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Abstract
Non-alcoholic fatty liver disease (NAFLD) commonly causes an increase in the transaminase levels with the underlying problems, including diabetes, obesity, or both. NAFLD patients are often at an increased risk of cardiovascular events globally, representing a leading
cause of death. Therefore, this study aims to review present evidence
regarding the utilization of statin in NAFLD patients and discuss the
effects of these agents on liver histology and cardiovascular disease.
We comprehensively reviewed the current evidence on the statins’
safety in NAFLD patients and their effects on cardiovascular events or
liver histology. The findings suggest that statins are safe to be administered to NAFLD patients including people with increased transaminase (< 3 times - upper limit of normal). The reviewed studies indicate that statins may reduce cardiovascular risk. Some controversial
data also emerged from the literature regarding the effect of statins
on liver histology in NAFLD patients. The treatment with statins is
safe, which may also lessen cardiovascular events in patients with
NAFLD. Future and ongoing studies will elucidate if statins have a
role in treating NAFLD. Although clinicians are often refrained from
prescribing statins for NAFLD patients, it is used to reduce cardiovascular mortality and morbidity and lower liver enzymes.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is one of the most
common and progressive disease of the liver, and it is also considered the leading cause of high serum liver enzyme activities
across the developed world [1]. The medical and economic
NAFLD burden is because of progressive liver disease and an
increased risk of chronic kidney disease, cardiovascular disease
(CVD), and some kinds of extrahepatic cancer, such as colorectal cancer or others. Dyslipidemia, diabetes mellitus (DM),
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and obesity are some of the most common mechanisms of metabolic syndrome (MetS), which are mostly related to NAFLD;
around 75-100% of the individuals with DM or MetS suffer
from NAFLD [2]. NAFLD is most prominently caused by hepatic triglyceride infiltration in the absence of alcohol abuse or
chronic liver disease [1]. NAFLD comprises of a spectrum of
situations that vary from steatosis to non-alcoholic steatohepatitis (NASH), cirrhosis, fibrosis, or necrosis, which considerably
advances to hepatocellular carcinoma [3]. NASH and NAFLD
are usually considered hepatic indicators of MetS that are often
related to the increased CVD risk [3]. Most of the patients with
NAFLD often die due to CVD instead of liver diseases [3, 4].
There are no collectively putative treatments for NAFLD [1-4].
Patients with hyperlipidemia, hypertension, diabetes, central obesity, or MetS are usually at an increased risk for developing NAFLD. Such situations tend to have a higher prevalence
rate, and NAFLD is now considered a common liver disease
cause worldwide, mainly in the USA [5]. In industrialized
western countries, around 70-90% of diabetic patients and 30%
of the general population develop NAFLD [1]. However, the
majority of these individuals are asymptomatic, and the liver
enzymes are either found to be normal or elevated. To be diagnosed with NAFLD, it is crucial to dismiss alcoholic hepatitis
with hereditary hemochromatosis, medical history, Wilson’s
disease, viral hepatitis, and autoimmune hepatitis with laboratory testing. The results from an ultrasound often show an accumulation of fats in the liver. Some patients may complain
regarding the pain in the right upper quadrant, which is usually
not associated with NAFLD. An enlarged liver is sometimes
found in a few patients during physical examination.
NAFLD-related morbidity, together with NASH, will dramatically elevate in the coming years, prominently in the Gulf
countries, where there is already an epidemic of DM [6] or
obesity [7]. The mortality of NAFLD is higher in comparison
to the general population, primarily due to CVD [8, 9]. An increase in weight loss and physical activity is the sole therapy
with a definite indication for its advantage [10]. At the same
time, other treatments, for example, insulin-sensitizing drugs
(pioglitazone or metformin), might be useful [11]. Unexpectedly, atorvastatin is thought to reduce aminotransferase levels
in NAFLD patients [12, 13]; however, clinicians most often get
concerned with respect to statin prescription in patients with
increased liver enzymes. A study conducted in the USA from
937 primary care physicians revealed that 50% of physicians in
primary care might not recommend statins for patients whose
liver enzymes are 1.5 × the upper limit of normal (ULN) [14].
Contemporary reports suggest that “3-hydroxy-3-me-
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thyl-glutaryl-coenzyme A (HMG-CoA) reductase inhibitors”
(statins) tends to normalize enzymes in the liver as well as
increase liver aminotransferases levels in individuals with
NAFLD [15]. Either this a steady effect or if it leads to improvements in the clinical outcomes beyond normalization of
atypical liver enzymes is typically not clear. Therefore, this
review aims to review the most current evidence concerning
the use of statin in NAFLD patients and discuss the effects of
these agents on liver histology and CVD. To the best of our
knowledge, no such review has been conducted in the review
has addressed such inquiries in NAFLD individuals.

Methodology
A comprehensive review of previous evidence was conducted
to categorise research articles evaluating the statin use and its
effects in NAFLD patients. The search terms included “nonalcoholic fatty liver disease”, “hydroxymethylglutaryl-CoA
reductase inhibitors”, “non-alcoholic steatohepatitis”, “HMGCoA reductase inhibitors”, “atorvastatin”, “statins”, “mevastatin”, “lovastatin”, “fluvastatin”, “cerivastatin”, “atorvastatin”,
“simvastatin”, “rosuvastatin”, “pravastatin”, “pitavastatin”,
“safety”, and “therapeutic use”. The research articles conducted in the English language were screened for inclusion.
We also emphasized upon the data published after the latest
NAFLD guidelines [16]. Studies performed on animals were
also excluded. To include additional references, the bibliographies of the selected articles were also included and reviewed.

NAFLD Prevalence
Around 30% of the people aged ≥ 15 years of age in 2015
suffered from NAFLD. After adjusting for a lower prevalence
in the population aged < 15 years, the prevalence in all age
groups was found to be 24.8% in Saudi Arabia [17]. Regarding
the distribution of gender and age of NAFLD population, data
from the general population studies in several other countries
were applied, where the prevalence was 1.3 times higher in
males than females with an increased prevalence with age [18,
19]. Younger age groups were not included in the prevalence
studies and it was expected that the rates of prevalence might
decrease with declining age. In Saudi Arabia, a study with
NAFLD prevalence employed computed tomography (CT)
scan data from 100 adult hospital patients in 2012, where it
was reported that 18-54% NAFLD mainly depends on the applied criteria [20]. Another study conducted on 230 patients
with DM at Jazan General Hospital in 2013 reported a 47.8%
of the prevalence. From these patients, there was a slightly high
prevalence in males (49.1%) than females (46.3%), whereas
this prevalence was 52.9% among the population of middleaged individuals (ages 40 - 59 years) [21].

Statins Safety in NAFLD Patients
Many observational studies propose that statins are benign

in people with increased levels of transaminase. The patient did not indicate alcohol abuse or hepatitis C or B in
these patients; hence, NAFLD was the most possible cause
of increased transaminase [22]. Statin-induced hepatotoxicity is often related to an asymptomatic increase of serum
aminotransferases within 12 weeks of therapy, with no histopathological fluctuations found in the liver [23]. Many
phases II and III clinical trials have shown an increase in alanine aminotransferase (ALT) or aspartate aminotransferase
(AST).
Onofrei [24] demonstrated many studies to provide evidence that usage of statins is related to increased transaminases. One of the retrospective investigations shown that of
the 2,587 patients with increase liver function tests (LFTs) at
baseline, there were around 342 patients that were exposed to
therapy with statins. ALT/AST increase has also been demonstrated to be reliant on dose [8]. Most of the dosages of rosuvastatin, atorvastatin, simvastatin, pravastatin, and lovastatin
are accompanied by modest but noteworthy rise in the levels of
transaminase [25]. Such an increase creates issues that statins
can aggravate the disease of the liver. This issue also resulted in
drug manufacturers that recommended that statin therapy shall
be avoided in individuals having unexplained aminotransferase
increase and underlying liver disease. In the past, it was, however, suggested that individuals who consumed statin medications need to have their LFTs checked at baseline, after 12
weeks of dose amplification [24]. This spontaneous rise in the
levels of aminotransferase leads to a transient increase that attributes to the reduction of cholesterol with alcohol consumption, obesity, DM, statin treatment, or other medications [7].
Multiple studies have been performed to check if statin therapy
contributes to or causes significant damage to the liver. One of
the “Adverse Event Database Merck Worldwide” studied 232
acute liver failure cases, which was related to lovastatin. The
study found a risk for fulminant liver failure to be two per one
million individuals [23].
From 1990 to 2002, around 51,741 liver transplantations
in the USA were undertaken. Of these transplantations, most
prominently, only three surgeries were associated with statin
therapy [24]. A retrospective cohort study was executed by
Avins [26] to examine the hepatic effects of exposure with lovastatin in the individuals having liver disease. The primary
outcomes were to examine if there was any form of livertest abnormalities related to poor prognosis among individuals with drug-induced liver disease with respect to Hy’s law.
Likewise, Avins et al [26] suggested that Hy’s law is defined
as a “profile of liver test that is predominantly related to poor
prognosis for drug-induced liver disease patients” [26]. Other
secondary outcomes comprise of injury of the liver as well
as liver failure or clinical cirrhosis development. Exposure
of Lovastatin is often associated with a reduced incidence of
severe to moderate liver injury, along with the occurrence of
either liver failure or cirrhosis. It was therefore concluded in
this study that lovastatin is not related to an increased risk of
adverse hepatic outcomes. Around 1,081 patients at baseline,
had an increased transaminase levels (< 2 times the ULN),
while the treatment with either atorvastatin 80 mg/day or
simvastatin 20 - 40 mg/day reduced the levels of transaminase [27].
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Statin Effect on the Cardiovascular Morbidity in
NAFLD Patients
At present, post-hoc examination of three randomized controlled trials (RCTs) indicated that cardiovascular events may
decline through statins in individual with increases levels of
transaminase, seemingly, because of NAFLD. One study used
the post-hoc Greek Atorvastatin and Coronary Heart Disease
Evaluation (GREACE) trial to perform treatment with atorvastatin for 3 years, limiting cardiovascular events by 39% in
an individual with normal transaminase levels [28]. On the
contrary, atorvastatin limited the cardiovascular events by
68% in coronary heart disease (CHD) individuals along with
an increase in the levels of transaminase (P = 0.0074 compared to the decrease in CVD risk in patients having normal
transaminase levels) [28]. With respect to the post-hoc examination of the ATTEMPT study, atorvastatin treatment for 42
months aimed at low-density lipoprotein cholesterol (LDL-C)
levels < 100 mg/dL in people with MetS and increased levels
of transaminase that limited the cardiovascular events more in
comparison to the atorvastatin treatment targeting at LDL-C (P
= 0.024) levels < 130 mg/dL [29]. Lastly, another post-hoc investigation of the IDEAL trial, atorvastatin (80 mg/day) treatment often lessen the cardiovascular events more as compared
to the simvastatin (20 - 40 mg/day) solely in CHD patients
and increased levels of transaminase and, not in those with
normal levels of transaminase (P for heterogeneity = 0.0277)
[27]. Therefore, the data obtained on a preliminary basis indicates that statins often reduced the cardiovascular morbidity in
NAFLD patients. Simultaneously, the NAFLD presence does
not differentiate the dyslipidemia management based on both
the US and European guidelines [30, 31].

Statins Effects on Liver Histology in NAFLD
Individuals
Given the involvement of the oxidative stress, increase in
apoptosis in the NAFLD pathogenesis and subclinical inflammation, statins are responsible for improving the liver histology in such patients using the pleiotropic effects [32]. On the
contrary, few small uncontrolled studies utilized CT or ultrasound to examine the effects of the statins on liver steatosis in
humans. The majority of these studies were known to show
improvement [33, 34]. In one of a larger RCT, atorvastatin and
combined treatment (atorvastatin + fenofibrate) were more effective than fenofibrate alone, while they also reduced the liver
echogenicity [35]. Another RCT indicated that atorvastatin
10 - 20 mg/day was considered effectual as pitavastatin 2 - 4
mg/day in dropping the hepatic steatosis in CT [36]. However,
very limited data was available with respect to the statins’ effects on liver histology. Many studies with small sample size
and uncontrolled prospective design examined the effects of
the statins on the histology of the liver in NAFLD individuals. The majority of such studies confirmed that treatment with
statins often reduced hepatic steatosis [37, 38], while in others,
no change was reported [39]. In some of the research studies,
164
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improvement in inflammation was found [38], while in others,
this was not reported. Fibrosis was not found to be reduced
in any other study except in a small introductory report in six
patients who were treated with rosuvastatin for 6 months [38].

Conclusions
There has been a remarkable advancement in the knowledge
of the natural history, prevalence, and pathogenesis of the
NAFLD. However, at present, no actual novelties concerning therapeutic management exist. Statins are considered safe
in individuals with pre-eminent transaminase levels because
of NAFLD. A post-hoc analysis of the RCT’s indicates that
statins may decrease CVD morbidity in the studied population. On the contrary, the effects of the statins on liver histology in NAFLD individuals are still controversial. Future
and ongoing RCTs will help to clarify if statins have a role to
play in NAFLD treatment. More research is needed to detect
NAFLD and on the best way to detect the presence of advanced fibrosis.
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