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Abstract

Chronic liver disease (CLD) and its complications constitute a sig-
nificant cause of mortality and morbidity worldwide. Most deaths 
are secondary to the decompensation of cirrhosis and evolution of 
portal hypertension (PHTN). Since disease progression reversal is 
hardly attainable after decompensated cirrhosis develops, it is es-
sential to intervene early with a therapeutic agent or regimen that 
could prevent or slow disease evolution. Thus far, there has been 
no agreed-upon medication to help in the fight against the develop-
ment of cirrhosis or its decompensation. While early data depicted 
statins as harmful agents for the liver, current evidence from pre-
clinical and clinical studies suggests that they might have positive 
impact on CLD. Low-quality evidence supports the fact that statins 
reduce mortality in CLD. Moderate-quality evidence suggests that 
statins reduce the risk of hepatic decompensation, variceal bleed-
ing, and mortality, especially among patients with compensated cir-
rhosis. Combining this data with the long track-record of safety and 
tolerability of statins and their potential benefits in hepatocellular 
carcinoma (HCC) risk reduction, hepatologists might soon rely on 
statins to achieve better outcomes in their CLD and cirrhotic patients 
without significant additional costs. This review describes the ration-
ale behind the use of statins in patients with CLD and cirrhosis. It 
sheds light on the current preclinical and clinical studies that reflect 
beneficial effects of the use of different types and doses of statins in 
the treatment of patients with different types and stages of CLD and 
cirrhosis. It also emphasizes the need for designing and developing 
additional large prospective interventional randomized control trials 
(RCTs) to better evaluate the association between statin exposure 
and the risk of fibrosis progression and development of cirrhosis in 
patients with non-cirrhotic CLDs, the risk of progression of PHTN 
in patients with cirrhosis, and the mortality rates in patients with cir-
rhotic or non-cirrhotic CLDs.
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Introduction

Chronic liver disease (CLD) and its complications constitute 
a significant cause of mortality and morbidity worldwide. Ac-
cording to the Center for Disease Control, they continue to 
rank among the top 15 causes of mortality in the USA [1]. 
According to the Global Burden of Disease study, 1.32 million 
patients passed away due to cirrhosis-related causes globally 
in 2017, and this constituted around 2.4% of global deaths [2]. 
Most deaths in cirrhosis are secondary to the decompensation 
of cirrhosis and evolution of portal hypertension (PHTN).

PHTN occurs in around 90% of cirrhotic patients [3], and 
its evolution in patients with decompensated cirrhosis results 
in complications such as ascites, hepatorenal syndrome (HRS), 
hepatopulmonary syndrome (HPS), spontaneous bacterial 
peritonitis (SBP), splenomegaly, gastroesophageal varices, 
and hepatocellular carcinoma (HCC) [4-6]. Among these, gas-
troesophageal varices are responsible for almost 25% of deaths 
in cirrhosis due to their tendency to rupture and bleed [7, 8].

Since disease progression reversal is hardly attainable 
after decompensated cirrhosis develops, it is essential to in-
tervene early with a therapeutic agent or regimen that could 
prevent or slow the disease evolution. Thus far, specific thera-
pies against hepatitis B and C, autoimmune hepatitis, and other 
etiologies of cirrhosis have been used in the fight against the 
development of cirrhosis or its decompensation.

Search for New Therapeutic Strategies to Pre-
vent Cirrhosis Development and Its Decompen-
sation

To better understand the pathophysiology behind the develop-
ment of PHTN in cirrhotic patients, several advances have been 
recently made. While it was initially speculated that PHTN results 
mainly from the distortion in anatomy and function of normal he-
patic tissue [9, 10], it is currently established that the ameliora-
tion of portal inflow that results from splanchnic vasodilation also 
tends to have a significant impact on its development [9, 11, 12].
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As a result of these advances in the understanding of the 
pathophysiology of PHTN, a myriad of therapeutic agents, 
including non-selective beta-blockers and carvedilol, haven 
been developed and have proven to have positive prognostic 
implications in cirrhotic patients. This opened the way for 
epidemiological studies to test hypothetical benefits of new 
therapeutic strategies, such as the use of statins, in targeting 
different stages along the transition from CLD to cirrhosis on 
one hand, and the transition from compensated cirrhosis to de-
compensated cirrhosis on the other.

Statins

Interestingly, statins, which are well known for their cardiopro-
tective effects [13-16], are currently being evaluated for their 
effects on cirrhosis progression. These lipid-lowering agents, 
which act through the competitive inhibition of 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) reductase, are usu-
ally under-prescribed in cirrhotic patients due to concern of 
hepatotoxicity [17]. This has been reflected by the under-pre-
scription of statins in CLD patients who have clear indications 
for statins, such as dyslipidemia or cardiovascular disease.

In recent years, several epidemiological studies have shown 
that statins have benefits other than those related to primary or 
secondary prevention of atherosclerotic disease. These are re-
ferred to as the pleiotropic effects and have been reflected in 
conditions such as CLD, chronic obstructive pulmonary disease, 
acute kidney injury, contrast-induced nephropathy, pancreatitis, 
erectile dysfunction, and others [18]. When it comes to CLD, 
data have shown that a reduction in portal pressure, liver sinusoi-
dal endothelial cell (LSEC) and hepatic microvascular dysfunc-
tion, fibrogenesis, and sensitivity to endotoxin-mediated liver 
damage might play a role in preventing cirrhosis and delaying 
its progression [6, 19-21]. It was speculated that statins can con-
tribute to this via a reduction in oxidative stress with a resultant 
decrease in the activation of inflammatory cells [22-26]. This has 
also been thought to be related to the activation of nitric oxide 
(NO) synthesis with a resultant improvement in endothelial func-
tion and number of endothelial progenitor cells [27-32].

In the light of the recent evidence regarding the unexpect-
edly beneficial effects of statins in cirrhosis, their use in cir-
rhotic patients has evolved from being risky to possibly prom-
ising [33]. As a result, many studies have been designed to 
further characterize such theoretically favorable effects in the 
primary and secondary prevention of cirrhosis [34, 35]. In the 
following review article, we will summarize current evidence 
regarding the influence of statins on fibrosis progression and 
cirrhosis development and evolution.

Main Pathways Regulated by Statins in Liver 
Cells

Rac1/KLF2 pathway

The transcription factor Kruppel-like factor 2 (KLF2) is a key 
component of the hepatic endothelium regulating around 40% 

of the endothelial genome and several processes such as in-
flammation, fibrosis, apoptosis, oxidative stress, vasodilation, 
and thrombosis [36, 37]. Within the liver, the expression of 
KLF2 occurs in major cell types including LSECs, hepatic 
stellate cells (HSCs), hepatocytes, and macrophages.

In general, statins upregulate KLF2 expression through 
the Rac1-MEK5-ERK5-MEF2 pathway resulting in HSC de-
activation and inhibition of migration and proliferation (Figs. 
1, 2) [38, 39]. Within the liver, the activation of the KLF2 
pathway by statins has been demonstrated in animal models of 
hepatic injury [40].

RhoA/Rho-kinase pathway

While statins improve endothelial functionality through the 
upregulation of KLF2, they ameliorate liver vascular pathobi-
ology via the inhibition of Ras homolog gene family member 
A (RhoA)/Rho-kinase pathway. This has been demonstrated 
in animal models of cirrhosis [41]. By inhibiting RhoA/Rho-
kinase signaling, statins inhibit the translocation of RhoA to its 
active site on the cell membrane, which prevents Rho-kinase 
from being fully activated. This in turn inhibits HSC contrac-
tion through the activation of myosin light chain phosphatase 
and the reduction in phosphorylated myosin. It also results in 
increased endothelial NO synthase (eNOS) activity and re-
duced hepatic venous resistance and portal pressure (Figs. 1, 3).

Preclinical Data on the Use of Statins in Animal 
Models

Preclinical data from studies performed on in vitro and in vivo 
animal models shed light on favorable effects of statins on 
endothelial function, angiogenesis, PHTN, and fibrosis. Sug-
gested mechanisms involve regulation of KLF2, eNOS, throm-
bomodulin, and C-natriuretic peptide.

Liver fibrosis

Preclinical data support the fact that statins reduce liver fibro-
sis. For instance, early evidence suggests that the administra-
tion of fluvastatin, lovastatin, and simvastatin to primary rat 
hepatocytes and human hepatoma cell line inhibits the parac-
rine activation of HSCs [42]. Similarly, the administration of 
simvastatin to explanted rat livers has been shown to reduce 
oxidative stress, prevent liver damage, and improve endothe-
lial dysfunction [43]. In addition, results from a preclinical 
study have demonstrated that the addition of atorvastatin to 
primary rat HSCs in vitro inhibits their differentiation to my-
ofibroblasts and decreases collagen production and myofibro-
blast proliferation, thereby resulting in reduced turnover and 
fibrosis [44]. Another preclinical experiment by Trebicka et 
al revealed that while the early addition of atorvastatin to a 
bile duct ligation (BDL) cirrhosis animal model inhibits HSCs 
activation and fibrosis, its late use reduces HSC turnover and 
activity [45]. Interestingly, preclinical data on the complemen-
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tary use of atorvastatin and losartan or pitavastatin and cande-
sartan in cirrhotic rat models reflect an additive effect of such 
combinations on the inhibition and attenuation of liver fibrosis 
[46, 47].

In contrast, another study performed by Shirin et al on a 
rat model with thioacetamide-induced liver injury showed that 
neither atorvastatin nor rosuvastatin has an influence on HSC 
proliferation, liver fibrosis assessed by hydroxyproline con-
tent, or oxidative stress assessed by hepatic malondialdehyde 
levels [48].

PHTN

Preclinical data also support the fact that statins attenuate the 
increased hepatic vascular resistance by upregulating hepatic 
endothelial KLF2 and NO levels [40].

The role of KLF2 in PHTN has been highlighted through 
several preclinical studies on cirrhotic rat models. For instance, 
results from studies evaluating the addition of simvastatin to 
LSECs has demonstrated an upregulation in KLF2 expression 
with subsequent vasoprotective effects on hepatic vasculature 
[36, 39].

Similarly, the role of NO was recently highlighted when 
a NO-donating statin (NCX 6560) culminated in the lower-
ing of portal pressure, with high vasoprotective properties 
and low toxicity rates in hepatocytes and myocytes [49]. In a 
study by Abraldes et al, carbon tetrachloride (CCl4)-induced 
cirrhotic rats treated with simvastatin had a selective increase 
in hepatic NO production, with a resultant improvement in 
LSEC dysfunction and a reduction in vasoconstriction [50]. 

Simvastatin has been also shown to induce NO-mediated vas-
cular hypo-responsiveness in the setting of portal-systemic 
collateral vascular resistance and endothelin-1-related perfu-
sion changes [51]. Evidence from studies evaluating the use of 
simvastatin in non-cirrhotic portal hypertensive PHTN animal 
models has been compatible with that obtained from studies 
evaluating its use in cirrhotic ones. In fact, simvastatin use in 
non-cirrhotic PHTN animal models has also been shown to 
upregulate eNOS, cyclooxygenase-2, and thromboxane A2 
expression [52]. When it comes to atorvastatin, however, its 
use in cirrhotic and non-cirrhotic PHTN animal models has 
shown opposing effects. On the one hand, the use of atorv-
astatin in cirrhotic PHTN animal models has been shown to 
reduce the portal pressure, shunt flow, and angiogenesis by 
blocking the non-canonical Hedgehog (Hh) pathway, RhoA, 
in activated HSCs [41]. On the other hand, the use of atorvas-
tatin in non-cirrhotic PHTN animal models has been proven to 
exacerbate non-cirrhotic PHTN and angiogenesis by augment-
ing the above-mentioned pathway [53, 54]. In contrast, when 
it comes to pravastatin, data from similar animal models with 
partial portal vein ligations have shown no effect on either the 
vascular response to endothelin-1 or on the systemic or portal 
hemodynamics [55].

Non-alcoholic fatty liver disease (NAFLD)/non-alcoholic 
steatohepatitis (NASH)

In the light of NAFLD being an independent risk factor for 
metabolic syndrome and dyslipidemia, several preclinical 
studies have been developed to assess the effects of using 

Figure 1. Effects of statin use on portal hypertension and inflammatory response. eNOS: endothelial nitric oxide synthase; IL: 
interleukin; IFN: interferon; KLF2: Kruppel-like factor 2; TNF: tumor necrosis factor.
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Figure 2. Regulation of Rac1/KLF2 pathway by statins in hepatic stellate cells. HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme 
A; KLF2: Kruppel-like factor 2.

Figure 3. (a) RhoA/Rho-kinase pathway in hepatic stellate cells. (b) Regulation of RhoA/Rho-kinase pathway by statins in he-
patic stellate cells. HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A; RhoA: Ras homolog gene family member A.



Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org 5

Kreidieh et al  Gastroenterol Res. 2022;15(1):1-12

statins on NAFLD progression and NASH development [56].
The use of statins in methionine-choline-deficient diet 

(MCDD)-fed mice has been shown to prevent the development 
of NASH by restoring the mitochondrial and peroxisomal fatty 
acid oxidation and by preventing the decreased expression 
of peroxisomal proliferator-activated receptor α (PPARα) in-
duced by NASH [57].

When it comes to simvastatin, its administration into a 
NASH mouse model has led to the deactivation of the Ras and 
RhoA pathway with a subsequent reduction in hepatic inflam-
mation and no significant changes in the intrahepatic choles-
terol content or degree of steatosis [58]. Conflicting evidence 
was obtained when the use of simvastatin was studied in apoli-
poprotein E (ApoE) -/- mice which exhibit high tendency to 
develop atherosclerosis even on low-cholesterol diets due to 
reduced serum ApoE. For instance, results from simvastatin 
use in these ApoE mice have demonstrated an exacerbation in 
hepatic inflammation, steatosis, and fibrosis. The fact that they 
have described a resultant increase in oxidative stress under 
conditions of inflammatory stress suggests that inflammatory 
conditions in the liver might be a predisposing factor for statin-
induced injury [59].

When it comes to rosuvastatin, its use in rats with NASH 
secondary to high-fat high-cholesterol diet has been shown to 
reduce histologic inflammation. This was postulated to be sec-
ondary to a reduction in the free fatty acid liver content and 
levels of inflammatory markers, such as tumor necrosis factor 
(TNF)-α, interleukin (IL)-6, and alanine transaminase (ALT) 
[60].

Similarly, studies evaluating the effect of the novel sta-
tin subclass, pitavastatin, on NASH progression in estrogen-
deficient ovariectomized mice with more severe histological 
lesions have resulted in a reduction in hepatic inflammation. 
The protective effect of pitavastatin was attributed to its down 
regulation of hepatic inflammatory genes, including c-c mo-
tif chemokine receptor 2 (CCR2), dichloromethylene (CCL2), 
TNF-α, and interferon (IFN)-γ [61].

Clinical Data on the Use of Statins in Patients 
With CLD

After the initial evidence from preclinical studies on the prom-
ising effects of statin use in CLD, an increasing number of epi-
demiological cross-sectional, retrospective, and prospective 
studies have been designed to evaluate the effects of statins 
on PHTN and cirrhosis development, progression, and decom-
pensation. Unfortunately, however, some discrepancy in the 
data exists, and the strength of the evidence supporting the use 
of statins in CLD continues to be limited.

Retrospective studies commenting on the outcomes with 
the use of statins in cirrhosis

Increasing evidence that focuses on the mortality and mor-
bidity benefit from statin use in cirrhosis has been accumu-
lated [62, 63]. In one retrospective cohort study performed by 

Kumar et al with a mean follow-up of 36 months, the use of 
statins in 81 cirrhotic patients, who were mostly at Child-Pugh 
A stage and who were matched 1:2 with statin non-users, was 
associated with around 47% reduction in mortality and 37% 
reduction in hepatic decompensation [64]. It was, however, 
significantly associated with higher rates of NASH, diabetes 
mellitus, and coronary artery disease. Similarly, another ret-
rospective cohort study performed using the Veteran Affairs 
Clinical Case Registry showed that the use of statins in 685 
patients with hepatitis C virus (HCV)-related compensated cir-
rhosis, who were matched 1:5 with statin non-users, was as-
sociated with around 44% reduction in mortality and 45% re-
duction in decompensation episodes. After adjusting for FIB-4 
index score, age, model for end-stage liver disease (MELD) 
score, serum level of albumin, and Child-Turcotte-Pugh score, 
the beneficial effects of statins on cirrhosis decompensation 
and mortality persisted at 10 years [65].

When it comes to the effect of statins on the incidence of 
infections requiring hospitalizations, a retrospective study was 
performed to compare rates of hospitalizations secondary to 
serious infections among veteran patients with compensated 
cirrhosis who were on statins on one hand or no statins on the 
other. After a mean follow-up of 1,194 days, the 154 patients 
who were on statins had a hazard ratio (HR) of 0.67 for serious 
infections requiring hospitalizations [66].

In order to better understand the morbidity and mortality 
benefits of statin use among patients with cirrhosis second-
ary to alcohol use disorder and chronic hepatitis B (HBV) and 
C viruses, a Taiwanese cohort study was performed. When it 
comes to the reduction in decompensation rates with statin use, 
this was statistically significant for cirrhosis secondary to HBV 
(adjusted hazard ratio (aHR): 0.39) and HCV (aHR: 0.51) in-
fections but not for cirrhosis secondary to alcohol use disor-
der (aHR: 0.69, confidence interval (CI): 0.47 - 1.07). When 
it comes to the reduction in liver-related mortality rates with 
statin use, this was only statistically significant for cirrhosis 
secondary to chronic HBV infection but not for cirrhosis sec-
ondary to chronic HCV infection or alcohol use disorder. As 
for the risk reduction in HCC development with statin use, this 
was borderline significant for cirrhosis secondary to chronic 
HCV but not for cirrhosis secondary to chronic HBV infection 
or alcohol use disorder [67]. In addition to the above findings, 
the above-mentioned study demonstrated a dose-dependent re-
duction in the risk of decompensation, mortality, and develop-
ment of HCC with statin use.

Retrospective and prospective studies evaluating the im-
pact of statins on CLD progression

Effects of statins on PHTN

Hepatic venous pressure gradient (HVPG) measurement is the 
best available method to evaluate the presence and severity of 
PHTN [68]. Human research has shed light on the reduction 
of hepatic resistance occurring with the use of simvastatin in 
cirrhotic patients via the enhancement of NO production and 
hepatosplenic shunting.
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1) Evidence from a cohort study

In one study performed on 30 cirrhotic patients, the use of 40 
mg oral simvastatin resulted in acute hemodynamic effects in 
the liver, with a decrease in hepatic vascular resistance (-14%) 
and an increase in hepatic blood flow (+20%), only around 30 
min after the time of administration. This reduction in hepatic 
vascular resistance was not associated with a decrease in por-
tal pressure, however, due to concomitant increase in hepatic 
blood flow from an increase in NO products only in the hepatic 
vein. As a result, simvastatin was not shown to have a direct 
therapeutic potential in reducing cirrhosis decompensation in 
this study [69].

2) Evidence from randomized clinical trials

In the setting of the above evidence showing an increase in NO 
products with the use of statins and in the setting of evidence 
showing that supplementing NO enhances the effect of beta 
blockers on PHTN, further research was done to evaluate whether 
adding statins to beta blockers can enhance the latter’s effect on 
portal pressure. Current data suggest that beta blockers achieve 
their HVPG-lowering effects via a decrease in portal inflow, 
while statins attain theirs via a decrease in hepatic resistance.

A multicenter randomized control trial (RCT) was per-
formed on 59 Child-Pugh A and B cirrhotic patients with severe 
PHTN from three Spanish hospitals. The effect of continuous 
oral administration of escalating doses of simvastatin (20 mg 
once daily for the first 14 days followed by 40 mg daily for the 
remaining 14 days) versus placebo on HVPG was studied over 
a period of 1 month. Compared to placebo, simvastatin use for 
a month led to the amelioration of hepatic perfusion and func-
tion as indicated by enhanced indocyanine clearance, without 
affecting systemic hemodynamics or increasing adverse event 
rates. In the experimental group, there was a moderate reduc-
tion (8.3%) in the HVPG, and around 30% of patients reached 
the treatment target of a 20% reduction from baseline or nor-
malization of HVPG. Interestingly, this reduction in HVPG 
was observed whether patients were on beta-blockers (11%) or 
not (5.9%), and the degree of reduction was higher in patients 
concomitantly taking simvastatin and beta-blockers [70].

Results of these studies were supported by another proof-
of-concept study that compared the effects of a 1-month use of 
atorvastatin (daily oral dose of 20 mg)-propranolol combination 
therapy with that of propranolol monotherapy on HVPG reduc-
tion. Although results revealed a greater degree of reduction in 
HVPG among patients in the atorvastatin-propranolol combina-
tion arm compared to that seen in the propranolol monotherapy 
one, there was no major difference between the two arms in rates 
of variceal bleeds, hepatic encephalopathy, endoscopic variceal 
ligation, SBP, need for paracentesis, and death. As a result, these 
results suggest but do not confirm a therapeutic potential of the 
combination therapy in cirrhotic patients [71].

In order to assess whether prolonging simvastatin treat-
ment to more than a 1-month period has equivalent or supe-
rior effects on PHTN to that administered over a period of 
1-month, further studies were designed and performed with 

longer follow-up time. A blinded RCT was performed on 24 
Child-Pugh A and B cirrhotic patients, 67% of which were on 
non-selective beta-blockers for medium or large esophageal 
varices and 30% of which have had a history of previous var-
iceal bleeding at time of study initiation. The effect of con-
tinuous oral administration of 40 mg simvastatin versus pla-
cebo on hepatic portal pressure was studied over a period of 3 
months. A significant decrease in HVPG (-15%) was noted in 
the experimental group versus no change in the placebo group. 
Multivariate regression analysis revealed that this reduction 
in HVPG in the experimental group was more pronounced in 
patients with medium and large esophageal varices and those 
with a history of variceal bleeding than in those without these 
PHTN complications. Interestingly, however, bivariate analy-
sis failed to show an association between the severity of PHTN 
and the hemodynamic response to simvastatin. This discrepan-
cy was attributed to the limitations related to the small sample 
size. As such, while these results suggest that simvastatin can 
lower portal pressure with its hemodynamic effect being more 
pronounced in patients with severe PHTN, further studies with 
larger sample size are needed to confirm the results. Of note, 
compared to placebo, simvastatin was associated with some 
improvement in liver function in the absence of any significant 
increase in adverse events, which further encourages evalua-
tion of simvastatin in future studies [72].

In order to check whether this reduction in HVPG would 
reflect in a reduction in rebleeding rates in cirrhotic patients 
with esophageal varices, a recent multicenter double blinded 
RCT was performed. This RCT included 158 cirrhotic patients 
with a history of variceal bleed. Its aim was to compare cirrhosis 
progression, rebleeding, and mortality rates after the addition of 
40 mg simvastatin to the standard variceal bleed therapy (beta-
blockers and esophageal band ligation) over a follow-up period 
of 24 months. Results showed no difference between rebleed-
ing rates among the experimental and control groups (P = 0.58). 
Similarly, there was no difference when it came to cirrhosis 
complications, including the development of ascites, SBP, HRS, 
or portal vein thrombosis among both groups [73]. Despite the 
lack of reduction in variceal rebleeding and cirrhosis compli-
cation rates, simvastatin was shown to increase survival rates 
when added to the standard variceal bleed therapy in Child-Pugh 
A and B but not C patients. Although the adverse event rate in 
the simvastatin arm was not superior to that in the placebo arm, 
the fact that two patients with severe cirrhosis who belonged 
to the experimental group developed rhabdomyolysis raises 
safety concerns about the use of statins in advanced cirrhosis. 
The results of this trial are not generalizable to all patients with 
cirrhosis who recover from a variceal bleed because those with 
creatinine > 2 mg/dL, advanced liver dysfunction with a Child-
Pugh score above 13, and complete portal vein thrombosis were 
excluded. In addition, the assessment of the study hypothesis 
might have been underpowered due to the fact that 11 patients 
were excluded from the analysis. Moreover, the lack of data on 
the potential impact of alcohol abstinence on the study outcomes 
is another limitation.

In the setting of conflicting results and questionable safety 
concerns of statins in advanced cirrhosis, stronger and more reli-
able data from further prospective trials are needed. In an ongo-
ing phase III prospective multicenter double blind RCT, called 



Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org 7

Kreidieh et al  Gastroenterol Res. 2022;15(1):1-12

the SACRED trial (NCT 03654053), patients with compensated 
cirrhosis and PHTN from 11 VA Medical Centers are stratified 
based upon the concomitant use of nonselective beta-blockers 
and then randomized to 40 mg simvastatin versus placebo over a 
follow-up period of 24 months. Participants will be observed for 
the development of hepatic decompensation (variceal hemor-
rhage, ascites, encephalopathy), HCC, liver-related death, death 
from any cause, and/or complications of statin therapy.

Use of statins in NAFLD and NASH

At present, NAFLD constitutes the most common liver disease 
[74]. In patients with visceral obesity, insulin resistance, and 
metabolic syndrome, there is a high propensity for NAFLD to 
progress to NASH and then to cirrhosis [75]. Since there are no 
labeled therapeutic agents that have been approved for patients 
with NAFLD/NASH, and since animal NASH models have 
reflected improvements in liver histology following exposure 
to statins, several studies have evaluated the use of statins in 
NAFLD/NASH patients.

1) Evidence from cohort studies

In one European study performed on 1,201 patients with sus-
pected NASH, liver biopsies performed on the 107 patients 
who were receiving at least 6 months of statins (mainly mod-
erate-intensity simvastatin) were found to have significantly 
lower rates of steatosis (odds ratio (OR): 0.48, 95% CI: 0.26 
- 0.94), NASH (OR: 0.62, 95% CI: 0.40 - 0.97), and advanced 
fibrosis (fibrosis stage F2 - F4; OR: 0.59, 95% CI: 0.34 - 0.98) 
compared to those performed on the remaining patients not on 
statins [76].

In another prospective study, 20 patients with steatohepa-
titis received rosuvastatin over a 12-months period, and liver 
biopsies were performed at the end of the study to assess the 
degree of liver fibrosis. Interestingly, liver biopsies from 19 
out of the 20 patients revealed regression of the steatohepati-
tis present at baseline. Since this study had no control group 
and since the degree of hepatic fibrosis was neither graded at 
baseline nor at the end of the study, the interpretation of these 
promising results remains difficult [77].

As such, low-quality evidence has thus far supported the 
idea that statin treatment in NAFLD/NASH patients tend to 
improve liver fibrosis, impede disease progression, and im-
prove cardiovascular morbidity and mortality rates. Never-
theless, conclusions cannot be drawn before these promising 
results are confirmed by careful prospective RCTs evaluating 
baseline versus on-trial statin use as a possible confounder in 
NAFLD/NASH patients.

2) Evidence from randomized clinical trials

Several RCTs evaluating the therapeutic potential of statins in 
NAFLD/NASH patients have been designed since this popula-
tion is at high risk of cardiovascular events and using statins 

that might offer substantial hepatic and cardiovascular-related 
adverse event reduction could be of therapeutic potential. Al-
though both atorvastatin and simvastatin have been studies, 
promising evidence exists supporting the use of atorvastatin in 
not only preventing cardiovascular events but also in slowing 
liver disease progression.

When it comes to the use of atorvastatin in NAFLD/
NASH patients, a post hoc analysis of three large RCTs in-
cluding more than 11,000 NAFLD/NASH patients revealed a 
reduction in liver enzymes and an improvement in liver fat 
infiltration with atorvastatin use. Compared to NAFLD/NASH 
patients not receiving statin, and to statin-treated patients with 
normal livers, NAFLD/NASH patients who were treated with 
statins had a 50% reduction in cardiovascular disease morbid-
ity and mortality [78].

Supporting evidence regarding the use of atorvastatin in 
NAFLD/NASH comes from a prospective open-label ran-
domized study performed on 186 non-diabetic patients with 
both biochemical and ultrasonographic evidence of NAFLD at 
baseline. Patients were randomly allocated to receive atorvas-
tatin 20 mg per day, fenofibrate 200 mg per day, or the combi-
nation of both drugs over a 54-week period. At the end of the 
follow-up period, a significantly higher percentage of patients 
receiving atorvastatin or combination therapy no longer had 
evidence of NAFLD after 54 weeks of treatment compared to 
the fenofibrate group with a P value of < 0.009. Sixty-seven 
percent of the patients receiving atorvastatin, 42% of those re-
ceiving fenofibrate, and 70% of those receiving the combina-
tion therapy no longer had biochemical and ultrasonographic 
evidence of NAFLD with a significant P value of < 0.05 com-
pared to baseline. Interestingly, however, this statistical sig-
nificance of the superiority of atorvastatin over fenofibrate did 
not exist before combining the two outcomes (biochemical 
versus ultrasonographic evidence of NAFLD) into one [79]. A 
limitation of this study was that it did not address the primary 
outcomes of all-cause mortality and liver-related morbidity.

When it comes to the use of simvastatin in NAFLD/
NASH, a double-blinded randomized placebo-controlled 
trial was designed to assess the effects of simvastatin versus 
placebo in 16 participants with biopsy-proven NASH over a 
12-month period. Serum aminotransferases and repeated liver 
biopsies were used to assess improvement. Although there was 
a 26% reduction in low-density lipoprotein within the simvas-
tatin group compared with placebo, no statistically significant 
improvement in serum aminotransferases, hepatic steatosis, or 
stage of fibrosis existed between both groups [80]. A limitation 
of this study was that it did not address the primary outcomes 
of all-cause mortality and liver-related morbidity. It also had a 
modest statistical power due to being only a pilot trial.

Use of statins and the risk of development of HCC in CLD 
and cirrhosis

Several studies have shed light on the idea that the use of 
statins in patients with CLD could be protective against the 
development of HCC [81]. Many hypotheses have been de-
veloped regarding the mechanisms, through which statins con-
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vey their protective effects against HCC development in CLD. 
Suggested mechanisms include chemoprevention, inhibition 
of CLD progression to cirrhosis, and impedance of cirrhosis 
evolution and decompensation [82].

1) Evidence from cohort studies

In an early retrospective study, patients on statins were shown 
to have a dose-related reduction in the rates of HCC as com-
pared to a matched control from the US population [83]. In 
a subsequent cohort study that included 27,883 HCV patients 
with HCC, this dose-related reduction in the rate of HCC de-
velopment was also confirmed. Cumulative daily statin doses 
of 28 - 89mg, 90 - 180mg, and 180 mg were shown to result 
in adjusted HRs of 0.66 (95% CI: 0.59 - 0.74), 0.47 (95% CI: 
0.40 - 0.56), and 0.33 (95% CI: 0.25 - 0.42) to develop HCC 
[84]. Based on data from a recent meta-analysis of 10 studies 
that included a total of 1.4 million patients, among which 4,298 
cases had HCC, the number of East Asian patients needed to 
be treated with statin to prevent one case of HCC per year was 
5,209. In addition, the number of patients with HBV-related 
cirrhosis needed to be treated with statin to prevent one case of 
HCC per year was 57 [85].

A prospective propensity score-matched cohort study in-
cluded 16,668 nationwide Swedish adults with viral hepatitis 
over the period extending from 2005 to 2013. Out of the 16,668 
patients, 6,554, 1,780, and 8,334 patients were on lipophilic, 
hydrophilic, and no statins, respectively. Lipophilic statin us-
ers were found to have a significantly lower 10-year HCC risk 
compared to hydrophilic statin users. This risk reduction with 
the use of lipophilic statins was shown to be dose dependent. 
The study, however, was limited by the lack of lipid, fibrosis, 
or HCC surveillance data. As a result, further research is need-
ed to evaluate whether the use of lipophilic statins can have a 
role in HCC prevention [86].

2) Evidence from randomized clinical trials

Although cohort studies have commented on the chemopre-
ventive effects of lipophilic versus hydrophilic statins against 
HCC development, the designed RCTs to date have evaluated 
the use of statins in patients with an established diagnosis of 
HCC. As such, there are not RCTs to comment on the efficacy 
of statin in reducing HCC development.

When it comes to the use of lipophilic statins, a rand-
omized placebo-controlled study (NCT03275376) was de-
signed to compare the use of atorvastatin 10 mg versus placebo 
in terms of overall survival, tumor response, and progression-
free survival in patients receiving sorafenib therapy for ad-
vanced HCC in the Taichung Veterans General Hospital. This 
trial was terminated due to slow patient enrollment.

When it comes to the use of hydrophilic statins, such as 
pravastatin, in HCC subjects, there was a recent non-blind RCT 
(PRODIGE-11/FFCD 0803) that was designed to compare the 
40 mg sorafenib monotherapy with pravastatin-sorafenib com-
bination therapy in 323 patients with Child-Pugh A cirrhosis 

and advanced HCC. This trial, too, had to be terminated at in-
terim analysis for proof of lack of efficacy of the latter arm. Al-
though pravastatin addition was safe, no differences in terms 
of survival (HR = 1.00) or progression-free survival (HR = 
1.00) existed between both groups. Data from an a multicentric 
prospective non-comparative RCT (PRODIGE-21) performed 
on patients with Child-Pugh B and advanced HCC revealed a 
shorter median survival with pravastatin 40 mg daily alone (3.1 
months), as compared with either sorafenib monotherapy (3.8 
months), sorafenib and pravastatin combination (4 months) 
and standard of care (3.5 months) [87].

Conclusions and Future Directions

In summary, several lines of evidence have led to a change 
in the pattern of statin use in patients with CLD or cirrhosis. 
While early data depicted statins as harmful agents for the 
liver, current evidence from preclinical and clinical studies 
suggests that they might have positive impact on CLD or cir-
rhosis. Low-quality evidence supports the fact that statins re-
duce mortality in CLD. Moderate-quality evidence suggests 
that statins reduce the risk of hepatic decompensation, variceal 
bleeding, and mortality, especially among patients with com-
pensated cirrhosis. Combining this data with the long track-
record of safety and tolerability of statins and their potential 
benefits in HCC risk reduction, hepatologists might soon rely 
on statins to achieve better outcomes in their CLD or cirrhosis 
patients without significant additional costs.

Although most of the above-mentioned studies have been 
through adjustments for potential confounders, it is likely that 
their results might have overestimated the potential benefits of 
statins due to possible residual confounding in statin users. The 
potential biases in observational studies have been widely recog-
nized and likely explain the low rate of transportability of results 
from observational studies to RCTs [88]. As such, additional 
large prospective interventional RCTs are needed to be designed 
and carried out to better evaluate the association between statin 
exposure and the risk of fibrosis progression and development 
of cirrhosis in patients with non-cirrhotic CLDs, the risk of pro-
gression of PHTN in patients with cirrhosis, and the mortality 
rates in patients with cirrhotic or non-cirrhotic CLDs.
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