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Introduction

The high efficacy of new antiretroviral regimens adopted for
treatment of HIV infection has deeply changed long-term
prognosis of patients, ensuring at the same time a better qual-
ity of life. For this reason, nowadays, it has been possible to
study in this population aging-related events and a number of
related comorbidities, most of all those characterized by met-
abolic disorders. Consequently, viro-immunological efficacy
cannot be the only target of modern treatment, but clinicians
have to evaluate a number of comorbidities that affect people
living with HIV (PLWH), and deal with new emerging dis-
eases. In particular, metabolic alterations are frequent among
older PLWH and may be associated with nonalcoholic fatty
liver disease (NAFLD) and nonalcoholic steatohepatitis
(NASH) where chronic inflammation due to HIV infection
and antiretroviral treatment (ART) may play a role.

Among PLWH, age-related metabolic alterations, hepatic
anatomic and functional changes, altered homeostasis of gas-
trointestinal microbiota, and anthropometric changes are often
associated with the development of insulin resistance and in-
creased cardiovascular risk [1, 2]. HIV infection is associated
with fatty liver as a result of multiple viral and host factors.
Lipodystrophy, deregulation of the gut-liver axis and HIV
infection itself may contribute simultaneously to NAFLD
pathogenesis [3]. Although lifestyle changes are the mainstay
of treatment, no drug has specifically been approved for use in
persons with NAFLD. In this review, we will analyze the
literature about the epidemiology, risk factors, and clinical
significance of NAFLD in patients with HIV monoinfection.

Definition

The presence of fat in the liver does not automatically mean
that liver disease is present and that normal physiologic pro-
cesses include temporary storage of fat in the liver prior to
processing and distribution. Longer-term storage of fat in he-
patocytes may lead to increased cell turnover and subsequent
development of an immune-mediated response, as well as
fibrosis. Simple steatosis is expressed as fatty liver and can
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Abstract
The high efficacy of new antiretroviral regimens has deeply improved survival of patients living with HIV (PLWH), and
currently as the population ages, the focus has shifted to comorbidities especially metabolic disorders which includes nonalco-
holic fatty liver disease (NAFLD).
Recent Findings Metabolic syndrome is often associated with increased cardiovascular risk that, in turn, is becoming one of the
leading causes of death in PLWH. Another important consequence of metabolic syndrome is NAFLD where there is an
increasing incidence among PLWH and if progresses could evolve in terminal chronic liver failure. Lipodystrophy, deregulation
of the gut-liver axis, and HIV infection itself may contribute simultaneously to NAFLD pathogenesis. Lifestyle modification is
the main treatment since no drug has specifically been approved for use in persons with NAFLD, although novel medications and
studies are actively being researched.
Summary PLWH have a higher risk for fatty liver disease that is likely due variety risk factors including direct and indirect viral
effects, medications, along with the higher prevalence of metabolic syndrome and lipodystrophy.
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be distinguished from fatty liver disease by the presence of
serum transaminase abnormalities or by the development of
fibrosis. Fatty liver disease is broadly differentiated by its
underlying etiology into alcoholic versus nonalcoholic forms.
Alcoholic liver disease (ALD) and NAFLD are histologically
similar; therefore, clinical history is necessary to clarify etiol-
ogy. The spectrum of NAFLD liver disease ranges from sim-
ple steatosis to the more progressive form, nonalcoholic
steatohepatitis (NASH) [4, 5]. NAFLD affects approximately
30% of the general population and is associated with increas-
ing age and metabolic risk factors such as obesity, type 2
diabetes, hypertension, and dyslipidemia; Hispanic people
show higher risk of NAFLD progression [6–10].

Pathogenesis

NAFLD is common among PLWH. There are limited data
available on the pathophysiology of NAFLD and the devel-
opment of fibrosis in this population. The pathogenesis of
NAFLD in these patients includes metabolic syndrome, hy-
peruricemia, HIV-related lipodystrophy, genetic polymor-
phisms, medications, HIV itself, and the gut microbiome [3].
NAFLD fibrosis stage in HIV monoinfected patients seems to
be associated with monocyte activation in the context of obe-
sity, which may be independent of bacterial translocation and
gut microbiome [11]. Researchers are studying if HIV infec-
tion per se could lead to NAFLD. This process may be influ-
enced by the culmination of several mechanisms including (1)
metabolic dysfunction characterized by excessive hepatic
lipids resulting in hepatic stellate cell (HSC) activation and
increased liver fibrosis risk (which may or may not be related
to BMI), (2) chronic immune activation promoting liver in-
flammation, (3) microbial translocation/inflammation due to
epithelial barrier disruption from decreased gut CD4 T-cells,
and (4) mitochondrial dysfunction/injury, by direct HIV ef-
fects or from some of the antiretrovirals, resulting in induced
oxidative stress and free fatty acid accumulation [12].

Classically, one of the main metabolic alterations in sub-
jects with HIV infection is the lipodystrophy syndrome.
Moreover, HIV may induce a dysregulation of adipogenesis
and lipogenesis, decreasing fatty acid oxidation. Another ma-
jor viral mechanism is the effect of HIV envelope protein
gp120 on the hepatic cells that promotes the expression of
pro-inflammatory cytokines which activate Kupffer cells and
hepatic stellate cells inducing liver fibrosis [13]. In HIV-HCV
coinfection there is more rapid progression of liver fibrosis
leading cirrhosis and end-stage liver disease. Moreover,
HCV is also associated with metabolic alterations such insulin
resistance, with genotype 3 HCV being more frequently asso-
ciated with hepatic steatosis [14]. Antiretroviral regimens play
an important role in this context inducing, in particular, insulin
resistance, and dyslipidemia. Although a number of

commonly used drugs are associated with steatosis, it is not
always easy to identify them as causative agents because of
the weak temporal relationship between the administration of
the drug and the clinical event, the lack of a confirmatory re-
challenge, and the high prevalence of NAFLD in HIV pa-
tients, which may complicate a proper diagnosis. The scenario
is even more complex in PLWH because the various antire-
troviral regimens have different effects on liver steatosis. The
ritonavir-boosted protease inhibitor (PI/r) use has been asso-
ciated with several metabolic abnormalities, and NAFLD is
becoming a more frequent comorbidity among HIV-infected
patients. In a recent study, HIV-infected patients with NAFLD
switching from a PI/r to raltegravir showed after 12 months a
significantly greater decrease in the degree of hepatic
steatosis, as evaluated by controlled attenuation parameter
(CAP), in comparison with those with unchanged ART and
treated only with lifestyle modification [15]. Another impor-
tant aspect, particularly debated recently, is weight gain,
which seems to be associated with use of the newer integrase
inhibitors. On the other hand, excess weight and obesity are
frequently evident in women infected with HIVand the prev-
alence is increasing due to several factors, such as ART, age,
gender, and lifestyle [16].

Epidemiology

The real prevalence of NAFLD in patients with HIV is not
well understood due to the relative paucity of published stud-
ies, but previous results suggest that it ranges from 30 to 50%
and progresses at an increased rate compared with the general
population [17, 18]. A cross-sectional European study using
ultrasound or elastography detected NAFLD and significant
liver fibrosis (> F2) in 55% and 18%, respectively, of PLWH,
most of whom were young and non-obese [19]. In a case-
control study, patients with HIV had more fibrosis by labora-
tory biomarkers (APRI and FIB-4) and histology when com-
pared with patients without HIV infection despite similar met-
abolic characteristics [20]. In 62 PLWH with persistently ele-
vated transaminases who underwent liver biopsy, 73% had
NAFLD, 55% had NASH, and 16% had bridging fibrosis
[21]. A recent meta-analysis of 10 studies enrolling HIV
monoinfected patients reported the prevalence of NAFLD (di-
agnosed via imaging studies), NASH, and fibrosis (diagnosed
by biopsy) as 35%, 42% and 22%, respectively [22]. While
the above studies demonstrated a higher rate of NAFLD in the
HIV-infected population, others have suggested there may be
a lower prevalence: Using CT cross-sectional imaging, Price,
et al. found that HIV-infected individuals had a lower preva-
lence of NAFLD compared with those without HIV [23]. In
another study of 122 HIV monoinfected patients, liver fat
fraction via magnetic resonance imaging and spectroscopy
showed decreased steatosis in HIV women and no difference
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in HIV men as compared with HIV negative men and women
[24]. The wide variability and the overall small numbers in the
current published literature highlights the importance of fur-
ther investigation of this population as chronic liver disease
becomes a leading cause of non-AIDS mortality.

Fatty Liver Disease in HIV

There are several proposed mechanisms leading to fatty liver
disease in PLWH, including the abovementioned traditional
risk factors of metabolic syndrome, hyperuricemia, HIV-
related lipodystrophy, medications, HIV itself, and the gut
microbiome.

Metabolic syndrome has been shown to play a role in the
development of fatty liver in PLWH in some studies. In a
retrospective study, comparing patients with biopsy-proven
NASH with those who did not have NASH, body mass index,
waist circumference, and markers of insulin resistance were
higher and HDL was lower in those with NASH. Participants
with NASH had significantly higher frequency of 2 minor
alleles for the PNPLA3 polymorphism (P < 0.004) [21]. A
cross-sectional study conducted in Italy assessing 225 individ-
uals with HIV infection found that male sex and increased
waist circumference were significantly associated (P < .001)
with NAFLD in a multivariate logistic regression analysis
[17]. Fat misdistribution in the setting of HIV also known as
HIV-related lipodystrophy occurs more frequently in those
with long-standing infection [25].

Lipodystrophy is thought more to be a sequelae of ART
rather than HIV itself and has long-term cardiovascular impli-
cations, as it is associated with insulin resistance and dyslip-
idemia [26, 27]. Risk factors for lipodystrophy include older
age, use of nucleoside analogue reverse transcriptase inhibi-
tors (nRTIs) and protease inhibitors (PIs), and total duration of
ART [26]. Increased visceral adiposity has been linked to
worsening insulin resistance: Studies have in fact demonstrat-
ed that PLWH with lipodystrophy had higher hepatic fat con-
tent (P < 0.05) [28]. The role of certain ART in fatty liver
continues to be investigated. It has been proposed that
nRTIs can cause hepatic microvesicular steatosis by causing
inhibition of mitochondrial DNA replication and overexpres-
sion of the sterol regulatory binding protein. nRTIs also cause
hypertriglyceridemia, lipodystrophy, and hypoadiponectinemia
[23]. Plasma adiponectin is an adipose-specific protein with
putative anti-atherogenic and anti-inflammatory effects asso-
ciated with insulin resistance. Additionally, the ritonavir-
boosted protease inhibitor (PI/r) use has been associated with
several metabolic abnormalities, insulin resistance, and
dyslipidemia and NAFLD is becoming a very frequent
comorbidity among PLWH [29, 30]. In an observational,
prospective study of patients with NAFLD, the change in
amount of liver steatosis after switch from PI/r to integrase

inhibitors was analyzed. Authors enrolled 61 patients receiv-
ing a PI/r plus two nucleoside analogues, who either switched
from the PI/r to raltegravir or were maintained on current
ART with lifestyle modification. After 12 months, patients
switched from a PI/r to raltegravir showed a significantly
greater decrease in the degree of hepatic steatosis compared
with those with unchanged cART and treated only with
lifestyle modification [31].

Longer cumulative ART exposure, nRTI exposure dura-
tion, lamivudine exposure, and dideoxynucleoside exposure
were all significantly associated with fatty liver in a univariate
analysis in the MACS [23]. Conversely, a smaller study of 65
individuals with HIV infection found that neither NASH nor
fibrosis was associated with duration of ART or specific anti-
retroviral drugs [21]. Overall, the association between ART
and fatty liver is likely driven by the adverse metabolic effects
of ART, separate from the direct drug toxicity and hypersen-
sitivity that can occur [32]. Conflicting reports of ART expo-
sure and fatty liver remain, such as the role of HIV infection in
causing fatty liver. There is increasing evidence of the role of
the gut microbiome on fatty liver disease. When gut integrity
is compromised, the increase of markers of bacterial translo-
cation such as lipopolysaccharide (LPS) is observed. LPS is a
component of the cell walls of gram-negative bacteria. These
heightened levels of LPS can lead to a state of dysregulated
immune activation through a cascade of cytokine production
which may affect HIV disease progression response to therapy
and AIDS comorbidities due to increased microbial transloca-
tion [33]. HIV-associated microbial translocation occurs be-
cause in the setting of acute and even chronic infection, CD4+
cell depletion is more prevalent in the gut mucosa versus pe-
ripheral blood and lymph nodes, thereby leading to endothe-
lial damage and exhaustion of intestinal macrophages.
Subsequently, increased levels of LPS activate Kupffer cells,
leading to release of pro fibrotic and pro inflammatory
cytokines.

Diagnosis

There is not a standardized noninvasive method to make a
reliable diagnosis of NAFLD in PLWH. However clinicians
can evaluate NAFLD using ultrasound, elastography, and
non-elastographic techniques. In a recent study, liver steatosis
was evaluated by a commercially available elastography de-
vice with the standardM probe, leading to the measurement of
CAP and liver stiffness. Elastography examinations were con-
ducted by an experienced operator and were considered as
valid if at least 10 successful measurements could be
achieved, with an interquartile range < 30% of the median
liver stiffness value and a success rate > 60% [34].
Diagnosis of NAFLD was made by a CAP value ≥ 238 dB/
m, indicative of the presence of significant hepatic steatosis
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(involving ≥ 10% of hepatocytes). Diagnosis of moderate-to-
severe hepatic steatosis was made by a CAP value ≥ 260 dB/m
[31, 35].

Treatment

Lifestyle modifications are the keystone to treatment of fatty
liver disease, as there are limited pharmacologic therapies for
NAFLD. A separate meta-analysis showed improvement in
hepatic fat with exercise in the absence of weight loss [36].
Many of the currently available pharmacologic therapies for
fatty liver disease, at present, have not been studied in PLWH.
In nondiabetic persons, vitamin E, 800 units daily, led to no-
table improvement in NASH histology but not fibrosis. Use of
pioglitazone, a thiazolidinedione, showed good results in
steatosis, lobular inflammation, and the NAFLD Activity
Score but did not achieve improvement or resolution of
NASH and did not modify fibrosis [37]. Currently, vitamin
E and pioglitazone are the mainstay of pharmacologic treat-
ments for select persons with NASH. In a recent study, au-
thors have evaluated the efficacy of Vitamin E in the treatment
of NASH in the PLWH population [38]. They enrolled 27
patients with HIV infection associated to NASH who have
been treated with 800 IU daily of oral Vitamin E for 24 weeks.
Compared with baseline, 24 weeks of vitamin E treatment
improved ALT, CAP, scores and CK-18. Conversely, there
was no change in BMI. No serious adverse event was report-
ed, and no patient was lost to follow-up. Researchers conclud-
ed that vitamin E may be an effective and well-tolerated treat-
ment for NASH in HIV-infected patients. Therapies for
NAFLD include peroxisome proliferator-activated receptor
(PPAR) agonists; stearoyl-CoA desaturase (SCD) inhibitors;
incretin-based agonists, such as glucagon-like peptide (GLP)
agonists; tumor necrosis factor alpha inhibitors; those that
target the gut microbiome; and most importantly, antifibrotic
agents [39]. To avoid fibrosis that is related to long-term mor-
tality in NAFLD, researchers have tested many antifibrotic
agents in clinical trials: Simtuzumab, a monoclonal antibody
directed against lysyl oxidase-like2 (LOXL2) enzyme, was
studied in persons with HIV or HCV infection or HIV/HCV
coinfection in the setting of advanced liver disease without
significant efficacy [40]. Other studies have found altered
levels of chemokine, involved in leukocyte chemotaxis and
fibrosis, in persons with NASH [41]. A study evaluating 2
distinct cohorts proved that blockade of CCR5 leads to im-
provement in hepatic fibrosis [42]. Our recent study has eval-
uated the in vitro effects of treatment with Maraviroc, a CCR5
inhibitor on a human hepatic stellate cell line in patients with
HIV/HCV coinfection. It analyzed the effect of Maraviroc on
LX-2, a human hepatic stellate cell line (HSC). Treatment
with Maraviroc resulted in a block in S phase of LX-2 cells
with increased expression levels of cyclin D1 and p21 while

the expression of p53 was reduced.Maraviroc was also able to
block the accumulation of fibrillar collagens and extracellular
matrix proteins (ECM), as demonstrated by the decrease of
specific markers as collagen type I, α-SMA, and TGF-β1. In
addi t ion we observed a downregulat ion of both
metalloproteins (MMP-2, MMP-9), used for the degradation
of the extracellular matrix and their inhibitors (TIMP-1,
TIMP-2). The identification of a compound that may modu-
late the dynamic of liver fibrosis could be crucial in all chronic
liver diseases. Maraviroc could play an important role be-
cause, in addition to its own anti-HIV activity, it could reduce
the release of pro-inflammatory cytokines implicated in liver
fibrogenesis [43]. Another possible treatment of NAFLD is
based on tesamorelin, a growth hormone-releasing hormone
(GHRH) analogue initially approved for treatment of HIV-
related lipodystrophy was found to improve serumALT levels
and steatosis on magnetic resonance spectroscopy [44, 45]. A
multicenter study, to further investigate these preliminary re-
sults, has been performed in the USA: This randomized, dou-
ble-blind, multicenter study versus placebo enrolled PLWH
with hepatic fat diagnosed by proton magnetic resonance
spectroscopy. Participants were randomly assigned (1:1) to
receive either tesamorelin 2 mg once daily or placebo once
daily for 12 months, followed by a 6-month open-label phase
in which all participants received only tesamorelin 2 mg daily.
Sixty-one patients were enrolled; of whom, 30 were treated by
tesamorelin and 30 received placebo. Patients receiving
tesamorelin had a greater reduction of hepatic fat fraction
(HFF) than did patients receiving placebo. After 12 months,
35% of individuals receiving tesamorelin and 4% receiving
placebo had a HFF of less than 5% (p = 0·0069). Tesamorelin
might be beneficial in PLWH andNAFLD. Further studies are
needed to determine the long-term effects of tesamorelin on
liver histology [46].

Several drugs are at present in phase II and III clinical trials,
which specifically target NAFLD in HIV, including CC che-
mokine receptor 5 inhibitors, growth hormone-releasing fac-
tor agonists, and stearoyl-CoA desaturase inhibitors.

Conclusions

In conclusion, in the actual scenario of management of HIV,
clinicians should consider monitoring of metabolic disorders
and prevention of NAFLD. PLWH should be screened for
NAFLD and counseled for risk factor modification and life-
style changes. This condition may in fact lead to liver decom-
pensation and increase cardiovascular risk. This is important
above all for patents with HIV infection at higher risk of
NAFLD for evidence of long history of antiretroviral treat-
ment, metabolic syndrome, aging, and related comorbidities.
Although the life expectancy of HIV-infected patients has
increased dramatically after the introduction of cART, liver-
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related morbidity continues to be a great problem in this pop-
ulation. In some patients, residual inflammation persists and
when it is associated to metabolic disorders may increase the
risk of NAFLD and other comorbidities in a dangerous con-
tinuous circle in which every factor sustains and makes worse
the other one. These developments should make us aware of
the high risk of NAFLD in this population and warrant further
research on modification of both the traditional and HIV-
related risk factors and therapeutic interventions. [47]
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