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Abstract 

Background and Rationale 

The degree of fibrosis in nonalcoholic fatty liver disease (NAFLD) determines the risk of liver 

complications. Non-invasive tests (NITs) such as FIB-4, NFS and Hepamet, have been proposed 

to triage patients in primary care (PC) for further assessment due to their high negative predictive 

values (NPVs) for advanced fibrosis. These tests include AST±ALT in their calculations. Many 

patients with NAFLD take statins, and although these tests are used in the calculation of these 

NITs, it is unknown if NITs’ performance is affected by statin use. 

Purpose and Hypothesis 

The purpose of this study was to determine whether statins modify NITs predictions of fibrosis 

as assessed by vibration controlled transient elastography (VCTE) in patients referred from PC 

for NAFLD.  

Methods 

We assessed 934 patients with suspected NAFLD from PC referred to a hepatology triage clinic 

and included those with a final NAFLD diagnosis (n=856). In this pilot pathway, all patients 

underwent VCTE, 832 with reliable measurements. We assessed with logistic regression the 

effects of being on a statin on the association between NITs and VCTE at different thresholds 

(8,10,12 and 16 kPa).  



 

 iii 

Results 

129 patients were on a statin, and 138 additional patients fulfilled Canadian criteria for statin use 

but were not on a statin. Patients on a statin were older, more frequently diabetic and had higher 

BMI than patients not on a statin. In patients on a statin 25,16,13, and 7% had VCTE >=8,10,12 

and 16 kPa respectively, while these figures were lower for patients not on a statin (10,7,4 and 

2% respectively). For any given FIB-4 value, patients on a statin had higher probabilities of high 

VCTE than patients not on a statin. Adjusting for BMI, diabetes and age almost completely 

abrogated these differences, suggesting that these were related to patients’ profile rather to a 

specific effect of statins. NPVs of a FIB-4 <1.3 for a VCTE >8,10,12 and 16 were, respectively, 

89, 94, 96 and 100% in patients on a statin, and 92,95,98 and 99% in patients not on a statin. 

Statins’ impact on the association between Hepamet and VCTE was similar to that for FIB-4, 

while statins did not affect NFS predictions of VCTE. 

Conclusion 

In patients with NAFLD referred from PC, those on statins had higher chances of a high VCTE 

for a given FIB-4 value. This was explained, in most part, by a different clinical profile of these 

patients and had a negligible impact on the NPV of the commonly used FIB-4 threshold (<1.3). 

A similar effect of statins was observed with Hepamet, but not with NFS. More than half of the 

patients with indications were not on a statin at the time of referral. 
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Chapter 1: Introduction 
 

Background 

NAFLD is considered the most common cause of chronic liver disease, with a prevalence of 25% 

worldwide.1 The main determinant of adverse outcome in NAFLD is the level of fibrosis.2 The 

higher the fibrosis stage, the worse outcome, whether it is liver related or cardiovascular related. 2 

In addition, all-cause mortality and liver-related mortality are increasing exponentially with 

increasing levels of fibrosis.3 Therefore, assessing the fibrosis stage in patients with NAFLD is 

essential to stratify them and to manage them appropriately. A two-step strategy to risk 

stratifying patients with advanced fibrosis is currently recommended.4 The first step is by using a 

simple non-invasive test with high NPV and, therefore, to appropriately exclude advanced 

fibrosis in patients with low risk to avoid unnecessary investigations that can be costly and 

invasive, which carry additional risks on those patients. The second step is by using a test with a 

high positive predictive value so that patients with higher risk won’t be missed.5,6 The most 

commonly used tests with high NPVs that are used in the first step are FIB-4 and NFS.4,7 Both 

tests include age, platelet and AST and/or ALT in their calculations. The difference between 

them is that NFS needs albumin and diabetes status (diabetes/ glucose intolerance), and 

therefore, it requires to include extra clinical information.8,9 A new test called Hepamet has been 

proposed as a non-invasive test to exclude advanced fibrosis as it has high NPVs.10  

NAFLD is an independent risk factor for cardiovascular diseases (CVD).11,12 Patients with 

NAFLD share the same risk factor for CVD.11,13 Statin or HMG-CoA reductase inhibitor is the 
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mainstay for primary and secondary prevention of CVD and since NAFLD and CVD are 

associated with metabolic syndrome.14-16 Therefore, many patients with NAFLD have an 

indication for a statin. A number of studies have shown that statin could modify 

aminotransferase levels, though the clinical significance of this finding is unclear.17 Since NITs 

depend on AST/ ALT and statin could modify aminotransferase levels, there is a possibility that 

statin could modify the association between NITs and the prediction of advanced fibrosis. 

Therefore, it is critical to assess the impact of statins on the performance of NITs as triage 

methods in referral pathways for patients with NAFLD. 

 

Purpose 
The purpose of this study was to determine the impact of statin on NITs prediction of liver 

advanced fibrosis as assessed by VCTE in patients referred from primary care for NAFLD. The 

second purpose was to assess the prevalence of statins indication and current use in patients with 

NAFLD from our referral base.  

Hypothesis 

It was hypothesized that statin can modify NITs prediction of liver advanced fibrosis as assessed 

by VCTE. Additionally, we hypothesized that the impact of statin on FIB-4 is similar to NFS and 

Hepamet. 
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Specific outcomes 

The primary outcome of this study was the impact of statin on NITs based prediction of 

advanced fibrosis as assessed via VCTE. 

Secondary outcome of this study was to determine whether the effect of statin among all NITs 

was similar to FIB-4 and to determine the prevalence of statin indication and the current use 

among patients with NAFLD from our referral pathway. 

The significance of the study 

This study addresses whether NITs threshold need to be modified when assessing fibrosis in 

patients with NAFLD on a statin as it might lead to over or underprediction of liver advanced 

fibrosis and to determine which non-invasive test has a superior effect when assessing advanced 

fibrosis in patients on statin treatment. Since these are routinely used in our referral pathways, 

the results would have a direct impact on how we manage referrals. 
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Chapter 2: literature review 

2.1 The definition of NAFLD: 

Non-alcoholic fatty liver disease is considered a spectrum of diseases ranging from simple 

steatosis or non-alcoholic fatty liver (NAFL) through a much more severe form named non-

alcoholic steatohepatitis (NASH) to fibrosis and eventually liver cirrhosis.18 Interestingly, the 

term NASH was first described in 1980 by Ludwig et al. to describe the clinical and pathological 

features of non-alcoholic diseases that resemble those seen in alcoholic liver disease.19  

 

While different diagnostic tools could define liver steatosis, it could be defined more accurately 

by assessing liver fat content, which is ≥ 5% fat containing hepatocytes as evaluated by light 

microscopy or proton density fat fraction of ≥5 % as assessed by magnetic resonance imaging 

(MRI).4 Histologically NAFL shows hepatic steatosis features without hepatocyte injury, and it is 

considered a benign condition. In contrast, the histological features of NASH demonstrate 

hepatic steatosis with hepatocellular injury, specifically hepatic ballooning and inflammation, 

and it is considered a serious disease that leads to cirrhosis in 9% to 22% of patients and 

eventually might progress to hepatocellular carcinoma (HCC) as a complication of cirrhosis. 18,20  
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2.2 NAFLD epidemiology: 

2.2.1 Incidence  

There is limited data about the estimated incidence of NAFLD as there is no precise, 

reproducible non-invasive biomarker that can be used at ease in the general population to detect 

NAFLD. One study that conducted on 11,448 subjects who were followed for five years, the 

incidence of NAFLD was 12.3% as documented by U/S.21 Another study that followed 213 

participants for seven years, 147 of those were normal at baseline, reported an annual incidence 

rate of 3 per 100. 22 The reported incidence of NAFLD by using MRS on the Asian population in 

Hong Kong was 13.5 % throughout 3 to 5 years.23  

 

2.2.2 Prevalence 

There are many studies about NAFLD prevalence in the general population. One of the most 

recent meta-analyses reported that the overall pooled prevalence of NAFLD among the general 

population by using imaging techniques was around 25%. The highest prevalence reported was 

in the Middle East 31.8%, followed by South America 30.5%, while the lowest prevalence was 

in Africa 13.5%. The prevalence rate was also increased with increasing age, despite the fact that 

studies assess NAFLD in patients aged more than 70 are limited. The estimated pooled 

prevalence of NAFLD among patients by using blood tests was lower as compared with an 

imaging technique, as the prevalence of NAFLD in North America was around 24% using 

imaging whereas it was about 13% by using blood tests.4,24  
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When it comes to NASH, where liver biopsy is the gold standard for diagnosis, the estimated 

prevalence of NASH among the general population was assessed indirectly given that biopsy is 

not a feasible option in population studies. Studies in NASH reported a prevalence of 59% 

among NAFLD patients who had a liver biopsy for clinical indication while it was ranging from 

7% to 30% among NAFLD patients who were biopsied in the context of a protocol. Given these 

estimates, the estimated prevalence rate of NASH in the general population was ranging from 

1.5% to 6.5%.24  

 

2.2.3 Gender differences 

Until now there is the influence of sex is not well established and there are substantial 

differences in studies some demonstrated male predominance while others showed females 

predominance.25  

 

2.2.4 NAFLD and Ethnic/racial disparities 

Many studies evaluated NAFLD disparities among different racial/ethnic groups. These studies 

were in a recent meta-analysis of the racial and ethnic disparity. The pooled prevalence of 

NAFLD from population-based cohort studies was the highest in Hispanic 15.1%, intermediate 

in white 14.4% and the lowest in black 13%. The relative risk of NAFLD was the highest in 

Hispanic while it was the lowest in Black. In high-risk cohorts’ studies, the prevalence of 

NAFLD was the highest in White 55.5%, intermediate in Hispanic 48.8% and the lowest in 

Black 47.6%. Although the relative risk of NAFLD in high-risk cohorts’ studies was the highest 

in White while it was the lowest in Black, the difference was not significant.26  
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2.2.5 Diabetes mellitus 

Type 2 Diabetes Mellitus (T2DM) is among the most crucial risk factors for NAFLD and NASH 

as well as it is among the most clinical predictors for the negative clinical outcome of NAFLD 

such as liver advanced fibrosis, HCC, and mortality.27-29 One meta-analysis stated that the 

prevalence of T2DM among patients with NAFLD as assessed by imaging studies was 22.5%. 24 

The same study reported a prevalence of T2DM in biopsy-proven NASH was 46.6%. Other 

studies reported the prevalence of NAFLD and NASH among T2DM patients as assessed by 

MRS or liver biopsy is 50% and 56%. 30 However, in the most recent meta-analysis that reviewed 

the global prevalence of NAFLD and NASH among T2DM patients reported the estimated 

NAFLD prevalence of 55.48% in T2DM patients as diagnosed by U/S or H-MRS, which mean 

that the prevalence rate of NAFLD in T2DM is twice that reported for the general population. 

The prevalence of NAFLD among T2DM by U/S 59% was not significantly different from the 

H-MRS prevalence 60%. Interestingly, the pooled prevalence of NAFLD as diagnosed by liver 

biopsy was 91.62%.  Regarding NASH, the estimated global prevalence among patients with 

T2DM was 37.33%. 31 25  

 

2.2.6 Obesity 

Obesity is among the most well-established risk factors for NAFLD. The whole spectrum of 

obesity from overweight through obese and ultimately to severe and morbid obesity is associated 

with NAFLD. Almost all patients (>95%) with severe obesity who are undergoing bariatric 
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surgery have NAFLD. Also, NAFLD prevalence among T2DM patients increased dramatically 

with increasing BMI.4,25  

 

2.2.7 Metabolic syndrome 

 

According to the meta-analysis by Younossi et al, the pooled estimated prevalence of metabolic 

syndrome (MetS) in NAFLD patients was 42.54%, and the estimated pooled prevalence of MetS 

in NASH was 70.65%.4  

 

2.2.8 Liver cirrhosis 

The reported prevalence of NAFLD cirrhosis in the general population is 0.178% ,32 whereas the 

reported incidence of NAFLD cirrhosis was 0.17%. 33 The prevalence of NAFLD cirrhosis in 

T2DM patients as assessed by transient elastography (TE) was 11.2%, whereas the prevalence of 

NAFLD cirrhosis in patients with severe obesity was 5.8%. Studies also suggested a higher 

incidence of NAFLD cirrhosis in T2DM and severe obesity.34,35  
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2.3 Consequences of NAFLD and clinical outcomes 

2.3.1 Fibrosis  

Fibrosis is a well-established adverse outcome of NAFLD. Many studies have investigated the 

progression from steatosis to fibrosis in NAFLD using liver biopsies. These studies reported that 

about one-third of patients with NAFL and NASH had progressive fibrosis, and about 20% had 

some regression during the follow-up.36 In a meta-analysis evaluating 11 studies to estimate 

fibrosis progression in NAFLD, the results were similar, 33% with NAFLD had fibrosis 

progression, 43% had stable fibrosis, and about 22% had fibrosis regression. The estimated rate 

for fibrosis progression was slow. The annual fibrosis progression rate (FPR) in patients with 

baseline stage 0 fibrosis was 0.13 stages, which means an average of 7.7 years is needed to 

progress 1 stage.  The FPR in NASH was twice that of the NAFL. An average of 14.3 years was 

estimated to progress 1 stage fibrosis in NAFL, while for NASH, it was 7.1 years.37  

 

 

 Risk factors associated with fibrosis progression 36,37  

1. Presence of hypertension 

2. High AST/ALT ratio at the time of baseline biopsy 

3. Higher steatosis grade 

4. Type 2 diabetes mellitus (T2DM) 

5. Higher BMI 
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2.3.2 NAFLD and hepatocellular carcinoma (HCC) 

HCC incidence has been rapidly rising globally over the last 20 years. In 2012, HCC was 

considered the second most common cause of cancer-related death worldwide.38-40 Since the 

prevalence of T2DM and obesity has increased significantly over the past decades which in turn 

led to rise the incidence of NAFLD that can progress to fibrosis, cirrhosis and ultimately HCC. 

The incidence of HCC related NAFLD is expected to increase in the future surpassing other 

etiologies 41-43 HCC related NAFLD and NASH, however, is underestimated. NAFLD can 

progress to liver fibrosis in some patients, which would lead to cirrhosis in 10% to 20% of cases. 

NAFLD cirrhosis can progress to HCC although some NAFLD related HCC cases happened 

without a history of cirrhosis. The magnitude of HCC risk in patients with NAFLD is unclear. In 

one study, the annual incidence rate of HCC in NAFLD patients was 0.21 per 1000 patients 

compared to 0.02 in control, and patients with NAFLD had 8.6 fold higher risk to acquire HCC 

than control. In patients with NAFLD without cirrhosis, the annual incidence rate of HCC was 

0.08 per 1000 compared to 0.02 in the control group without cirrhosis. The annual incidence of 

HCC in NAFLD cirrhosis ranged from 1.6 to 23.7 per 1000 patients. HCC risk in NAFLD 

patients increases with age and with higher FIB-4 in patients with or without cirrhosis44  

 

2.3.3 Liver cirrhosis 

Cirrhosis is the end stage of various chronic liver conditions that have features of 

necroinflammation, fibrosis, and regenerative nodules that alter the liver structure and change its 

vascular architecture. Cirrhosis is considered major public problems that lead to morbidity and 

mortality.45,46  
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Chronic hepatitis B virus is the most common cause of cirrhosis in Asia and Africa, while 

alcoholic liver disease and hepatitis C virus are the most common cause of liver cirrhosis in 

developed countries.47,48 NAFLD, however, has become a leading cause of cirrhosis in some 

countries, and it is projected to exceed that of hepatitis C and B as well as it is predicted that 

NAFLD will become the leading cause for liver transplantation.49  

The rate of progression to cirrhosis is different among the histological subtype. The incidence of 

progression to cirrhosis of NASH is higher than that of NAFL. A longitudinal study with a mean 

follow-up of 15.6 years reported that 1% of NAFL advanced to cirrhosis, while 11% of NASH 

patients advanced to cirrhosis. Also, NASH progression to cirrhosis is more rapid than NAFL as 

the annual fibrosis progression rate is 0.14 in NASH compared to 0.07 in NAFL.37,50  

Many studies showed that diabetes is the main metabolic risk factor that leads to progression in 

NAFLD to cirrhosis. One Canadian cohort study used the administrative health database in 

Ontario from 1994 to 2006 to evaluate whether newly diagnosed diabetes leads to serious liver 

disease. After a median follow-up of 6.4 years, the results showed that 3.71% of newly 

diagnosed diabetic patients develop cirrhosis compared to 1.34% in individuals without diabetes. 

Another study had consistent results and reported that high blood glucose was associated with 

cirrhosis independent of obesity. Metabolic factors such as hyperlipidemia, obesity, and 

hypertension were considered important risk factors for NAFLD progression to cirrhosis. 49,51,52  

In regards to age and cirrhosis, In a retrospective cohort study, patients with NAFLD were 

divided into three groups older ( ≥60), middle-age( 50 to 60), and younger (≤50), and it showed 

that cirrhotic patients were significantly older than patients without cirrhosis. Compared to 

noncirrhotic patients, cirrhotic patients had more risk factors including diabetes, obesity, 

hypertension, and hyperlipidemia. In another study, NAFLD patients were classified into the 
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elderly ( ≥65) and nonelderly (18-65). The study showed that elderly patients had higher rates of 

advanced fibrosis. While there was no significant difference in the risk factors among these two 

groups, the study suggested that the association between age and NAFLD cirrhosis might be 

related to the disease's duration rather than the age itself. 52-54  

 

2.3.4 Mortality 

Since the prevalence of NAFLD is high and predicted to further increase by 2030, determining 

the long-term outcome, especially mortality among patients with NAFLD, has important 

implications for decision-making in public health and clinical practice. NAFLD is a well-

established risk factor for liver cirrhosis, liver cancer, chronic kidney disease, T2DM, and 

cardiovascular diseases (CVD), and therefore, NAFLD was suggested as a predictor of increased 

mortality. Whether NAFLD increases mortality compared to the general population or not 

remains controversial. Many studies reported that patients with NAFLD had a higher risk of all-

cause mortality. NAFLD all causes mortality increases with age and advanced fibrosis stage. A 

recent cohort prospective study showed that female patients with NAFLD but not male patients 

had an increased risk of death from all-cause mortality, CVD, and HCC. Other studies found no 

association between NAFLD and all-cause mortality. These studies had reported that NAFLD 

patients had increased risk of CVD, liver cirrhosis, and HCC.55-60 The most recent meta-analyses 

also showed solid evidence that NAFLD was associated with increased risk of all cause 

mortality.61  
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2.3.4.1 NAFLD and CVD mortality 

While many studies showed a significant association between NAFLD and CVD mortality, the 

most recent meta-analysis reported no association between NAFLD and CVD mortality. These 

findings were consistent with the previous meta-analysis in 2016. The 2016 meta-analysis, 

however, showed that the severity of NAFLD predicted fatal and non-fatal CVD events, and 

therefore, whether the adverse outcome of NAFLD on mortality is restricted to NASH or it can 

also include those with simple steatosis is a challenging question since liver biopsy is required to 

diagnosis NASH. One study on patients with biopsy-proven NAFLD that used NAFLD activity 

score as an index to diagnose NASH showed that there is no significant difference between 

patients with or without NASH regarding the overall CVD mortality. Another prospective cohort 

study, which classified hepatic steatosis into normal, mild, moderate, and severe, showed that 

only patients with moderate to severe steatosis were predictors for increasing all-cause mortality 

and CVD mortality.61-63  

 

2.3.4.2 NAFLD and Cancer mortality 

The most recent meta-analysis reported no significant association between NAFLD and cancer 

mortality.  In regards to NAFLD association with HCC and non-HCC , two studies had assessed 

the association between NAFLD and HCC, and they showed NAFLD increased the risk of 

HCC.55,61,64  The meta-analysis reported that NAFLD patients had a 6.27 fold higher risk of death 

from HCC compared with patients without NAFLD.61 The most common cause of non-HCC 

cancer death in patients with NAFLD was colorectal cancer.64  
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2.3.4.3 NAFLD and liver specific mortality 

Liver diseases mortality rate is higher in patients with NAFLD.61 The mortality rate ratio in 

NAFLD increased exponentially with increased fibrosis level. Mortality rate ratio increased 

significantly after fibrosis stage 2. Mortality related to liver causes accounts 18% of all-cause 

mortality in patients with NAFLD Stage 2 fibrosis while it increased to 24% and 59% with 

fibrosis stage 3 and 4, respectively. 

 

2.4 Cardiovascular risk factors and NAFLD 

Many studies have proved that NAFLD is associated with higher risks of cardiovascular diseases 

(CVD), which are the most common cause of non-liver-related death in those patients. The 

higher the severity of NAFLD, the higher the risk of fatal and non-fatal CVD events. A large 

body of evidence has confirmed NAFLD association in different CVD manifestations, namely 

atherosclerotic CVD (Coronary artery syndrome and stroke), conduction abnormalities, and left 

ventricular dysfunction. These studies suggested that NAFLD might be an independent risk 

factor for CVD regardless of the presence of traditional CVD risk factors.11,65-67  

 

2.4.1 The shared pathophysiology between NAFLD and CVD  

In metabolic diseases NAFLD and metabolic syndrome, adipose tissue expansion, and 

dysfunction are the main common features among liver disease and cardiac metabolic 

complications. Excessive calorie intake is the main culprit of metabolic syndrome, NAFLD, and 

CVD, leading to increased free fatty acid serum level (FFA) that exceeds the adipose tissue 

storing capacity and ectopic and visceral fat deposition which involve the liver.  This abnormal 
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expansion of adipose tissue causes adipocyte dysfunction and the release of inflammatory 

cytokines, which in turn can not only be associated with insulin resistance but also CVD.68 In 

addition, enlarged fat mass causes lipogenesis, which leads to an increase in serum levels of FFA 

VLDL that cause atherosclerosis. NAFLD hyperlipidemia has higher atherogenic potential as 

serum LDL, and triglycerides are higher and HDL lower. There is a positive association between 

the histological severity of NAFLD and lipid parameters, suggesting a strong correlation 

between them.69  

2.4.2 Association between NAFLD and CVD 

 

NAFLD's role as a potential risk factor for CVD is controversial for a long time. Recent 

evidence, however, had reported an association between NAFLD and CVD. NAFLD is 

associated with an increase in the prevalence of CVD risk factors, especially T2DM and 

obesity.24 Many studies had evaluated the long-term outcome in patients with NAFLD and 

showed that NAFLD is considered a risk factor for CVD. One of the most recent meta-analyses 

showed that patients with NAFLD are affected more by CVD rather than liver-specific 

complications, and patients with NAFLD are subjected to a higher risk of fatal and non-fatal 

cardiovascular events. The risk of cardiovascular events was higher, with more advanced liver 

disease.62 Moreover, this meta-analysis showed a strong correlation between CV mortality and 

more histologically severe NAFLD. Patients with stage 3 and 4 fibrosis had a higher mortality 

rate regardless of the NAFLD activity score.20  
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2.4.3 Coronary vascular disease  

Patients with NAFLD had a higher risk of coronary artery disease than the general population, 

and therefore, higher risk of CVD. NAFLD increases CVD regardless of the traditional risk 

factors. An analysis of the Framingham Heart study on 3529 patients reported that patients with 

NAFLD who underwent CT had subclinical markers of atherosclerosis even after metabolic risk 

factors adjustment.70 Another study reported a higher prevalence of coronary artery stenosis on 

patients with fatty liver on U/S who underwent coronary angiography even after adjustment for 

other metabolic risk factors.23 An observational study on 2103 diabetic patients with a mean 

follow-up of 6 years concluded that NAFLD gives additional CV risk more than that would be 

expected by metabolic risk factors as the study reported a higher frequency of non-fatal 

cardiovascular event (myocardial infarction(MI), and revascularization procedures), and death in 

patients with NAFLD.71  

 

 

 

2.4.4 NAFLD and cardiovascular events 

 

NAFLD showed to increase the risk of CVD. A meta-analysis found that patients with NAFLD 

had a higher risk of ischemic and hemorrhagic stroke, and the more the severity of the liver 

disease, the higher the risk.72 There is a correlation between liver fibrosis as assessed by transient 

elastography and ischemic stroke. The higher the fibrosis stage, the more the risk for ischemic 

stroke.73  
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2.5 Diagnosis of NAFLD 

2.5.1 Screening for NAFLD 

 

Routine screening for NAFLD is not recommended by the American Association for the study of 

liver Diseases (AASLD),4 or by the National Institute for Health and Care Excellence (NICE).74 

In contrast, the European Association for the Study of the Liver (EASL) recommends NAFLD 

screening in patients at risk (i.e. metabolic syndrome or obesity).75  

 

2.5.1.1 The American Association of the Study of Liver Diseases (AASLD) 

 

The AASLD does not recommend routine screening for NAFLD. Until now, there are 

uncertainties regarding the treatment options and the diagnostic tests besides the scarcity of 

evidence showing the cost-effectiveness and long-term benefits of screening. NAFLD screening 

among high-risk groups such as patients with diabetes or obesity is also not recommended by the 

AASLD. The AASLD, however, recommends using NAFLD fibrosis score (NFS), Fibrosis-4 

(FIB-4), and transient elastography (TE) to risk-stratify patients with a high index of suspicion.4  

 

2.5.1.2 National Institute for Health and Care Excellence (NICE)  

Screening patients for NAFLD is not recommended by the NICE guideline. The NICE guideline 

does not recommend NAFLD screening in high-risk patients with metabolic syndrome and/or 

diabetes due to the lack of evidence that supports screening. The commercial ELF test is 

recommended by the NICE to risk-stratify patients and identify advanced fibrosis. Patients with 
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negative score should repeat testing after 3 years, while patients with positive score should be 

referred to a specialist.74  

 

2.5.1.3 European Association for the Study of the Liver (EASL) 

 

The EASL recommends screening for NAFLD with liver enzymes and/or U/S in all patients with 

metabolic syndrome and obesity. Also, patients with consistent elevation in liver enzymes should 

be screened for NAFLD. The EASL also recommends evaluating all patients with NAFLD for 

metabolic syndrome regardless of their liver enzymes. Assessment for advanced fibrosis in 

patients with NAFLD can be done by TE, or any of the clinical prediction rules such as NFS, 

FIB-4, and commercial ELF test.75  

 

 

2.5.2 Diagnosis of NAFLD 

 

A detailed history and physical examination, along with investigation, are needed to diagnose 

NAFLD. Therefore, to diagnose NAFLD, the following criteria need to be present:4  

 

1-Evidence of hepatic steatosis by imaging or biopsy 

2- No significant alcohol consumption, which is defined as >21 standard drinks per week in men 

and >14 standard drinks per week in women.  

3- Absence of other etiology of hepatic steatosis (Table 1) 

4- No coexisting etiology that causes chronic liver disease. 
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Table 1: Secondary causes of hepatic steatosis4  

Macrovascular causes Microvascular causes 

Excessive alcohol consumption Reye’s syndrome 

Hepatitis C virus Acute fatty liver of pregnancy 

Wilson disease HELLP syndrome 

Starvation Inborn error of metabolism 

Parenteral nutrition Medication (e.g., Sodium valproate, 
antiretroviral medicine) 

Abetalipoproteinemia  
Medication (e.g., amiodarone, methotrexate, tamoxifen, 

and corticosteroid) 
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2.6 Non-invasive tests to assess fibrosis and hepatic steatosis 

Fibrosis is the only histopathological feature that is used to predict the outcome for NAFLD. The 

major predictor of clinically significant liver outcome is advanced fibrosis. Therefore, The 

presence of advanced fibrosis is key in predicting the prognosis of patients with NAFLD. While 

patients without advanced fibrosis have a low risk of progression to cirrhosis or HCC, those with 

advanced fibrosis are more frequently prone to have severe liver-related outcomes and have a 

higher mortality rate. Liver biopsy is considered the gold standard to diagnose liver fibrosis. 

However, it is not reasonable to use liver biopsy as a screening tool in the general population or 

primary care. Furthermore, liver biopsy is an expensive procedure. Thus, many non-invasive 

scores have been developed to risk-stratify and identify patients with advanced fibrosis. 

2.6.1 Elastography based techniques 

2.6.1.1 External, mechanical vibration induced elastography 

Transient elastography (TE) 

This method generates a shear wave at low frequency (50 Hz) with volume measured 4X1 cm 

cylinder, with measured depth 25mm to 65 mm below the surface of the skin. The term shot used 

to define each shear wave generated. Successful shot gives measurements.76,77 

Average of the measurement of ten valid shots are taken and considered failure if no shots valid, 

while it considered unreliable when less than ten measurements are taken, less than or equal 60% 

measurement are valid, and IQR/Med > 30% if VCTE Med > 7.1 kPa.77  
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Limitations of TE include:  

1. It is difficult to perform in obese patients, and therefore, in obese patients XL probe is 

used to overcome obesity limitations but data are limited patients with ascites, and 

narrow intercostal space.76  

2. Failure or unreliable results may be associated with76  

a. Operator experience, which is defined by less than 500 examinations 

b. BMI > 30 kg/m2  

c. Type 2 diabetes mellitus (T2DM)  

d. Age > 52 years 

e. Female sex  

f. Hypertension  

3. Risk of overestimating liver stiffness and therefore fibrosis in patients with76 

a. Extrahepatic cholestasis 

b. Recent food intake  

c. Congestive heart failure  

d. Severe inflammation 

A meta-analysis on 57 studies evaluated the use of transient elastography to detect advanced 

fibrosis. In these studies, liver biopsy was used as a reference standard diagnostic performance of 

TE to detect significant fibrosis ≥ F2 in patients with chronic liver disease. TE showed a good 

sensitivity and specificity to detect liver fibrosis with pooled sensitivity and specificity of TE 

81%, and 88%, respectively.78  
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Magnetic resonance elastography (MRE) 

It is an MRI based method that measures liver fibrosis but quantifies tissue stiffness. It has 

advantages over ultrasound-based elastography as it analyzes the liver almost entirely and is used 

in patients with obesity and ascites. However, it is a costly method and inaccurate in patients 

with iron overload.79  

 

In a cross-sectional study which was conducted on 142 patients with liver biopsy proven NAFLD 

to compare the diagnostic accuracy of MRE and TE for detecting advanced fibrosis, the 

sensitivity and specificity of MRE for detecting advanced fibrosis ≥ F2 was higher than TE. 

Furthermore, MRE showed superior performance to TE in detecting significant advanced 

fibrosis ≥ F4 without failure due to obesity.79  

 

2.6.1.2 US-induced shear wave 

2-D Shear wave elastography 

Two-dimensional shear wave elastography is an ultrasound elastography technique that uses the 

same principle as the transient elastography. It can measure liver stiffness based on the 

estimation of the shear wave's velocity. The difference between TE and SWE is that SWE can be 

conveniently performed using a conventional ultrasound scanner and can create a real-time, 2-D 

quantitative map of liver tissue stiffness, while TE needs an external mechanical vibrator. Two-

dimensional SWE has shown to be a reliable non-invasive method to estimate liver stiffness and, 

therefore, fibrosis.80,81  

One prospective cohort study compared the diagnostic accuracy of shear wave and transient 

elastography for the staging of fibrosis in NAFLD using liver biopsy as a reference. The cut-off 
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for shear wave value with a sensitivity of at least 90% to rule out advanced liver fibrosis F2, F3, 

and F4 was 6.3 kPa, 8.3 kPa, and 10.5 kPa, respectively, which was comparable to the the cut-off 

for transient elastography (TE) with the same sensitivity to rule out advanced fibrosis F2, F3, and 

F4 was 6.2 kPa, 8.2 kPa, and 9.5 kPa, respectively. The cut-off value for the specificity (where 

we can rule in advanced fibrosis) was lower in shear wave compared to TE. The cut-off with at 

least 90% specificity was 8.7 kPa, 10.7 kPa, 14.4 kPa for the shear wave, while it was 9.8 kPa, 

12.5 kPa, and 16.1 kPa for the transient elastography (TE).82  

Acoustic radial force imaging 

This method is another ultrasound-based method used to estimate liver stiffness. It uses short-

duration, high-intensity acoustic pulses to generate mechanical excitation in tissue.  The velocity 

of these waves correlates with the degree of fibrosis. The optimal cut-off values vary among 

studies. A study conducted on 88 patients showed that by using a cut off 1.44m/s, the sensitivity 

and specificity of ARFI ≥ F2 was 85, 76, respectively. The sensitivity and specificity of ARFI 

imaging was 92%, 87% using a cut off 1.9m/s for a F4 fibrosis.83,84  

A comparison was made between TE and ARFI in a study that includes 321 patients who 

underwent liver biopsy for the diagnosis of chronic liver diseases. There was no difference 

between TE and ARFI for the diagnosis of severe fibrosis. However, ARFI was better in obese 

patients.  
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2.6.2 Blood based tests 

2.6.2.1 AST/ALT 

ALT and AST are released from the damaged hepatocyte. Together, they yield much more 

information than each one alone. AST/ALT ratio was first proposed in 1957 by De Ritis et al. 85 

The association between the AST/ALT ratio and liver cirrhosis was statistically significant. Liver 

cirrhosis increases the AST/ALT ratio to greater than 1.0 in patients with NAFLD. 85,86 McPherson 

reported that AST/ALT could avoid liver biopsy in 69% of patients with NAFLD, and the 

negative predictive value (NPV) to exclude advanced fibrosis at a cut off value of 0.8 was 95%.87  

 

2.6.2.2 AST- Platelet ratio index (APRI) 

APRI is calculated using the following formula, APRI = (AST (/ ULN)/Platelet counts (109/L)) 

× 100. APRI is one of the simplest marker panels that can be used to diagnose advanced fibrosis 

and cirrhosis with sufficient accuracy.88  

Recent studies showed APRI acted similarly to other more sophisticated scores in exclusion 

advanced but not moderate fibrosis. For significant fibrosis, an APRI threshold of 0.5 was 81% 

sensitive, and 50% specific.89 APRI value of more than 1 was the most significant predictor of 

advanced fibrosis in the study population.90  

 

2.6.2.3 NFS 

NAFLD fibrosis score (NFS) includes age, platelet count, albumin, ALT/AST, BMI and 

hyperglycemia status (diabetes and impared fasting glucose). Unlike the other scores which were 

created to evaluate the prognosis of other diseases, NFS were created specifically for NAFLD 
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and it was developed in 733 biopsy proven NAFLD patients.91 The cutoff value to rule advanced 

fibrosis in NFS is -1.455 which has a high NPV between 88-93%. The cutoff to diagnose 

advanced fibrosis is 0.676 which has a high PPV between 82-90%. Further validation studies 

showed that NFS had even higher NPV to rule out advanced fibrosis F3, and F4 with NPVs up to 

98%, while its performance to diagnose advanced fibrosis had some fluctuation.92-94  

 

 

2.6.2.4 FIB-4 

This index is a combination of four simple, readily available lab tests, AST, ALT, age, and 

platelet.  

FIB-4 is calculated using the following formula9 :  

FIB-4 index = [age (years) × AST (IU/L)]/ [platelet count (109/L) × ALT (IU/L)]1/2. 

This index was initially developed for use in HCV/HIV co-infection. The AUROC for FIB-4 was 

0.765, with a sensitivity of 70% and specificity of 97%. FIB-4 reported good discrimination of 

cirrhosis (AUROC=0.91) and severe fibrosis (AUROC=0.85).  FIB-4 has also been shown to be a 

reliable test in NAFLD.9 This score offers dual cut-off values. The cut off <1.45 for had a NPV 

of 90% to rule out advanced fibrosis while the cut off >3.25 had a PPV of 65% to diagnose 

advanced fibrosis. 95,96 The cut off for FIB-4 to rule out advanced fibrosis was decreased to 1.3 

which showed a NPV of 95%. The sensitivity and specificity for predicting advanced fibrosis 

(F3-F4) using a cut-off value of 1.3 were 85% and 65%, respectively.87  
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2.6.2.5 HEPAMET score 

A new score used clinical and laboratory variables to predict advanced fibrosis. A study 

conducted on 2,452 showed that the ability of HFS to rule in or out advanced fibrosis was 

significantly superior to NFS and FIB-4. HFS cut-offs (0.12 and 0.47) showed better diagnostic 

performance than the other non-invasive score, and this score was not affected by age BMI or 

diabetes.10  
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2.7 Management of NAFLD according to current guidelines 

Management of NAFLD includes treating liver diseases and managing the associated 

comorbidity such as diabetes, insulin resistance, obesity, and hyperlipidemia.4  

2.7.1 Lifestyle modification 

Lifestyle modification includes 3 main things: 

2.7.1.1 Weight loss 

Weight loss is the key to the histopathological improvement in patients with NAFLD. 

Studies showed that 5% body weight reduction was associated with decrease hepatic steatosis 

while 7% body weight reduction was associated not only with hepatic steatosis reduction but also 

with decrease NAS. 10% body weight reduction, however, was associated with improvement of 

all NASH features such as hepatic ballooning, portal inflammation and fibrosis. Weight 

reduction, however, is challenging to achieve and in a trial only 50% of patients with NAFLD 

were able to achieve ≥ 7% weight reduction.97,98  

2.7.1.2 Diet 

While having a calorie- restricted diet helps to mobilize liver fat and improve cardiovascular 

risk. The effect of nutrient composition was less relevant than the primary goal which is weight 

loss.4,99  

The AASLD guidelines states ―decreasing caloric intake by at least 30% or by approximately 

750-1,000 kcal/day results in improvement in IR and HS‖4  
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2.7.1.3 Exercise 

Patients with NAFLD engage with less exercise activity which is associated with increased risk 

of metabolic syndrome and CVD.100,101  

Recent data showed improvements in hepatic steatosis with exercise and maintaining physical 

activity of more than 150 minutes per week or increased activity level by more than 60 minutes 

per week had shown to decrease aminotransferase levels.102  

AASLD guidelines state ―Exercise alone in adults with NAFLD may prevent or reduce HS, but 

its ability to improve other aspects of liver histology remains unknown‖4  

 

2.7.2 Pharmacological treatments 

2.7.2.1 Metformin 

Many studies evaluated the effect of metformin on patients with NAFLD.4 Two meta-analyses 

had been shown that metformin did not significantly improve liver histology in NAFLD and 

NASH.103,104 Metformin, however, improves aminotransferase levels and insulin resistance in 

NAFLD patients.4,105 3,85  

 

2.7.2.2 Thiazolidinediones 

Pioglitazone showed to improve liver histology in patients with biopsy proven NASH with and 

without diabetes.4 One RCT on pioglitazone 45 mg/day on patients with NASH and prediabetes 

and diabetes showed that pioglitazone improved aminotransferases, insulin sensitivity, steatosis, 

hepatic ballooning and inflammation. NAFLD Activity Score (NAS) improved in 73% of 
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patients in the treatment group compared with only 24% in the placebo group.106 Another RCT by 

Cusi et al. concluded that 58% of patients with biopsy proven NASH with prediabetes and 

diabetes who were on pioglitazone 45 mg/day had a reduction of ≥ 2 points in NAS, and had 

improved fibrosis. 107 87 7 Pioglitazone proved to improve hepatic fibrosis and hepatocellular 

ballooning in patients with NASH without diabetes, hepatic steatosis, however, did not 

significantly improve.107 Regarding the adverse outcome, weight gain was the most side effect 

associated with pioglitazone use.108,109 Bladder cancer association with pioglitazone is 

inconclusive, some studies showed positive associations while others showed negative 

associations.110,111  

 

2.7.2.3 Glucagon-like peptide-1 analogues  

A RCT compared in 52 patients with biopsy-proven NASH liraglutide vs placebo for 48 weeks. 

Liraglutide was associated with less progression of fibrosis and weight loss. 112  

Guidelines states ―It is premature to consider GLP-1 agonists to specifically treat liver disease in 

patients with NAFLD or NASH.‖4  

2.7.2.4 Vitamin E  

Vitamin E is an antioxidant and has been studied as a treatment for NASH. 

Limitation of Vitamin E4: 

a.  Different doses of vitamin E 

b.  Different formulas that can affect the bioavailability 

c.  Use additional drug or antioxidant with Vitamin E 

d. Limited histological data to assess outcomes 

e. Potential prostate cancer and increase in CV outcomes 
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In many trials’ vitamin E leads to decrease aminotransferases in NASH, improvement in 

steatosis, inflammation, ballooning. 4,108  

AASLD guideline states ―Vitamin E (rrr a-tocopherol) administered at a daily dose of 800 

IU/day improves liver histology in nondiabetic adults with biopsy-proven NASH and therefore 

may be considered for this patient population. Risks and benefits should be discussed with each 

patient before starting therapy.‖4  

―Until further data supporting its effectiveness become available, vitamin E is not recommended 

to treat NASH in diabetic patients, NAFLD without liver biopsy, NASH cirrhosis, or cryptogenic 

cirrhosis.‖4  

 

2.7.2.5 Ursodeoxycholic acid 

 
Several studies have investigated ursodeoxycholic acid. However, a large RCT showed that 

UDCA had no histological benefit over placebo in patients with NASH.113  
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2.8 Role of statins in NAFLD 

 

Statins are lipid-lowering agents that work by inhibiting HMG-CoA reductase enzyme, the rate-

limiting step in hepatic cholesterol biosynthesis, and therefore, it significantly decreases total 

cholesterol level, and most importantly, LDL. 114 Therefore, statins are key in primary and 

secondary prevention of CAD and atherosclerotic disease equivalents.115 Currently available 

statins include atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin, 

simvastatin. Lipophilic statins include atorvastatin, fluvastatin, lovastatin, and simvastatin. 

Hydrophilic statins include pitavastatin, pravastatin, and rosuvastatin.116  

Dyslipidemia plays a crucial role in the development of cardiovascular diseases, which is the 

most common cause of mortality in NAFLD patients. Since NAFLD is considered the hepatic 

manifestation of metabolic syndrome; therefore, dyslipidemia associated with NAFLD is defined 

by having a pattern of hypertriglyceridemia, increased LDL levels, and reduced high-density 

lipoprotein (HDL) levels. However, despite that, cardiovascular complications are the leading 

cause of mortality in those patients, neither NAFLD nor NASH are considered the traditional 

risk for cardiovascular diseases. As a result, cardiovascular risk should be assessed by either the 

AHA or CCS to determine whether the patient is a candidate to receive a lipid-lowering agent or 

not and to establish the LDL target for primary and secondary cardiovascular prevention. 117  
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Table 2: Indications for Statin Treatment according to the Canadian Cardiovascular 

Society (CCS). 15  

Category Consider Initiating pharmaco-therapy 

if: 

Target 

Primary Prevention High Risk 
(FRS ≥20%) 

LDL-C <2.0 mmol/L or 

>50% 

 

 

 

Or 

 

 

 

Apo B <0.8 g/L 

 

 

 

Or 

 

 

 

non-HDL-C<2.6mmol/L 

Intermediate Risk 
(FRS 10-19%) 
 
LDL-C ≥3.5 mmol/L 
or Non-HDL-C ≥4.3 mmol/L 
or Apo B ≥1.2 g/L 
or Men ≥50 and women ≥60 yrs 
and one additional CVD RF 

Statin Indicated 

Conditions 
Clinical atherosclerosis 

Abdominal aortic aneurysm 

 

Diabetes mellitus ≥40 yrs 
 15 yrs Duration and Age ≥30 yrs  
Microvascular disease 

Chronic kidney disease (age ≥50 y) 
eGFR <60 mL/min/1.73/m2 
 or ACR > 3 mg/mmol 

LDL-C ≥5.0 mmol/L >50% in LDL-C 

 

 

 

 

 

Table 3: Indication of Statin according to the AHA/ACC.118  
Presence of clinical atherosclerotic cardiovascular disease (coronary heart disease, symptomatic carotid 

artery disease, stroke/ transient ischemic attack, peripheral artery disease, abdominal 
aortic aneurysm) 
Adults 40–77 years of age with diabetes mellitus and LDL levels of 70–189 mg/dL 
Adults 40–75 years of age with a global 10-year risk of cardiovascular disease >=7.5% and an LDL level 
of 70–189 mg/dL 
Adults with an LDL level >=190 mg/dL 
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2.8.1 Underprescription of statin 

The hepatotoxicity of statins is one of the most well-known side effects of use.119 However, there 

is an indication to use statin for patients with NAFLD as long as their aminotransferases 

remained three times below ULN.58  

Although the risk of having hepatotoxicity is small, it is a major cause of the under prescription 

of this drug to NAFLD patients by the Primary care providers. One study which was conducted 

on 255 patients with NAFLD to evaluate statin use and discontinuation in patients with NAFLD. 

This study found that ~ 60% of patients were on appropriate statin therapy and of those ~ 38% 

received inappropriate statin dose reduction or discontinuation at the time of NAFLD  detection 

by their PCP. Therefore, NAFLD diagnosis was the culprit for statin underprescription. This 

study also showed that PCPs were influenced more by the elevation of liver function tests LFTs 

in guiding their decision-making regarding statin use. 120  

In a survey which includes 937 primary care physicians, showed that only 50% of them would 

prescribe statins if the alanine aminotransferase (ALT) values were 1.5 times the upper limit of 

normal (ULN).121  

 

Several factors could have contributed to suboptimal statin prescription, including lack of 

awareness of treatment targets according to cardiovascular risk, lack of proper assessment of 

cardiovascular risk, and assumption by gastroenterologists and hepatologists that dyslipidemia 

would be managed by physicians attending to the patients’ other coexisting metabolic conditions. 

Secondly, physicians and patients may be concerned about the potential adverse effects of 

statins, which may include myopathy, increased liver enzymes and rhabdomyolysis. 
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2.8.2 Statin hepatotoxicity  
 
Statins, in general, are well-tolerated, and the adverse effects of statins are rare. The most 

common reported adverse effects are muscle toxicity, which ranges from myalgia to 

rhabdomyolysis, a more severe and serious complication of statins. Other adverse effects are 

hepatic and renal toxicity.122,123  

Statin-related liver toxicity is rare, and it is associated with self-limiting mild to moderate 

elevation in aminotransferases without need for discontinuation or dose adjustment. 124 Up to 3% 

of patients develop a mild increase in aminotransferases enzyme during their first year of statin 

therapy, but most are asymptomatic.123,125,126 A meta-analysis by De Denus et al. showed that 

compared to placebo low to moderate dose of lovastatin, pravastatin, and simvastatin did not 

significantly cause an increase in aminotransferases level. The only statin cause increase in 

aminotransferase compared to placebo was fluvastatin. 127 Acute liver failure due to statin is 

extremely rare, with an estimated incidence of acute liver failure in patients exposed to statins 

(1:139,000) approximately similar to that of the general population (1:114,000).128  

 

2.8.2.1 Drug-induced liver injury (DILI): 

 
The criteria for DILI include the following129 : 

1. Elevations of either AST or ALT more than 3 times the upper limit of normal (ULN). 

2. Elevations of the total serum bilirubin level more than 2 times the ULN  

3. The elevations of liver aminotransferase and bilirubin not due to other identified causes. 
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Statins can cause DILI in 1 in 100,000 patients and can be presented in different histological 

presentations, some of them will have asymptomatic rises in the ALT level with less than 3 times 

ULN, and those can get improved with continuous statin use as this is called adaptation. 

However, some of those patients will develop symptoms, and their aminotransferase can be more 

than 3 times ULN.130  

 

Four major studies evaluated the hepatotoxicity of statins. The Spanish Hepatotoxicity Registry 

study which was conducted to evaluate the potential hepatotoxic effect of statins in Spain 

compared to other drugs, 858 cases of drug-induced hepatotoxicity were collected from the 

Spanish registry over 18 years period from 1994 to 2012, and it had shown that only 47 case out 

of 858 (5.5%) were due to statin with atorvastatin having the greatest number of cases which 

means that statins hepatotoxicity is not common.131  

 

The population-based prospective study in Iceland gathered data from all cases of DILI between 

2010 and 2011. DILI was defined by having elevated alanine aminotransferase (ALT) more than 

3 upper limit normal (ULN) and/ or increasing alkaline phosphatase (ALP) more than 2 times 

ULN. Ninety-eight patients were found to have DILI, while only 3 were due to statin. Based on 

the number of patients with prescribed statin, the population risk of statin-induced DILI was 

estimated to be 27 per 100,000 patients treated with atorvastatin.132  

Björnsson et al. conducted a retrospective study. Data were collected from the Swedish Adverse 

Drug Reactions Advisory Committee between 1970 and 2004, aiming at finding the incidence of 

statin-induced DILI. They found only 8 out of 747 DILI was statin-induced. Following this 

study, Björnsson and his colleagues also conducted another study to evaluate statin associated 
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hepatotoxicity between 1988 and 2010. DILI was identified if patients had aminotransferases 

more than 5 ULN and/ or ALP was more than 2 times ULN. Seventy-three patients were 

diagnosed with statin-induced DILI, and statin-induced DILI was reported in 1.2 per 100,000 

statin users and with the greatest probability of an event for atorvastatin.133  

Another study, the US Drug-Induced Liver Injury Network (DILIN), aimed to describe statin 

DILI. Between   2004 and 2012, 1188 patients suspected to have statin-induced DILI, after 

further reviews, only 22 patients were most probably had statin-induced DILI. Liver injury, in 

most cases, was mild to moderate, 4 cases were severe, and only one fatal case was reported. 

More than 50% of the cases (12) were due to hepatocellular pattern. The study concluded that 

statin-induced DILI was rare 1.8%, mild to moderate in intensity, self-limited.134  

 

2.8.3 Safety of Statins in Cirrhosis 
 
Despite that the use of statins among patients with compensated cirrhosis is relatively common, 

the published data is not that common. Kumar et al studied the safety of long-term use of statin 

among patients with compensated cirrhosis. Eighty-one patients with biopsy-proven cirrhosis 

treated with statins for a 3 months period, while 162 of biopsy-proven cirrhosis did not receive 

statin with median follow-up duration of 36 and 30 months, respectively. Patients were evaluated 

for mortality and hepatic decompensation which was defined as development of ascites, bilirubin 

more than 2.5 mg/dL, encephalopathy, or variceal hemorrhage. Statin was significantly 

associated with a lower risk of decompensation (p=0.04) and mortality (p=0.01). This 

observational study results support the use of statin for primary and secondary prevention of 

CVD among patients with compensated cirrhosis.135,136  
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Another study which was conducted by Abraldes et al. on 59 patients with cirrhosis, and severe 

portal hypertension who were randomized to receive either simvastatin or placebo for 30 days 

had also proved the safety and the efficacy of the statin in cirrhosis patients. Simvastatin 

significantly decreased HVPG compared with placebo (−8.3% vs −1.6%, p=0.041), and there 

was no change in the hepatic blood flow, mean arterial pressure, and systemic vascular resistance 

between the groups which suggest that the change was mediated by reduction on the intrahepatic 

resistance. Individuals treated with simvastatin also had improved markers of effective hepatic 

metabolic capacity. The increase in the ALT was not more than two folds, and there was no 

difference in the adverse effect between the two groups. Only three patients had an increase in 

creatine kinase (CK) of more than twofold, one of them was in the placebo group, whereas the 

other two were in the simvastatin group.136  

In addition to this, statins are considered contraindicated in patients with decompensated liver 

cirrhosis or acute liver failure.137 However, data are very limited regarding the effect of statins on 

decompensated cirrhosis. A recent randomized controlled study compared the effect of high 

simvastatin 40 mg with rifaximin and simvastatin 20 mg with rifaximin, and placebo. The 

simvastatin 40mg with rifaximin group showed a significant increase in both ALT and AST 

compared to the placebo group, while there was no significant difference in the simvastatin 20 

mg with rifaximin group compared to the placebo after 12 weeks. Therefore, they suggest the use 

of low dose simvastatin 20 mg for further studies.138  
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2.8.4 Review of statin studies in relation to NAFLD 
 

2.8.4.1 RCTs in which NAFLD was the primary indication 

 
Many studies have evaluated the use of statins in patients with NAFLD and dyslipidemia. Only 

one randomized placebo-controlled trial specifically assessed the efficacy of statins for the 

treatment of NASH. In that study, 16 biopsy-proven NASH patients were randomized to receive 

either simvastatin 40 mg (10 patients) or placebo (6 patients) for 12-months. There was no 

improvement in serum transaminases, hepatic steatosis, necro inflammatory activity, or fibrosis 

stage with simvastatin. Simvastatin group, however, showed a reduction in the LDL level by 

26% compared to the placebo group. The study limitations were the small number of patients and 

the fact that all  patients were low-risk patients and had grade 1 NASH, which provided a 

minimum window for improvement to happen.139  

 

Additionally, a number of studies showed that statin is safe to use in NAFLD patients and result 

in Improvement in aminotransferase levels in those with elevated levels of ALT and AST. One 

of the earliest studies was by Rallidis et al., which was conducted in 2004 for 6 months on 5 

patients with liver enzyme abnormalities and the diagnosis of steatohepatitis based on liver 

biopsy. Patients were given 20mg of pravastatin daily. At the end of the study, Improvement in 

the histological findings of NASH when pravastatin was given for approximately 6 months. In 

three cases, there was an improvement in the extent of the inflammation and in the fourth in the 

degree of steatosis.140  
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2.8.4.2 RCTs for cardiovascular indication: effect on NAFLD 

 

Five post hoc analysis studies have been conducted to evaluate the potential effect of statins in 

NAFLD patients. 

1. A study done by Athyros et al was conducted in 2006 on 189 patients with NAFLD over 

54 weeks period, the primary endpoint was to assess the efficacy of multifactorial 

treatment of metabolic syndrome in reducing the prevalence of both biochemical and 

ultrasonographic evidence of NAFLD. The secondary endpoint was to assess the safety 

of this intervention. It compared the use of atorvastatin with fenofibrate versus 

atorvastatin alone versus fenofibrate alone. The results showed that about 70% of patients 

who used either atorvastatin and  fenofibrate or atorvastatin alone had no longer 

biochemical and ultrasonographical features of NAFLD compared to about 40% of 

patients with fenofibrate alone. Four patients discontinued from this study, two of them 

were from the atorvastatin and fenofibrate group and those discontinued because of 

myalgia without elevated serum creatine kinase, one from the atorvastatin group alone 

due to increase  ALT levels  more than 3 ULN.141  

 

 

2. Another post hoc analysis study was conducted in 2010 over 3.6 years on 80 patients with 

NAFLD diagnosed by the liver to spleen (LS) ratios, which was calculated by using computed 

tomography scans performed at baseline and follow-up to determine NAFLD prevalence. 

Patients were randomised to receive either a combination of atorvastatin 20 mg/day, Vitamin C 

1g/day, and Vitamin E 1,000 IU/day or placebo. This study showed that atorvastatin in 
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combination with vitamin C and E significantly decreased the risk of moderate to severe steatosis 

(as assessed by CT scan) by 70%.142  

 

 

 

3. The post hoc analysis of the prospective, randomized, open-label survival study, Greek 

Atorvastatin and Coronary Heart Disease Evaluation (GREACE), which was conducted in 2010 

included 437 patients who had elevated liver aminotransferase enzymes due to NAFLD as 

assessed by ultrasound. Statin mainly atorvastatin 24mg/day (n=160) was administered to 227 of 

the patients (other statins include simvastatin 22mg/day, pravastatin 21mg/day, fluvastatin 

40mg/day).  The primary endpoint of this post hoc analysis was the first incident of any 

cardiovascular event or stroke in patients with elevated liver tests who were treated with a statin 

compared with the untreated group, while the Secondary endpoints were effects of statin 

treatment on LFTs in patients with elevated liver tests. Liver-related adverse effects of statin 

treatment were defined the same as DILI, which was an increase in aminotransferase levels more 

than three times the upper limit of normal. Atorvastatin was safe and substantially improved 

steatosis (assessed by liver ultrasonography and aminotransferase), while patients who were not 

treated with a statin had a further rise in liver ALT and AST. Cardiovascular events occurred in 

10% of patients with abnormal liver tests who received statin, while they occurred in 30% of 210 

patients with abnormal liver tests who did not receive a statin. The cardiovascular disease 

benefits of statin was more pronounced in patients with elevated aminotransferases than those 

with a normal level of ALT and AST.143  
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4. The post hoc analysis of the Incremental Decrease in End Points Through Aggressive 

Lipid Lowering (IDEAL) study published in 2013 which was from a prospective, randomized, 

open-label, blinded end-point trial conducted between 1999 and 2005 in Europe with median 

follow-up of 4.8 years; The study included 8888 patients with a history of acute myocardial 

infarction (MI). Patients were randomly assigned to a high dose of atorvastatin 80 mg/day to 

4439 patients, or a usual-dose simvastatin 20–40 mg/day to 4449 patients. The occurrence of a 

major coronary event was the primary endpoint of the original study. This post hoc analysis 

compared intensive and moderate statin therapy for the prevention of CVD events in patients 

with a previous MI and normal or elevated baseline serum alanine aminotransferase (ALT) 

activity. There were 8863 patients with baseline ALT values, 7782 (87.8%) of them had normal 

Liver function tests, whereas 1081 patients (12.2%) had elevated ALT levels, due to NAFLD. 

Metabolic syndrome was common among those IDEAL patients with elevated ALT activity at 

baseline. This study showed that in those with elevated ALT levels, Atorvastatin 80 mg/day 

normalized ALT levels compared with moderate statin simvastatin 20mg/day or 40mg/day.  In 

participants with elevated baseline ALT activity, major CVD event rates were 11.5% for 

simvastatin and 6.5% for atorvastatin, indicating a significant risk reduction with intensive statin 

therapy (p=0.0056). Atorvastatin at this high dose was safe. These findings suggest that any 

benefit from statin treatment on NAFLD may not be a drug class effect.144,145  

 

 

5. The post hoc analysis for a prospective, randomized, open-label study named Assessing 

the Treatment Effect in Metabolic Syndrome Without Perceptible diabetes (ATTEMPT), which 

included 1123 metabolic syndrome patients without overt CVD over a 42 months 

period.  Patients received intensive lifestyle intervention and drug therapy with atorvastatin in all 
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patients aimed for LDL <100 in group A and LDL <130 in group B, ACEI for hypertension, 

metformin for hyperglycemia and orlistat for obesity. In this primary CVD prevention study, 326 

participants, who had modestly elevated liver function tests and ultrasonographic evidence of 

NAFLD, were treated with either atorvastatin 30 mg/day (group A) or atorvastatin 20 mg/day 

(group B). Patients on atorvastatin  30 mg/day had less than half CVD events than those 

on  atorvastatin 20 mg/day. In both groups, liver enzymes and liver ultrasonography were 

normalized during the study.146,147  

 

2.8.4.3 Observational studies 

 

A prospective study by Hyogo et all included 31 patients with biopsy-proven NASH with 

hyperlipidemia. Those patients received atorvastatin 10 mg/day for 24 months. After treatment, 

ALT and AST levels were normalized in 23 (74.2%) patients. The NASH-related metabolic 

parameters improved with atorvastatin, including fibrosis in some patients. Liver steatosis and 

NAFLD activity score were significantly improved.148  

 

In addition to this, Kargiotis et al. did an observational study on 20 patients with metabolic 

syndrome, biopsy-proven NASH and dyslipidemia with a follow up 12 months. They received 

rosuvastatin. A repeat biopsy was performed in all patients at the end of this study. In 19/20 

patients complete NASH resolution was observed, liver function tests and ultrasonography were 

normalized.149   
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Table 4: Studies assessing the potential impact of statins on NAFLD 

Randomized clinical trial specifically assess NAFLD 
Study Patients

’ 

number 

Study 
duration 

Selection criteria Intervention Assessme
nt method 

Main outcome 

Nelson 

2009139  
16 12 months  Age 18 or 

older 

 Documented 

NASH with 
biopsy 

 Compensated 

liver disease 

Participants 

were 

randomly 

assigned to 
receive 

simvastatin 

40mg (n = 

10) versus 

placebo (n = 

6) 

Liver 

Biopsy 
26% reduction in 

LDL was seen in 

the simvastatin 

group compared 
with the placebo 

group, no 

significant 

improvement in 

serum 

aminotransferases, 

hepatic steatosis, 

necro-

inflammatory 

activity, or stage 

of fibrosis was 
noted within or 

between groups 
Post hoc Analysis of Randomized clinical trials for CV indication 

Athyros 

2006141  
189 54 weeks Free of T2DM and 

cardiovascular diseases 
 Presence of 

metabolic 

syndrome 

 LDL >3.4 

 Evidence of 

fatty liver by 
U/S  

 Elevated liver 

AST and/ or 

ALT levels 

Participants 

were 

randomly 

assigned to 

atorvastatin 

20 mg/day (n 

= 63) versus 

fenofibrate 
200 mg/day 

(n = 62) 

versus both 

drugs (n = 

61). 

U/S 70% Of the 

patients who take 

either atorvastatin 

or atorvastatin 

with fenofibrate 

had no 

biochemical and 

ultrasonographic 
features of 

NAFLD in 

compare to 40% 

of patients who 

took fenofibrate 

alone 
 

Foster 
2010142  

1,005 
Just 80 

where 

have 

NAFLD 

3.6 Years  Age between 
50 and 70 

 No history of 

CAD, T1DM, 

a bleeding 

diathesis, 

severe anemia, 

cancer within 

the past 5 

years, any 

condition 

likely to lead 
to death within 

5 years 

Comparing 
atorvastatin 

plus 

antioxidants 

vs. placebo 

in 80 patients 

with NAFLD 

at baseline 

CT (Liver 
to spleen 

ratio) 

Atorvastatin 20 
mg combined with 

vitamins C and E 

is effective in 

reducing the risk 

of having hepatic 

steatosis by 71 % 

in healthy 

individuals with 

NAFLD at 

baseline after 4 

years of active 

therapy. 
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Athyros 

2010143,147  
―GREACE

‖ 

1600 

but the 

post hoc 

analysis 

included 

only the 

patients 
with 

NAFLD 

437  

3 years  Patients had 

coronary heart 

disease 

  
 Aged younger 

than 75 years  

In the post hoc NAFLD 

patients assessed by 

U/S was additional 

criteria to the 

previously mentioned 

criteria. 

Patients were 

randomly 

assigned to 

statin 

(n=227) 

versus 

untreatment 
(n=210) 

U/S Atorvastatin was 

safe and 

substantially 

improved steatosis 

(assessed by liver 

ultrasonography 

and 
aminotransferase), 

while patients 

who were not 

treated with a 

statin had a further 

rise in liver ALT 

and AST 
Athyros 

2011146  
―ATTEMP

T‖ 

1123 

patients 

with 

MetS 

from 

those 
326 had 

NAFLD 

42 Months  Age between 

45-65  

 Metabolic 

syndrome 

(MetS)  

 No diabetes or 

CVD 

Patients 

divided into 

two groups A 

and B, all 

Patients 

received 
intensive 

lifestyle 

intervention 

and drug 

therapy with 

atorvastatin 

in all 

patients. 

However, the 

aim and the 

dose of 
atorvastatin 

was different. 
Group A 

aimed for 

LDL <100 

and was 

given 30mg 

atorvastatin 
Group B 

aimed for 

LDL <130 
and was 

given 

atorvastatin 

20mg 

U/S Patients on 30 

mg/day 

atorvastatin had 

less than half 

CVD events than 

those on 20 
mg/day 

atorvastatin. In 

both groups, liver 

enzymes and liver 

ultrasonography 

were normalized 

during the study 

Tikkanen 

2013145  
―IDEAL‖ 

8888 

patients 

of those 

1081 

had 

NAFLD 

4.8 Years  Age less than 

80  

 Had definite 

MI 

 Eligible for 

statins 

Patients were 

randomly 

assigned to a 

high dose of 

atorvastatin 

80 mg, or a 

usual-dose 

simvastatin 

20–40 mg 

Biochemic

al 
In participants 

with elevated 

baseline ALT 

activity, major 

CVD event rates 

were 11.5% for 

simvastatin and 

6.5% for 

atorvastatin, 
indicating a 
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significant risk 

reduction with 

intensive statin 

therapy 

(p=0.0056). 

Atorvastatin at 

this high dose was 
safe. 

Randomized controlled clinical trials Not specific for NAFLD 
Lewis 

2007168 
326 36 

Week

s 

 Age greater than 18 

years  

 At least 6 months 

history of 

compensated 

chronic liver disease 

 LDL level greater 

than or equal to 100 

mg/dL  

 TG level lower than 

400 mg/dL 

Participant 

were 

assigned 

either to take 

pravastatin 8

0 mg vs. 

placebo  

Radiologic

al imaging 

and/ or 

Liver 

biopsy 

Pravastatin 

reduced mean 

LDL cholesterol, 

total cholesterol, 

and triglyceride 

compared to 

placebo. 
ALT level was 

lower with the 
pravastatin group 

compared to the 

placebo group. 
Hans 

2012169 
189 12 

Week

s 

 Age 25 to 75 years 

 Elevated ALT 

Levels between 1.25 

times and 2.5 times 

the upper limit of 

the normal range  

 None had been 

treated with statins 

for more than 3 
months  

 LDL concentration 

levels >= 3.36mmol 

Two  groups 

separately 

randomized 

to receive 

either 

pitavastatin 2 

mg/day or 

atorvastatin 

10 mg/day 

CT 1. Patients 

with 

persistent

ly 

increased 

ALT 

concentra

tions at 

screening 

and 
randomiz

ation 

showed 

significan

t 

reduction

s in ALT 

after 12 

weeks of 

treatment 

with 
pitavastat

in or 

atorvastat

in . 

 

 
2. Serial 

nonenhanced CT 

in 38 subjects (18 

PITA,  20 ATOR) 

showed that both 

statins reduced the 
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severity of hepatic 

steatosis.  

 

Non-randomized studies 
Kiyici 

2003113 
44 6 Months Biopsy proven NASH 

patients 
Group (1) 17 

patients 
received 

UDCA 
Group (2) 27 

hyperlipide

mic patients 

received 

atorvastatin 

Liver 

Biopsy 
In group 1 only 

GGT reduced 
significantly 

while in group 2 

(the statin group) 

serum cholesterol, 

AST, ALT, ALP 

and GGT levels 

reduced 

significantly.  
ALT, AST 

normalization was 

also more 
prevalent in group 

2 
Rallidis 

2004140 
5 6 Months  Patients with 

liver enzyme 

abnormalities 

and  

 Diagnosis of 

steatohepatitis 

based on liver 

biopsy  

Patients 

were given 

20 mg of 

pravastatin 

daily for 6 

months. 

Liver 

Biopsy 
improvement in 

the histological 

findings of NASH 

when pravastatin 

was given for 

approximately 6 

months.  

Gomez 

2006170  
25 12 Months Patient with 

dyslipidemia and 

NAFLD 

Patients 

received 

atorvastatin 

(10-80 

mg/daily) 
according to 

basal serum 

choleresterol 

levels; 

additionally, 

they were 

given 

standard 

weight-loss 

counselling 

and 
encouraged 

to follow a 

low fat diet. 

U/S Serum 

aminotransferase 

and lipid levels 

were reduced 

significantly in all 
patients with 

atorvastatin 

treatment. 

Therapy with 

atorvastatin in 

NAFLD patients 

with 

hyperlipidemia 

was found to be 

both effective and 

safe. 

  Hyogo 

2006148  

31 2 Years All patient with biopsy 

proven NAFLD 
Atorvastatin 

given to all 

of them 

Liver 

Biopsy 
ALT and AST 

levels were 

normalized in 
23 (74.2%) 

patients. The 

NASH-related 

metabolic 
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parameters 

improved with 
atorvastatin, 

including 

fibrosis in some 

patients. Liver 
steatosis and 

NAFLD activity 

score were 
significantly 

improved. 
Kargiotis K 

2014 149  
20 12 Months  Patients with 

metabolic 

syndrome 

(MetS),  

 NASH 
on liver biops

y   

 Dyslipidemia 

 No diabetes or 

arterial 

hypertension  

Rosuvastatin 

given to all 

of them 

Liver 

Biopsy 
Resolution of 

NASH was 
observed in 

19/20 patients 

who completed 
the study, liver 

function tests 

and 

ultrasonography 
were 

normalized  

 

 

2.8.5 Conclusion 

Many patients with NAFLD have an indication for a statin as the majority of them have diabetes 

or have shared risk factors for CVD. Statin use in patients with NAFLD is safe and the risk of 

hepatotoxicity due to statin is rare. Statin is safe in patients with compensated liver cirrhosis and 

there is low risk of adverse events to occur in patients with compensated liver cirrhosis while it is 

contraindicated in patients with decompensated cirrhosis and associated with higher risk of 

adverse events. However, statin is under-prescribed in patients with NAFLD. Studies assessed 

the effect of statin on patients with NAFLD showed that statin could decrease aminotransferases 

in patients and decrease hepatic steatosis. Statin should be prescribed to patients with NAFLD if 

they have indication even if they have elevated aminotransferases up to 3 ULN. 
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Chapter 3: Impact of statin treatment on NITs based 

prediction of advanced fibrosis. 

Introduction 

 

Non-alcoholic fatty liver disease (NAFLD) has become the most common etiology of chronic 

liver disease worldwide with a pooled estimated prevalence of 25%.1 The main determinant of 

liver morbidity in NAFLD is the presence of advanced fibrosis.2,3 Indeed, there is an exponential 

increase in the risk of liver related mortality with increased fibrosis stage. In patients with no or 

early fibrosis, the rate of liver related mortality is minimal, whereas this becomes as high as 24% 

and 59% of all-cause mortality in patients with F3 and F4 fibrosis respectively. 3 NITs are currently 

being used to risk stratify patients with NAFLD needing to see a liver specialist.  The current 

recommendation is to use a two step strategy with an initial, simple test with high negative 

predictive value (NPV), such as FIB-4 or NFS, followed by a second test with more positive 

predictive value such as VCTE.4,7 FIB-4, which includes in its calculation age, platelet count and 

AST/√ALT ratio9, has some theoretical advantages since it can be computed directly from 

laboratory results,5,6,87 whereas NFS will need albumin, BMI and the clinical information of 

diabetes/glucose intolerance,8 which requires the introduction of clinical information.87 Hepamet 

calculation requires similar variables, has recently been proposed as an additional non-invasive 

method for estimating liver fibrosis in NAFLD.10  
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The prevalence of risk factors for cardiovascular disease is very high in patients with NAFLD.13,150 

Furthermore, NAFLD has been suggested to be an independent risk factor for cardiovascular 

disease.11,12,150 HMG-CoA Reductase Inhibitors or statins are the mainstay of primary and 

secondary prevention of cardiovascular disease.14-16 Patients with suspected NAFLD have higher 

probability of having an indication for a statin than patients without NAFLD (~2-fold). Previous 

studies have shown that statins modify liver transaminases, demonstrating both increases or 

decreases, though the clinical significance of this finding is unclear.17 Since most non-invasive 

tests for assessing liver fibrosis are based on either AST or the calculation of some form of AST 

to ALT ratio, there is the possibility that statins, by modifying transaminases, could modify the 

performance of these non-invasive tests in predicting liver fibrosis. In addition, more advanced 

NAFLD stages are associated with higher prevalence of metabolic risk factors, especially 

diabetes, and dyslipidemia, which is one of the main determinants of statin indication.15,118 Thus, 

assessing the impact of statin treatment on non-invasive prediction of liver fibrosis is critical to 

understand the performance of these NITs as triage methods in referral pathways for patients 

with NAFLD. 

The aim of the present study was to assess if statins modify NITs predictions of fibrosis 

(assessed by VCTE) in patients referred from primary care for NAFLD assessment. A secondary 

aim was to assess the prevalence of statins indication and current use in patients with NAFLD 

from our referral base.  
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Methods 

Study Population selection. 

We prospectively collected data from patients with suspected NAFLD referred from primary 

care (PC) to a RN-led hepatology triage clinic in Edmonton, Canada, from November 2016 to 

October 2019.  Primary care providers received a short educational update on NAFLD and 

fibrosis assessment importance. Physicians were given information about the referral process for 

patients with suspected NAFLD to the RN assessment clinic. The combined estimated 

population of the participating networks was 850,000 adults.  

We included patients with a final diagnosis confirmed to be NAFLD, aged ≥ 16. Patients who 

were found to have other chronic liver diseases were excluded from this analysis.  

Clinical, Laboratory, and VCTE assessment. 

All patients completed their lab tests according to the American College of Gastroenterology to 

rule out alternative liver diagnosis.152 Medical history was obtained by the RN who then 

performed vibration controlled transient elastography (VCTE). A single operator performed All 

VCTE tests with a Fibroscan 502 touch (M Probe, XL Probe; KNS Inc., Scarborough, Canada) 

device. 

We considered different thresholds for classifying patients as suspected advanced fibrosis based 

on VCTE: 8 kPa, 10 kPa, 12 kPa and 16 kPa. All have been proposed to define advanced 

fibrosis. The 16 kPa threshold, in addition, has been recently proposed as an indication to initiate 

hepatocellular carcinoma screening.82,153-155 VCTE unreliable results were defined by having fewer 
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than 10 valid shots or interquartile range (IQR)/median value greater than 30% with a VCTE 

median of 7.1 kPa or higher. 

Lab values, and patients’ clinical history are clinically generated data, and these were collected 

from the electronic medical records (EMR). 

Approval for the project was received from the University of Alberta Research Ethics Board. 

Determination of statin indication 

The indication for a statin was determined according to the Canadian cardiovascular society 

where statins are indicated to any patients with clinical atherosclerosis, abdominal aortic 

aneurysm, Chronic kidney disease (age ≥ 50 years) where eGFR <60 mL/min/1.73 m2 or 

albumin to creatinine ratio > 3 mg/mmol and diabetes mellitus when patients age is >= 40 or they 

have been diabetic for 15 years or more in case with type 1 diabetes mellitus. 15  

In addition, for primary prevention of cardiovascular disease, statin is indicated in all patients 

who have Framingham risk score (FRS) suggesting a 10-year cardiovascular disease risk of 

>20% and to some patients with intermediate 10 years cardiovascular risk (10-19%) (those with 

LDL-C >= 3.5 and for LDL-C <3.5 mmol/L, statin is indicated if Apo B ≥1.2 g/L or  Non-HDL-

C ≥4.3 mmol/L  or men >=50 and women >=60 if they were smokers, had impaired fasting 

glucose, or hypertension, and low HDL).15  

For our operational definition of ―indication for a statin‖, all patients that were already on a statin 

were considered to have indication for a statin. 

In 319 patients FRS could not be directly calculated due to missing values of systolic blood 

pressure. In these cases, we conducted a multiple imputation procedure with the aregimpute 
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command from the Hmisc package (FE Harrell).156,157 Variables in the imputation model were age, 

BMI, total cholesterol, and diabetic status.  We created 10 initial complete datasets with imputed 

systolic blood pressure where we determined the FRS (A). Since office blood pressure 

measurements were not conducted with on many occasions according to guideline 

recommendations, and recent data shows that blood pressure measurements in trials are lower 

(by ~5 mmHg) than same patient’s out of trial office measurements,  158 we created 10 additional 

datasets by decreasing systolic blood pressure by 5 mmHg (B) and 10 additional datasets 

decreasing systolic blood pressure by 10 mmHg (C).  

The median percentage of patients with indications for a statin and not on a statin was 53.26% in 

(A) datasets, 51.14% in (B) datasets and 49.41% in (C) datasets, suggesting that the impact of 

blood pressure variability or our imputation procedure in the classification of patients as with or 

without indication for a statin was negligible. 

For all further analysis and operational classification according to indication for a statin, we 

selected at random one of the (B) datasets. Figure 1 shows the final numbers of patients with 

indications for a statin according to our algorithm. 
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Figure 1: The final numbers of patients with indications for a statin. 
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Non-invasive tests 

Non-invasive tests were used as continuous variables. However, we also tested the previously 

described low risk for fibrosis thresholds to assess their negative predictive values. FIB-4 was 

calculated as described in Sterling et al9. Patients with FIB-4 less than 1.3 were considered low 

risk for advanced fibrosis, while those with higher FIB-4 values were considered to be 

intermediate/high risk patients. Hepamet was calculated as described in Ampuero et al.10, with a 

threshold 0.12 to define low risk. NFS was calculated as described in McPherson et al87, with a 

threshold of -1.455 defining low risk.  

Statistical analysis 

Median (IQR) was used to describe the numerical variables, whereas absolute and relative 

frequencies were used to describe the categorical variables. The impact of statins on the 

association between NITs and and different thresholds of VCTE was modelled using logistic 

regression. To further assess whether the effect of statins was determined by the different clinical 

profile of patients with or without statin treatment, we conducted additional logistic regression 

models adjusting by age, diabetic status (classified as normal, prediabetes, and diabetes), and 

BMI. To further model the potential impact of statins on the association between FIB-4 and 

VCTE used linear regression (detailed in appendix A). R statistical software (R Foundation for 

Statistical Computing, Vienna, Austria) was used to conduct the analysis. We used rms159 and 

ggplot2160  
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Results 

Baseline characteristic of the patients 

Out of 934 patients referred to the clinic, 856 were classified as having NAFLD. All patients 

underwent VCTE, and 832 patients had reliable VCTE measurements. Of the 129 patients who 

were on a statin, 82 were on rosuvastatin, 35 on atorvastatin, 9 on simvastatin, and 3 on 

pravastatin (Table 5). One hundred and thirty-eight additional patients had indications for statin 

treatment according to the Canadian Cardiovascular Society guideline for primary prevention 

from cardiovascular events but were not on a statin treatment (Table 5).  

Table 5 shows the baseline characteristics of the patients, according to whether they were on a 

statin and whether they had an indication for a statin (vs no indication). Patients with indications 

for a statin were older with a median age of 51 years, and most were diabetic.  There were no 

differences in liver enzymes or liver function tests between those with indication and those 

without indication. For every NIT (FIB-4, Hepamet, NFS, and VCTE), the median value for 

those with statin indication was higher than those without indication for a statin. In addition, the 

prevalence of advanced fibrosis according to VCTE (using different definitions as shown in table 

1) was higher in patients with an indication for a statin than in patients without indication for a 

statin. 

Patients with an indication for statin treatment but were not on a statin (52% of patients with an 

indication for statin treatment) had comparable characteristics to those that were actually on a 

statin, except for the lipid profile (Table 5). 
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Table 5: Baseline characteristics of patients with and without indications for a stain who were/ were not 

taking a statin. 
Variable(unit) Patients with No 

Indication for a 

Statin 

Patients with 

Indication for a 

Statin 

 Patients with Indication 

for a statin and were on a 

Statin  

Patients with Indication for 

a statin and were not on a 

Statin  

Demographic data      
Number of patients 

(n) 
565 267  129 138 

Age (Year) 38.0(31.00-44.00) 51.0 (46.0-57.0)  51.00(46.00-58.00) 51.00(46.00-56.00) 
Sex, n(%Male) 407 (72.10%) 197 (73.78%)  93(72.30%) 103(74.20%) 
BMI (Kg/ M2) 30.81(28.16-34.81) 31.93 (28.25-35.43)  32.43(28.70-35.18) 31.39(27.50-35.44) 

Liver Function Test      
AST (U/L) 36.00(28.00-48.25) 35.5 (28.0-48.0)  37.00(28.00-49.00) 35.00(27.00-45.00) 
ALT (U/L) 65.00(46.00-92.00) 59.0 (40.00-78.75)  60.00(44.00-83.00) 58.00(39.00-77.00) 

Total Bilirubin 

(umol/L) 
11(9-16) 11(9-15)   11 (9-15) 11(9-15) 

Albumin (g/L) 46(44-47) 45.00(43.00-47.00)  45.00(43.00-47.00) 45(43-47) 
GGT (U/L) 51.00(32.00-88.00) 58.0 (36.0-114)  66.0(36.0-141.0) 58.00(38.00-97.50) 

Platelets( 109/L) 243.0(207.0-282.8) 223.0 (192.0-267.0)  221.5 (188.2 -262.0) 223.0(192.0-270.00) 
Diabetes profile      

HBA1C (%) 5.50(5.30-5.80) 6.00 (5.30-7.1)  6.0 (5.78-6.75) 6.00(5.70-6.70) 
Fasting Plasma 

Glucose (mmol/L) 
5.20(4.90-5.60) 6.00 (5.60-6.70)  6.2 (5.45-7.10) 5.90(5.30-7.20) 

Diabetic 

classification 
     

Diabetes (n) 40(7.1%) 135(50.6%)  61 (47.2%) 74(53.6%) 
Prediabetes (n) 

 
249(44.1%) 88(32.9%)  44 (31.1%) 44(31.9%) 

Normal (n) 276(48.8%) 44(16.5%)  24 (18.6%) 20(14.5%) 
Lipid profile      

Total Cholesterol 
(mmol/L) 

5.01(4.43-5.65) 4.62(3.86-5.46)  4.05(3.52-4.68) 5.24(4.56-5.92) 

HDL (mmol/L) 1.12(0.97-1.30) 1.12(0.96-1.26)  1.11(0.93-1.32) 1.12(0.99-1.22) 
LDL (mmol/L) 3.04(2.57-3.56) 2.64(1.96-3.39)  2.00(1.64-2.56) 3.16(2.69-3.81) 

Non-HDL Cholesterol 
(mmol/L) 

3.87(3.30-4.51) 3.55(2.75-4.36)  2.84(2.36-3.46) 4.13(3.57-4.75) 

Non-Invasive Tests      
AST/ALT 0.57(0.48-0.70) 0.62(0.52-0.77)  0.63 (0.53-0.80) 0.67(0.50-0.77) 

AST/√ALT 4.50(3.95-5.32) 4.58(4.02-5.76)  4.77(4.03-5.89) 4.49(4.03-5.63) 
FIB-4 0.69(0.52-0.93) 1.08 (0.80-1.49)  1.14(0.83-1.51) 1.02(0.80-1.47) 
NFS -2.89(-3.50- -2.22) -1.35 (-2.22- -0.68)  -1.32(-2.09- -0.58) -1.62(-2.38- -0.79) 

HEPAMET 0.02(0.01-0.05) 0.10 (0.04-0.21)  0.10(0.04-0.21) 0.1(0.04-0.21) 
VCTE (kPa) 5.20(4.30-6.10) 5.80 (4.55-7.35)  5.90(4.60-7.90) 5.45(4.50-6.80) 

Fibrosis Prevalence       
VCTE ≥8 50 (9%) 54 (20%)  32 (25%) 22 (16%) 
VCTE ≥10 31 (5%) 40 (15%)  21 (16%) 19 (14%) 
VCTE ≥12 17 (3%) 27 (10%)  17 (13%) 10 (7%) 
VCTE ≥16 8 (1%) 12 (4%)  9 (7%) 4 (3%) 

* Results present in median (IQR) or in frequencies (%) 
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Table 6 shows the characteristics of those on lipophilic statins (atorvastatin or simvastatin) and 

those on hydrophilic statins (rosuvastatin or pravastatin). Patients on lipophilic statins were more 

diabetic and had higher BMI. There was no difference in liver enzymes or liver function test 

between those with lipophilic and hydrophilic statins. Also, differences in the median value of 

NITs (FIB-4, Hepamet, NFS, and VCTE) between patients on hydrophilic statins and those in 

lipophilic statins was negligible. 

Table 6: Baseline characteristic of patients with hydrophilic and lipophilic statins 

Variable(unit) Patients on Hydrophilic Statin  Patients on Lipophilic Statin 

Demographic data   
Number of patients (n) 85 44 
Age (Year) 50(45-57) 53 (49- 59) 
Sex, n(%Male) 61 (71.76%) 32 (72.70%) 
BMI (Kg/ M2) 31.97 (28.12-34.82) 33.37 (30.41-36.33) 
Liver Function Test   
AST (U/L) 39 (31 -52) 32 (27-48) 
ALT (U/L) 61(42 -64) 56 (44-76) 
Total Bilirubin (umol/L) 11 (9-15) 11(8-15) 
Albumin (g/L) 45 (44-47) 45 (43-46) 
GGT (U/L) 67 (36-125) 56 (38-153) 
Platelets (109/L) 218 (188 -262) 232 (195-256) 
Diabetes profile   
HBA1C (%) 5.9 (5.6-6.7) 6.4 (5.8-7.2) 
Fasting Plasma Glucose (mmol/L) 6.1 (5.3-6.8) 6.6 (5.5-8.6) 
Diabetic classification   
Diabetes (n) 35 (41.2%) 26(59.10%) 
Prediabetes (n) 
 

34 (40.0%) 10(22.70%) 

Normal (n) 16 (18.8%) 8(18.20%) 
Lipid profile   
Total Cholesterol (mmol/L) 4.05 (3.58-4.66) 4.03 (3.42-4.73) 
HDL (mmol/L) 1.15 (0.95-1.32) 1.09 (0.91-1.33) 
LDL (mmol/L) 2.02 (1.64-2.48) 1.95 (1.65-2.66) 
Non-HDL Cholesterol (mmol/L) 2.84 (2.38-3.41) 2.79 (2.28-3.51) 
Non-Invasive Tests   
AST/ALT 0.62 (0.53-0.80) 0.63 (0.55-0.77) 
AST/√ALT 4.9 (4.10-5.83) 4.21 (3.91-6.06) 
FIB-4 1.15 (0.91-1.51) 1.11 (0.78-1.50) 
NFS -1.44 (-2.24- -0.66) -1.13 (-1.88- -0.25) 
HEPAMET 0.10 (0.04-0.21) 0.10 (0.04-0.18) 
VCTE (kPa) 5.90 (4.80-8.10) 6.15 (4.53-7.75) 
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Effect of statin use on FIB-4 based predictions of different VCTE 

thresholds  

To assess if statins modify FIB-4 based predictions of VCTE we modeled with logistic 

regression the association between FIB-4 and VCTE adjusting for statin treatment. For any given 

value of FIB-4, patients on a statin had higher probabilities of having a VCTE value > 8 or 10 

kPa (Figure 1). This difference was attenuated when higher thresholds of VCTE (12 and 16 kPa) 

were tested. Patients on statins still had higher probabilities of having VCTE > 12 or > 16 kPa, 

but the effect of statins, however, was not significant (Figure 2161). Of note, the interaction 

between FIB-4 and statins was not significant, indicating that the effect of statins on FIB-4 

predictions was homogeneous across values of FIB-4.  
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Figure 2: Effect of statin treatment on FIB-4 based prediction of different clinically relevant 

VCTE thresholds (8, 10, 12, and 16 kPa). Patients on statins had a higher risk of having 

probabilities of high VCTE than patients not on a statin, but this difference attenuated for higher 

thresholds. 
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Effect of statin use on FIB-4 based predictions of different VCTE 

thresholds after adjusting for age, BMI, and diabetes status 

We previously showed that age, BMI, and diabetes status modify the association between FIB-4 

and VCTE162. In this study the patients on statins were older, had a higher BMI, and were more 

frequently diabetic (Table 1). Thus, to assess if the effect of statins of FIB-4 based predictions 

were the results of these differences in patient characteristics, we modeled again the effect of 

statins, in this case, adjusting by BMI, diabetes status, and age. 

After adjusting for BMI, diabetes, and age, the effect of statins was markedly blunted. At VCTE 

of 8 kPa, patients on statins still had higher probabilities of having VCTE>8 kPa, but when 

higher VCTE thresholds were tested, the difference between patients on statins and not on statins 

was negligible and non-significant (Figure 3). 
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Figure 3: Effect of statin on FIB-4 based prediction of different clinically relevant VCTE 

thresholds (8, 10, 12, and 16 kPa) after adjusting for age, BMI, and diabetes. Adjusting for BMI, 

diabetes and age almost completely abrogated these differences, suggesting that these were 

related to patients’ profile rather to a specific effect of statins.   

 

 

To further analyze the confounding by indication, we assessed if statins still altered FIB-4 

predictions in the subset of patients with indications for statins (that were comparable in every 

patient characteristic except for the lipid profile). In this subgroup of patients, the effect of statins 

on FIB-4 predictions behaved similarly as in the adjusted analysis with the full sample, showing 

some effect only with the VCTE threshold of 8 kPa. The difference was progressively attenuated 

with higher thresholds and became not significant (Figure 4) Which shows that the probability of 

having higher VCTE in patients with a statin was slightly higher than those with indication for a 
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statin but were not taking statins. The effect of statin in this subgroup, however, was negligible 

and not significant. 

Figure 4: Effect of statin treatment on FIB-4 based prediction of different clinically relevant 

VCTE thresholds (8, 10, 12, and 16 kPa) within patients with an indication for a statin. Patients 

on statins had a higher risk of having probabilities of high VCTE than patients not on a statin, 

but this difference attenuated for higher thresholds. The effect of statin, however, is not 

significant. The vertical dashed line represents the 1.3 FIB-4 threshold 
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Finally, we assessed the impact of statin treatment on the NPVs of a FIB-4 <1.3 for different 

thresholds of VCTE. FIB-4 classified 85% of the patients not on statins and 64% of patients on 

statins as low-risk. Table 7 shows the NPVs of a FIB-4 <1.3 on different VCTE thresholds for 

significant liver fibrosis. Statins had a small impact on low thresholds of liver fibrosis as 

according to VCTE and this decrease in NPV disappeared for higher thresholds of VCTE. 

Table 7: The difference between NPV between patients with or                                                            

without a statin among different NITs. 

Statin status VCTE>8 VCTE>10 VCTE>12 VCTE>16 

FIB-4<1.3 NPVs 

Statin 89% 94% 96% 100% 

No Statin 92% 95% 98% 99% 

HEPAMET<0.12 NPVs 

Statin 85% 93% 94% 99% 

No Statin 92% 95% 98% 99% 

NFS<-1.455 NPVs 

Statin 90% 91% 95% 99% 

No Statin 93% 96% 98% 99.6% 

 

Finally, to further understand how statins, BMI age and diabetes interplay to modify the 

association between FIB-4 and VCTE, we conducted a multiple linear regression analysis as 

detailed in Appendix A. For a given value of FIB-4, patients on a statin had only a slightly higher 

mean VCTE value than those not on a statin but the difference was small and non-significant (p-

value =0.339). BMI had a significant and major impact on the FIB-4-based predictions of VCTE, 

the higher the BMI, the higher the predicted mean VCTE. In the case of diabetic status, only the 

diagnosis of diabetes but not prediabetes had significant effects on the predicted mean VCTE as 

compared to normal patients, being the predicted mean VCTE was higher in diabetes patients 

than in patients with prediabetes or eugkycemia for a given FIB-4 value.  Figure 5 
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Figure 5: Predicted mean values of VCTE based on FIB-4 and BMI and adjusted for age, statin whether 

patients taking or not taking a statin and diabetes status (Normal, prediabetes and diabetes). The lines 

within the plots show the mean predicted VCTE and the dashed line represents 1.3 FIB-4 thresholds. The 

plots are shown for representative age 50 and 65, and for a statin, whether patients on a statin or not. Note 

that for a given value of FIB-4 patients with higher BMI have higher predicted mean VCTE. Diabetes but 

not prediabetes significantly affects this prediction with a higher mean predicted VCTE in diabetic 

patients than normal or prediabetes. 
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Effect of statin use on Hepamet and NFS-based predictions of 

VCTE. 

We additionally tested whether statins impacted the other most common NITs. NAFLD Fibrosis 

Score (NFS) and a newly proposed test that has shown high accuracy (Hepamet). The effect of 

statins on the association between Hepamet and VCTE was similar to FIB-4. For a given value 

of Hepamet, patients with statins had higher probabilities of higher VCTE>8 compared with 

patients not on statins. The effect of statins attenuated for higher clinically relevant VCTE 

values, 10, 12, and 16 kPa (Figure 5). 91% and 73% were classified as low risk by Hepamet 

(<0.12). Table 7 shows the NPVs of Hepamet <0.12 for different VCTE thresholds for liver fibrosis and 

the predictions were minimally impacted by statins. 
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Figure 6: Effects of statin on Hepamet based prediction of different clinically relevant VCTE 

thresholds (8, 10, 12, and 16 kPa).  Patients on statins had a higher risk of having probabilities of 

high VCTE than patients not on a statin, but this difference attenuated for higher thresholds. 

Vertical dashed line represents the 0.12 threshold 

 

 

 

The effect of statins on Hepamet based prediction of advanced fibrosis on subset of patients with 

indication for a statin (those with similar baseline characteristic) showed that statin effect on 

Hepamet based prediction of advanced fibrosis is negligible and not significant and it further 

abrogated with higher VCTE thresholds. (Figure 7) 
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Figure 7: Effects of statin on Hepamet based prediction of different clinically relevant VCTE 

thresholds (8, 10, 12, and 16 kPa) within patients with an indication for a statin.  Despite patients 

on statins had a higher risk of having probabilities of high VCTE than patients not on a statin, the 

effect of statin is not significant. The vertical dashed line represents the 0.12 Hepamet threshold 
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 The effect of statins on NFS-based prediction of VCTE was distinct from the effect of FIB-4 

and Hepamet predictions. Indeed, statins did not alter the association between NFS and VCTE 

even at a low VCTE threshold (8 kPa) (Figure 8). However, NFS classified a smaller proportion 

of patients as low risk (83% on statins and 49% not on statins) than FIB-4. NPVs were 

comparable to those of FIB-4 and Hepamet (Table 7)  

Figure 8: Effect of statin on NFS based prediction of different clinically relevant VCTE 

thresholds (8, 10, 12, and 16 kPa). Statins did not affect NFS predictions of VCTE at any 

thresholds. The dashed line represents the threshold -1.455. 
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Further analysis on the effect of the statins on patients with indications for a statin was similar to 

the whole sample and proved that statin effects was due to the difference in the baseline 

characteristics between patients taking statin and those not taking statin rather than the effect of 

statins themselves. 

Figure 9: Effect of statin on NFS based prediction of different clinically relevant VCTE 

thresholds (8, 10, 12, and 16 kPa). Statins did not affect NFS predictions of VCTE at any 

thresholds. The dashed line represents the threshold -1.455. 
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Chapter 4: discussion 

 

Study purpose 

The purpose of this study was to determine the impact of statin treatment on the predictive 

performance of NITs based prediction of advanced liver fibrosis in patients with NAFLD, and 

we hypothesized that since statins modify aminotransferases levels, it could affect NITs based 

prediction that are used in first step pathway to diagnose advanced fibrosis in NAFLD. The 

second aim was to assess the prevalence of statins use in patients with indication for a statin 

according to the Canadian Cardiovascular Society. 

Key findings 

In this study we assessed the potential impact of statin treatment on a NAFLD referral pathway 

utilizing NITs (FIB-4, Hepamet and NFS) to triage NAFLD patients for fibrosis. In our study 

patients who were taking statins had a higher probability of having VCTE>8 for a given value of 

FIB-4. This difference, however, was attenuated for higher VCTE thresholds for liver fibrosis. 

This difference was mainly related to the higher baseline risk (and hence, pre-test probability) of 

liver fibrosis. The patients on a stain were older, more frequently diabetic, and had a higher BMI. 

Second, the effects of a statin on the association between Hepamet and VCTE was similar to 

FIB-4, while it was much less marked for NFS. Overall statin treatment, however, had a 

negligible impact on NPVs of these non-invasive tests, which would be the relevant metric to 

assess their value as a first step in the referral process. Finally, we show that more than half of 

patients with a theoretical indication for a statin were not on a statin at the time of referral.  
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General discussion 

Our study shows that patients with an indication for a statin had higher probabilities of having 

VCTE >8 kPa. Also, it shows that patients with an indication for a statin were older, higher BMI, 

more frequently diabetic, and had higher median NITs compared to those with no indication for a 

statin, which is consistent with previous data163 According to the Canadian Cardiovascular 

Society, statins are indicated to any patients aged more than 40 with diabetes, which explains 

why patients with an indication for a statin mostly have diabetes and older.15 Adjusting for age, 

BMI, and diabetes abrogated the effects of statins on FIB-4 predictions of liver fibrosis. The 

higher probability of VCTE>8 kPa can mostly be explained by the difference in baseline 

characteristics rather than the effects of statin itself.  When we assessed the effects of statins on 

FIB-4 based prediction of VCTE in patients with an indication for statins, the prediction 

difference was not significantly different between those with an indication for a statin and were 

taking a stain compared to those with an indication for a statin that were not taking a statin. The 

above analysis provided further supportive evidence that statin treatment has a minimal impact 

on FIB 4 prediction of liver fibrosis. 

 

The statins' effects on Hepamet based predictions were comparable to that of FIB-4 based 

predictions, whereas NFS predictions were minimally altered.  This can be explained by the fact 

that neither Hepamet nor FIB-4 include BMI in their calculation, while this is included in NFS. 

We have shown before 162 and we show again here that BMI has a pronounced effect on NITs 

based prediction of advanced fibrosis. Since BMI was different in patients with and without 

statins, this differential effect between the three NITs is not unexpected. However, in all three 

NITs, differences markedly attenuated for higher thresholds of VCTE (10, 12, and 16 kPa), 
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which are probably more in keeping with current trends in the stratification in patients with 

NAFLD. Indeed, recent guidelines for HCC screening in patients with NAFLD suggest a VCTE 

measurement of 16.1 kPa as the threshold for initiating screening.  

Previous studies have shown that statins were under prescribed in patients with NAFLD, with 

44%-74% of patients with indication for a statin not receiving a statin.120,163,164. Several explanations 

might account for this. The most important one is the concern that patients with NAFLD or 

NASH and dyslipidemia might have baseline serum aminotransferases elevation, and therefore 

potential statin liver toxicity is a matter of concern.165 another explanation is that, at the time of 

referral, primary care providers could be awaiting hepatologist assessment to decide whether 

patients had contraindications or not for statins. Finally, in a subset of the patients, our definition 

of statin indication was based on thorough modelling with the data that was available to us, 

though we show that the impact of this modeling on the calculation of statin indication was 

minimal. 

We did not explore the causes of non-prescription or suspension of statins, which is a limitation 

of the study.  Moreover, no information about any previous therapy with statins or any potential 

adverse reactions resulting in statin discontinuation was collected. Additionally, the indication of 

statin in our study was based on the Canadian Cardiovascular Society, which has some 

differences from the American Heart Association guidelines and the European guidelines. 118,166  
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Conclusion 

This study provides evidence that NITs can be used safely as a first step in the referral pathway 

to rule out advanced fibrosis in patients with NAFLD who are taking statins as  

we have found that statin treatment had only a minor effect on the ability of NITs FIB-4, 

Hepamet and NFS to predict advanced liver fibrosis. This effect was relevant only when a low 

threshold of VCTE (8 kPa) was used to classify patients with advanced fibrosis, but not with 

higher thresholds of 10. 12 or 16 kPa. Our data demonstrates that performance of FIB-4, 

Hepamet and NFS as a first step in a referral pathway for NAFLD is not significantly affected by 

statin use. Furthermore, only half of the patients referred through the pathway with an indication 

for a statin were taking a statin, which calls for a further understanding on the factors 

determining statins under prescription and sub-optimal treatments for cardiovascular prevention 

in patients with NAFLD and strategies to optimize cardiovascular prevention, which is still the 

main cause of morbidity and mortality in NAFLD 
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Future directions 

Statin is a key in primary and secondary prevention of CVD, and there is substantial evidence 

that it decreases mortality and morbidity. Despite that, there is a high percentage of patients not 

receiving statin treatment.  

 

Several reasons account for statin prescription variation influenced by physicians and patients’ 

factors. Patients’ factors include patients’ characteristics such as lipid profile, patients’ 

comorbidities such as hypertension, diabetes, kidney and liver diseases, statin side effects and 

contraindication. Physicians’ factors which include the reluctance of physicians to prescribe 

statin when developing side effects is a matter of concern, and the lack of evidence base to 

prescribe statin at lower prevention thresholds. Since patients with NAFLD have increased liver 

aminotransferase, physicians are concerned about prescribing a statin to patients with NAFLD. 

Also, in general practice, physicians tend not to describe or discontinue statin when there is an 

increase in aminotransferases level, or any minor side effects happen. There are also challenges 

when it comes to reintroducing statin to those patients with side effects despite education and 

physician advice. Lack of risk stratification could be another potential cause of statin under 

prescriptions. A limited number of randomized controlled trials assess statin treatment in 

NAFLD patients, and most of these studies are of less than 5 years duration.  

 

In order to solve these problems studies with longer follow up periods are needed to assess statin 

benefits and side effects in those subsets of patients and whether the benefits of statin treatment 

outweigh the risks even to those with high levels of aminotransferases. Longer follow up period 
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is needed as statin treatment in the majority of cases is prescribed for life, and most current 

studies are of less than 5 years duration. Large, randomized trials are needed to assess the 

effectiveness of statin in NAFLD patients as well as the safety of using statin on patients with 

higher levels of aminotransferases and different fibrosis stages. Furthermore, studies 

investigating patients and physicians' factors that influence statin treatment to identify the most 

common contributing cause on a regional level and worldwide and address these factors. 
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Appendix A 

Examining the association between VCTE and FIB-4, adjusted for age, BMI, 

statin, and presence of prediabetes/diabetes. 

To assess the association between FIB-4, BMI, statin, and diabetic status (prediabetes/ diabetes), 

we conducted multiple linear regression analysis. Since Age in FIB-4 is introduced as a 

multiplicative term, and its weight has been shown to be overestimated, we allowed interaction 

between FIB-4 and Age to correct for this fact. We used restricted cubic splines to model non-

linear terms. 

BMI and diabetes, but not prediabetes, significantly impacted the association between VCTE and 

FIB. Statin effect was not significant (p-value 0.339).    

The figure shows a graphical representation of the equation model. 

 Significance testing of the terms in the model 

                  P      

 FIB-4                       <.001 

 Statin                            0.339 

 Prediabetes                0.416 

 Diabetes            <0.001 

 BMI                <0.001 

 FIB-4 * Age                                    <0.001 
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Model Equation 

VCTE = 6.1746267 + 0.10661988 * FIB-4 - 0.061988652 * Age + 0.43942359 * 

Statin + 0.27940647 * Prediabetes + 1.7883265 * Diabetes 0.071072554 * BMI + 

0.00043274812 * pmax(BMI - 25.264, 0)^3 - 0.00076237092 * pmax(BMI - 31.19, 

0)^3 + 0.0003296228 * pmax(BMI - 38.97, 0)^3 + 0.084670346 * FIB-4 * Age 

  

VCTE: vibration controlled transient elastography 
BMI: Body mass index 
Note: pmax is a function of R base that returns the maximum value of the two 

terms separated by the comma. For example, pmax(3,0) would return a 3, 

whereas pmax(-1,0) would return a 0. 
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Appendix B  

 
Logistic regression model assessing the association between FIB-4 and Probability of advanced 

fibrosis as assessed by VCTE on four clinically relevant thresholds. 

 
 
 

Effects of statins on FIB-4 based prediction of advanced fibrosis at 

different VCTE thresholds. 

                    Coef         P      

 VCTE 8             0.6989            0.007 

 VCTE 10            0.4812         0.120 

 VCTE 12            0.8080    0.027 

 VCTE 16            0.9446         0.056 
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Logistic regression model of the association between FIB-4 and Probability of advanced fibrosis 

as assessed by VCTE on four clinically relevant thresholds. (Adjusted for AGE, BMI, Diabetic 

status) 

 

Adjusted effect of statins on FIB-4 based prediction of advanced fibrosis VCTE 8 kPa.  

 

Significance testing and coefficients of the terms in the model (VCTE 8) 

          Coef                        P      

 FIB-4             1.2672              <.001 

 Statin            0.5658             0.054 

 Prediabetes       0.4043                       0.185 

 Diabetes          1.1335                       <0.001 

 BMI            0.0943                       <0.001 

 Age              -0.0080                       0.0757 

 FIB-4 * Age      -0.0097                       0.4637 
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Adjusted effect of statins on FIB-4 based prediction of advanced fibrosis VCTE 10 kPa.  

 
 

Significance testing and coefficients of the terms in the model (VCTE 10) 

          Coef                        P      

 FIB-4             1.2269              0.078 

 Statin            0.1082               0.755 

 Prediabetes       0.0328                       0.931 

 Diabetes          1.1005                       0.003 

 BMI            0.1185                       <0.001 

 Age               0.0221                       0.282 

 FIB-4 * Age      -0.0104                       0.413 

 
 

Adjusted effect of statins on FIB-4 based prediction of advanced fibrosis VCTE 12 kPa.  

 

Significance testing and coefficients of the terms in the model (VCTE 12) 

          Coef                        P      

 FIB-4             2.1928              0.010 

 Statin            0.4389               0.280 

 Prediabetes       0.3588                       0.497 

 Diabetes          1.1972                       0.021 

 BMI            0.1080                       <0.001 

 Age               0.0467                       0.089 

 FIB-4 * Age      - 0.0258                       0.087 
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Adjusted effect of statins on FIB-4 based prediction of advanced fibrosis VCTE 16 kPa.  

 
 

Significance testing and coefficients of the terms in the model (VCTE 16) 

          Coef                        P      

 FIB-4             2.4577              0.004 

 Statin            0.5723              0.312 

 Prediabetes       0.9123                       0.368 

 Diabetes          1.9133                       0.049 

 BMI            0.1802                       <0.001 

 Age               0.0760                       0.051 

 FIB-4 * Age      - 0.0311                       0.029 

 
 
 

Effects of statins on the association between Hepamet and Probability of advanced fibrosis as 

assessed by VCTE at four clinically relevant VCTE thresholds. 

 
 

Unadjusted effects of statins on Hepamet based prediction of advanced 

fibrosis at different VCTE thresholds. 

                    Coef         P      

 VCTE 8             0.6848            0.010 

 VCTE 10            0.5175         0.100 

 VCTE 12            0.8543    0.022 

 VCTE 16            0.8726         0.087 
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Effects of statins on the association between NFS and Probability of advanced fibrosis as 

assessed by VCTE at four clinically relevant VCTE thresholds. 

 
 

Unadjusted effects of statins on NFS based prediction of advanced fibrosis at 

different VCTE thresholds. 

                    Coef         P      

 VCTE 8             0.3846            0.153 

 VCTE 10            0.0542         0.866 

 VCTE 12            0.3265    0.390 

 VCTE 16            0.3078         0.556 

 

 


