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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the com-
monest liver disease in Western countries. Treatment 
of NAFLD is currently based on lifestyle measures and 
no effective pharmacologic treatment is available so 
far. Emerging evidence, mainly from animal studies, 
suggests that the renin-angiotensin-aldosterone sys-
tem may be of major importance in the pathogenesis 
of NAFLD and indicates that angiotensin-converting 
enzyme inhibitors (ACE-I) and angiotensin receptor 
blockers (ARBs) as a potentially useful therapeutic ap-
proach. However, data from human studies are limited 
and contradictory. In addition, there are few random-
ized controlled trials (RCTs) on the effects of ACE-I or 
ARB in patients with NAFLD and most data are from 
retrospective studies, pilot prospective studies and 
post hoc analyses of clinical trials. Accordingly, more 
and larger RCTs are needed to directly assess the ef-
fectiveness of ACE-I and ARBs in NAFLD.
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EDITORIAL
Nonalcoholic fatty liver disease (NAFLD) is the com-
monest liver disease in Western countries with an estimat-
ed prevalence in the general population of  20%-30%[1]. 
Treatment of  NAFLD is currently based on lifestyle 
measures and no effective pharmacologic treatment is 
available so far. Emerging evidence, mainly from animal 
studies, suggests that the renin-angiotensin-aldosterone 
system (RAAS) may be of  major importance in the 
pathogenesis of  NAFLD and indicates that angiotensin-
converting enzyme inhibitors (ACE-I) and angiotensin 
receptor blockers (ARBs) as a potentially useful therapeu-
tic approach.

Within the circulating RAAS, the first step in the 
production of  angiotensin Ⅱ (Ang Ⅱ) is the cleavage 
of  angiotensinogen, produced in the liver, to AngⅠby 
renin, which is released from the juxtaglomerular cells 
of  the kidney. Then, the ACE converts AngⅠinto the 
physiologically active product of  RAAS, Ang Ⅱ. Ac-
tions of  Ang Ⅱ are mediated by the activation of  the 
AT1 and the AT2 receptors (AT1R and AT2R). AT1R 
is in abundance in adult tissues whereas AT2 receptor 
is mainly expressed during fetal development and is up-
regulated in pathologic conditions. AT1R mediates all 
the major Ang Ⅱ-induced biological effects, such as the 
regulation of  blood pressure, salt and water retention, 
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hormone secretion, renal function, as well as the auto-
crine and paracrine effects of  Ang Ⅱ on cell proliferation 
and migration and extracellular matrix formation. AT2R 
is generally reported to mediate effects opposing and 
counterbalancing those mediated by AT1R in vitro as well 
as in vivo[2]. Ang Ⅱ is further metabolized by a variety of  
enzymes to the bioactive angiotensin fragments Ang Ⅲ 
(Ang2-8), Ang Ⅳ (Ang 3-8) and Ang (1-7). Ang Ⅲ (Ang 
2-8) is formed by cleavage of  Ang Ⅱ by aminopeptidase 
A and shares similar actions with Ang Ⅱ via AT1R and 
AT2R. Ang Ⅲ can be further metabolized by aminopep-
tidase M into Ang Ⅳ. Actions of  Ang Ⅳ are mediated by 
AT4/(insulin-regulated aminopeptidase) receptor and in-
clude regulation of  blood flow, inhibition of  renal tubular 
sodium reabsorption, cardiac hypertrophy, angiogenesis 
and stimulation of  endothelial cell expression of  platelet 
activator inhibitor 1 (PAI-1)[3]. Angiotensin (1-7) is gener-
ated either from AngⅠby endopeptidases or from Ang 
Ⅱ by ACE2. ACE2 also hydrolyzes AngⅠto Ang-(1-9) 
which can be further metabolized to Ang-(1-7) by ACE. 
The effects of  Ang-(1-7) are mainly mediated through 
the mas receptor and appear to counterbalance those of  
Ang Ⅱ. In particular, the ACE2-angiotensin-(1-7)-Mas 
axis appears to promote vasodilatation and to exert anti-
proliferative, anti-inflammatory, antifibrotic and anti-
thrombotic actions[3,4].

Apart from the circulating RAAS, local RAAS have 
been identified in most organs and tissues, with diverse 
physiological effects exerted through autocrine and para-
crine actions. These local RAAS have been implicated 
in multiple functions including cell growth, differentia-
tion, proliferation and apoptosis, reactive oxygen species 
(ROS) generation, tissue inflammation, fibrogenesis and 
hormonal secretion[5]. The systemic and local RAAS are 
considered to interact and operate in a complementary 
and integrated way[6]. Experimental studies have dem-
onstrated the presence of  key elements of  RAAS in 
normal liver and their up-regulation and redistribution in 
liver injury[7,8]. The AT1R, which is localized in hepato-
cytes, bile duct cells, hepatic stellate cells (HSCs), myo-
fibroblasts, Kupffer cells and vascular endothelial cells, 
mediates most of  the actions of  Ang Ⅱ in the liver[4]. 
However, some studies also reported AT2R gene expres-
sion in liver tissue, suggesting that AT2R might have 
anti-fibrogenic effects in the liver[7,9].

Insulin resistance (IR) plays a central role in the 
pathophysiology of  NAFLD and evidence from experi-
mental studies underlines the crosstalk between RAAS 
and insulin signaling, resulting in the worsening of  IR. 
Ang Ⅱ stimulates phosphorylation of  serine residues 
in the insulin receptor beta-subunit and the p85 regula-
tory subunit of  PI3-kinase, inhibiting the interactions 
between these components of  the insulin signaling path-
way[10]. Ang Ⅱ also induces generation of  ROS mainly 
by activating the nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase and regulates the produc-
tion of  pro-inflammatory mediators, including tumor 
necrosis factor α, interleukin-6 (IL-6) and PAI-1, result-

ing in impairment of  insulin signaling[11,12]. 
In vitro experiments and animal studies suggest that 

the effects of  RAAS inhibition on glucose metabolism 
are due to vasodilation. In particular, ACE-I and ARBs-
induced vasodilation increases the delivery of  glucose 
and insulin to insulin-sensitive tissues and improves 
blood flow in pancreas, promoting insulin secretion. 
Preliminary data indicate enhanced insulin signaling, 
modulation of  muscle fiber composition, decreased 
sympathetic activity and improved ionic balance as 
additional potential mechanisms implicated in the im-
provement of  insulin sensitivity and secretion by RAAS-
blocking agents. The beneficial effects of  ARBs on IR 
could also be related to the selective stimulation of  per-
oxisome proliferator-activated receptors (PPAR)-γ[13,14]. 
Furthermore, clinical trials have showed the ability of  
RAAS inhibition to prevent new-onset of  diabetes mel-
litus. A recent meta-analysis including 100 848 patients 
showed a 20% reduction in the incidence of  new onset 
diabetes with the use of  ACE-Is or ARBs[15]. However, 
most studies included in this meta-analysis were post-
hoc analyses and several were open label trials. In the 
Diabetes Reduction Assessment with Ramipril and Rosi-
glitazone Medication study, treatment with ramipril of  
patients with impaired fasting glucose levels or impaired 
glucose tolerance did not reduce the incidence of  dia-
betes but increased regression to normoglycemia[16]. In 
the more recent Nateglinide and Valsartan in Impaired 
Glucose Tolerance Outcomes Research trial, treatment 
with valsartan of  patients with impaired glucose toler-
ance was associated with a relative reduction of  14% in 
the incidence of  diabetes[17].

Accumulating data suggest that the RAAS might play 
a role in the pathogenesis of  hepatic fibrosis. Bataller 
demonstrated that activated HSCs express renin and 
ACE and synthesize Ang Ⅱ[7]. Ang Ⅱ activates HSC, 
promoting their differentiation into myofibroblasts and 
stimulates cellular proliferation contraction, through the 
release of  intracellular calcium. Moreover, Ang Ⅱ up-reg-
ulates tissue inhibitor of  metalloproteinases-1 (TIMP-1) 
mRNA expression and increases collagen and protein 
deposition in the extracellular matrix. The profibrogenic 
effect of  Ang Ⅱ is also mediated via NADPH oxidase, 
which produces ROS. AT1R activation also increases the 
expression of  vascular endothelial growth factor, pro-
moting neoangiogenesis. Ang Ⅱ also exerts proinflam-
matory effects by up-regulating the synthesis of  the pro-
inflammatory cytokines IL-1 and IL-6 and the expression 
of  the transcription factor nuclear factor kappa B. In 
addition, Ang Ⅱ stimulates the production of  growth 
factors including transforming growth factor (TGF)-β1 
and connective tissue growth factor. Moreover, Ang Ⅱ 
stimulates cell migration and concentration of  activated 
HSCs at the site of  hepatic injury[4,18,19].

Several studies in a variety of  established animal mod-
els of  hepatic fibrosis support the role of  RAAS in liver 
fibrosis and the antifibrotic effects of  RAAS inhibition. 
Treatment with ACE-I and ARBs in these models attenu-
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ated steatosis and prevented the development of  lobular 
inflammation and hepatic fibrosis. These effects appear 
to be due to the attenuation of  oxidative stress and HSC 
activation and the down-regulation of  pro-inflammatory 
and profibrotic cytokines[4,20]. Other potential mechanisms 
include suppression of  growth factors and TIMP-1, in-
crease in circulating adiponectin levels and reduction of  
macrophage infiltration[21-23].

Despite the supportive evidence of  in vitro and in vivo 
studies, human data on the effects of  RAAS inhibition 
on liver fibrosis are scarce. This can be attributed to the 
need for multiple liver biopsies and the slow progression 
of  fibrosis necessitating studies with long-term follow-
up. Regarding ARBs, a pilot study reported that pro-
longed administration of  losartan (50 mg/d) for 18 mo 
was associated with downregulation of  hepatic expres-
sion of  fibrogenic genes in patients with hepatitis C[24]. 
Administration of  losartan (50 mg/d) for 6 mo in pa-
tients with hepatitis C improved fibrosis stage compared 
with control patients[25]. Another study evaluated the ef-
ficacy of  telmisartan (40 mg/d) and olmesartan (20 mg/d) 
in patients with NAFLD or chronic hepatitis C. Both 
drugs improved IR, measured by homeostasis model 
assessment of  IR, and serum alanine aminotransferase 
levels but the benefit appeared to be greater with telmis-
artan[26]. In a controlled study, 30 patients with chronic 
hepatitis C were randomized to losartan (50 mg/d) and 
ursodeoxycholic acid (UDCA) or UDCA alone. Serum 
type Ⅳ collagen and plasma TGF-1 concentrations were 
significantly decreased in losartan group but there was 
no effect on fibrosis score[27].

Several studies compared both ACE-I and ARBs with 
other antihypertensive agents in patients with hepatitis 
C. In a retrospective study in liver-transplant recipients 
with hepatitis C recurrence, patients treated with ACE-I 
or ARBs showed reduced risk for cirrhosis and less liver 
fibrosis progression compared with patients who did not 
receive these agents[28]. In a more recent study in a simi-
lar population, administration of  ARBs was associated 
with less progression of  inflammation, but not fibrosis, 
whereas ACE-I had no effect on liver histology[29]. An-
other retrospective study showed that hypertensive pa-
tients with hepatitis C receiving ACE-I or ARBs had less 
fibrosis than hypertensive patients who received other 
antihypertensive agents[30]. In contrast to the previous 
studies, the Hepatitis C Antiviral Long-term Treatment 
against Cirrhosis Trial demonstrated no benefit of  RAAS 
blockers in hepatic fibrosis[31]. In this study, patients with 
chronic hepatitis C and advanced hepatic fibrosis, who 
had failed to achieve a sustained virologic response after 
previous treatment, underwent serial liver biopsies at 
baseline, 1.5 years, and 3.5 years after randomization to 
maintenance therapy with peginterferon alfa-2a or to no 
treatment for 42 mo[31]. The trial showed no association 
between baseline use of  RAAS inhibitors and liver fibro-
sis stage at baseline and use of  ACE-I or ARBs did not 
slow progression of  liver fibrosis during follow-up[31].

As far as patients with NAFLD or nonalcoholic ste-

atohepatitis (NASH) are concerned, there are no studies 
that evaluated the effects of  ACE-I in this population. 
Regarding ARBs, a preliminary study in 12 patients with 
NASH showed that losartan (50 mg/d) can improve 
biochemical parameters, liver steatosis and inflammation 
but had no effect on fibrosis[32]. In another pilot pro-
spective study, the administration of  losartan (50 mg/d) 
for 48 wk in 7 patients with NASH reduced circulat-
ing markers of  hepatic fibrosis, plasma TGF-β1 levels, 
transaminase levels and improved hepatic necroinflam-
mation and fibrosis[33]. In a larger study, 54 hypertensive 
patients with NASH were randomly assigned to either 
telmisartan (20 mg/d) or valsartan (80 mg/d). Both 
ARBs reduced transaminase levels and improved IR 
but this improvement was more profound in the telmis-
artan group, which also showed a significant decrease 
of  NASH activity score and fibrosis. Valsartan did not 
improve liver histology except steatosis[34]. These dif-
ferences on the effects on IR, transaminase levels and 
liver histology between ARBs could be attributed to the 
PPAR-γ-activating properties of  telmisartan[35]. In addi-
tion, experimental studies demonstrated that telmisartan 
acts as a liver-specific partial PPAR-α agonist, has anti-
inflammatory effects and modulates adipokine levels, by 
upregulating adiponectin levels and downregulating re-
sistin levels[32,36]. Furthermore, structural differences be-
tween ARBs result in differences in their physicochemi-
cal properties and subsequently in their binding affinity 
to the Ang Ⅱ receptor[32]. On the other hand, a recent 
12-mo randomized open-label study in 137 patients with 
NASH showed no additional benefit on liver histology 
with combination therapy of  rosiglitazone and losartan 
(50 mg/d) compared with rosiglitazone alone[37]. 

Although there are no studies comparing ACE-I with 
ARBs in NAFLD, preliminary evidence indicates that 
treatment with ARBs result in greater improvement in 
insulin sensitivity and larger reduction in the risk for new 
onset diabetes mellitus. A meta-analysis showed that the 
number needed to treat to prevent one case of  new on-
set diabetes is 100 and 50 with ACE-I and ARBs, respec-
tively[15]. One possible explanation could be the inhibi-
tory action of  ACE-I on both AT1 and AT2 receptors, 
resulting in suppression of  the counterbalancing effects 
of  AT2 on the actions of  AT1. Moreover, accumulating 
evidence suggests a beneficial role of  ACE2/Ang-(1-7)/
mas receptor axis since it appears to counterbalance the 
actions of  Ang Ⅱ. Apart from ACE-I and ARBs which 
have been shown to up-regulate this pathway, new drugs 
that mimic the effect of  Ang-(1-7) might represent a 
novel treatment of  liver fibrosis[4].

In conclusion, the established role of  both circulat-
ing and local RAAS on the pathogenesis of  NAFLD 
and NASH created considerable interest on the effect of  
RAAS inhibitors since they are widely used, reasonably 
inexpensive, and with excellent safety profile. However, 
and despite the encouraging evidence from animal studies, 
data from human studies are limited and contradictory. In 
addition, there are few randomized controlled trials (RCTs) 
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on the effects of  ACE-I or ARB in patients with NAFLD 
and most data are from retrospective studies, pilot pro-
spective studies and post hoc analyses of  clinical trials. 
Accordingly, more and larger RCTs are needed to directly 
assess the effectiveness of  ACE-I and ARBs in NAFLD.
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