduction chapter of this thesis explored the silent 

progression of NAFLD and its significant contribution to CLD. 

Given the difficulty of reliably identifying NAFLD in CPRD as 

discussed in (section 1.7.1), this chapter focuses on the 

advanced CLD allowing for a comprehensive approach, targeting 

a range of liver illnesses and ensuring impactful research on 

detection and management of advanced liver diseases.  

6.2 Study aim 

This study aims to identify all patients aged 40 years or older 

with at least one year of UTS data and with data allowing the 

calculation of at least one of AST/ALT ratio, APRI and FIB4-index 

who have been diagnosed with liver cirrhosis, HCC, liver 

transplantation, and liver death using CPRD and linked data. 

6.3 Methods 

6.3.1 Study design 

Cohort study was conducted using prospectively collected 

clinical data. 

6.3.2 Study population 

This study utilises the population described in Chapter 5 

(section 5.3.3). Within this population, I utilised the groups 



 

162 
 

identified in Chapter 5 who had data available to calculate 

AST/ALT ratios, APRI scores, and FIB-4 indexes. To this data, I 

added the linked NCRAS, HES, and ONS records available for 

the patient cohort. 

6.3.3 Outcomes  

In this study, the primary advanced CLD outcome was liver 

cirrhosis. The secondary outcomes were HCC, Liver 

transplantation, Liver disease-related death, and any advanced 

CLD (all primary and secondary outcomes combined).  

The number of patients exhibiting new outcomes was 

determined for each of the three cohorts under study. The 

following steps were undertaken to determine the primary and 

secondary outcomes from the data: 

6.3.3.1 Liver cirrhosis     

  Cirrhosis was defined based on the presence of cirrhosis 

codes from CPRD, HES, and the death registry. The ICD codes 

used to identify cirrhosis cases in HES and the death registry 

were previously validated by Shearer et al. (254).  A set of codes 

was mapped to these from the Medcodes available in CPRD. 

Additionally, more cirrhosis codes were ascertained according to 

the codes list approved in the ISAC form (Appendix C).  All of 
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these codes are separately presented in (Appendix D). My final 

codes list is presented in Table 6-1 and Table 6-2. 

As the data in CPRD were linked to the data in HES and 

the death registry, I combined and included the results from these 

three sources. The date of cirrhosis diagnosis was considered the 

date upon which the diagnosis was first coded.  

Table 6-1: Cirrhosis medcodes 

MedCode Description 

6863 Cirrhosis and chronic liver disease 

1638 Cirrhosis of liver NOS 

16725 Cirrhosis - non alcoholic 

69204 Multilobular portal cirrhosis 

40567 Capsular portal cirrhosis 

26319 Oesophageal varices in cirrhosis of the liver 

58630 Biliary cirrhosis NOS 

68376 Florid cirrhosis 

6015 [X]Other and unspecified cirrhosis of liver 

55454 Portal cirrhosis unspecified 

47257 Portal cirrhosis 

15424 Secondary biliary cirrhosis 

22841 Macronodular cirrhosis of liver 

44676 Fatty portal cirrhosis 

8363 Oesophageal varices in alcoholic cirrhosis of the liver 

5638 Primary biliary cirrhosis 

92909 Hypertrophic portal cirrhosis 

4743 Alcoholic cirrhosis of liver 

16455 Non-alcoholic cirrhosis NOS 

3450 Diffuse nodular cirrhosis 

18739 Cryptogenic cirrhosis of liver 

9494 Biliary cirrhosis 

24220 Open operations on oesophageal varices 

73139 Oesophageal varices without bleeding in diseases EC 

10797 Oesophageal varices NOS 

107975 Other specified open operation on oesophageal varices 
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20912 Open injection sclerotherapy to oesophageal varices 

20233 Open operation on oesophageal varices NOS 

30655 Oesophageal varices without bleeding 

11960 Fibreoptic endoscopic injection sclerotherapy oesoph varices 

46647 Rigid oesophagoscopic banding of oesophageal varices 

1641 Oesophageal varices 

11972 Varices - other 

89717 Fibreoptic endoscop rubber band ligation of upper GIT 

varices 

28929 Gastric varices 

24989 Oesophageal varices with bleeding 

47214 Rigid oesophagoscopic injection sclerotherapy oesoph 

varices 

105611 [X]Oesophageal varices in diseases classified elsewhere 

43404 Local ligation of oesophageal varices 

16759 Fibreoptic endoscopic banding of oesophageal varices 

96756 Oesophageal varices with bleeding in diseases EC 

44424 Oesophageal varices in diseases EC 

22411 Encephalopathy - hepatic 

1508 [D]Ascites 

58736 O/E - ascites NOS 

48138 Insertion of peritoneal to venous shunt for ascites 

3503 Drainage of ascites NEC 

44222 Peritoneal to venous drainage for ascites 

37930 [D]Ascites NOS 

16113 O/E - ascites 

19438 Paracentesis abdominis for ascites 

52838 O/E -ascites-shifting dullness 

73305 O/E-ascites-fluid thrill shown 

8206 Pigmentary cirrhosis of liver 

19512 Glycogenosis with hepatic cirrhosis 

27438 Cardiac portal cirrhosis 

40963 Portal fibrosis without cirrhosis 

44120 Toxic liver disease with fibrosis and cirrhosis of liver 

48928 Infectious cirrhosis NOS 

55333 Sengstaken intubation of oesophagus 

62582 Oesophageal varices in diseases EC NOS 
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Table 6-2: cirrhosis ICD10 codes 

ICD Code Description 

K70.3 Alcoholic cirrhosis of liver 

K74 Fibrosis and cirrhosis of liver 

K74.6 Other and unspecified cirrhosis of liver 

K76.6 Portal hypertension 

K76.7 Hepatorenal syndrome 

C22.0 Liver cell carcinoma 

I85 Oesophageal varices 

I85.0 Oesophageal varices with bleeding 

I85.9 Oesophageal varices without bleeding 

I98 Oesophageal varices in diseases classified elsewhere 

I98.2 Oesophageal varices without bleeding in diseases classified 

elsewhere 

I98.3 Oesophageal varices with bleeding in diseases classified 

elsewhere 

K72.9 Hepatic failure, unspecified 

R18 Ascites 

 

6.3.3.2 HCC 

HCC was determined based on the presence of the HCC 

C22.0 code from the cancer registry data. The NCRAS is 

recognized as a pivotal source of cancer data in the UK, 

meticulously collecting and analysing information on all 

diagnosed cancer cases (231). The diagnosis date for HCC was 

exclusively obtained from the cancer registry data. 

6.3.3.3 Liver transplantation  

Liver transplantation was included based on the presence 

of liver transplantation codes from CPRD, and liver 

transplantation Z94.4 code from HES, and the death registry. 
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In CPRD, a liver transplantation case was defined as any 

patient with a Read code indicating liver transplantation in the 

clinical files. The list of Read codes used to identify liver 

transplantation was previously validated by Muller et al. (258), 

and the specific codes are provided in (Table 6-3).  

As the data in CPRD were linked to the data in HES and 

the death registry, I combined and included the results from these 

three sources. The included date of liver transplantation was 

considered the date when the condition was first coded. 

Table 6-3: Medcodes and read terms for liver transplantation. 

medcode Read Term 

4405 Transplantation of liver  

100073 Piggy back liver transplant  

71422 Heterotopic transplantation of liver 

32025 Orthotopic transplantation of liver 

27319 Transplantation of liver 

89445 Auxillary liver transplant 

105506 Orthotopic transplantation of whole liver 

97157 Orthotopic transplantation of liver 

69194 Replacement of previous liver transplant 

47861 Exploration of liver transplant 

99250 Other specified transplantation of liver 

6.3.3.4 Liver death 

 Liver death was included based on the presence of deaths 

where liver disease was coded as the underlying cause of death. 

The code list utilized to identify liver diseases is detailed in (Table 

6-4) and was previously validated by Ratib et al. (259). 
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Table 6-4: ICD 10 codes for liver diseases. 

ICD 10 

code 

Term  

K70.0  Alcoholic fatty liver  

K70.1  Alcoholic hepatitis  

K70.2  Alcoholic fibrosis and sclerosis of liver  

K70.3  Alcoholic cirrhosis of liver  

K70.4  Alcoholic hepatic failure  

K70.9  Alcoholic liver disease, unspecified  

K71.0  Toxic liver disease with cholestasis  

K71.1  Toxic liver disease with hepatic necrosis  

K71.2  Toxic liver disease with acute hepatitis  

K71.3  Toxic liver disease with chronic persistent hepatitis  

K71.4  Toxic liver disease with chronic lobular hepatitis  

K71.5  Toxic liver disease with chronic active hepatitis  

K71.6  Toxic liver disease with hepatitis, not elsewhere classified  

K71.7  Toxic liver disease with fibrosis and cirrhosis of liver  

K71.8  Toxic liver disease with disorders of liver  

K71.9  Toxic liver disease with disorders of liver  

K72.0  Acute and subacute hepatic failure  

K72.1  Chronic hepatic failure  

K72.9  Hepatic failure, unspecified  

K73  Chronic hepatitis, not elsewhere classified  

K74.0  Hepatic fibrosis  

K74.1  Hepatic sclerosis  

K74.2  Hepatic fibrosis with hepatic sclerosis  

K74.3  Primary Biliary cirrhosis  

K74.4  Secondary biliary cirrhosis  

K74.5  Biliary cirrhosis, unspecified  

K74.6  Other and unspecified cirrhosis of liver  

K75  Other inflammatory liver diseases  

K76.0  Other diseases of liver  

K76.1  Chronic passive congestion of liver  

K67.2  Central haemorrhagic necosis of liver  

K76.3  Infarction of liver  

K76.4  Peliosis hepatis  

K76.5  Hepatic veno-occlusive disease  

K76.6  Portal hypertension  

K76.7  Hepatorenal syndrome  

K76.8  Other specified diseases of liver  

K76.9  Liver disease, unspecified  

K77  Liver disorders in diseases classified elsewhere  
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I85.0  Oesophageal varices with bleeding  

I85.9  Oesophageal varices without bleeding  

I86.4  Gastric varices  

I98.2  Oesophageal varices in diseases classified elsewhere  

6.3.3.5 Any liver event (combined outcome) 

All primary and secondary outcomes mentioned earlier 

were combined into one (combined outcome). In the data 

analysis, the outcome date for each patient was determined as 

the date of the first occurrence of any individual outcomes.  

6.3.4 Stratification of the cohort based on potential 

predictors. 

 At baseline, several key independent explanatory 

predictors (covariates) were identified to guide the stratification of 

participants. Participants were stratified first, by their sex, 

categorizing them as either male or female. Second, by age, with 

ages classified based on ten-year age bands taken at the 

diagnosis date, specifically 40ï49 years, 50ï59 years, 60ï69 

years, and 70 years and older.  

Lastly, participants' socioeconomic status was determined 

by linking their data from the CPRD to the Index of Multiple 

Deprivation (IMD). The IMD is a composite measure derived from 

various indicators covering aspects of material deprivation, 

calculated at the Lower Layer Super Output Area (LSOA) level 

(260). The IMD decile rankings of participants' LSOA of residence 
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were used to categorize socioeconomic status in this study. 

Participants were divided into four groups reflecting their 

deprivation level, based on these deciles: 1-2 (least deprived), 3-

5, 6-8, and 9-10 (most deprived). The decision to group IMD 

deciles into four broader categories was made for reasons similar 

to my age classification approach. This categorisation allowed 

retention of the ability to examine differences and trends across 

these factors whilst maintaining adequate sample size for rare 

outcomes. 

6.3.5 Statistical analysis 

In chapter 5: Patients were classified into two groups for 

each subpopulation: those with abnormal scores (exposed group) 

and those with normal scores (control group). Subsequently, I 

identified all patients with the primary and secondary outcomes 

within the study population. Among these patients, P-values, 

calculated using the Pearson chi-square test, are used to assess 

the statistical significance of differences in the occurrence of the 

primary and secondary outcomes between each demographic 

group within the diagnosed group. The primary variables tested 

were gender (male vs. female), age groups, and socioeconomic 

status. A p-value < 0.001 indicates significant difference. 

I calculated for each patient with an outcome their age at 

the diagnosis of this (as Outcome date ï Date of birth in years) 
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and then calculated the mean of these ages. Finally, I calculated 

the median follow up time from when the abnormal biomarkers 

were calculated to the observed outcomes was determined for all 

biomarkers across all outcomes, including the calculation of the 

interquartile range (IQR). 

6.4 Results 

6.4.1 Characteristics of patients with outcomes 

6.4.1.1 Liver cirrhosis 

 Of the study population, 2,135 patients were diagnosed 

with liver cirrhosis in CPRD. A total of 5,949 patients were coded 

with cirrhosis within HES data, and 838 patients had liver cirrhosis 

registered as their primary cause of death.  

Among patients who were diagnosed with liver cirrhosis in 

the CPRD, 74.9% also had corresponding records in the HES 

database. Conversely, among those diagnosed with liver cirrhosis 

in the HES, 26.8% had documented records in the CPRD. 

  The total number of unique patients diagnosed with 

cirrhosis across all files was 6,676, comprising 4,102 men and 

2,574 women, with men being significantly more affected than 

women. The mean age at diagnosis was 64.9 years (SD ± 12.1 

years). Among patients stratified by socioeconomic status, the 

results showed that cirrhosis was more common in the most 
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deprived population. The characteristics of the patients 

diagnosed with cirrhosis are given in Table 6-5. 
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Table 6-5: Characteristics of patients with the Outcomes: 

 Cirrhosis HCC Liver 
transplantation 

Liver 
death 

Combined 
outcomes 

*P value 

Number of patients 6,676 476 188 1,922 7,546  

sex Males (n= 262,956) 4,102 
61.4 % 

347 
72.8% 

118 
62.8% 

1,185 
61.6% 

4,661 
61.7% 

< 0.0001 

Females (n= 301,411) 2,574 
38.6% 

129 
27.2% 

70 
37.2% 

737 
38.4% 

2885 
38.3% 

Age at diagnosis Mean age years (Standard 
Deviation SD) 

64.9 
(12.1) 

70.2 
(10.7) 

58.3 
(9.6) 

63.4 
(11.3) 

65.1 
(12.1) 

 

40-49 674 
10.1 % 

15 
3.0% 

27 
14.4% 

201 
10.5% 

769 
10.2% 

< 0.0001 

50-59 1,756 
26.3 % 

64 
13.5% 

81 
43.1% 

590 
30.7% 

1,931 
25.6% 

60-69 1,849 
27.7 % 

132 
27.8% 

61 
32.4% 

576 
30.0% 

2,075 
27.5% 

More than 70 2,397 
35.9% 

265 
55.7% 

19 
10.1% 

555 
28.7% 

2,771 
36.7% 

Socioeconomic 
status 

1 (least deprived) 
(n= 140,396) 

1,656 
24.8% 

131 
27.6% 

61 
32.4% 

501 
26.1% 

2,173 
28.8% 

< 0.0001 

2 
(n= 171,605) 

1,569 
23.5% 

146 
30.7% 

48 
25.5% 

563 
29.3% 

2,127 
28.2% 

3 
(n= 150,964) 

1,702 
25.3% 

106 
22.3% 

43 
22.9% 

395 
20.6% 

1,592 
21.1% 

4 (most deprived) 
(n= 101,402) 

1,749 
26.4% 

93 
19.4% 

36 
19.1% 

463 
23.8% 

1,654 
22.0% 

* P-values, calculated using the Pearson chi-square test, are used to assess the statistical significance of differences in the incidence of outcomes (Cirrhosis, HCC, Liver 

Transplantation, Liver Death, Combined Outcomes) between each demographic group within the diagnosed group.  A p-value < 0.0001 indicates significant differences.  
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6.4.1.2 HCC 

 The results from the cancer registry showed that there 

were 476 patients diagnosed with HCC. Of these patients, 347 

were men and 129 were women, with men being significantly 

more affected than women. The mean age at diagnosis was 70.24 

(SD ± 10.7 years). Among patients stratified by socioeconomic 

status, HCC was more common in patients in the second least 

deprived population. The characteristics of patients diagnosed 

with HCC are shown in Table 6-5.  

6.4.1.3 Liver transplantation 

 Liver transplantation was coded in the general practice 

records of 63 patients and the HES records of 183. No patients 

had a recorded death due to liver transplantation. 

The total number of unique patients who underwent liver 

transplantation was 188, with 118 being men and 70 women, with 

men being significantly more affected than women. Liver 

transplants generally had a younger age distribution than other 

outcomes, with a mean age at diagnosis of 58.30 years (SD ± 9.6 

years). The characteristics of the patients recorded as having liver 

transplantation are presented in Table 6-5. 
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6.4.1.4 Liver death  

 The total number of deaths reported primarily due to liver 

diseases was 1,922 patients. Of these, 1,185 were men, and 737 

were women, with men being significantly more affected than 

women. The mean age at diagnosis was 63.39 years (SD ± 11.3 

years). The characteristics of the patients coded with liver death 

are given in Table 6-5. 

6.4.1.5 Combined outcomes 

Of the study population, the number of unique patients with 

at least one of the outcomes was 7,546.  Among this cohort, 4,661 

were males (61.7%) and 2,885 were females (38.3%).  

The mean age at diagnosis was 65.1 years (SD ± 12.1 

years). Among patients stratified by socioeconomic status, the 

results showed that liver-related combined outcomes were more 

common in the least deprived population. Detailed characteristics 

of these patients, including age, sex, and socioeconomic status, 

are outlined in Table 6-5. 

6.4.2 Determination of new patient outcomes for each 

cohort 

 Different numbers of patients with the outcomes were 

available for each biomarker. Among the patients with AST/ALT 

scores, 2,424 had cirrhosis. There were 5,372 patients with 
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cirrhosis among the APRI population, and 1,988 among the FIB-

4 population. The populations available for cohort studies with 

each biomarker are shown in Table 6-6.  

Table 6-6: Number of patients with the outcomes among each subpopulation: 

 Cirrhosis  HCC  Liver 
transplant  

Liver 
death  

Combined 
outcome 

Patients with the 
outcomes among the 
study population 
(n =3,513,680) 
 

6,676 
(0.2%) 

476 
(0.01%) 

188 
(0.01%) 

1,922 
(0.05%) 

7,546 
(0.2%) 

Patients with the 
outcomes in 
AST/ALT 
subpopulation 
 (n= 186,504) 

2,424 
(1.3%) 

189 
(0.1%) 
 

  60   
(0.03%) 

743 
(0.4%) 

2,733 
(1.4%) 

Patients with the 
outcomes in APRI 
subpopulation 
(n= 483,097) 

5,372 
(1.1%) 
 

 398 
(0.1%) 
 

118   
(0.02%) 

1,635 
(0.3%) 

6,025 
(1.2%) 
 

Patients with the 
outcomes in Fib4 
subpopulation 
(n=157,804) 

1,988 
(1.2%) 
 

101 
(0.1%) 
 

54 
(0.03%) 

623 
(0.3%) 
 

2,235 
(1.4%) 

6.4.2.1 Follow-up time 

 The follow-up times were different for each subpopulation. 

The median follow-up time for the combined outcome was 5.1 

years (IQR 2.1, 9.4), 5.0 years (IQR 1.8, 9.1), and 4.4 years (IQR 

1.6, 8.0) for the AST/ALT ratio, APRI score, and FIB-4 

subpopulations, respectively. The median follow-up time for each 

outcome by population is presented in Table 6-7. 
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Table 6-7: Median follow-up time for each subpopulation and outcomes: 

 Cirrhosis  HCC  Liver 
transplant  

Liver 
death  

Combined 
outcome 

The median follow-up 
time for AST/ALT and 
outcomes by years 
(IQR) 

4.7 (1.8, 
8.7) 

5.9 (2.5, 
9.8) 

5.5 (2.1, 
8.6) 

5.2 
(2.5, 
8.7) 

5.1 (2.1, 
9.4) 

The median follow-up 
time for APRI and 
outcomes by years 
(IQR) 

5.0 (1.8, 
9.1) 

6.3 (2.1, 
10.2) 

5.6 (2.2, 
10.2) 

5.1 
(2.2, 
9.0) 

5.0 (1.8, 
9.1) 

The median follow-up 
time for Fib4 and 
outcomes by years 
(IQR) 

4.4 (1.6, 
8.2) 

5.6 (1.9, 
8.9) 

5.2 (2.1, 
9.8) 

4.9 
(2.3, 
7.9) 

4.4 (1.6, 
8.0) 

 

6.5 Discussion   

The findings of our study highlight liver cirrhosis as a 

significant outcome of advanced CLD observed across 

healthcare settings. While cirrhosis is expected to be more 

common than HCC, transplant, or liver-related deaths, which are 

often complications of cirrhosis, it is important to note that our 

focus was solely on liver-related outcomes. Therefore, other 

potential outcomes and causes of death were not considered in 

this analysis. Notably, the analysis of HES diagnosis files 

revealed a higher incidence of liver cirrhosis diagnoses in 

hospitals compared to primary care centres.  

A significant disparity in the documentation of liver 

cirrhosis cases between these settings is evident: while 74.9% of 

patients with liver cirrhosis identified in the CPRD have 
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corresponding records in the HES, only a fraction (26.8%) of 

cases diagnosed in HES are documented in the CPRD.  

The diagnosis of liver cirrhosis in primary and secondary 

care in the UK has been previously examined in a study by Ratib 

et al (261). This study found that of the 2,975 people identified as 

incident cirrhosis cases in primary care records during the study 

period, 2,230 (75%) had a hospital admission related to liver 

disease. Furthermore, of the 2,282 patients who were diagnosed 

with cirrhosis in secondary care only during the study period, and 

who had no cirrhosis diagnostic Read code in primary care, 2,062 

(90.3%) had either death or additional evidence related to liver 

disease in their records, or a confirmation of a cirrhosis diagnosis 

in their free text.  

The observed discrepancies between my study and Ratib's 

in the diagnosis of liver cirrhosis in primary and secondary care in 

the UK can largely be attributed to a key methodological 

difference in case definition. My study was specifically focused on 

confirmed cases of cirrhosis, as defined by my codes lists in both 

primary and secondary care files. In contrast, Ratib's study 

adopted a broader approach, encompassing any diagnosis or 

procedure related to liver disease as indicated by a more 

extensive code list used in their analysis. This wider scope in 

Ratibôs research would naturally include a more extensive array 
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of cases, capturing some that may not meet the specific definition 

of confirmed cirrhosis used in my study. However, we need to 

consider that their inclusion of procedures as part of the cirrhosis 

definition would likely increase the proportion of hospital-

diagnosed cases even further. 

The higher incidence of liver cirrhosis coding in HES 

compared to primary care can be attributed to several factors. 

First, cirrhosis is not typically diagnosed in primary care because 

it often requires specialized testing and imaging that are available 

only in secondary care settings. This means that primary care 

physicians may not have the necessary resources to diagnose 

cirrhosis definitively, leading to more diagnoses being recorded in 

hospital records. Second, there is a lack of secondary care 

outpatient coding for cirrhosis diagnoses, which could be the 

primary place of diagnosis. This absence contributes to the 

underrepresentation of cirrhosis diagnoses in primary care 

records. 

Additionally, differential recording practices and delays in 

communication between secondary and primary care settings 

further contribute to the disparity. Poor communication from 

secondary to primary care means that diagnoses made in hospital 

settings are not always promptly or accurately recorded in primary 

care records. This variation is supported by Saine et al., who 
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demonstrated that not all cases noted in the HES find a 

corresponding entry in the CPRD (262). This is further supported 

by McDonald et al (263), who highlighted that up to 10% of 

hospitalizations noted in the HES are only documented in the 

CPRD within free text notes. Another potential factor is that delays 

in communication between secondary and primary care may 

result in some patients with cirrhosis dying before their diagnosis 

is recorded in the CPRD, leading to their inclusion in death 

records without a corresponding primary care entry. 

My study's reliance on Read codes to identify cirrhosis 

cases within the CPRD likely led to the exclusion of these cases 

from my analysis, potentially underestimating the true prevalence 

of cirrhosis in primary care records. Moreover, the use of Read 

codes may not capture all relevant cases if the coding is 

inconsistent or incomplete, further contributing to the discrepancy 

between primary and secondary care records. 

My study's methodology, which includes data linkage 

between the CPRD and HES, mitigates this limitation. By 

incorporating patients with a confirmed diagnosis of cirrhosis in 

HES, my approach ensures the inclusion of cases that might be 

missing from the CPRD due to the absence of Read codes. This 

linkage provides a more accurate reflection of cirrhosis incidence 

and management across the healthcare system. 
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In addition, I explained in the methodology section (see 

6.3.3.2)  that  the NCRAS is the gold standard for cancer data 

recording in the UK, emphasizing its unparalleled reliability and 

comprehensiveness in capturing cancer cases.  

Although my study population was predominantly female, 

as detailed in Table 5-4, my findings revealed that advanced 

CLDs were more common in men. This observation aligns with 

the broader findings reported in the global literature. A recent 

global update on the burden of liver disease in 2023 has 

underscored that approximately two-thirds of all liver-related 

deaths occur in men, primarily due to complications associated 

with cirrhosis and HCC (264).  

Additionally, a population-based cohort study in Sweden 

has provided detailed insights into the incidence rates of cirrhosis, 

delineating a higher crude annual incidence in men compared to 

women. Specifically, the study estimates that the overall crude 

annual incidence of cirrhosis among adults for the period 2011ï

2018 was markedly higher in men than in women (265). 

The study findings indicate that liver cirrhosis has a higher 

reported incidence compared to other advanced CLD outcomes. 

This observation is in line with the natural history of liver disease 

progression as liver cirrhosis is the culmination of a chronic 
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inflammatory process and the beginning of a series of potentially 

fatal complications, including the development of HCC (266). 

6.6 Conclusion   

This chapter showed that cirrhosis was the primary 

outcome observed in the majority of patients with the outcomes. 

Furthermore, the analysis of HES diagnosis files revealed a 

higher incidence of liver cirrhosis diagnoses in hospitals 

compared to primary care centres. Additionally, my findings 

revealed that advanced CLDs were more common in men. 
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Chapter 7  Can Non-Invasive Biomarkers 
Be Used to Predict Advanced Liver 
Diseases? 
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7.1 Study aim 

This study aims to determine whether the AST/ALT ratio, 

APRI score, and FIB-4 index can be used within primary care 

settings to predict subsequent advanced liver disease in those for 

whom these calculations can be performed in the primary care in 

the UK. 

7.1.1 Objectives 

¶ To estimate the crude hazard ratio (HR) of the first 

recorded diagnosis of each outcome in those with 

abnormal markers compared to those with normal 

markers. 

¶ To assess the performance of different biomarkers in 

predicting liver diseases and detecting outcomes among 

different strata of age, sex, and socioeconomic status and 

among different time periods. 

7.2 Methods 

7.2.1 Study design 

Three cohort studies were conducted using prospectively 

collected clinical data. 
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7.2.2 Study population 

The study population was previously described in section 

(6.3.2).  

7.2.2.1 Selection of exposed and non-exposed groups 

 I undertook a series of three subpopulation cohort studies 

(one for each marker). From the three subpopulations identified 

in Chapter 5, for each biomarker, patients with at least one 

abnormal score calculable were termed the exposed group. The 

start of the follow-up period (index date) for these patients was 

set at the date of their first recorded test result, irrespective of 

whether this result was normal or abnormal. The control group 

consisted of patients with only normal individual markers. The 

entry date to the study for the control group was defined as the 

first occasion on which the normal marker was calculable (index 

date). The characteristics of patients with normal and abnormal 

scores are described in Chapter 5 (See Table 5-4).  

By choosing to start follow up for exposed subjects from 

before they were actually exposed (that is before they had an 

abnormal risk score), I inevitably impart a bias to the analysis. I 

chose to do this because the bias here is likely to be conservative 

(that is it will underestimate the utility of the scores) whereas 

starting follow up from the first abnormal score for the exposed 
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and the first score for the unexposed could produce the opposite 

bias. A sensitivity analysis adopting the alternative approach is 

presented in chapter 8.  

7.2.3 Outcomes  

This study utilised the primary and secondary outcomes 

identified in section 6.3.3.  

7.2.4 Statistical analysis 

In chapter 5: Patients were classified into two groups for 

each subpopulation: those with abnormal scores (exposed group) 

and those with normal scores (control group). In chapter 6, I 

identified all patients with the primary and secondary outcomes 

within the study population  

In this study, longitudinal analyses were conducted 

separately for each marker. Cox proportion hazard models were 

used to estimate the crude HR with a 95% (CI) of the first 

recorded diagnosis of each outcome in those with abnormal 

markers compared to those with normal markers. The results of 

the Cox regression models show the HR with a 95% CI as a 

measure of the variation in risk between the groups and a p-value 

of less than 0.05 was considered statistically significant.  
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I calculated the time of observation as person-time, 

starting at the index date and ending when the outcome of interest 

occurred (i.e., liver cirrhosis, HCC, liver transplantation, liver 

death, and combined outcomes), subjects left the study, subjects 

died, or at the end of the study period (December 31, 2016), 

whichever came first. Person-time was calculated separately for 

the exposed and unexposed groups. 

Multivariate Cox regression models, adjusted for gender, 

age at the diagnosis, and socioeconomic status, were employed 

to examine the association between explanatory independent 

predictors and the predictive ability of the biomarkers for the 

outcomes. Hazard ratios from these models are presented with 

95% confidence intervals. To assess the proportional hazards 

assumption in my study, I implemented a combination of Kaplan-

Meier (KM) curves and log-log plot analysis. As a further test of 

the significance in the difference in the survival function between 

the exposed and the unexposed cohorts I present the results of 

the logrank test implemented in the KM analysis.  
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7.2.5 Stratification analyses 

7.2.5.1 Performance of the biomarkers among the different 

strata 

As mentioned earlier; to assess the performance of the 

biomarkers among different strata, I began with a multivariate Cox 

proportional hazards model that included relevant explanatory 

variables. Then, to examine potential effect modification by the 

explanatory variables, interaction terms between the biomarkers 

and these variables were included in the model. This allowed me 

to investigate whether the relationship between biomarkers and 

outcomes differed across different strata. 

The likelihood ratio test was then utilized to assess the 

statistical significance of the interaction terms. A p-value below 

0.05 indicated significant effect modification, suggesting that the 

performance of the biomarkers varied across different strata. 

Given significant effect modification, stratified univariate 

Cox models were subsequently used to evaluate the performance 

of the biomarkers within each stratum separately. This analysis 

aimed to determine which strata the biomarkers performed better 

in predicting the incidence of outcomes among the exposed 

(abnormal markers) and non-exposed (normal markers) groups. 

Finally, the performance of each biomarker was compared across 

the different strata, providing detailed insights into how these 
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biomarkers function within various demographic and clinical 

contexts. 

7.2.5.2 Evaluating biomarker-associated risk over three 

specific time periods:  

To examine any variation in the performance of the 

biomarkers over time, I divided the follow-up period into three 

distinct intervals (January 1, 1990- December 31, 1999, January 

1, 2000- December 31, 2009, and January 1, 2010- December 

31, 2016). The selection of the time periods closely matches the 

trends on the application of biomarkers that are emphasised in 

Chapter 5 and shown in Figure 5-5. Additionally, this stratification 

considers the variation in the availability of linked data, as HES 

follow-up started later, from January 2, 1998, to December 31, 

2016. This approach allows us to assess both the impact of the 

reduction in AST testing and the change in the availability of 

linked data for outcomes. By examining these time periods 

separately, I can better understand how these factors influence 

my study results and ensure that my findings are robust across 

different data availability scenarios. 

The analysis involved calculating the time of observation 

as person-time, starting at the index date and ending when the 

outcome of interest occurred, subjects left the study, subjects 

died, or at the end of the study period, whichever came first. 
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To account for temporal variations in biomarker 

performance, I included an interaction term between the 

biomarkers and the time periods in the multivariate Cox 

proportional hazards model. This approach allowed me to 

evaluate the influence of time stratification on the predictive 

power of the biomarkers. To assess the statistical significance of 

these interactions, I employed the likelihood ratio test. A p-value 

less than 0.05 would indicate a statistically significant variation in 

the effectiveness of biomarkers across the defined time intervals, 

underscoring the temporal dynamics in their predictive utility. 

7.3 Results 

7.3.1 Patients with biomarkers and outcomes  

7.3.1.1 AST/ALT ratio Cox regression and hazard ratio 

analysis  

 In the analysis presented in Table 7-1, Cox regression 

analysis was conducted to evaluate the risk of various liver-

related outcomes among patients. The analysis revealed that 

patients with abnormal biomarker scores demonstrated a higher 

risk of developing liver cirrhosis, HCC, undergoing liver 

transplantation, liver-related death, and the combined outcome 

compared to those with normal scores. The unadjusted HR for 

these outcomes were as follows: 1.7 (95% CI: 1.6 to 2.0) for liver 

cirrhosis, 1.1 (1.0 to 1.5) for HCC, 1.3 (0.7 to 2.6) for liver 
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transplantation, 3.4 (2.8 to 4.2) for liver death, and 1.8 (1.6 to 2.0) 

for the combined outcomes.  

In the adjusted analysis, which accounted for potential 

covariates including gender, socioeconomic status, and age at 

diagnosis, the hazard ratios between the exposed and unexposed 

were increased. This was true for all outcomes assessed with 

adjusted hazard ratios ranging from 1.3 (1.0-1.7) for HCC to 4.9 

(4.0-6.1) for liver death. Full results are presented in Table 7-1.  

The total person-time at risk for the combined outcome, 

was 874,422 person-years for the exposed group and 520,028.3 

person-years for the non-exposed group. The person-time for the 

other outcomes among the exposed and non-exposed groups is 

presented in Table 7-1. Examination of the proportional hazards 

assumption by examination of both K-M and log log curves 

(Figure 7-1 and Figure 7-2 ) showed no gross violation of this 

assumption.
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Table 7-1: Univariate and multivariate cox regression model of the incidence of different outcomes for patients with normal and abnormal ast/alt ratio. 

 Cirrhosis  HCC  Liver 
transplantation  

Liver death  Combined 
outcomes  

Patients with outcomes  2,424 189 60   743 2,733 

Person years among the 
exposed group 

874671.84 879243.39 879178.1 879290.95 874422 

Person years among the non-
exposed group 

520177.23 521195.94 521218.62 521281.18 520028.3 

Univariate analysis      

HRs for Subjects with normal 
AST/ALT (n= 68,465) 

1 1 1 1 1 

HRs (CI) for Subjects with 
abnormal AST/ALT (n= 118,039) 

1.7 (1.6-2.0) 1.1 (1.0-1.5) 1.3 (0.7-2.6) 3.4 (2.8-4.2) 1.8 (1.6-2.0) 

Multivariate analysis*      

Subjects with normal AST/ALT 
(n= 68,465) 

1 1 1 1 1 

Subjects with abnormal 
AST/ALT (n= 118,039) 

2.2 (2.06-2.5) 1.3 (1.0-1.7) 2.8(1.5-5.0) 4.9(4.0-6.1) 2.2(2.05-2.4) 

Abbreviations: CI: confidence interval; HR: hazard ratio. 

*The cox regression model was adjusted for gender, age at diagnosis, and socioeconomic status. 
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Figure 7-1: Kaplan-Meier plots comparing the incidence of combined 
outcomes for patients with normal ast/alt biomarkers and patients with 
abnormal ast/alt biomarkers. The Y-axis represents the probability of patientsô 
free outcome. The X-axis represents the follow-up time (years) since 
enrolment in the study. The solid line represents subjects with normal 
biomarkers. The dashed line represents patients with abnormal biomarkers. 
The difference between the two curves is statistically significant (P<0.001), 
indicating a clear disparity in survival probabilities based on AST/ALT ratio 
status. 

 

 

Figure 7-2:  The log-log plot analysis assesses the proportion hazards 
assumption by comparing the incidence of combined outcomes between 
patients with normal AST/ALT biomarkers and those with abnormal AST/ALT 
biomarkers. On this plot, the x-axis represents the logarithm of analysis time, 
and the y-axis displays the natural logarithm of the negative natural logarithm 
of survival probabilities.  

P<0.001 

P<0.001 
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7.3.1.2 APRI score Cox regression and hazard ratio 

analysis.  

When I repeated the above analyses with APRI score 

population, the findings demonstrated far larger hazard ratios 

among those with abnormal scores, with an abnormal APRI score 

carrying a more than 30-folds increased hazard of cirrhosis 

compared to those with normal scores and an almost 60-folds 

increased hazard of liver death. On this occasion adjusting for the 

effects of age, sex and socioeconomic deprivation attenuated the 

hazards slightly rather than accentuating them. Full details are 

given in Table 7-2. Again K-M and log-log curves (Figure 7-3 and 

Figure 7-4) showed no gross violation of the proportional hazards 

assumption. 
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Table 7-2: Univariate and multivariate cox regression model of the incidence of different outcomes for patients with normal and abnormal APRI scores: 

 Cirrhosis  HCC  Liver 
transplantation  

Liver death  Combined 
outcomes  

Patients with outcomes  5,372 398 118 1,635 6,025 

Person year Exposed  85461.51 91634.16 91667.32 91785.62 85793.83 

Person year Nonexposed  3848476 3854303 3854292 3854532 3848495 

Univariate analysis       

HR for Subjects with normal APRI 
score (n= 464,204) 

1 1 1 1 1 

HRs (CI) Subjects with abnormal APRI 
score (n= 18,893) 

31.7 (30.1-33.6) 37.9 (32.3-44.4) 53.2 (37.1-76.4) 58.6 (53.1-64.7) 30.8 (29.3-32.4) 

Multivariate analysis*      

Subjects with normal APRI  
Subjects with normal APRI score (n= 
464,204) 

1 1 1 1 1 

Subjects with abnormal APRI 
Subjects with abnormal APRI score 
(n= 18,893) 

27.8(26.3-29.3) 30.9(26.3-36.4) 46.5 (32.0-67.48 53.2(48.12-58.9) 26.7 (25.4-28.1) 

Abbreviations: CI: confidence interval; HR: hazard ratio. 

*The cox regression model was adjusted for gender, age at diagnosis, and socioeconomic status.
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Figure 7-3: Kaplan-Meier plots comparing the incidence of combined 
outcome for patients with normal APRI score and patients with abnormal 
APRI score. The Y-axis represents the probability of patientsô free outcome. 
The X-axis represents the follow-up time (years) since enrolment in the study. 
The solid line represents subjects with normal biomarkers. The dashed line 
represents patients with abnormal biomarkers. 

 

 

Figure 7-4: The log-log plot analysis assesses the proportion hazards 
assumption by comparing the incidence of combined outcomes between 
patients with normal APRI biomarkers and those with abnormal APRI 
biomarkers. On this plot, the x-axis represents the logarithm of analysis time, 
and the y-axis displays the natural logarithm of the negative natural logarithm 
of survival probabilities. 

P<0.001 

P<0.001 
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7.3.1.3 Fib4 index Cox regression and hazard ratio analysis.  

 When the analysis was conducted using the FIB-4 score, 

the results demonstrated significantly increased hazard ratios 

among those with abnormal scores. Specifically, an abnormal 

FIB-4 score was associated with a 5.7-folds increase in the 

hazard of cirrhosis and a 9.1-folds increase in the hazard of liver 

death, compared to those with normal scores. The risk was 

notably higher for all outcomes studied, with adjusted hazard 

ratios showing substantial increases: 13.1 for HCC and 12.4 for 

liver transplantation. Adjusting for age, gender, and 

socioeconomic status resulted in an increase in the hazard ratios, 

rather than a reduction. Detailed results of these analyses are 

presented in Table 7-3.  

Kaplan-Meier plots and log-log curves (Figure 7-5 and 

Figure 7-6) demonstrated no significant violation of the 

proportional hazards assumption. The plots indicated that the 

time to the first recorded incidence of the outcomes was 

considerably shorter for patients with abnormal FIB-4 scores 

compared to those with normal scores.
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Table 7-3: Univariate and multivariate cox regression model of the incidence of different outcomes for patients with normal and abnormal Fib4 index: 

 Cirrhosis  HCC  Liver transplantation  Liver death  Combined 
outcomes  

Patients with outcomes  1,988 101 54 623 2,235 

Person years Exposed 540665.6 544922.9 544883.9 545031.1 540400.1 

Person years non-exposed 585590.9 586081.6 586056.8 586078.4 585520.3 

Univariate analysis       

HR for Subjects with normal 
 Fib4 index (n= 77,590) 

1 1 1 1 1 

HRs (CI) Subjects with abnormal 
Fib4 index (n= 80,214) 

5.7 (5.1-6.5) 11.4 (7.2-18.0) 4.7 (2.4-9.3) 9.1 (7.0-11.8) 5.6 (5.0-6.3) 

Multivariate analysis*      

Subjects with normal  

Fib 4 (n= 77,590) 

1 1 1 1 1 

Subjects with abnormal Fib 4 
(n= 80,214) 

9.1(8.06-10.4) 13.1(8.1-21.1) 12.4(5.9-25.9) 16.9(13.1-21.9) 8.8 (7.8-9.9) 

Abbreviations: CI: confidence interval; HR: hazard ratio. 

*The cox regression model was adjusted for gender, age at diagnosis, and socioeconomic status.
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Figure 7-5: Kaplan-Meier plots comparing the incidence of combined 
outcome for patients with normal Fib-4 and patients with abnormal Fib-4. The 
Y-axis represents the probability of patientsô free outcome. The X-axis 
represents the follow-up time (years) since enrolment in the study. The solid 
line represents subjects with normal biomarkers. The dashed line represents 
patients with abnormal biomarkers. 

 

 

Figure 7-6: The log-log plot analysis assesses the proportion hazards 
assumption by comparing the incidence of combined outcomes between 
patients with normal Fib4 biomarkers and those with abnormal Fib4 
biomarkers. On this plot, the x-axis represents the logarithm of analysis time, 
and the y-axis displays the natural logarithm of the negative natural logarithm 
of survival probabilities. 

P<0.001 

P<0.001 
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7.3.2 Stratification analysis 

7.3.2.1 Performance of the biomarkers among the different 

strata 

7.3.2.1.1 Patients with normal and abnormal AST/ALT ratios 

Fitting interaction terms for age, sex, and socioeconomic 

status showed clear effect modification by these factors, with the 

significance of these modifications confirmed by the likelihood 

ratio test (p-value < 0.001). 

The analysis showed that an abnormal AST/ALT ratio is 

associated with a significantly greater increase in the hazard of 

adverse liver outcomes in males than in females (Table 7-4). For 

age, younger patients exhibited a stronger association with 

adverse outcomes compared to older patients, with the 

interaction terms highlighting a significant modification of risk by 

age (Table 7-5). 

Socioeconomic status significantly modified the 

relationship between abnormal AST/ALT ratios and liver 

outcomes, with the most deprived group showing a slightly lower 

hazard ratio despite high hazard ratios across most other 

deprivation quintiles (Table 7-6). 
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Table 7-4: Univariate Cox regression model of the incidence of the (combined 
outcome) for patients with normal and abnormal ast/alt ratio stratified by sex:  

sex Subjects with a normal and abnormal score  Hazard risk (CI) 

Males Subjects with normal AST/ALT ratio (n= 41,169) 1 

Subjects with abnormal AST/ALT ratio (n= 47,135) 2.6 (2.3-2.8) 

Females Subjects with normal AST/ALT ratio (n= 27,296) 1 

Subjects with abnormal AST/ALT ratio (n= 70,904) 1.7 (1.4-2.0) 

 

Table 7-5: Univariate Cox regression model of the incidence of the (combined 
outcome) for patients with normal and abnormal ast/alt ratio stratified by Age 
group:  

Age group Subjects with a normal and abnormal score  Hazard risk 
(CI) 

40-49 Subjects with normal AST/ALT ratio (n= 26,339) 1 

Subjects with abnormal AST/ALT ratio (n= 24,334) 2.6 (2.2-3.0) 

50-59 Subjects with normal AST/ALT ratio (n= 21,321) 1 

Subjects with abnormal AST/ALT ratio (n= 25,246) 2.6 (2.1-3.0) 

60-69 Subjects with normal AST/ALT ratio (n= 12,908) 1 

Subjects with abnormal AST/ALT ratio (n= 27,885) 1.3 (1.1-1.5) 

70 years and older Subjects with normal AST/ALT ratio (n= 7,897) 1 

Subjects with abnormal AST/ALT ratio (n= 40,574) 1.1 (0.9-1.5) 

 

Table 7-6: Univariate Cox regression model of the incidence of the (combined 
outcome) for patients with normal and abnormal ast/alt ratio stratified by 
socioeconomic status: 

Socioeconomic  Subjects with a normal and abnormal score  Hazard risk 
 (CI) 

1-2 (least 
deprived)  
 

Subjects with normal AST/ALT ratio (n= 22,830) 1 

Subjects with abnormal AST/ALT ratio (n= 30,807) 2.0 (1.2-3.4) 

3-5 Subjects with normal AST/ALT ratio (n= 18,539) 1 

Subjects with abnormal AST/ALT ratio (n= 32,096) 1.4 (0.8-2.7) 

6-8 Subjects with normal AST/ALT ratio (n= 14,954) 1 

Subjects with abnormal AST/ALT ratio (n= 30,218) 1.6 (0.7-3.4) 

9-10  
(most deprived)  

Subjects with normal AST/ALT ratio (n= 12,142) 1 

Subjects with abnormal AST/ALT ratio (n= 24,918) 1.2 (0.5-2.6) 
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7.3.2.1.2 Patients with normal and abnormal APRI scores 

The stratified analyses indicated that an increased APRI 

score was a predictor of adverse liver outcomes in both males 

and females. The HRs were higher in female patients compared 

to male patients (Table 7-7). 

An abnormal APRI score was more closely associated with 

adverse outcomes in younger patients than in older patients, 

indicating that age significantly modifies the risk associated with 

APRI scores (Table 7-8). Socioeconomic status also influenced 

the risk associated with abnormal APRI scores. While high HRs 

were observed across most deprivation quintiles, the least 

deprived group exhibited a slightly higher HR (Table 7-9). 

The findings of the likelihood ratio test, marked by p-values 

lower than 0.001 for each stratification, confirm that the impact of 

abnormal APRI scores on liver-related outcomes varies 

significantly based on gender, age, and socioeconomic status.  

Table 7-7: Univariate Cox regression model of the incidence of the (combined 
outcome) for patients with normal and abnormal APRI score stratified by sex: 

sex Subjects with normal and abnormal score  Hazard risk (CI) 

Males Subjects with normal APRI score (n= 209,498) 1 

Subjects with abnormal APRI score (n= 10,810) 26.6 (24.9-28.5) 

females Subjects with normal APRI score (n= 254,706) 1 

Subjects with abnormal APRI score (n=8,083) 33.9 (31.2-36.9) 

 



 

202 
 

Table 7-8: Univariate Cox regression model of the incidence of the (combined 
outcome) for patients with normal and abnormal APRI score stratified by Age 
group: 

Age 
group 

Subjects with normal and abnormal score  Hazard risk (CI) 

40-49 Subjects with normal APRI score (n= 131,369) 1 

Subjects with abnormal APRI score (n= 4,114) 42.9(38.8-47.3) 

50-59 Subjects with normal APRI score (n= 113,898) 1 

Subjects with abnormal APRI score (n=4,792) 36.9 (33.5-40.5) 

60-69 Subjects with normal APRI score (n= 96,581) 1 

Subjects with abnormal APRI score (n= 4,216) 26.6 (23.9-29.6) 

70 
years 
and 
older 

Subjects with normal APRI score (n= 122,356) 1 

Subjects with abnormal APRI score (n= 5,771) 17.4 (15.4-19.7) 

 

Table 7-9: Univariate Cox regression model of the incidence of the (combined 
outcome) for patients with normal and abnormal APRI score stratified by 
socioeconomic status.  

Socioeconomic  Subjects with normal and abnormal 
score  

Hazard risk (CI) 

1-2 (least 
deprived)  

Subjects with normal APRI score (n= 
138,127) 

1 

Subjects with abnormal APRI score (n= 
4,531) 

33.7 (30.2-37.6) 

3-5 Subjects with normal APRI score (n= 
131,136) 

1 

Subjects with abnormal APRI score 
(n=5,300) 

28.7 (25.9-31.9) 

6-8 Subjects with normal APRI score (n= 
104,331) 

1 

Subjects with abnormal APRI score (n= 
4,615) 

29.9 (26.9-33.2) 

9-10 (most 
deprived)  

Subjects with normal APRI score (n= 
90,610) 

1 

Subjects with abnormal APRI score (n= 
4,447) 

29.7 (26.9-32.8) 
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7.3.2.1.3 Patients with normal and abnormal FIB-4 indexes 

Stratification for gender in the FIB-4 analysis produced 

similar HRs in both males and females (Table 7-10). The 

likelihood ratio tests for interaction confirmed the lack of 

statistically significant interaction (p-value > 0.05). Age-stratified 

analysis demonstrated that the FIB-4 index was more strongly 

associated with adverse liver outcomes in younger patients 

compared to older patients. The likelihood ratio test for this 

stratification was significant (p-value < 0.001), indicating a 

substantial age-related variation in the risk associated with the 

FIB-4 index (Table 7-11). 

When stratifying by socioeconomic status, similar HRs 

were observed across most deprivation quintiles, except for the 

most deprived group, which exhibited a slightly lower HR. The 

likelihood ratio test for socioeconomic status stratification also 

showed significance (p-value < 0.001) (Table 7-12). 

Table 7-10: Univariate Cox regression model of the incidence of the 
(combined outcome) for patients with normal and abnormal FIB-4 index 
stratified by sex: 

sex  Subjects with a normal and abnormal score  Hazard risk 
(CI) 

Males Subjects with normal Fib4 index (n= 33,712) 1 

Subjects with abnormal Fib4 index (n= 39,177) 5.3 (4.5-6.1) 

females Subjects with normal Fib4 index (n= 43,878) 1 

Subjects with abnormal Fib4 index (n= 41,037) 5.7 (4.8-6.8) 
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Table 7-11: Univariate Cox regression model of the incidence of the 
(combined outcome) for patients with normal and abnormal FIB-4 index 
stratified by Age group: 

Age group Subjects with a normal and abnormal score  Hazard risk 
(CI) 

40-49 Subjects with normal Fib4 index (n= 35,579) 1 

Subjects with abnormal Fib4 index (n= 6,093) 17.4(14.5-20.9) 

50-59 Subjects with normal Fib4 index (n= 23,345) 1 

Subjects with abnormal Fib4 index (n= 15,094) 7.7 (6.3-9.3) 

60-69 Subjects with normal Fib4 index (n= 11,849) 1 

Subjects with abnormal Fib4 index (n= 22,566) 4.4 (3.3-5.9) 

70 years and 
older 

Subjects with normal Fib4 index (n= 6,817) 1 

Subjects with abnormal Fib4 index (n= 36,461) 1.9 (1.33-2.7) 

 

Table 7-12: Univariate Cox regression model of the incidence of the 
(combined outcome) for patients with normal and abnormal FIB-4 index 
stratified by socioeconomic status: 

Socioeconomic  Subjects with a normal and abnormal score  Hazard risk (CI) 

1-2 (least 
deprived)  

Subjects with normal Fib4 index (n= 22,508) 1 

Subjects with abnormal Fib4 index (n= 22,279) 6.0 (4.7-7.7) 

3-5 Subjects with normal Fib4 index (n= 20,864) 1 

Subjects with abnormal Fib4 index (n=21,633) 6.9 (5.3-9.0) 

6-8 Subjects with normal Fib4 index (n= 18,620) 1 

Subjects with abnormal Fib4 index (n= 19,986) 6.0 (4.8-7.8) 

9-10 (most 
deprived)  

Subjects with normal Fib4 index (n= 15,598) 1 

Subjects with abnormal Fib4 index (n= 16,334) 4.4 (3.6-5.3) 

7.3.2.2 Temporal analysis of biomarker-associated risk 

across distinct time intervals 

7.3.2.2.1 Patients with normal and abnormal AST/ALT ratios 

A Cox model of the relationship between AST/ALT ratio 

and the occurrence of adverse liver outcomes was constructed, 
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including an interaction term to evaluate the effect of different time 

periods. This model was significantly better at describing the data 

compared to one without the interaction term (P < 0.0001 by 

likelihood ratio test). 

As shown in Table 7-13, the HR between abnormal and 

normal AST/ALT ratios was marginally higher in later periods, 

indicating that the risk associated with abnormal AST/ALT ratios 

increased over time. Specifically, the HR increased from 1.7 (95% 

CI: 1.3-2.2) in the earliest period (1990-1999) to 2.0 (95% CI: 1.6-

2.4) in the most recent period (2010-2016). These results suggest 

that the predictive power of the AST/ALT ratio for adverse liver 

outcomes has strengthened over time. 

Table 7-13: Univariate Cox regression model of the incidence of the 
combined outcomes for patients with normal and abnormal AST/ALT ratio 
across different time periods. 

AST/ALT combined outcome 

Window 1 (1990-1999)  

Person year Exposed  102023.2 

Person year Non-exposed 57263.25 

HR for Subjects with normal AST/ALT (n= 5,598) 1 

HR (CI) for Subjects with abnormal AST/ALT (n= 8,241) 1.7 (1.3-2.2) 

Window 2 (2000-2009)  

Person year Exposed  967204.7 

Person year Non-exposed 520028.3 

HR for Subjects with normal AST/ALT (n= 44,948) 1 

HR (CI) for Subjects with abnormal AST/ALT (n= 
87,743) 

1.8 (1.6-2.0) 

Window 3 (2010-2016)  

Person year Exposed  775611.1 

Person year Non-exposed 395096.4 

HR for Subjects with normal AST/ALT (n= 16,918) 1 

HR (CI) for Subjects with abnormal AST/ALT (n= 
22,055) 

2.0 (1.6-2.4) 

Abbreviations: CI: confidence interval; HR: hazard ratio. 
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7.3.2.2.2 Patients with normal and abnormal APRI scores 

A Cox model of the relationship between APRI scores and 

adverse liver outcomes, including an interaction term, was 

significantly better than one without (P<0.0001 by likelihood ratio 

test). During Window 1, the HR was 24.0 (95% CI: 20.0-28.0), 

while Window 3 showed a marked increase in risk with an HR of 

41.0 (95% CI: 35.6-47.2). More details are provided in Table 7-14. 

Table 7-14: Univariate Cox regression model of the incidence of the 
combined outcomes for patients with normal and abnormal APRI score 
across different time periods. 

APRI score combined outcome 

Window 1 (1990-1999)  

Person year Exposed  8874.681 

Person year non-exposed 395539.4 

HR for Subjects with normal APRI score (n= 32,424) 1 

HR (CI) for Subjects with abnormal APRI score (n= 2,010) 24.0 (20.0-28.0) 

Window 2 (2000-2009)  

Person year Exposed  63331.39 

Person year non-exposed 3121338 

HR for Subjects with normal APRI score (n= 350,607) 1 

HR (CI) for Subjects with abnormal APRI score (n= 11,575) 29.9 (28.1-31.7) 

Window 3 (2010-2016)  

Person year Exposed  13064.88 

Person year non-exposed 330999.1 

HR for Subjects with normal APRI score (n= 81,173) 1 

HR (CI) for Subjects with abnormal APRI score (n= 5,308) 41.0 (35.6-47.2) 
Abbreviations: CI: confidence interval; HR: hazard ratio. 

7.3.2.2.3 Patients with normal and abnormal FIB-4 indexes 

A Cox model of the relationship between FIB-4 index and 

the occurrence of adverse liver outcomes with an interaction term 

was significantly better at describing the data than one without 

(P<0.0001 by likelihood ratio test).   In Window 1, the HR was 5.2 

(95% CI: 3.4-8.0). Window 2 revealed a slight peak in risk with an 

HR of 5.8 (95% CI: 5.0-6.7). Window 3 maintained a similar level 
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of risk, with an HR of 5.7 (95% CI: 4.3-6.7). This pattern indicates 

a relative stability in the risk associated with abnormal FIB-4 

scores over time, closely mirroring the original full period analysis. 

More details can be found in Table 7-15.  

Table 7-15: Univariate Cox regression model of the incidence of the 
combined outcomes for patients with normal and abnormal Fib-4 index 
across different time periods. 

Fib-4 index combined outcome 

Window 1 (1990-1999)  

Person year Exposed  36283.15 

Person year non-exposed 47241.57 

HR for Subjects with normal Fib-4 index (n= 4,758) 1 

HR (CI) for Subjects with abnormal Fib-4 index (n= 
3,615) 

5.2 (3.4-8.0) 

Window 2 (2000-2009)  

Person year Exposed  87962.61 

Person year non-exposed 82026.34 

HR for Subjects with normal Fib-4 index (n= 52,624) 1 

HR (CI) for Subjects with abnormal Fib-4 index (n= 
53,982) 

5.8 (5.0-6.7) 

Window 3 (2010-2016)  

Person year Exposed  416154.4 

Person year non-exposed 456252.4 

HR for Subjects with normal Fib-4 index (n= 21,208) 1 

HR (CI) for Subjects with abnormal Fib-4 index (n= 
22,617) 

5.7 (4.3-6.7) 

Abbreviations: CI: confidence interval; HR: hazard ratio. 

7.4 Discussion 

7.4.1 Interpreting the association between biomarkers 

and advanced CLD 

The main findings of this study show that the risk of 

developing any advanced liver outcome was higher amongst 

those with abnormal markers (any) than with normal markers. 

Moreover, when using conventional cut-offs, the study revealed 

that abnormal APRI scores showed a stronger association with 
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the development of the outcomes compared to abnormal 

AST/ALT ratio and Fib4 index.  

This study has several strengths. It is the first to examine 

the efficacy of biomarkers in predicting advanced liver diseases 

among the primary care population in the UK. The use of routine 

data ensures real-world applicability, and linking multiple 

databases (CPRD, HES, cancer, and death registries) enhance 

outcome ascertainment, capturing cases not recorded in primary 

care data. 

The adoption of a consensus code list facilitates global 

collaboration, allowing comparisons of cirrhosis patient groups 

across different regions, enhancing the generalizability of the 

results. The extended follow-up period, spanning three decades, 

is particularly advantageous for capturing the slow progression of 

liver diseases, providing rich longitudinal data. 

However, some limitations should be acknowledged. The 

findings may have limited generalizability beyond the UK context, 

especially concerning the IMD scores. Additionally, potential bias 

may arise from the inclusion of a sample based on general 

practitioners' decisions to order tests. This selection could be 

influenced by various factors such as clinical symptoms, patient 

history, or the practitioner's biases, affecting the generalizability 

of the findings. While there is potential for ascertainment bias due 
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to GPs recognizing abnormal biomarker scores, this bias is 

unlikely to fully explain the increased rates of severe outcomes 

like transplantation and death, as these conditions are typically 

well-documented and diagnosed by the time they reach critical 

stages. This supports the argument that the observed increased 

risk of adverse liver outcomes reflects a genuine heightened risk. 

It is important to note that the study did not investigate how 

many patients received secondary care consultations for their 

liver conditions before experiencing adverse outcomes. The 

reliability of coding in outpatient clinics by specialty presents 

challenges in accurately tracking such consultations. Additionally, 

the potential to prevent these adverse outcomes with earlier 

medical intervention remains unproven within the context of my 

research. These considerations highlight significant avenues for 

future investigations, emphasizing the need for detailed studies 

to understand the full spectrum of clinical management and 

intervention possibilities for patients identified with abnormal liver 

biomarkers. 

In the context of primary care, the utilization of non-

invasive biomarkers such as AST/ALT, APRI, and FIB-4 

represents a transformative advance for predicting and managing 

advanced liver disease outcomes. The extensive application of 

non-invasive biomarkers has been recognized as a diagnostic 
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and prognostic tool for advanced liver diseases (See 1.8.4). 

However, there is still a lack of thorough understanding about how 

to best utilize these markers in primary care clinical practice for 

pragmatic case identification of patients at higher risk of 

developing advanced CLD. 

The AST/ALT ratio, extensively studied in primary care 

settings by Giannini et al. (140) and Wang et al. (143), 

demonstrates its effectiveness as a diagnostic tool for liver 

disease. Similarly, the APRI score, validated by Wai et al. (148) 

and further supported by Zhu et al. (151), is reliable in predicting 

fibrosis and cirrhosis and can distinguish between cirrhotic and 

non-cirrhotic states, particularly in HBV patients. The FIB-4 index, 

originally validated in HIV/HCV co-infected patients, has shown 

high accuracy in diagnosing cirrhosis, as evidenced by 

subsequent studies (156).  

The biomarkers relevance in primary care were 

underscored by Oliveira et al.'s (155), study in a Brazilian cohort, 

highlighting its practicality in routine clinical practice and potential 

to reduce the need for liver biopsies. Poynard et al.'s (160) 

comprehensive analysis supports this shift. Their findings validate 

the significant prognostic value of APRI score and Fib4 index and 

endorse their integration into clinical pathways, thus enabling 
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early intervention and more nuanced patient management 

strategies.  

The observation that patients with elevated biomarkers 

have an increased risk of adverse liver outcomes underscores the 

robustness of these markers. Despite potential biases, the higher 

rates of severe outcomes like transplantation and death confirm 

a genuine heightened risk, highlighting the importance of early 

identification of high-risk patients for timely intervention. Notably, 

the stronger association of APRI scores with adverse outcomes 

emphasizes its potential as a frontline screening tool in primary 

care.  

Furthermore, this study demonstrates that an abnormal 

AST/ALT ratio, APRI score, and Fib4 index are linked to an 

increased risk across various liver disease outcomes. Existing 

literature, including key studies, has shown the effectiveness of 

these biomarkers in predicting cirrhosis in patients with specific 

liver conditions. Typically, these biomarkers have been applied to 

patients with confirmed diagnoses. In contrast, my research 

highlights the utility of these biomarkers for pragmatic case 

finding of patients at higher risk of developing advanced CLD 

within a broader primary care context. 



 

212 
 

For instance, Angulo et al. (145) identified independent 

predictors of severe hepatic fibrosis in individuals with NASH, 

finding an association between an AST/ALT ratio greater than 

one and severe liver fibrosis. Similarly, McPherson et al. (146) 

evaluated the diagnostic effectiveness of non-invasive tests such 

as the FIB-4 score and AST/ALT ratio for NAFLD patients, 

demonstrating the utility of the AST/ALT ratio in ruling out 

advanced fibrosis. Park et al. (147) focused on the AST/ALT 

ratio's specificity in diagnosing cirrhosis among HCV patients, 

supporting my findings regarding the biomarker's significance. My 

study builds on these insights by exploring the broader application 

of these biomarkers in predicting advanced liver diseases in a 

general primary care population, illustrating their wider relevance 

in liver disease management. By integrating these findings, my 

study highlights the potential of these biomarkers not only in 

diagnosis but also in the early prognostic assessment of liver 

fibrosis in a primary care setting, demonstrating their adaptability 

in different healthcare environments. 

Building on the evidence of elevated biomarkers predicting 

adverse liver outcomes, Lee et al. (267) demonstrated a strong 

association between elevated serum aminotransferase levels and 

increased mortality from various causes, including CVD and liver 

disease, among Korean patients. This study underscores the 
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potential of serum aminotransferase levels as predictive markers 

for mortality risk and emphasizes their importance in clinical 

assessments. Notably, patients with sustained elevation over two 

consecutive tests had a significantly higher risk of CVD mortality 

compared to those with normal levels. Furthermore, elevated AST 

levels were specifically linked to increased liver disease mortality, 

reinforcing the need for continuous monitoring of liver enzyme 

levels, particularly in patients at risk for CLD, early HCC, and 

NASH. These findings align with my studyôs conclusion that non-

invasive biomarkers are crucial for early identification and 

management of high-risk patients in primary care settings. 

Further supporting my findings, APRI and FIB-4 have been 

recommended by numerous guidelines, including those of the 

WHO, to determine the stage of fibrosis in resource-limited 

settings (122-124). Implementing these scores in pragmatic case 

finding means integrating these tests into routine general practice 

to opportunistically identify patients at elevated risk of advanced 

liver disease. This approach would involve initiating further 

interventions, follow-up, and case management for patients 

identified as high-risk during routine visits, thereby enabling early 

and targeted interventions. For example, patients who have 

elevated biomarker scores during routine blood tests could be 

flagged for additional testing or referred to specialists for further 
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evaluation and management. This proactive approach could lead 

to earlier detection of liver disease, potentially improving patient 

outcomes through timely intervention. 

Although the FIB-4 index shows a lower association with 

advanced liver disease compared to the APRI score, it still 

correlates more strongly than the AST/ALT ratio. 

These findings are critical in light of the EASL-Lancet Liver 

Commission's emphasis on shifting from a diagnostic-centric 

approach to one that proactively identifies individuals at 

heightened risk of severe disease progression (268). The current 

approach, which is predominantly diagnostic, falls short of this 

objective (129, 269).  

Continuous observation of patients, even after their APRI 

or FIB-4 scores normalize, is necessary. This implies advocating 

for serial testing, especially in populations with a history of 

abnormal scores, to ensure that intermittent improvements do not 

mask underlying chronic liver conditions. Regular monitoring can 

help detect any relapse or progression of liver disease early. For 

instance, patients who initially present with abnormal biomarker 

scores but later show normal results should still undergo periodic 

re-testing to ensure that any potential recurrence or worsening of 

the condition is promptly identified and managed. However, it is 
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important to acknowledge that continuous follow-up and serial 

testing can lead to increased healthcare costs due to the 

additional tests required. Each follow-up visit involves costs 

related to laboratory tests and clinical evaluations. This can place 

a significant financial burden on healthcare systems, especially in 

resource-limited settings. 

These results underscore the importance of adopting non-

invasive biomarkers in primary care to enhance early diagnosis 

and management strategies, aligning with global health 

guidelines and supporting a proactive approach to liver disease 

management 

Liver disease, particularly in its early stages, can exhibit 

considerable unpredictability and may not adhere to a linear 

progression (270, 271). A patient who initially manifests an 

abnormal score suggestive of potential liver fibrosis or injury 

might subsequently demonstrate normal outcomes in subsequent 

examinations due to possible factors such as temporary 

enhancements in hepatic function, modifications in lifestyle or 

pharmacotherapy, or even the inherent variability of the 

diagnostic tests (270, 272). Nevertheless, this restoration of 

normality does not necessarily ensure a lasting reversal of 

hepatic impairment or a substantial reduction in the risk of fibrosis. 
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Initial univariate analysis revealed a significant association 

between being in the abnormal scores' groups and advanced liver 

disease outcomes. However, to examine whether these 

associations were influenced by factors such as age, sex, and 

socioeconomic status, a multivariate Cox regression model with 

interaction terms was employed. This adjusted analysis 

demonstrated that the elevated risk associated with these liver 

markers persisted even when accounting for these potential effect 

modifiers. The final model, incorporating interaction terms, 

confirmed that the identified markers are robust predictors of 

disease progression. 

The justification for including these covariates stems from 

their well-documented influence on the progression of liver 

disease. Gender differences have been observed in the 

epidemiology and natural history of liver diseases, with some 

studies suggesting variations in the progression rates and 

outcomes between males and females (264, 265). 

Age at diagnosis is a critical factor, as the risk and severity 

of liver diseases, including cirrhosis, can increase with age due to 

cumulative exposure to risk factors and a possible decline in liver 

regenerative capacity (24, 273, 274). Socioeconomic status is 

included as a covariate due to its potential impact on health 

outcomes, where lower socioeconomic status may be associated 
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with barriers to healthcare access, differences in lifestyle factors, 

and increased exposure to environmental or occupational 

hazards that can influence liver disease progression. 

To further elucidate the effect of these covariates on the 

association between liver markers and advanced liver outcomes, 

a stratified analysis was conducted.  

7.4.2 Stratification analyses.  

7.4.2.1 Evaluating biomarkers' performance across varied 

strata.  

My analysis highlighted significant variations in the 

performance of the AST/ALT ratio, APRI score, and FIB-4 index 

across different strata of sex, age, and socioeconomic status, 

demonstrating statistical significance (p < 0.05). These findings 

underscore the importance of considering individual patient 

characteristics in the risk stratification and management of 

advanced CLD within primary care settings. 

The study identified sex-specific risks associated with 

abnormal biomarker scores, with the AST/ALT ratio posing a 

higher risk for males and APRI for females, while the FIB-4 index 

showed similar risks for both genders. This distinction was not 

observed in the FIB-4 index, where both genders demonstrated 
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similar risks. There is a notable gap in the existing literature 

regarding sex-stratified univariate analysis of these markers. 

Several factors may explain these differences. Women 

tend to have lower protein mass and liver enzyme levels, which 

can lead to less variation in biomarkers such as the AST/ALT ratio 

and APRI. This lower baseline variability might make it easier to 

detect abnormalities in males compared to females. Additionally, 

hormonal differences between men and women could influence 

liver enzyme levels and their response to liver damage (275). 

A correlation was found between normal enzyme levels 

predominantly in females, as reported by Scutt et al. (137), and 

the increased incidence of abnormalities in certain biomarkers 

identified in my analysis. Furthermore, the study indicated a 

notable decrease in the excess hazard for developing the studied 

outcomes among individuals with abnormal biomarkers as age 

increases, observed across all age-stratified subpopulations. This 

pattern suggests that age modulates the relationship between 

biomarker abnormalities and the risk of developing advanced liver 

diseases. 

The decrease in biomarker effectiveness with age could be 

due to age-related physiological changes in the liver, such as 

reduced liver mass and function, which impact the reliability of 

these biomarkers. Additionally, older individuals are more likely to 
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have multiple comorbidities, which can interfere with the 

specificity of liver biomarkers for diagnosing liver disease (276). 

Competing risks, such as cardiovascular diseases and cancer, 

may also overshadow liver-related outcomes in older populations, 

making it more challenging to identify liver-specific abnormalities. 

The observed decrease in excess hazard can be attributed 

to age-related physiological changes in the liver, including a 

decrease in liver mass and function, impacting the reliability of 

these biomarkers. Reduced liver function can lead to alterations 

in biomarker levels or impaired clearance, affecting their 

sensitivity and specificity. Competing risks in older populations, 

who are more susceptible to various health complications or 

diseases, can skew the results towards a null association of 

abnormal biomarkers with liver death, overshadowing liver 

disease progression. 

It is also important to consider the testing patterns among 

different demographics. Younger men (e.g., a 30-year-old man) 

are less likely to have LFTs unless there are specific indications, 

whereas younger women (e.g., a 30-year-old woman) are more 

likely to be tested due to factors such as pregnancy, contraceptive 

use, and more frequent healthcare visits (277). This increased 

testing frequency in women might result in higher detection rates 

of abnormalities. In contrast, older men (e.g., an 85-year-old man) 
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are very likely to have had their LFTs checked due to increased 

healthcare interactions and comorbidities typical of advanced age 

(278). However, older men are generally sicker and die younger, 

which might explain why abnormal biomarker scores are more 

predictive in this age group (279). 

The population differences in testing patterns could affect 

the observed performance of the biomarkers. For instance, the 

biomarkers might appear to work better in populations that are 

tested less frequently, such as younger men and the least 

deprived groups, because these groups are less likely to have 

competing health issues that could confound the test results. 

Recognizing these population differences is crucial for 

understanding the varying performance of the tests and adjusting 

future risk thresholds accordingly. 

These findings suggest that future risk thresholds might 

need to be different according to age and sex. For example, lower 

cut-off values might be more appropriate for older adults and 

women to account for their lower baseline enzyme levels and 

reduced liver function. This approach could improve the 

sensitivity and specificity of biomarkers in these subgroups, 

enhancing their predictive value for advanced liver disease. 

Additionally, competing risks in older populations, who are 

more susceptible to various health complications or diseases, can 
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skew the results towards a null association of abnormal 

biomarkers with liver death, overshadowing liver disease 

progression. The identification of sex-specific risks complements 

the age-sex interaction analysis presented in Chapter 5. While 

females are more likely to present with abnormalities in the 

AST/ALT ratio and FIB-4, indicating underlying physiological and 

possibly pathological distinctions, males show a distinct pattern 

of risk associated with the APRI score. 

Furthermore, the slight increase in risks among patients 

with the least deprivation could be attributed to the idea that 

individuals with higher socioeconomic status generally have 

better access to healthcare facilities, including regular check-ups, 

preventive screenings, and early detection of diseases (280). 

However, even among these patients, there may still be some 

individuals who face barriers to accessing healthcare services 

(281). 

7.4.2.2 Temporal analysis of biomarker-associated risk 

across distinct time intervals  

My stratification analysis revealed statistically significant 

changes over time in the risk associated with liver biomarkers, 

validated by the likelihood ratio test (p < 0.05 for all). The 

AST/ALT ratio showed a gradual increase in HR, peaking 

between 2010 and 2016. The APRI score's HR spiked notably in 
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recent years, highlighting its growing importance in detecting liver 

disease risk. Meanwhile, the FIB-4 index demonstrated stable 

HRs over time, suggesting consistent prognostic value. This 

evolving pattern of biomarker efficacy underscores the dynamic 

nature of biomarker performance over different periods and 

supports the central thesis objective to assess the practical utility 

of these non-invasive tools in primary care settings for liver 

disease prediction. 

The decline in AST testing frequency, as noted in Scutt et 

al.'s UK study (137), is particularly relevant to my thesis. The 

increasing HR for APRI scores suggests that APRI may be a more 

targeted indicator of liver disease risk in primary care. This trend 

highlights the potential of APRI in the early identification of 

patients needing further investigation or intervention for advanced 

liver diseases, underscoring the importance of considering 

temporal changes in biomarker performance when developing 

clinical guidelines and strategies for liver disease management. 

Furthermore, the second and third time periods (2000-

2009 and 2010-2016) have full linkage to HES data, whereas the 

first period (1990-1999) only includes two years of such linkage. 

This increased availability of linked outcome data in the later 

periods likely enhances the robustness of the study findings. The 

sensitivity analysis stratifying by the three time periods examines 
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the effect of the change in available data through the study. 

Additionally, it considers the variation in the availability of linked 

data, as HES follow-up started later, from January 2, 1998, to 

December 31, 2016. This approach allows us to assess both the 

impact of the reduction in AST testing and the change in the 

availability of linked data for outcomes. 

The results suggest that the comprehensive data available 

in the later periods strengthens the observed associations and 

provides a more detailed understanding of biomarker 

performance. When interpreting the temporal trends observed in 

liver disease prevalence and associated outcomes, it is important 

to note that where there is no significant change between periods, 

it suggests stability in the prevalence and outcomes of liver 

disease over time. This stability could indicate that despite 

variations in testing practices and data availability, the underlying 

prevalence and burden of liver disease remained relatively 

constant. These factors must be considered to ensure a balanced 

understanding of the temporal trends and their implications. 

7.5 Conclusion 

The EASL-Lancet Liver Commission emphasises the 

significance of refocusing CLD diagnostic efforts on those at the 

highest risk of developing severe disease (268). However, the 

current paradigm, which focuses exclusively on a diagnostic 
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perspective rather than a prognostic one (129, 269), is 

inadequate for achieving this objective.  

The analysis conducted suggests that abnormal markers 

are linked to a higher risk of developing advanced liver outcomes 

compared to normal markers. Among these, abnormal APRI 

scores demonstrated a stronger association with these outcomes, 

in contrast to the abnormal AST/ALT ratio and FIB-4 index.  

While abnormal APRI scores demonstrated a stronger 

association with these outcomes, it is important to consider that 

the thresholds used for APRI, FIB-4, and AST/ALT were not 

directly comparable, which influenced the results. Specifically, the 

higher threshold set for APRI resulted in fewer patients being 

classified as high-risk compared to the thresholds for FIB-4 and 

AST/ALT. This discrepancy in threshold settings means that 

APRI's apparent stronger association may be partly due to its 

more stringent criteria, rather than an inherent superiority of the 

biomarker itself. 

Therefore, it is essential to interpret these findings with 

caution and to recognize the potential impact of differing threshold 

levels on the observed outcomes. This disparity highlights the 

need for a balanced interpretation of biomarker performance, 

taking into account the specific cut-offs used for each test. Given 
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these considerations, the conclusion that APRI is superior to FIB-

4 and AST/ALT in terms of prevalence and association should be 

revised. It is more accurate to state that the thresholds selected 

for APRI resulted in a more stringent classification of high-risk 

patients, which contributed to its stronger association in the initial 

analysis. However, this does not necessarily indicate that APRI is 

inherently a better biomarker. 

Ultimately, the findings underscore the importance of using 

appropriate and comparable thresholds when evaluating the 

performance of different biomarkers. This balanced interpretation 

ensures a more accurate assessment of their utility in predicting 

liver disease outcomes. 

The study underscores that patients with elevated biomarkers 

experience a rapid progression of liver diseases. This finding 

supports the use of these biomarkers not just for risk assessment 

but also for early referral and treatment, potentially improving 

outcomes for patients with advanced liver disease risks.  
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Chapter 8   Sensitivity analyses 
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8.1 Objectives 

¶ To evaluate the impact of initiating the follow-up period 

from the first recorded abnormal test result for the exposed 

group. 

¶ To assess the impact of follow-up duration on study 

outcomes by evaluating participants with a minimum of five 

years of follow-up. 

¶ To assess the diagnostic performance and hazard risk of 

different biomarkersô cut-offs in predicting liver diseases.  

¶ To analyse the biomarker efficacy in a common cohort 

across the three biomarkers populations. 

8.2 Methods 

8.2.1 Starting follow-up for the exposed group at first 

abnormal test:  

As mentioned in section 7.2.2.1, I carried out a sensitivity 

analysis examining whether moving the start date for the exposed 

group to the date of their first abnormal marker altered the 

estimation of the performance of the indices. This analysis in 

addition to the previously mentioned rationale had the added 

benefit of mirroring how the indices would be used in clinical 

practise more closely. (Clearly those who develop abnormal 

markers will not be referred for assessment or intervention before 

they do so). 
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8.2.2 Impact of follow-up duration on study outcomes:  

In this sensitivity analysis, I evaluated participants with a 

minimum of five years of follow-up post-index date. This approach 

recognizes that the duration of follow-up can significantly affect 

study outcomes. Specifically, participants who joined the cohort 

in the final year of the study period and had less than a full year 

of follow-up might not fully represent the disease's natural 

progression or the biomarkers' true efficacy. These individuals 

might not have had enough time for the relevant outcomes to 

develop or be accurately captured. 

Additionally, the performance of the biomarkers could 

decline over longer follow-up periods if they are detecting existing 

disease rather than predicting future disease. Therefore, while 

biomarkers might show strong predictive power in the short term, 

their effectiveness may diminish over extended periods. This 

potential decline highlights the need for ongoing evaluation and 

adjustment of follow-up strategies to ensure accurate long-term 

predictions. 

By restricting the analysis to participants with at least five 

years of follow-up post-index date, I aimed to mitigate the impact 

of varying follow-up durations and provide a more accurate 

assessment of the biomarkers' long-term predictive capabilities. 

This approach ensures that the study outcomes reflect a more 
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reliable picture of disease progression and the biomarkers' 

efficacy over time. 

8.2.3 Assessment of biomarker diagnostic performance 

and hazard risk across varied cut-offs: 

Univariate Cox modelling of the combined outcome was 

repeated varying the cut offs of the biomarkers. Sensitivity, 

specificity, NPV and PPV were also calculated at each cut off. Cut 

offs used were 0.3, 0.5, 0.7, 1, 1.2, 1.5, and 2 for AST/ALT ratios 

and APRI scores, and 0.3, 0.5, 0.7, 1, 1.3, 1.5, 1.7, 2, 2.3, 2.5, 

2.8, 3, 3.3, and 3.5 for FIB-4. (Different biomarkers cutoffs has 

been discussed in section 1.8.4). 

8.2.4 Analysing biomarker efficacy in a common cohort 

across three biomarkers subgroups: 

To address potential biases from analysing different 

subpopulations for each biomarker's test performance, a common 

cohort was identified. This cohort included patients who had the 

combined outcome across all three biomarker subgroups 

(AST/ALT ratio, APRI score, and FIB-4 index). A Venn diagram 

was created to visually represent the overlap among these 

subgroups. 
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8.3 Results  

8.3.1 changing the index date for the exposed group. 

As can be seen in Table 8-1, adjusting the start time of the 

group with abnormal biomarkers so that their follow up started 

only when the first abnormal biomarker was calculable made little 

difference to the performance of the biomarkers. The HR for 

AST/ALT rose slightly from 1.8 (95%CI: 1.6-2.0) to 1.9 (95% CI: 

1.7-2.1). APRI score showed a marginally reduced risk to 29.0 

(95% CI: 28.5 to 30.5). FIB-4 index indicated a minor decrease in 

risk from 5.6 (95% CI: 5.0 to 6.3), to 5.4 (95% CI: 4.8 to 6.1). 
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Table 8-1: Univariate Cox regression model of the incidence of the (combined outcome) for patients with normal and abnormal AST/ALT, APRI 
score, and Fib4 when the index date for the exposed group adjusted to be the date of the first abnormal score calculated compared to the original 
analysis results.  

Number of subjects in normal and abnormal groups  combined outcome 
(original analysis) 

combined outcome 
(sensitivity analysis) 

AST/ALT   

Person year Exposed  874422 867204.7 

Person year Non-exposed 520028.3 520028.3 

HRs for Subjects with normal AST/ALT (n= 68,465) 1 1 

HRs (CI) for Subjects with abnormal AST/ALT (n= 118,039) 1.8 (1.6-2.0) 1.9 (1.7-2.1) 

APRI   

Person year Exposed 85793.83 85270.95 

Person year non-exposed 3847876 3847876 

HR for Subjects with normal APRI score (n= 464,204) 1 1 

HRs (CI) Subjects with abnormal APRI score (n= 18,893) 30.8 (29.3-32.4) 29.0 (95% CI: 28.5 to 30.5) 

Fib4   

Person year Exposed 540400.1 540400.1 

Person year Non-exposed 585520.3 585520.3 

HR for Subjects with normal 
 Fib4 index (n= 77,590) 

1 1 

HRs (CI) Subjects with abnormal Fib4 index (n= 80,214) 5.6 (5.0-6.3) 5.4 (95% CI: 4.8 to 6.1) 
Abbreviations: CI: confidence interval; HR: hazard ratio. 
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8.3.2 Minimum Five-Year of Follow-Up  

As can be seen in Table 8-2, the sensitivity analysis, which 

focused on patients with at least five years of follow-up made 

some differences to the performance of the biomarkers 

The HR for AST/ALT slightly decreased from 1.8 (95%CI: 

1.6-2.0) to 1.6 (95% CI: 1.4-1.8). APRI score showed a notably 

decrease in the risk from 30.8 (95% CI: 29.3 to 32.4) to 18.6 (95% 

CI: 17.0-20.4). FIB-4 index showed slightly decreased risk from 

5.6 (95% CI: 5.0 to 6.3) to 5.0 (95% CI: 5.2-6.0).
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Table 8-2 : Univariate Cox regression model of the incidence of the (combined outcome) for patients with normal and abnormal AST/ALT, APRI 
score, and Fib4 restricted for patients with at least 5 years of follow-up. 

Number of subjects in normal and abnormal groups  combined outcome 
(original analysis) 

combined outcome 
(sensitivity analysis) 

AST/ALT   

Person year exposed  874422 876745.3 

Person year non exposed 520028.3 467253.8 

HR for Subjects with normal AST/ALT  1 1 

HR (CI) for Subjects with abnormal AST/ALT 1.8 (1.6-2.0) 1.6 (1.4- 1.8) 

APRI   

Person year Exposed 85793.83 70173.45 

Person year non exposed  3847876 3497408 

HR for Subjects with normal APRI 1 1 

HR (CI) for Subjects with abnormal APRI 30.8 (29.3-32.4) 18.6 (17.0 ï 20.4) 

Fib4   

Person year Exposed 540400.1 462700.6 

Person year non exposed 585520.3 524053.4 

HR for Subjects with normal Fib4 1 1 

HR (CI) for Subjects with abnormal Fib4 5.6 (5.0-6.3) 5.0 (5.2- 6.0) 

Abbreviations: CI: confidence interval; HR: hazard ratio. 
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8.3.3 Univariate analysis of different cut-offs and 

biomarkers diagnostic performance 

8.3.3.1 AST/ALT ratio univariate analysis of different cut-

offs. 

The analysis of AST/ALT ratio at various cut-offs, as 

detailed in Table 8-3 and illustrated in Figure 8-1, shows that the 

exposed as defined at almost all cut-offs have greater risk of 

outcomes than the unexposed, but that the magnitude of this 

effect was greater for higher cut-offs. The exceptions were the 

lowest 2 cut-offs with the lowest of 0.3 showing a HR of 0.8 (95% 

CI: 0.4-1.5), which escalated to 7.7 (95% CI: 7.0-8.4) at the 

highest cut-off of 2.0. 

As might be expected I found that there was an inverse 

relationship between the changes in sensitivity and specificity 

with varying cut-offs, with rising cut-off being associated with 

increasing specificity and PPV but falling sensitivity. The 

sensitivity was at its peak of 99.7% at the 0.3 cut-off but 

significantly reduced to 24.9% at the 2.0 cut-off. At the 0.3 cut-off, 

specificity was minimal at 0.2%, but it markedly increased to 

93.8% at the 2.0 cut-off. This improvement implies that the 

AST/ALT ratio becomes more proficient in correctly identifying 
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individuals without the disease as the cut-off value rises. At a 

sensitivity of about 75-80% PPV for AST/ALT is 1.8%.
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Table 8-3: Univariate Cox regression model of the incidence of the combined outcomes for patients with normal and abnormal AST/ALT ratio using 
different cut-offs. 

cut-off Subjects with normal and abnormal score  Hazard risk (CI) Sensitivity Specificity PPV NPV 

0.3 Subjects with normal AST/ALT (n= 388) 1 99.7% 0.2% 1.5% 98.4% 

Subjects with abnormal AST/ALT (n= 183,063) 0.8 (0.4-1.5) 

0.5 Subjects with normal AST/ALT (n= 2,485) 1 98.8% 1.4% 1.5% 98.6% 

Subjects with abnormal AST/ALT (n=180,959) 1.0 (0.7-1.4) 

0.7 Subjects with normal AST/ALT (n= 15,222) 1 93.9 8.3 1.5% 98.9% 

Subjects with abnormal AST/ALT (n=168,163) 1.3 (1.1-1.5) 

1* Subjects with normal AST/ALT (n=68,465) 1 76.5% 36.0% 1.8% 99.0% 

Subjects with abnormal AST/ALT (n= 118,127) 1.8 (1.6-2.0) 

1.2 Subjects with normal AST/ALT (n= 96,570) 1 63.9% 52.9% 2.0% 99.0% 

Subjects with abnormal AST/ALT (n= 86,627) 2.3 (2.0-2.4) 

1.5 Subjects with normal AST/ALT (n= 141,280) 1 45.3% 77.4% 2.9% 99.0% 

Subjects with abnormal AST/ALT (n=41,935) 3.6 (3.4-3.9) 

2 Subjects with normal AST/ALT (n= 171,440) 1 24.9% 93.8% 5.6% 99.0% 

Subjects with abnormal AST/ALT (n= 11,871) 7.7 (7.0-8.4) 

*Conventional cut-off used in the sex, age, and socioeconomic stratification.   

abbreviations: CI: confidence interval, PPV: positive predictive value, NPV: negative predictive value. 
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Figure 8-1: Univariate Cox regression model of the incidence of combined 
outcomes for patients with normal and abnormal AST/ALT ratios using 
different cut-off.  

8.3.3.2 APRI score univariate analysis of different cut-offs. 

Table 8-4 and Figure 8-2 revealed the same pattern of 

abnormal markers having a higher HR of clinical outcomes than 

that of the normal population. At the lower cut-off of 0.3, the HR 

was observed at 7.0 (95% CI: 6.6-7.4), escalating sharply to 35.0 

(95% CI: 32.9-37.3) at the higher cut-off of 2.0.  

As might be expected, there was a significant decrease in 

sensitivity alongside the rising cut-offs. In contrast, specificity 

exhibited an opposite pattern. Starting at a modest 63.3% at the 

0.3 cut-off, it impressively rose to 99.0% at the 2.0 cut-off. PPV 

showed an increasing trend with higher cut-offs. At a sensitivity of 

about 75-80% PPV for APRI is 2.7%.
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Table 8-4: Univariate Cox regression model of the incidence of the combined outcomes for patients with normal and abnormal APRI score using 
different cut-offs. 

cut-off Subjects with normal and abnormal score  Hazard risk (CI)  Sensitivity Specificity PPV NPV 

0.3 Subjects with normal APRI score (n= 300,726) 1 79.7% 63.3% 2.7% 99.6% 

Subjects with abnormal APRI score (n= 178,786) 7.0 (6.6-7.4) 

0.5 Subjects with normal APRI score (n= 426,423) 1 61.6% 89.5% 7.0% 99.4% 

Subjects with abnormal APRI score (n=53,199) 16.0 (15.3-16.9) 

0.7 Subjects with normal APRI score (n= 452,401) 1 51.4% 94.8% 11.4

% 

99.3% 

Subjects with abnormal APRI score (n= 27,298) 24.3 (23.0-25.5) 

1* Subjects with normal APRI score (n= 464,204) 1 41.1% 97.2% 15.9

% 

99.2% 

Subjects with abnormal APRI score (n= 18,893) 30.8 (29.3-32.4) 

1.2 Subjects with normal APRI score (n= 467,742) 1 35.7% 97.9% 17.8

% 

99.1% 

Subjects with abnormal APRI score (n= 12,006) 33.2 (31.4-35.0) 

1.5 Subjects with normal APRI score (n= 470,991) 1 28.7% 98.5% 19.7

% 

99.0% 

Subjects with abnormal APRI score (n= 8,785) 34.3 (32.4-36.3) 

2 

 

Subjects with normal APRI score (n= 473,972) 1 21.0% 99.0% 21.7

% 

99.0% 

Subjects with abnormal APRI score (n= 5,820) 35.0 (32.9-37.3) 

*Conventional cut-off used in the sex, age, and socioeconomic stratification. 

abbreviations: CI: confidence interval, PPV: positive predictive value, NPV: negative predictive value. 
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Figure 8-2: Univariate Cox regression model of the incidence of combined 
outcomes for patients with normal and abnormal APRI score using different 
cut-offs. 

 

8.3.3.3 Fib-4 index univariate analysis of different cut-offs. 

Table 8-5 and Figure 8-3 revealed the same pattern of 

abnormal markers having a higher HR of clinical outcomes than 

that of the normal population. At the lower cut-off of 0.3, the HR 

was 1.1 (95% CI: 0.3-3.4), which surged dramatically to 27.4 

(95% CI: 25.1-30.0) at the higher cut-off of 3.5 and there was a 

notable decrease in sensitivity as the cut-offs increased. The PPV 

demonstrated an increasing trend with higher cut-offs. At a 

sensitivity of about 75-80% PPV for FIB-4 is 2.7% 
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Table 8-5 Univariate Cox regression model of the incidence of the combined outcomes for patients with normal and abnormal Fib4 index using 
different cut-offs. 

cut-off Subjects with normal and abnormal score  Hazard risk (CI)  Sensitivity Specificity PPV NPV 

0.3 Subjects with normal Fib 4 score (n= 195) 1 99.9% 0.1% 1.4% 98.5% 

Subjects with abnormal Fib 4 score (n= 154,988) 1.1 (0.3-3.4) 

0.5 Subjects with normal Fib 4 score (n= 2,306) 1 99.3% 1.5% 1.4% 99.3% 

Subjects with abnormal Fib 4 score (n= 152,872) 2.2 (1.3-3.8) 

0.7 Subjects with normal Fib 4 score (n= 12,692) 1 97.2% 8.2% 1.5% 99.5% 

Subjects with abnormal Fib 4 score (n= 142,447) 3.0 (2.4-3.9) 

1 Subjects with normal Fib 4 score (n= 43,338) 1 91.4% 28.2% 1.8% 99.5% 

Subjects with abnormal Fib 4 score (n= 111,695) 4.3 (3.7-5.0) 

1.3* Subjects with normal Fib 4 score (n= 77,590) 1 84.0% 49.0% 2.3% 99.5% 

Subjects with abnormal Fib 4 score (n= 80,214) 5.6 (5.0-6.3) 

1.5 Subjects with normal Fib 4 score (n= 92,511) 1 78.3% 60.2% 2.7% 99.4% 

Subjects with abnormal Fib 4 score (n= 62,507) 6.5 (5.8-7.1) 

1.7 Subjects with normal Fib 4 score (n= 106,458) 1 73.2% 69.2% 3.3% 99.4% 

Subjects with abnormal Fib 4 score (n= 48,545) 7.7 (6.9-8.4) 

2 Subjects with normal Fib 4 score (n=121,590) 1 66.7% 79.0% 4.4% 99.4% 
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*Conventional cut-off used in the sex, age, and socioeconomic stratification.  

abbreviations: CI: confidence interval, PPV : positive predictive value, NPV : negative predictive value.

Subjects with abnormal Fib 4 score (n= 33,426) 10.0 (9.2-11.0) 

2.3 Subjects with normal Fib 4 score (n= 131,587) 1 60.4% 85.5% 5.6% 99.3% 

Subjects with abnormal Fib 4 score (n= 23,439) 12.6 (11.6-13.8) 

2.5 Subjects with normal Fib 4 score (n= 136,368) 1 57.0% 88.6% 6.7% 99.3% 

Subjects with abnormal Fib 4 score (n= 18,680) 14.9 (13.6-16.2) 

2.8 Subjects with normal Fib 4 score (n= 141,401) 1 52.1% 91.8% 7.6% 99.2% 

Subjects with abnormal Fib 4 score (n= 13,653) 18.1 (16.7-19.8) 

3 Subjects with normal Fib 4 score (n= 143,800) 1 49.1% 93.3% 8.7% 99.2% 

Subjects with abnormal Fib 4 score (n= 11,268) 20.7 (19.0-22.5) 

3.3 Subjects with normal Fib 4 score (n= 146,508) 1 45.9% 95.1% 11.7

% 

99.2% 

Subjects with abnormal Fib 4 score (n= 8,566) 25.3 (23.2-27.5) 

3.5 Subjects with normal Fib 4 score (n= 147,840) 1 43.1% 95.9% 13.0

% 

99.2% 

Subjects with abnormal Fib 4 score (n= 7,236) 27.4 (25.1-30.0) 
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Figure 8-3Univariate Cox regression model of the incidence of combined 
outcomes for patients with normal and abnormal FIB4 index using different 
cut-offs 
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analysis as shown in Table 8-6.  AST/ALT subpopulation within 

the common cohort presented a slight increased risk from 1.8 

(95% CI: 1.6 to 2.0) reported in the original group to 1.9 (1.7-2.1). 

APRI subpopulation showed a slight increased risk from 30.8 

(95% CI: 29.3 to 32.4) to 33.4 (30.7-36.3), and Fib4 showed a 

slight decreased risk from 5.6 (95% CI: 5.0 to 6.3) to 5.5 (4.9-6.2). 

 

Figure 8-4 Venn diagram showing the overlap among patients in different 
cohorts.  
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Table 8-6: Univariate Cox regression model of the incidence of the (combined 
outcome) for patients with normal and abnormal AST/ALT, APRI score, and 
Fib4 patients included in all 3 populations compared to the original analysis 
results.  

Number of subjects in normal and abnormal 
groups  

combined 
outcome 
(original 
analysis) 

combined 
outcome 
(sensitivity 
analysis) 

AST/ALT   

Person year exposed  874422 865397.3 

Person year non exposed 520028.3 410472.2 

HR for Subjects with normal AST/ALT  (n= 53,997) 1 1 

HR (CI) for Subjects with abnormal AST/ALT 
(n= 103,760) 

1.8 (1.6-2.0) 1.9 (1.7-2.1) 

APRI   

Person year Exposed 85793.83 32954.04 

Person year non exposed  3847876 1200314 

HR for Subjects with normal APRI (n= 151,508) 1 1 

HR (CI) for Subjects with abnormal APRI 
(n= 6,249) 

30.8 (29.3-
32.4) 

33.4 (30.7-
36.3) 

Fib4   

Person year Exposed 540400.1 540400.1 

Person year non exposed 585520.3 585520.3 

HR for Subjects with normal Fib4 (n= 77,888) 1 1 

HR (CI) for Subjects with abnormal Fib4 
(n= 79,869) 

5.6 (5.0-6.3) 5.5 (4.9-6.2) 

 

8.4 Discussion  

In this chapter I have described sensitivity analyses aimed 

at elucidating the effect of methodological decisions upon the 

outcomes of my studies. The results are in general robust within 

the sensitivity analyses, but the examination of variations in cut 

off values provides important additional insights to the 

performance of the markers. 

8.4.1 Changing the index date for the exposed group. 

Originally, the start of the follow-up was set at the day of 

the first test result, irrespective of its normality. However, to 
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explore the potential biases introduced by different follow-up start 

times, I also analysed outcomes starting from the first recorded 

abnormal result. Interestingly, despite these methodological 

variations potentially affecting the length of follow-up and 

exposure classification, the results from both approaches were 

largely consistent.  

The similarity of the results between the two 

methodologiesðdespite their distinct biasesðindicates that the 

overall conclusions of the study were not substantially skewed by 

any potential bias introduced by either. Since the updated 

approach may incorrectly classify unexposed subjects as 

exposed and the original method may overestimate exposure 

periods by biassing the length of follow-up, the similarity in results 

between the two approaches points to an important conclusion: 

the true effect or outcome most likely lies in the space between 

the two sets of findings.  

The validity of the study's conclusions is supported by the 

alignment of the two approaches, which shows that the observed 

effects are a consistent pattern across various analytical 

strategies and are not just the result of methodological choices. 
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8.4.2 Five-year follow-up sensitivity analysis 

In this analysis of sensitivity within this study, my focus was 

on the evaluation of the impact of the duration of follow-up on the 

results, specifically in relation to the variability introduced by 

participants who joined the cohort in the final year without a 

complete year of follow-up.  

For the AST/ALT ratio, the hazard ratio adjusted modestly 

from 1.8 to 1.6 for outcomes manifesting after at least five years, 

reinforcing its sustained utility over time. Similarly, the FIB-4 index 

showed reliability with a slight change in the hazard ratio from 5.6 

to 5.0 over longer durations, confirming its effectiveness as a 

long-term predictive tool for advanced liver disease. Conversely, 

the APRI score demonstrated a significant reduction in predictive 

capability over time, with the hazard ratio decreasing from 30.8 to 

18.6. Despite this reduction, the APRI score still showed a 

stronger association with risk than the AST/ALT ratio and FIB-4 

index, indicating its potential for early identification of individuals 

at heightened risk. However, its diminishing predictability over 

extended follow-up highlights the complexities of using this 

biomarker for long-term risk stratification. 

Linking these findings with the study by Poynard et al 

(160), add significant depth to our understanding of the variable 

performance of liver disease biomarkers over time, particularly in 
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relation to their prognostic and diagnostic utility. The observed 

shifts in hazard ratios for AST/ALT, APRI, and FIB-4 across 

different follow-up durations in my study suggest nuances in how 

these biomarkers function in the early detection and long-term 

monitoring of liver disease. Specifically, the diminishing 

predictability of the APRI score over extended periods, as seen 

by a notable drop in its hazard ratio, resonates with the findings 

from Poynard et al., where FibroTest consistently demonstrated 

a higher prognostic value than APRI for survival without liver-

related deaths.  

The change in APRI performance over extended follow-up 

periods may be due to its sensitivity in detecting advanced CLD 

at earlier stages when symptoms are not yet manifest. This early 

detection allows for timely intervention, contributing to its strong 

initial association with liver disease risk. However, as the disease 

progresses or during longer monitoring periods, the APRI's 

predictive power diminishes, reducing its relative contribution to 

risk stratification compared to its initial assessment. 

A study by Lin et al. (154), examined the use of APRI in 

early disease diagnosis, highlighting its moderate utility in 

identifying clinically significant fibrosis or cirrhosis. This research 

underscores APRI's value as a non-invasive alternative to liver 

biopsy, particularly for early detection. While APRI's predictive 
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accuracy may decrease over time, its effectiveness in early-stage 

detection remains significant. This highlights the importance of 

integrating APRI with other biomarkers and clinical indicators, 

adjusted for follow-up duration and disease progression, to 

enhance overall liver health assessment. This aspect 

complements APRI's initial strong association with liver disease 

risk and its diminishing long-term predictability. 

The observed stability in the hazard ratio for FIB-4 across 

extended follow-up periods underscores its utility as a reliable 

long-term predictive tool for liver disease progression. This finding 

is consistent with Poynard et al.'s meta-analysis, which positions 

FIB-4 as superior in reliability compared to APRI, reinforcing its 

role not just in initial diagnosis but also in ongoing disease 

monitoring. The consistent prognostic value of FIB-4, as 

highlighted in my sensitivity analysis, supports its effectiveness in 

tracking disease progression over time. This is further 

corroborated by discussions in section 5.5.4, where the 

application of FIB-4 in disease monitoring was explored in depth.  
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8.4.3 Cut-off variations with the sensitivity, specificity, 

positive predictive value and negative predictive 

value.  

This analysis explored the implications of varying cut-offs 

for the AST/ALT ratio, APRI, and Fib-4 indices in diagnosing 

advanced CLD. The analysis revealed a clear trend: the hazard 

ratio of developing adverse liver outcomes increased with the use 

of higher cut-offs among the exposed group compared to the non-

exposed group across all subpopulations.  

The selection of cut-offs for the AST/ALT ratio, APRI score, 

and FIB-4 index in the original study was guided by existing 

literature and clinical guidelines, ensuring their relevance and 

robust validation. For the AST/ALT ratio, a cut-off of 1 was chosen 

based on its widespread acceptance in the diagnosis of liver 

diseases. Williams and Hoofnagle (139), demonstrated that an 

AST/ALT ratio of 1 or more is strongly indicative of cirrhosis in 

patients with NAFLD, making it a pivotal marker in clinical 

practice. This cut-off helps in distinguishing between various liver 

conditions, particularly cirrhosis, which aligns with my study's 

focus on advanced CLD. 

Similarly, the cut-off of 1 for the APRI score is 

recommended by the WHO as a threshold for identifying patients 
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at higher risk of liver fibrosis and cirrhosis. The FIB-4 index cut-

off of 1.3, commonly used in clinical practice, effectively 

distinguishes patients with minimal or no fibrosis from those with 

significant fibrosis. Shah et al.'s (158), study confirmed the utility 

of this threshold in NAFLD patients, highlighting its importance in 

non-invasive fibrosis assessment. 

These cut-offs were selected because they are specifically 

relevant for identifying cirrhosis and are widely accepted in clinical 

guidelines. While these cut-offs were selected for their validation 

and utility, it is crucial to acknowledge that different studies might 

suggest alternative thresholds based on specific populations or 

disease severities. These variations can be attributed to 

differences in study design, population characteristics, and the 

specific outcomes being measured, whether it be severe fibrosis, 

cirrhosis, or the likelihood of current liver damage. For example, 

some studies may propose different cut-offs for viral hepatitis 

cohorts or general population studies, which could influence the 

observed diagnostic performance of the biomarkers. 

To address these potential variations, my study included a 

comprehensive sensitivity analysis evaluating different cut-offs for 

the biomarkers. This analysis demonstrated that the chosen 

thresholds provided robust diagnostic performance across 

various scenarios. By assessing alternative cut-offs, we ensured 
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that my selected thresholds were not only appropriate for the 

specific populations studied but also adaptable to different clinical 

contexts. This sensitivity analysis reinforces the validity and 

reliability of my chosen cut-offs, emphasizing their clinical 

applicability and the importance of continuous evaluation to 

maintain diagnostic accuracy. 

The sensitivity and specificity of each biomarker varied 

significantly across different thresholds. As expected, a lower cut-

off generally improves sensitivity but at the expense of specificity, 

leading to more false positives. Conversely, a higher cut-off 

enhances specificity but reduces sensitivity, potentially missing 

true cases. For instance, at the lowest cut-offs (AST/ALT 0.3, 

APRI 0.3, and Fib-4 0.3), sensitivity was maximized (99.7%, 

79.7%, and 99.9%, respectively), but specificity was notably low 

(0.2%, 63.3%, and 0.1%, respectively). This indicates a high 

number of false positives alongside a low PPV (AST/ALT 1.5%, 

APRI 2.7%, and Fib-4 1.4%), which could lead to unnecessary 

follow-up tests and treatments in secondary care settings. 

Moreover, considering that selecting different cut-offs for 

each biomarker can influence which test is preferred, I compared 

the AST/ALT, APRI, and Fib-4 based on their sensitivity and PPV. 

This analysis at approximate 50% sensitivity levels highlight 
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significant differences in their PPV, which is crucial for managing 

the impact on secondary care. 

At a 1.5 cut-off, the AST/ALT ratio has a sensitivity of 

45.3% and a PPV of 2.9%, while Fib-4 at a 3.0 cut-off reaches a 

sensitivity of 49.1% with a PPV of 8.7%. Both tests exhibit 

moderate sensitivity, but their low PPVs indicate a lower 

likelihood of confirming disease in those tested positive, leading 

to significant implications for secondary care. 

Conversely, APRI provides a superior combination of 

sensitivity and PPV. At a 0.7 cut-off, APRI shows a sensitivity of 

51.4% and a notably higher PPV of 11.4%. This favourable 

balance suggests APRI not only detects a significant portion of 

true cases but also assures a higher likelihood that those 

identified positively actually have the disease. The higher PPV at 

this sensitivity level means APRI could effectively reduce 

unnecessary referrals and treatments in secondary care, 

optimizing resource utilization. 

In general, different studies have proposed different cutoff 

values for AST/ALT ratio, APRI, and FIB-4 markers depending on 

the specific stage of fibrosis or cirrhosis being diagnosed. 

Previous research has mainly focused on identifying and staging 

liver fibrosis and cirrhosis in patients who already have the 
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disease rather than predicting the development of CLD (46, 109, 

147, 148, 154, 155, 158, 282-286).  

The studies by Lin et al. (131) and Shah et al. (158), 

provide valuable insights into the use of biomarker cutoffs to 

diagnose stages of liver disease, which directly relate to the 

findings in my analysis of AST/ALT ratio, APRI, and Fib-4. Lin et 

al. revealed that varying APRI cutoffs impact the sensitivity and 

specificity for diagnosing hepatitis C-related fibrosis, noting that a 

higher APRI cutoff (2.0) increases specificity but reduces 

sensitivity. This aligns with my findings, where a 0.7 cutoff for 

APRI offered a balanced sensitivity (51.4%) and specificity 

(94.8%), demonstrating its efficacy in a clinical setting for 

optimizing resource use by reducing unnecessary secondary care 

interventions.  

Similarly, Shah et al.ôs research on FIB4 and other markers 

used to diagnose NAFLD confirms that higher cutoffs improve 

specificity but at the cost of sensitivity. For instance, at a FIB4 

threshold of 3.25, sensitivity dropped significantly, whereas 

specificity increased, underscoring the trade-off between 

detecting more true cases and avoiding false positives. This 

complements my observations where a Fib-4 cutoff of 3.0 showed 

reasonable sensitivity (49.1%) but a higher likelihood of false 

positives due to its lower PPV (8.7%). 
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In my study, a fundamental difference exists in the patient 

population compared to the literature. The majority of studies 

cited in the literature focused on patients with confirmed 

diagnoses of advanced CLD. In contrast, this research focusses 

on those without confirmed diagnoses at the time of biomarker 

assessment. While this approach may not represent the gold 

standard for assessing diagnostic accuracy, it offers valuable 

insights into the potential clinical utility of different biomarker 

cutoffs for identifying individuals at risk of adverse liver outcomes 

in a real-world, long-term follow-up scenario. The interpretation of 

my results must therefore be within this context where the goal is 

to balance early detection with the risk of overdiagnosis. 

8.4.4 The efficacy of biomarkers within a common 

cohort across three subgroups 

Limiting analyses to subjects with all 3 biomarkers 

calculable made negligible alterations in the association of the 

markers with the combined outcome at standard cut-offs 

suggesting that the variation in the populations was not the 

reason for differential performance between them. 

8.5 Conclusion  

In conclusion, the choice of start date for the exposed 

group did not significantly bias the results. AST/ALT and FIB-4 
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performed consistently well, even with a five-year follow-up, while 

APRI's performance declined. Varying cutoffs affected sensitivity, 

specificity, PPV, and NPV. Optimal cutoffs for future outcome 

prediction can be determined from this study's results. The 

variability in populations between the markers did not explain the 

differences in their performance. 
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Chapter 9  Overall Discussion and 
Conclusions 
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9.1 Introduction 

CLD has emerged as a major global health concern due to 

high mortality rates and the burden placed on healthcare 

systems. However, CLD often goes unnoticed until it has 

progressed to an advanced and irreversible stage. 

 This study has examined NAFLD, as a leading cause of CLD, 

and estimated its prevalence in the UK and KSA. Furthermore, 

given certain limitations in exclusively targeting NAFLD, my study 

adjusted its focus towards exploring the use of the biomarkers in 

the broader context of CLD. This approach also offers additional 

advantages in understanding and predicting CLD more 

comprehensively as discussed in (section 1.7.1). These, 

therefore, formed the basis for the second part of the study, which 

used routinely collected data from the CPRD to assess the 

effectiveness of APRI score, AST/ALT ratio and FIB-4 as 

prognostic tools in relation to advanced CLD.   

9.2  Summary of main findings 

My preliminary literature review suggested that, despite the 

growing concern over NAFLD, comprehensive and consistent 

data detailing its prevalence in both the UK and KSA were scarce 

and fragmented. Two systematic reviews conducted to bridge this 

knowledge gap revealed that definitive population-based studies 
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are lacking. The pooled prevalence of NAFLD is 23.8% in the UK 

and 16.8% in KSA among disease-unrestricted populations. 

  Three additional studies were undertaken to assess the 

feasibility of using non-invasive biomarkers in predicting the 

progression to advanced CLD. Among the study population, 

cirrhosis was the primary outcome observed in the majority of 

patients with outcomes; the APRI score, although the most 

frequently calculable biomarker, had the lowest prevalence of 

abnormal values at standard cut-offs, whereas the AST/ALT ratio, 

the second most calculable, exhibited the highest prevalence of 

abnormal values, followed by the FIB-4 index. 

My studies have evaluated the effectiveness of these 

indices in identifying individuals at higher risk of adverse liver 

outcomes. While all three indices are capable, the APRI showed 

the strongest correlation with these outcomes at conventional cut-

offs. I also explored how performance varies with different cut-offs 

to help users find the optimal balance between specificity and 

sensitivity. Additionally, I examined which subpopulations each 

index performs best in. 

9.3  Clinical sequences and implications 

NAFLD is increasingly prevalent in both the UK and the 

KSA, and although the evidence is limited, it suggests a rising 
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trend. Without intervention, it is reasonable to expect a growing 

number of patients to present with symptomatic or 

decompensated disease given this apparent increase in 

prevalence. 

Furthermore, the application of the analysed biomarkers 

could effectively identify individuals at risk of developing liver 

disease. My findings demonstrate that the necessary data for this 

already exists in many GP records. However, implementing a 

policy to use these biomarkers would potentially necessitate a 

change in the transaminase levels commonly measured by 

laboratories. 

The incorporation of these biomarkers into routine practice 

means using them opportunistically during patient visits in primary 

care settings, rather than as part of a whole population screening 

program. This approach could lead to proactive management and 

intervention for patients already undergoing blood tests or with 

known risk factors, potentially reducing the healthcare burden 

associated with advanced liver diseases by catching and 

managing the disease earlier. By integrating these tests into 

routine care, healthcare providers can identify high-risk 

individuals during regular visits and initiate timely interventions, 

ultimately improving patient outcomes and reducing long-term 

healthcare costs. 
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 This approach suggests promising directions for future 

interventions, although specific interventions were not tested 

within the scope of my thesis. 

This study was limited to individuals who underwent AST 

testing. However, the measurement of LFTs, particularly AST, 

may be generally performed only when patients are at a higher 

risk for liver diseases and hence some care is needed in 

extrapolating the results to the general population.  

This study demonstrates that APRI is a valuable non-

invasive biomarker for predicting advanced liver disease in UK 

general practice. While APRI showed a strong association with 

advanced liver outcomes, it is important to contextualize these 

findings within the framework of the different thresholds used for 

each biomarker. The thresholds for APRI, AST/ALT, and FIB-4 

were not directly comparable, which influenced the observed 

associations.  

My sensitivity analysis revealed that varying the cut-offs for 

these biomarkers significantly impacts their sensitivity, specificity, 

PPV, and NPV. For instance, an AST/ALT ratio cut-off of 1.5, an 

APRI cut-off of 0.7, and a FIB-4 cut-off of 3.0 provided a more 

balanced comparison. These adjusted cut-offs highlight the 

critical nature of threshold choice in determining the performance 

and predictive power of biomarkers. 
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By considering these more comparable cut-offs, we can 

see that while APRI remains a strong predictor, its apparent 

superiority must be viewed with caution. The choice of higher 

thresholds for APRI in previous analyses led to fewer false 

positives but also influenced its hazard ratios and associations. 

Therefore, the initial conclusion that APRI is unequivocally 

superior should be tempered with the understanding that its 

performance is closely tied to the threshold used. 

Despite these nuances, APRI's effectiveness in early 

detection still provides significant clinical insights. It enables 

healthcare providers to identify and prioritize high-risk individuals, 

facilitating targeted and personalized interventions. However, 

future work should aim to refine and standardize threshold 

settings across different biomarkers to enhance comparability 

and ensure that each biomarker's predictive power is accurately 

represented.  

Additionally, APRI's cost-effectiveness, requiring only AST 

and platelet count compared to the more complex FIB-4 index, 

supports its integration into routine clinical practice. Targeting 

older adults and individuals with high-risk factors could further 

enhance APRI's effectiveness. 

In addition, one of the main features that sets this research 

apart is the demonstration of a clear correlation between elevated 
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biomarker levels and severe liver-related outcomes, including 

liver cirrhosis, increased mortality, HCC, and the need for liver 

transplants. It underscores the utility of these biomarkers in 

identifying patients at risk not only of cirrhosis but also of more 

critical conditions. 

This study, therefore, makes a contribution in the following 

clinical areas:  

a) Improved Risk Stratification: In this thesis, I examined the 

utility of non-invasive biomarkers for pragmatic case finding 

and risk stratification in patients at higher risk of developing 

advanced CLD. This approach addresses the limitations of 

current diagnostic pathways in primary care, which often rely 

on abnormal ALT levels that may not reflect the severity of 

liver disease.  

This study supports recent guidelines that recommend 

screening for advanced fibrosis in individuals with NAFLD and 

validates the effectiveness of non-invasive biomarkers in 

predicting advanced CLD risk in both primary and secondary 

care settings. This finding confirms that primary care 

biomarkers can predict liver disease progression, a result 

further validated in hospital settings. This cross-setting 

validation underscores the potential for wider adoption of 

these biomarkers in healthcare. 
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b) Focused Public Health Screening: Based upon the ability to 

risk stratify mentioned above, one could realistically 

hypothesize about the potential of these biomarkers for future 

screening programs. My results could be useful in the design 

of studies to investigate this potential. This approach could 

help in concentrating resources on those most in need, 

enhancing the efficiency and effectiveness of screenings. 

While further research is required to justify specific screening 

strategies, the findings suggest that non-invasive biomarkers 

may play a crucial role in identifying high-risk individuals for 

earlier and more timely interventions. 

c) Resource Reallocation: The adoption of biomarker-based 

screening would reallocate resources from general, 

widespread efforts to more targeted approaches, focusing 

manpower, advanced diagnostics, and specialist care on 

those at higher risk of developing advanced CLD based on 

their biomarker profiles. While this approach may initially 

increase referrals for previously undetected high-risk patients, 

the long-term benefits of early detection and intervention could 

reduce the need for more costly treatments in later stages, 

thereby impacting healthcare infrastructure positively. 

d) Cost-Effectiveness: I have demonstrated that there exist 

already data from tests previously performed to risk stratify a 



 

264 
 

subset of the population (who have had an AST test 

performed). The utilization of this data in general practice 

could lead to highly effective case finding which may illustrate 

the benefit of testing AST more widely in clinical practice.  

So, this study tentatively recommends the implementation of 

APRI at a threshold of 0.7 for screening and pragmatic case 

finding in primary care settings. The quantitative evidence 

provided by the sensitivity, specificity, PPV, and NPV estimates 

indicates that APRI offers a balanced performance and could be 

a cost-effective tool for early detection and intervention for 

advanced liver disease. Based on the detailed results from 

Chapter 8, using APRI at this threshold has the potential to 

enhance early detection and intervention, leading to timely 

referrals and improved patient outcomes.  

While the initial costs of widespread biomarker testing may be 

higher, the long-term benefits might include a reduced need for 

more expensive treatments at later stages, ultimately contributing 

to lower overall healthcare costs. However, it is important to 

consider that the initial increase in testing could also bring about 

challenges in terms of healthcare resource allocation and patient 

management. 

It is crucial to acknowledge the potential harms of 

implementing biomarkers, such as the risk of false positives. The 
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specificity of APRI at this threshold suggests that while it is 

effective, there could still be a significant proportion of false 

positives. For example, with a specificity of around 69.2%, 

approximately 30.8% of the screened population might be 

unnecessarily referred for further testing or treatment. This could 

lead to unnecessary anxiety, additional healthcare costs, and 

potential strain on healthcare resources. 

The specificity of APRI at this threshold suggests that it could 

help mitigate the risk of false positives, ensuring that a significant 

proportion of those identified as high risk actually have advanced 

liver disease. This targeted approach may facilitate better 

resource allocation by focusing on high-risk individuals and 

optimizing the efficiency of healthcare interventions. However, the 

potential impact of false positives, which could result in more 

unnecessary referrals, must be considered. This could mean that 

a significant proportion of individuals could be subjected to 

additional testing and follow-up procedures that are ultimately 

unnecessary. 

It is important to acknowledge that these recommendations 

are based on the current data and should be viewed with some 

caution. The findings suggest that APRI could be a valuable tool, 

but further research and validation studies are needed to confirm 

its utility and cost-effectiveness in broader clinical practice. 
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Additionally, the potential detrimental effects, such as the 

psychological impact of false positives and the logistical 

challenges of increased testing, should be carefully considered. 

9.4 Limitations of the study 

The use of the CPRD in this research confers important 

strengths, including being representative of the UK population 

registered in general practice and, by extension, of the UK 

general population. It is also large, providing reasonable precision 

in its estimates, and since the data used were recorded 

electronically through routine practice, the accuracy of the data is 

generally good. 

However, several limitations need to be considered. A key 

limitation is the generalizability of the study's findings. The focus 

on a high-risk group, specifically targeting individuals with AST 

measured, introduces a potential bias regarding the prevalence 

of CLD within this cohort compared to the general UK population. 

This selective approach naturally gravitates towards a subgroup 

with a potentially higher incidence of the disease, limiting the 

applicability of the findings to the entire UK population and 

potentially overestimating the risk. 

Another limitation concerns the coverage of linked data. 

This thesis exclusively utilizes data input using Vision software for 

CPRD GOLD, which provides access to a time when AST testing 
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was more prevalent. However, the linkage with HES data only 

began in 1998, while the study period starts from 1990. This 

discrepancy means that data coverage may not be 

comprehensive for all patients, particularly for those in the earlier 

years of the study. Patients with more complete data linkage from 

1998 onwards may have different characteristics than those with 

incomplete linkage, potentially affecting the studyôs findings. 

The selected population for this study consisted of 

individuals who had blood tests, which might not be 

representative of the general population. Additionally, the 

selection criteria and testing practices may have changed over 

time, further influencing the study results. These changes could 

introduce bias and affect the comparability of results across 

different time periods. Moreover, patients entering the study 

towards its end had a shorter follow-up period, which could impact 

the detection and assessment of long-term outcomes. This 

shorter follow-up time may lead to an underestimation of the 

incidence and progression of advanced liver diseases. 

Furthermore, there are general weaknesses to the use of 

routine practice data in research, which need to be considered in 

the interpretation of the findings. The data collected as part of 

routine care, as highlighted in (section 4.7.4), might exhibit some 

gaps, especially with regard to pertinent information about 



 

268 
 

previous exposures, and this could impact the thoroughness and 

depth of the research insights.  

Furthermore, the nature of data collection within routine 

practice is inherently linked to the perspective of the general 

practice and their focus on the patient's ongoing care. This 

inherent bias in data collection could result in the omission of 

certain elements that might be significant from a research 

standpoint. In addition, when data is collected and analysed, it is 

important to understand why certain tests or analyses are being 

conducted; without a clear understanding of the purpose behind 

these tests, the results might be misinterpreted.  

9.5 Suggestions for future research 

Given the high heterogeneity in the studies that measured 

the prevalence of NAFLD in the UK and KSA and the variations 

in NAFLD prevalence between the UK and KSA, further studies 

are needed in both countries to increase precision and confidence 

in estimating disease prevalence. 

For future research, it is proposed to conduct population-

based studies in both the UK and KSA to refine our understanding 

of NAFLD prevalence and associated risk factors. Additionally, 

the need to monitor trends in NAFLD prevalence over time, 

particularly among high-risk groups, is underscored. This 
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continuous surveillance is crucial for adapting healthcare 

strategies and resources effectively. 

The use of routinely collected data to measure the 

prevalence of the three biomarkers (AST/ALT, APRI, and FIB-4) 

reveals the potential and practicality of a large dataset for future 

biomarker studies. Moreover, given the improvements in data 

quality and quantity and the ongoing attempts to integrate the 

CPRD and other datasets to provide more comprehensive 

information on patients and their medical diagnoses, there is 

room for additional research in this area.  

Given that not all patients with abnormal markers will 

eventually manifest adverse liver outcomes, there is a need to 

validate the utility of these biomarkers in predicting actual disease 

progression. Consequently, a Randomized Controlled Trial (RCT) 

is recommended to assess the efficacy of screening using these 

biomarkers. This RCT aims to fill a crucial gap in current medical 

research by providing concrete data on the utility and impact of 

these biomarkers in a real-world clinical context.  

The study would encompass a diverse participant group, 

focusing on adults who are at elevated risk for advanced liver 

diseases, including but not limited to those with predisposing 

factors for NAFLD. The trial design involves dividing participants 

into two groups: one receiving regular screening with the 
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biomarkers and the other receiving standard care. This setup 

aims to provide a clear comparison and robust evaluation of the 

biomarkers' effectiveness in early detection and management of 

liver diseases. The findings from this RCT are expected to inform 

clinical guidelines and patient care strategies, potentially 

enhancing the management of patients at risk of advanced liver 

diseases in primary care settings. 

Moreover, the relevance of findings from the CPRD to KSA 

context underscores the need for localized pilot studies and 

research initiatives. The extrapolation of CPRD findings to KSA 

hinges on understanding the similarities and differences in 

disease prevalence, healthcare infrastructure, and patient 

demographics between the two regions. By conducting localized 

research, including pilot implementations of the biomarker 

screening within KSA healthcare setting, we can evaluate the 

adaptability and viability of this approach in the Saudi Arabian 

environment. This step is crucial for ensuring that the strategies 

developed are grounded in the local context, enhancing the 

potential for successful integration into the KSA's healthcare 

system. 
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9.6  Conclusion 

 This research used primary care data linked to the HES, 

cancer, and death registries, consisting of complete longitudinal 

records of patients' information, investigations, and diagnoses 

within the general UK population. The studies reported in this 

thesis have described, for the first time, the usefulness of using 

non-invasive biomarkers in predicting CLD for the general 

population  and have clearly shown that abnormal biomarkers are 

associated with a higher risk of developing CLD. In addition, the 

findings from the two systematic reviews indicate that results 

obtained from the CPRD research conducted in the UK could 

potentially be extrapolated and applied to individuals in the KSA. 

The future of the use of routine data for this purpose is thus 

promising.  
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Appendices 

Appendix A 

  JBI critical appraisal checklist for prevalence studies.  

Quality assessment  

Reviewer                                                                                       

      Date                                                                      

Author                                                                                            

      Year                       Record Number                                

 
Yes No Unclear Not 

applicable 

1.         Was the sample 

frame appropriate to 

address the target 

population? 

    

2.         Were study 

participants sampled in 

an appropriate way? 

    

3.         Was the sample 

size adequate? 

    

4.         Were the study 

subjects and the setting 

described in detail? 

    

5.         Was the data 

analysis conducted with 
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sufficient coverage of 

the identified sample? 

6.         Were valid 

methods used for the 

identification of the 

condition? 

    

7.         Was the 

condition measured in a 

standard, reliable way 

for all participants? 

    

8.         Was there an 

appropriate statistical 

analysis? 

    

9.       Was the response 

rate adequate, and if 

not, was the low 

response rate managed 

appropriately? 

    

Overall appraisal:             Include      Exclude      Seek further 

info 

Comments (Including reason for exclusion) 
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