Hypertension Research (2018) 41:394-405
https://doi.org/10.1038/541440-018-0040-6

REVIEW ARTICLE
®

Check for

The role of the angiotensin Il type | receptor blocker telmisartan in
the treatment of non-alcoholic fatty liver disease: a brief review

Luciana M. A. Borém'? - Joao F. R. Neto' - Igor V. Brandi® - Deborah F Lelis' - Sergio H. S. Santos'?

Received: 9 June 2017 / Revised: 31 October 2017 / Accepted: 17 November 2017 / Published online: 10 April 2018
© The Japanese Society of Hypertension 2018

Abstract

Non-alcoholic fatty liver disease (NAFLD) is currently considered an important component of metabolic syndrome (MetS).
The spectrum of NAFLD includes conditions that range from simple hepatic steatosis to non-alcoholic steatohepatitis.
NAFLD is correlated with liver-related death and is predicted to be the most frequent indication for liver transplantation by
2030. Insulin resistance is directly correlated to the central mechanisms of hepatic steatosis in NAFLD patients, which is
strongly correlated to the imbalance of the renin—angiotensin system, that is involved in lipid and glucose metabolism.
Among the emerging treatment approaches for NAFLD is the anti-hypertensive agent telmisartan, which has positive effects
on liver, lipid, and glucose metabolism, especially through its action on the renin—angiotensin system, by blocking the ACE/
AnglI/AT1 axis and increasing ACE2/Ang(1-7)/Mas axis activation. However, treatment with this drug is only
recommended for patients with an established indication for anti-hypertensive therapy. Thus, there is an increased need for
large randomized controlled trials with the aim of elucidating the effects of telmisartan on liver disease, especially NAFLD.
From this perspective, the present review aims to provide a brief examination of the pathogenesis of NAFLD/NASH and the

role of telmisartan on preventing liver disorders and thus to improve the discussion on potential therapies.

Introduction

Diet and lifestyle changes have led to a worldwide increase
in the prevalence of metabolic syndrome (MetS), a complex
disorder in which obesity, glucose intolerance, insulin
resistance (IR), dyslipidemia, and hypertension are asso-
ciated [1-3]. Non-alcoholic fatty liver disease (NAFLD) is
now considered a hepatic component of MetS because of
the close association between the two conditions, which
share the same risk factors [3-6].

NAFLD is currently the most common liver disorder
[7-9], with a prediction to be the most frequent indication
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for liver transplantation by 2030 [4]. The global estimated
prevalence of NAFLD ranges from 6.3 to 33% in the gen-
eral population with a median prevalence of 20%, the
median prevalence is higher in developed countries [8§—10].
NAFLD is defined as a lipodystrophy with lipid-deposit
accumulation in the hepatocytes accounting for more than
5-10% of the total hepatic weight, which is not due to
excessive alcohol use (women <20 g/d, men <30 g/d). An
accurate diagnosis requires imaging or histological techni-
ques, and secondary causes of hepatic steatosis should be
excluded, such as drugs, hepatitis C virus, surgical proce-
dures, total parenteral nutrition, and various innate meta-
bolism disorders [5, 9].

NAFLD is a term that encompasses the entire spectrum
of this disease, ranging from simple steatosis to non-
alcoholic steatohepatitis (NASH), which can lead to life-
threatening hepatic cirrhosis and hepatocellular carcinoma
in its most severe form [4, 6, 9, 11]. Histologically, NASH
is characterized by hepatic steatosis and signs of intra-
lobular inflammation with ballooning degeneration of the
hepatocytes. The estimated prevalence of NASH is much
lower than NAFLD and ranges from 3 to 5% [9, 10].
Twenty percent of NASH patients are reported to develop
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cirrthosis, and 30-40% of patients with NASH cirrhosis
experience a liver-related death [12].

Among the emerging treatments for NAFLD, the anti-
hypertensive drug telmisartan is of particular interest, as it
seems to have positive hepatic and extra-hepatic impacts,
according to preliminary studies [13-16].

From this perspective, the present review aims to provide
a brief examination of the pathogenesis of NAFLD/NASH
and the role of telmisartan in preventing liver disorders, and
thus improving the discussion on potential therapies.

NAFLD pathogenesis and insulin resistance

Although the pathogenesis of NAFLD development and
progression toward NASH is somewhat unclear, insulin
resistance (IR), with or without fully developed MetS, is
reportedly related as the central mechanism of hepatic
steatosis in patients with NAFLD, which in turn develops in
the setting of an inappropriate diet, sedentary lifestyle,
obesity, and advancing age. Additionally, imbalances in
pro-oxidant and anti-oxidant mechanisms and pro- and anti-
inflammatory cytokines are important components in
NAFLD pathogenesis. The role of genetic variations in the
predisposition to steatosis development by affecting various
steps in the normal fat and carbohydrate metabolism is also
under investigation [1, 5, 14].

Normally, insulin acts on skeletal muscles, adipocytes,
and liver for maintaining glucose and lipid homeostasis.
Insulin performs in the following ways: increases the uptake
of free fatty acid (FFA) conversion to triglycerides and the
storage along with decreased lipolysis in adipose tissue;
stimulates glucose uptake by skeletal muscles; promotes the
storage of glucose as glycogen in the liver, with inhibition
of glycogenolysis and gluconeogenesis; and reduces oxi-
dation of fatty acids in the liver. The net result of all these
actions is the utilization of glucose, reduction in the lipo-
lysis of FFAs, and promotion of the storage of fats as tri-
glycerides in adipose tissue [5].

Insulin resistance has traditionally been defined as a
condition in which cells fail to respond to the normal
actions of insulin. The body produces insulin, but the cells
in adipose tissue, muscle, and liver become resistant and are
unable to use it as effectively. In skeletal muscles, IR causes
reduced glucose uptake leading to hyperglycemia. In adi-
pose tissue, IR impairs the anti-lipolytic action of insulin
leading to an increased release of FFAs [5, 17].

The basic defect in the development of hepatic steatosis
is the fat imbalance between import and export to and from
the liver, secondary to IR [5]. IR and subsequent hyper-
insulinemia seem to be the major factors behind the
alterations in the hepatic pathways of uptake, synthesis,
degradation, and secretion of FFAs, which ultimately leads
to the accumulation of lipids in the hepatocytes [18, 19].

Elevated plasma concentrations of insulin, glucose, and
fatty acids promote hepatic fatty acid and triglyceride
uptake, de-novo lipid synthesis and impaired p-oxidation of
fatty acids by negative feedback. The result is an inap-
propriate shifting of FFAs to non-adipose tissue, such as the
liver; together with inflammatory cytokines and specific
adipokines associated with mitochondrial dysfunction, a
vicious cycle is initiated that contributes to impaired insulin
signaling and hepatic IR [5, 15, 20, 21].

The “two-hit” and the “multiple parallel hits”
hypothesis

Traditionally, the two-hit hypothesis was established to
explain the pathogenesis of NAFLD [22], that is, the initial
insult occurs with the accumulation of lipids in the hepa-
tocytes, which thus promotes IR. These changes seem to
make the liver susceptible to a second insult, resulting in an
inflammatory response and progression to liver damage.
The second hit occurs due to increased hepatic oxidative
stress, which is associated with increased FFA metabolism,
diminished  anti-oxidant  activity, increased  pro-
inflammatory cytokines, such as tumor necrosis factor-
alpha (TNF-a) and endotoxin levels, and especially mito-
chondrial dysfunction and/or endoplasmic reticulum stress
in the liver [18, 19].

The “two-hit” hypothesis has been challenged by the
recognition that numerous complex pathways are respon-
sible for the pathogenesis of NASH and progression to
fibrosis, leading to a heterogeneous patient cohort with
diverse clinical presentations [23]. With this insight, a new
and more realistic model was proposed, namely, the “multi-
parallel hits” hypothesis [24]. The main concept of this
theory is that different events occur that in turn determine
liver damage, but these events take place in parallel, not
consecutively. We can consider the following elements as
the main pathological protagonists: IR, oxidative stress,
adipose tissue and pancreas toxicity, altered lipid metabo-
lism, bile acids, gut microbiota, bacterial endotoxins, serum
and liver iron overload, innate and adaptive immunity, and
finally the polymorphisms of the genes involved in lipid
accumulation, oxidative stress and hepatic fibrosis [5, 14,
25-27]. It is important to underline that all the mechanisms
of damage that are involved in the pathogenesis of NAFLD
enhance two conditions that are central in the progression of
NASH, that is, IR and systemic chronic inflammation [13].

NAFLD treatment

While much progress has been made in elucidating the
epidemiology, natural history, and pathogenesis of NAFLD/
NASH, there remains no effective therapy, with limited
options of evidence-based clinical guidelines for patient
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management. Pharmacological treatment of patients with
NAFLD is still evolving, with no single therapy that has
clearly been proven effective, especially, in modifying the
course of the disease [5, 13-15, 19, 28].

Since cardiovascular and metabolic risk factors are
highly prevalent among NAFLD/NASH patients, the
backbone of the treatment regimens for these patients is
general lifestyle interventions, including dietary changes
and increased physical activity, which should be recom-
mended for all patients [1, 5, 14-16, 19]. However, most
patients may experience problems regarding long-term
adherence to lifestyle interventions due to their attitudes
or physical inability; therefore, pharmacotherapy becomes
indispensable in this context [13, 15, 19].

The priority for NAFLD pharmacotherapy is to prevent
the transformation of NAFLD into NASH and to improve
the pathophysiology of the disease [9]. Therefore, in theory,
insulin resistance should be the main target, together with
anti-oxidative, anti-inflammatory, and anti-fibrotic agents.
Currently, the first-line pharmacological approaches for
NASH are the antioxidant vitamin E and the insulin sensi-
tizer, pioglitazone. Both agents are unique, in that they have
provided a sufficient degree of evidence in terms of effi-
cacy, showing a positive effect on transaminases, fat
accumulation, and inflammation. However, vitamin E has
no proven effect on fibrosis and on long-term morbidity and
mortality, and pioglitazone has a negative impact on weight.
In addition, the safety of pioglitazone remains uncertain as
data about its long-term use are not available [5, 13-16].
Other drugs have been studied, such as metformin, urso-
deoxycholic acid, statins, pentoxifylline, and orlistat, but
with only partially positive results. Among the emerging
treatments, telmisartan is particularly interesting, as it seems
to have an impact on insulin resistance, liver steatosis,
inflammation, and fibrosis, according to preliminary studies
[13-16]. However, the lack of large randomized clinical
trials precludes the use of this drug as a consolidated option
treatment, being formally recommended only in NALFD
patients with an established indication for anti-hypertensive
therapy [13, 19].

In the present review, we have focused on the available
data of the anti-hypertensive drug telmisartan for treating
and preventing fatty liver disease.

Renin-angiotensin system: the current view

Telmisartan is an angiotensin (Ang) type I receptor blocker
(ARB) that has been widely used for the treatment of
hypertension and hypertension-related cardiovascular end-
organ damage [29]; it is considered a first-line drug in mild-
to-moderate hypertension with an excellent safety profile
[30]. Among the ARBs, telmisartan is emerging as the most
promising drug for the treatment of NAFLD, in terms of
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both safety and efficacy [13]. The importance of the
renin—angiotensin system (RAS) in MetS and particularly in
NAFLD should be considered for a better comprehension of
the role of telmisartan in the treatment of this condition.

The RAS is classically conceived as a single hormonal
cascade responsible for controlling cardiovascular, renal,
and adrenal functions [31]. It is primarily initiated by the
expression of angiotensinogen (AGT), which is a protein
that is produced by several cell types, including hepato-
cytes, adipocytes, and kidney cells. However, the liver is
considered the primary source of circulating AGT in normal
physiology [32, 33]. The kidney-derived renin converts
angiotensinogen into angiotensin I (Ang I), a biologically
inactive peptide that is rapidly hydrolyzed by angiotensin-
converting enzyme (ACE) to octapeptide angiotensin II
(Ang II) [34]. Ang II mediates the biological responses
through two G-protein-coupled receptors, Ang II receptor
type 1 (ATIR) and Ang II receptor type 2 (AT2R); how-
ever, the main described effects are mediated by ATIR [35,
36]. The ATIR is in abundance in adult tissues, whereas
AT2R is mainly expressed during fetal development and is
upregulated in pathologic conditions. The activation of
ACE-Ang II-ATIR frequently contributes to physio-
pathological changes, such as excessive renal sodium
reabsorption, abnormal vascular smooth muscle cell con-
traction, disproportionately high aldosterone secretion, and
inappropriate cardiovascular responses. In addition, several
pro-inflammatory, pro-oxidant, pro-thrombotic, and
pro-fibrotic pathways are stimulated by ATIR activation
[37, 38]. Individuals with increased FFA levels caused by
lipid/heparin infusion, which mimic the lipid profile of
patients with visceral fat obesity and insulin resistance, have
significantly higher Ang II production in mononuclear and
polymorphonuclear cells and also Ang-dependent leukocyte
activation, which leads to endothelial dysfunction [37, 38].
AT2R is generally reported to mediate effects that are
opposing and counterbalancing those mediated by ATIR
in vitro as well as in vivo [29].

Advances in cellular and molecular biology, as well as
physiological and pharmacological approaches, have gen-
erated a substantial change in our understanding of the RAS
[31]. It is now clear that the circulating and tissue RASs are
far more complex than previously anticipated. In addition to
the classical components, the modern concept of the RAS
includes novel enzymes, peptides, receptors, and biological
actions. Additionally, the tissue RAS has been characterized
in different organs and systems, in which significant inter-
actions between receptors, mediators, and metabolic path-
ways have been discovered [21, 31, 39, 40].

One of the most significant conceptual changes of this
hormonal system is the characterization of Ang-(1-7)
through the G protein-coupled receptor Mas, it has oppos-
ing actions to Ang II [41, 42]. Several enzymatic routes may
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Fig. 1 Ang Il is a major player in NAFLD. Ang II impairs intracellular
insulin signaling resulting in worsening of insulin resistance, the main
pathophysiological element of NAFLD. Ang II also induces generation
of reactive oxygen species (ROS), initiating and propagating the
production of pro-inflammatory mediators, including tumor necrosis

be involved in Ang-(1-7) formation, but it is mainly formed
directly from Ang II by a new enzyme, a homolog to ACE,
called ACE2 [31, 34, 43-46]. The ACE2-angiotensin-
(1-7)/Mas axis can produce nitric oxide-dependent vaso-
dilation as well as anti-arrthythmic, anti-proliferative, anti-
inflammatory, anti-fibrotic, and anti-thrombotic effects [28,
41, 42, 47-50]. In humans, evidence shows that Ang(1-7)
not only potentiates the vasodilating effect of bradykinin,
possibly through a mechanism(s) involving nitric oxide
release, but also antagonizes the vasoconstrictor effect of
angiotensin II [51, 52].

factor-a (TNF-ar), interleukin-6 (IL-6), and plasminogen activator
inhibitor-1 (PAI-1).  These results in inflammation, additional
impairment of insulin signaling, and upregulation of the ATIR
genes, contributing to the vicious cycle of steatosis—
necroinflammation—fibrosis

Considering the opposite role of the two main mediators
of RAS, Ang II, and Ang-(1-7), research groups have
proposed a new view of RAS, adding a counter-regulation
in the system. In this model, the RAS can be envisioned as a
dual function system in which the vasoconstrictor/pro-
liferative or vasodilator/anti-proliferative actions are pri-
marily driven by the balance between both arms of the
RAS, ACE-Ang II-ATIR, and ACE2-Ang-(1-7)-Mas.
Thus, it is now accepted that the ACE2/Ang-(1-7)/Mas axis
is able to counteract most of the deleterious actions of the
ACE/Angll/ATIR axis, especially in pathological
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conditions when the renin—angiotensin system is activated
[32, 4244, 46, 53-56].

Renin-angiotensin system and NAFLD

The function of the RAS in metabolic homeostasis and
disease regulation has been the subject of considerable
interest in the last decade [39, 57, 58]. There is an
increasing body of evidence showing the RAS involvement
in metabolic regulation, playing an important role in lipid
and glucose metabolism [42, 49, 55, 59, 60]. Recent studies
have noted the importance of local balance between the
ACE/Ang-II/ATIR and ACE2/Ang-(1-7)-Mas arms to
avoid liver metabolic diseases [61].

Results from experimental animals and humans suggest
that obesity activates the RAS arm, composed of ACE/Ang
II/ATIR [49, 62, 63] (Fig. 1). Ang II has been implicated as
a major player in the altered hepatic lipid metabolism
observed in NAFLD [64], influencing intracellular insulin
signaling by several mechanisms, which may result in
worsening insulin resistance, the main pathophysiological
element of NAFLD [39, 65-67]. Ang II also induces the
generation of reactive oxygen species (ROS), initiating and
propagating the production of pro-inflammatory mediators,
including TNF-a, interleukin-6 (IL-6), and plasminogen
activator inhibitor-1 (PAI-1), resulting in inflammation and
additional impairment of insulin signaling. Kanno et al. and
Wei et al. showed that an increased expression of Ang II
induces NAFLD and modulates inflammatory cell recruit-
ment into the liver during liver injury [68, 69]. Accordingly,
liver injuries in ATI-knockout mice present reduced
inflammation and fibrosis [70, 71]. Paizis et al. demon-
strated that ATIR genes are upregulated in areas of active
hepatic fibrogenesis, meaning that chronic injury upregu-
lates RAS in local tissues, which seems to contribute to the
vicious cycle of steatosis—necroinflammation—fibrosis [13,
72].

Moreover, increasing evidence has shown the beneficial
effects of the Ang-(1-7)/Mas axis on liver pathology and
metabolic disorders, exerting an important anti-obesity role
by improving insulin sensitivity, glucose tolerance and type
2 diabetes, reducing body fat, increasing adiponectin pro-
duction, and reverting hyperleptinemia [32, 42, 49-51, 59,
61]. For the first time, Feltenberger et al. evaluated the
effects of a mouse model of oral Ang-(1-7) administration
in high-fat-induced steatosis, liver metabolism, and
inflammation. A reduction in fat mass, liver weight, and
hepatic steatosis was observed and associated with
decreased circulating total cholesterol, triglycerides, and
alanine transaminase enzyme, improved lipid metabolism,
and decreased expression of pro-inflammatory cytokines
[64]. These effects were associated with the beneficial
regulation of the RAS gene expression. Other reports
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indicated an important role of the ACE2/Ang-(1-7)/Mas
axis in the liver, suggesting that oral treatment with Ang-
(1-7) improves the status of steatohepatitis, as well as
reduces adipogenesis-related markers [46, 60, 64]. Lastly, in
humans with liver disease, both ACE2 gene expression and
plasma Ang-(1-7) are increased, compared to that in heal-
thy livers, confirming that the key regulator of Ang-(1-7)
production in the alternative axis of the RAS is upregulated
in response to hepatic injury [73]. All these observations
confirmed the protective role of ACE2/Ang(1-7)/Mas axis
activation, and might represent a promising strategy for the
treatment targeting hepatic disorders [61].

NAFLD and RAS blockers

The established role of both circulating and local RAS in
the pathogenesis of NAFLD and NASH produced con-
siderable interest in the effect of RAS inhibitors because
they are widely used, reasonably inexpensive, and have an
excellent safety profile [28]. ACE inhibitors (ACEi) and
angiotensin receptor blockers (ARBs) are used to inhibit the
ACE/Ang II/AT1 arm and stimulate the activity of the
ACE2/Ang-(1-7)/Mas axis [66, 74]. Both drug classes have
been broadly used in congestive heart failure, hypertension,
proteinuria, and chronic kidney disease [75, 76] and present
significant effects in improving lipid and glucose metabo-
lism [21, 49, 59, 64, 77]. Because the ATIR has a well-
established role in mediating most of the deleterious actions
of Ang II in the liver, the ATIR antagonism is considered
more specific than ACE inhibition [32, 78]. Evidence
indicates that treatment with ARBs results in greater
improvement in insulin sensitivity and larger reduction in
the risk of new onset diabetes mellitus. One possible
explanation could be the inhibitory action of ACEi on both
the ATIR and AT2R, resulting in suppression of the
counterbalancing effects of AT2R on the actions of ATIR
[28].

Additionally, there is substantial evidence to suggest that
Ang-(1-7) is involved in the beneficial actions of RAS
inhibitors [79]. It is important to mention that after chronic
administration of ATIR blockers, Ang-(1-7) levels increase
several times [80, 81] suggesting that this heptapeptide may
contribute to the metabolic effects of the RAS [31, 66, 74].

The evidence is accumulating to show that ARBs can
restore impaired intracellular insulin signaling and promote
the redistribution of excess fat from the ectopic sites to
mature adipocytes, resulting in improved insulin sensitivity
[3]. Additionally, ARBs may improve transaminases,
hepatic steatosis, and inflammation, in the NAFLD setting
[19, 28]. The effect of ARBs on hepatic fibrosis in different
animal models is well-described in the literature. ARBs
inhibit stellate cell activity in obese mice, leading to a
decrease in hepatic fibrosis [61, 82]. The evidence in
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humans shows that subjects with NAFLD who have been
submitted to ARB treatment commonly have decreased
liver fibrosis markers [71, 83]. These results suggest that
liver fibrosis is mediated via the renin—angiotensin system,
ACE/Ang II/ATIR axis, which demonstrates a beneficial
role of angiotensin receptor blockers [61].

The benefits for each type of ARB deservers further
evaluation, since it appears that not all ARB types have the
same effects concerning receptor selectivity, binding mode,
and metabolism [3]. In this context, the ARB telmisartan
has a prominent role in treating and preventing NAFLD.

Telmisartan: the most promising ARB

New evidence indicates that telmisartan has beneficial
actions, such as limiting MS development and improving
diabetes, insulin resistance, and protecting patients with
hypertension [66, 84—-88]. Indeed, metabolic parameters,
such as body weight, fat accumulation, fat cell size, and
insulin resistance have been consistently ameliorated with
telmisartan treatment in animal studies [3, 66, 87, 89-94]
frequently with a superior performance, compared to that of
other ARBs or to other RAS blockers [90, 93, 95, 96].

Kudo et al. showed for the first time that telmisartan
decreases the adipocyte size and upregulates the adiponectin
secretion without affecting food intake in the murine NASH
model, thereby reducing the accumulation of visceral fat
[97]. Moreover, telmisartan, but not ARB valsartan,
increased the expression of both nuclear-encoded and
mitochondrial-encoded genes in skeletal muscles that are
known to play important roles in mitochondrial energy
metabolism. Thus, in addition to a class effect of ARBs in
modulating adipocyte size, these findings raise the possi-
bility that certain molecules, such as telmisartan, may have
a particularly strong impact on fat-cell volume and fat
accumulation, as well as distinctive effects on energy
metabolism, which may help to protect against dietary-
induced visceral obesity and weight gain [90]. The efficacy
of telmisartan in reducing visceral-fat mass may be relevant
for patients, because an increase in visceral fat is related to
hypertension, dyslipidemia, and an impaired metabolic
pattern. Additionally, visceral fat serves as an independent
predictor of mortality in men [98].

In the liver, telmisartan has been proven to positively
affect the hepatic fibrosis markers in different pathological
contexts [61]. The anti-oxidative effects of telmisartan have
been studied [99], and its beneficial effects on hepatocytes
can be partially based on the drug’s anti-oxidative proper-
ties [61]. Telmisartan reduces hepatic injuries resulting from
type I diabetes mellitus [85], and when associated with
propranolol, reduces several liver fibrosis signals, such as
hydroxyproline, bile duct proliferation procollagen-al,
endothelin-1, and metalloproteinases in a primary sclerosing

cholangitis (PSC)-like mouse model [100]. Telmisartan also
prevented liver fibrosis in rat bile duct ligation model [101].
In mice on a high-fat diet that had received a low dose of
streptozotocin (STZ) two days after birth, treatment with
telmisartan reduced hepatic inflammation and fibrosis [102].
Similarly, telmisartan reduced liver fibrosis, that had been
induced in rats by a short- or long-term methionine-deficient
and choline-deficient diet [103], and also prevented the
occurrence of hepatocellular carcinoma [104].

As mentioned earlier in this article, pathological changes
in NAFLD may at least partly result from the activation of
the inflammatory arm of RAS [94], especially in the context
of insulin resistance. Telmisartan not only blocks the RAS,
but also has been consistently proven to reduce insulin
resistance [66, 84-88], thus, its effects on liver histology
should be expected. Indeed, morphological evidence of the
amelioration of NASH was found in several animal studies
using telmisartan [91, 94, 97, 105], thus reducing inflam-
mation and fibrosis by suppressing macrophage infiltration
into the liver [94, 97]. Telmisartan treatment attenuated liver
steatosis with decreased hepatic triglycerides, attenuated
liver fibrogenesis with decreased type I collagen, and
transforming growth factor-pl (TGF-f1) mRNA expres-
sions [97]. Clinical studies have resulted in similar out-
comes. Hypertensive patients with MetS treated with low
doses of the ARB telmisartan (20 mg/day) for 4 weeks
showed a significant insulin-sensitizing effect, compared
with that of hypertensive patients treated with valsartan (40
mg/day). It was the first time that a lower dose of telmi-
sartan was proven to be sufficient to significantly improve
glucose metabolism, whereas such an effect was not
observed in valsartan-treated subjects [106]. Similarly, in a
randomized control trial on hypertension-associated NASH
patients, telmisartan (20 mg/day)-improved  steatosis,
necroinflammation, fibrosis, insulin resistance, and the lipid
profile more consistent than valsartan (80 mg/day) in a 20-
month treatment period, despite a similar blood pressure
reduction [107]. Enjoji et al. evaluated the therapeutic
efficacy of ARB telmisartan (40 mg/day) and olmesartan
(20 mg/day) in NAFLD patients in a 6-month treatment
period and concluded that both drugs significantly improved
insulin resistance and liver injury, but the effect tended to be
more distinct with telmisartan. This result suggests that
these two ARBs may be used as liver-protecting agents in
NAFLD patients. Although they did not investigate the
effect of other ARBs (losartan, valsartan, candesartan),
patients already using these drugs for hypertension treat-
ment had the medication changed to olmesartan or telmi-
sartan with a resultant significant improvement in insulin
resistance and transaminases levels [3]. Another rando-
mized trial in which telmisartan and losartan were admi-
nistered did not display statistically significant differences
between these two drugs on improvement in liver enzyme
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Fig. 2 The liver-protecting actions of telmisartan in NAFLD are
shown. Telmisartan blocks the AT1R, inhibits the ACE/Ang II/ATIR
axis and stimulates the Ang-(1-7)/Mas axis of RAS, improves insulin
sensitivity, lipid metabolism, and decreases the expression of proin-
flammatory cytokines, with the suppression of macrophage infiltration
into the liver. The result is morphological improvement in hepatic

levels, suggesting that telmisartan may exert more potential
effects in improving fatty liver, which is an important
evaluated outcome [108]. In a recent 1-year randomized
control trial, Alam et al. observed that telmisartan (40 mg/
day or 80 mg/day if the patient was still hypertensive after
taking 40 mg/day) significantly improved the overall his-
tology of NASH patients, reducing inflammation and
fibrosis markers independent of weight reduction [30].
Additionally, telmisartan was similarly effective in hyper-
tensive and non-hypertensive NASH patients and had very
minimal side effects during this period of treatment. The
fact that the adverse effects encountered with telmisartan
were less frequent than with other ARBs or ACE inhibitors
is noteworthy [109].

Given the superiority of telmisartan in treating and
reversing metabolic and hepatic parameters of Mets, the
possibility that its effects may go beyond just blockade of
the type 1 angiotensin II receptor has been raised [90]. To
test this theory, Rong et al. demonstrated for the first time
that telmisartan ameliorated diet-induced obesity, insulin
resistance, and fatty liver in ATIR knock-out mice on a
high-fat diet, suggesting that this drug may exert additional
ATI1R-independent beneficial effects on metabolism [87].

Concerning AT1R-independent effects, it is important to
emphasize the relationship between telmisartan and
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steatosis and in fibrogenic markers. Telmisartan also has anti-oxidative
properties and works as a partial agonist of the nuclear receptor PPAR-
Y, an action that contributes to increase insulin sensitivity and decrease
inflammation, oxidative stress, cell proliferation, and fatty acid/tri-
glyceride levels

peroxisome proliferator-activated receptor gamma (PPAR-
y) activation. Telmisartan works as a partial agonist of
PPAR-y [61, 87, 91, 97, 110], a property that does not
appear to be shared by other ARBs [94, 111], except for
losartan, which has already been reported to exert agonistic
effects on this gene [112]. The nuclear PPARY receptor is a
transcription factor regulating many genes related to adi-
pogenesis, lipid metabolism, and insulin sensitivity [91].
Telmisartan influences the expression of PPAR-y target
genes involved in carbohydrate and lipid metabolism. It has
been shown to reduce glucose, insulin, and triglyceride
levels in rats fed on a high-fat and high-carbohydrate diet
[89]. PPAR-y increases the insulin sensitivity, high-density
lipoprotein levels, and decreases inflammation, oxidative
stress, cell proliferation, migration, and fatty acid and tri-
glyceride levels, but without causing the fluid collection
associated with full agonists of PPAR-y, such as pioglita-
zone or rosiglitazone [35, 61, 110, 113, 114]. Figure 2
illustrates these two mechanisms of action of telmisartan in
the treatment of NAFLD.

The concept of an agent with dual PPAR-y agonist and
AT1 receptor antagonist actions is indeed promising, par-
ticularly from the standpoint of synergistic metabolic
actions. However, some limitations should be noted [115].
PPAR-y effects are elicited only by micromolar
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concentrations of telmisartan, whereas low nanomolar
concentrations are sufficient to block AT1 receptors [116].
Thus, telmisartan is >1000-fold more potent as an ATI
receptor antagonist than as a PPAR-y agonist [115].
According to this fact, most of the effect of telmisartan on
metabolism is likely to be mediated by the blockade of AT1
receptors, together with the compensatory overstimulation
of AT2 receptors and activation of the ECA2/Ang-(1-7)/
Mas axis, as angiotensin II levels rise during chronic AT1
blockade.

Furthermore, structural differences between ARBs result
in differences in their pharmacological and pharmacokinetic
properties, and subsequently in their binding affinity to the
Ang II receptor. Among the ARBs, the effectiveness of
telmisartan might be adequately explained by its greatest
affinity for ATIR, a longer half-life and greater lipophili-
city, resulting in a greater in vivo blockade of ATIR
[13, 28, 90, 115]. However, the synergy between PPAR-y
activation and angiotensin receptor blockade is clear from
the preclinical data [115].

As another possible PPARg-independent mechanism,
Miesel et al. investigated the hypothalamic—pituitary—
adrenal (HPA) axis activity after AT1R blockade [93]. The
HPA hyper-reactivity has been verified in rats and patients
with diabetes [117], and the AT1R has been identified as a
regulator of stress reactions [118]. Moreover, the Ang II-
stimulated hyper-reactivity in the HPA axis was found to
account for the reduction in glucose utilization in obese
Zucker rats [119], revealing a functionally relevant crosstalk
between Ang II, the HPA axis, and metabolic functions. It
was demonstrated that HPA reactivity was reduced after
ATIR blockade in rats with diet-induced metabolic syn-
drome. The simultaneous decrease in adrenocorticotropic
hormone (ACTH) indicates a pituitary mechanism, requir-
ing that peripherally administered TEL penetrates the
blood-brain barrier. This was verified by measuring TEL
concentrations in the cerebrospinal fluid and indirectly by
the ability of TEL to antagonize the central effects of Ang Il
[120]. All these mechanisms could explain the differences
between ARBs on their effects on insulin resistance,
transaminase levels and liver histology, and the superiority
of telmisartan in treating NAFLD and in preventing its
progression to hepatic cirrhosis.

Conclusion

In conclusion, blocking RAS to inhibit the ACE/Ang II/
ATIR axis and increase ACE2/Ang-(1-7)/Mas axis acti-
vation is an important strategy in treating NAFLD. Of all
the RAS blockers, telmisartan is the most promising drug,
not only because of its favorable pharmacokinetic propri-
eties and safety, but also because it seems to exert additional

AT1-independent benefits on metabolism via partial PPAR-
v agonism and/or a positive central action on the HPA axis.
However, large multicenter randomized-controlled trials are
needed to consolidate these findings. Currently, treatment
with telmisartan and with other RAS blockers can only be
formally recommended in NALFD patients with an estab-
lished indication of anti-hypertensive therapy.
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