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Introduction

Nonalcoholic fatty liver disease (NAF- 
LD) is now the second leading indica- 
tion for liver transplantation in the  
United States and is projected to be- 
come the major etiology within the  
next decade.1 The prevalence of NAFLD  
among the US population is approxi-
mately 30%, with an estimated 25% 
of those individuals having nonalco-
holic steatohepatitis (NASH), the more 
severe and progressive subtype. NAF- 
LD is not only the most common eti-
ology of chronic liver disease in the 
general population but also in individ-
uals with HIV infection (See Figure 1).2-4 

Since the development of effective  
antiretroviral therapy (ART), liver disease 
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The leading cause of non–HIV-related mortality is liver disease. Fatty liver  
disease can be characterized as alcoholic or nonalcoholic in nature. Alcohol  
use is prevalent among individuals with HIV infection and can lead to med- 
ication nonadherence, lower CD4+ cell count, inadequate viral suppression, 
and disease progression. The pathogenesis of nonalcoholic fatty liver disease  
(NAFLD) in individuals with HIV infection includes metabolic syndrome, hyper- 
uricemia, HIV-related lipodystrophy, genetic polymorphisms, medications, HIV 
itself, and the gut microbiome. The prevalence of NAFLD in persons with HIV 
infection ranges from 30% to 65% depending on the modality of diagnosis. 
Individuals with HIV infection and NAFLD are at higher risk of cardiovascular 
disease; however, there is a dearth of longitudinal outcomes studies on this 
topic. Current therapies for NAFLD, such as vitamin E and pioglitazone, have 
not been studied in persons with HIV infection. There are several drugs in 
phase II and III clinical trials that specifically target NAFLD in HIV, including CC 
chemokine receptor 5 inhibitors, growth hormone–releasing factor agonists, 
and stearoyl-CoA desaturase inhibitors. Persons with HIV should be screened 
for NAFLD while pursuing aggressive risk factor modification and lifestyle 
changes, given the increased risk of cardiovascular mortality.
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remains one of the leading causes of 
non–HIV-related mortality.5,6 HIV-relat- 
ed liver disease has a wide variety of eti- 
ologies, including coinfection with hep- 
atitis B or C virus, NAFLD, alcoholic liver 
disease, medication-related hepatotox- 
icity, and potentially the virus itself.7 

Subtypes of Fatty Liver and 
Fatty Liver Disease

The presence of fat in the liver does not 
automatically mean that liver disease 
is present. Indeed, normal physiologic 
processes include temporary storage 
of fat in the liver prior to processing 
and distribution. Longer-term storage  
of fat in hepatocytes may lead to in- 
creased cell turnover and subsequent 
development of an immune-mediated 
response, as well as fibrosis. Simple ste-
atosis (fatty liver) can be distinguished 
from fatty liver disease by the presence 
of serum transaminase abnormalities 
(injury) or by the development of fibro- 
sis. Fatty liver disease is broadly differ- 
entiated by its underlying etiology into 
alcoholic versus nonalcoholic forms. Al- 

coholic liver disease (ALD) and NAFLD 
are histologically similar; therefore, clin- 
ical history must be taken into consider-
ation, which is often challenging when 
dealing with the stigma and miscon- 
ceptions associated with alcohol use. 

Alcoholic Fatty Liver Disease 

ALD can range from alcoholic steatosis  
to alcoholic steatohepatitis (ASH) and, 
ultimately, advanced liver disease in 
the form of cirrhosis. Alcoholic steato- 
sis is simple steatosis, a direct conse- 
quence of alcohol oxidation, and is typ- 
ically benign and reversible with absti- 
nence.8 In the majority of cases, stea- 
tosis is macrovesicular in nature. How- 
ever, the presence of mixed steatosis 
(macro- and microvesicular) has been  
associated with higher risk (28% vs 
3%, respectively) of progression to cir-
rhosis over a median interval of 10.5 
years than with purely macrovesicular 
steatosis.9 A proposed mechanism of 
progression of liver disease includes oxi-
dative stress, which may promote the 
formation of giant mitochondria. The 
presence of giant mitochondria is also a 
histologic predictor of ALD progression 
to advanced fibrosis or cirrhosis.9 

ASH is characterized by the presence 
of macrovesicular steatosis, Mallory-
Denk bodies, neutrophilic infiltration, 
and hepatocyte ballooning, the latter 
of which distinguishes ASH from sim-
ple steatosis. Ballooned hepatocytes,  
Mallory-Denk bodies, and lobular in- 
flammation are primarily located in  
zone 3 (the pericentral portion of the  
liver lobule), promoting the eventual  
development of zone 3 fibrosis. A dif- 
ferentiating feature of ASH is the pre- 
dominant lobular infiltration of poly-
morphonuclear leukocytes, compared 
with portal tract infiltration of mononu-
clear cells in other types of hepatitis.8 
Severe neutrophilic infiltration is often 
a feature of ASH. 

ASH (often referred to as alcoholic 
hepatitis) is a clinical diagnosis based 
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on development of jaundice plus as- 
partate aminotransferase (AST) and ala-
nine aminotransferase (ALT) elevations 
5 to 10 times the upper limit of nor-
mal, with ALT classically being lower, 
in the setting of alcohol use within 8 
weeks.10 There is a marked short-term 
mortality of up to 30%. In cases where 
alcohol use is unclear or there may be 
confounding etiologies, liver biopsy is  
utilized to confirm the diagnosis. In or- 
der to assist with prognostication, the  
Alcoholic Hepatitis Histologic Score was  
developed.11 Histologic features, includ- 
ing degree of fibrosis, degree of neu- 
trophilic infiltration, type of bilirubin- 
ostasis, and presence of megamito-
chondria were associated with 90-day 
mortality (area under the receiver operat-
ing characteristic curve [AUROC], 0.77;  
95% confidence interval, 0.71-0.83). In  
fact, features such as severe neutro- 
philic infiltration and presence of mega- 
mitochondria portended a better prog-
nosis than do features of advanced fi- 
brosis and canalicular with hepatocel-
lular bilirubinostasis, which predicted 
higher mortality.11

In individuals with ongoing injury, 
cirrhosis will eventually develop. Those 
who progress to cirrhosis will have peri- 
venular and perisinusoidal fibrosis with 
micronodular versus macronodular cir-
rhosis if they continue to actively use 
alcohol.8 In fact, fibrosis stage is the 
main long-term predictor of mortality  
in persons with compensated ALD, with  
a 10-year mortality of 45% in those with 
advanced fibrosis (Metavir score, F3/F4;  
P <.001).12 

Alcohol use is prevalent among indi-
viduals with HIV infection and can lead 
to medication nonadherence, disease 

progression, and inadequate viral sup-
pression. One large-scale study of more  
than 1000 participants found that 10% 
participated in hazardous alcohol use 
(defined as >14 drinks/week for men 
and >7 drinks/week for women or binge  
drinking).13 A longitudinal study of 231 
individuals with HIV infection found 
that those who frequently used alcohol 
(defined as ≥2 drinks daily) were 2.91 
times more likely to have a decline in 
CD4+ cell count to below 200/µL (P= 
.015) independent of ART use over time,  
baseline CD4+ cell count, viral load,  
sex, age, and duration of HIV infection. 
Persons who frequently used alcohol 
while on ART had higher viral loads af- 
ter controlling for sex, age, and CD4+ 
cell count than those who did not use 
or moderately used alcohol (P=.04).14 

Alcohol use causes suppression of 
the innate and acquired immune sys-
tems that not only augments disease 
susceptibility but can also accelerate 
HIV progression.15 Additionally, alcohol  
disrupts the gut barrier, increases en- 
teric microbial burden, and causes bac- 
terial translocation, which exacerbates 
HIV disease progression.16 Nutrient de- 
ficiencies accelerate HIV progression, 
and alcohol is well known to cause nu- 
trient, particularly micronutrient, defi-
ciencies. Inadequate viral suppression 
is thought to be secondary to ineffec-
tive ART metabolism; the 2 proposed 
mechanisms are enzymatic inhibition 
from acute alcohol use competing with 
cytochrome p450 isozymes, and enzy-
matic induction from chronic alcohol 
use. Patients should be screened for 
high-risk alcohol use behaviors and ex- 
tensively counseled on this modifiable 
risk factor. 

Nonalcoholic Fatty Liver Disease

NAFLD constitutes a spectrum of dis-
ease encompassing nonalcoholic fatty 
liver (NAFL), NASH, and advanced fi- 
brosis or NASH cirrhosis. NAFL, other- 
wise known as simple steatosis, is the  
accumulation of steatosis in more than  
5% of hepatocytes, with or without mild  
lobular inflammation, in the absence 
of substantial alcohol intake.17 Steato-
sis is often macro- and microvesicular. 
Unlike alcoholic steatosis, microvesicu- 
lar steatosis has a nonzonal distribu-
tion in the parenchyma, which can lead  
to higher grades of steatosis and pro- 
gressive disease.18 Mild lobular inflam- 
mation with mononuclear cells, partic- 
ularly lymphocytes, is typically found 
even in cases of simple steatosis. 

The hallmark of NASH is the pre- 
sence of ballooned hepatocytes, re- 
flecting hepatocellular injury, which are 
required to make the diagnosis. Given 
the prognostic implications of differ-
entiating NAFL from NASH in clinical 
trials, the NAFLD Activity Score (NAS; a 
histologic scoring system) was designed 
by pathologists to be a semiquantita-
tive scoring system for defining NASH. 
The NAS focuses on scoring each of the 
following histologic changes: steatosis, 
lobular inflammation, and hepatocellu-
lar ballooning. An NAS of 5 or higher 
correlates with a diagnosis of NASH, 
and a score of below 3 indicates the 
absence of NASH.19 Notably, fibrosis is  
not included in the score. Steatosis, 
inflammation, and hepatocellular bal- 
looning tend to be centrilobular in lo- 
cation. Without a clinical history, it can  
often be difficult to histologically dif- 
ferentiate NASH and ASH; however, 
certain features, such as presence of  
large Mallory-Denk bodies, canalicular  
cholestasis, chronic portal inflamma- 
tion, and perivenular fibrosis, are ob- 
served more frequently in ASH than 
NASH.18 Unfortunately, no histologic 
features are pathognomonic to distin- 
guish ALD from NAFLD, making a clini-
cal history imperative. 

NASH is a more severe and progres- 
sive subtype of NAFLD; therefore, more  
aggressive modification risk factors is 
warranted in individuals with NASH. In- 
dividuals with NASH are at not only 
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Figure 1. Prevalence of alcoholic and subtypes of nonalcoholic liver disease varies depending 
on the modality used for diagnosis, but is also attributable to varying definitions of alcohol 
abuse, variability of alcohol use, and social stigma; therefore, the true prevalence is unclear.
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at higher risk of liver-related mortal-
ity but also all-cause malignancy and, 
most of all, cardiovascular disease 
(13%-30%).20 

Hepatocellular carcinoma (HCC) can  
occur in the absence of cirrhosis, a find- 
ing exemplified by the fact that cir- 
rhosis was present in only 50% of par- 
ticipants in a multicenter study that 
compared NAFLD with hepatitis C virus 
(HCV)-related HCC.21 This observation is                          
concerning, as persons without cirrho-
sis are generally not undergoing HCC 
surveillance. Therefore, HCC can pres-
ent with higher tumor burden due to 
delayed diagnosis.21 Ultimately, fibro-
sis stage and not NAS has been shown  
to be predictive of long-term mortal- 
ity.22-24 In a large retrospective study ex- 
amining participants over a period of 
20 years, 12.1% of those with F3 fibrosis  
and 45% of those with F4 fibrosis devel-
oped decompensated liver disease.22 

Although the prevalence of NAFLD 
in individuals with HIV infection varies 
depending on the study, a prospective 
biopsy-proven study found that 55% of 
individuals with chronically elevated li- 
ver enzymes had NASH, corroborating 
the importance of NAFLD screening in 
this patient population.7 

The gold standard for distinguishing  
NASH from NAFL and assessing fibro-
sis stage is via liver biopsy. However, 
the inherent invasive nature, cost, and  
potential complications of liver biopsy 
preclude universal use. Alternative 
modalities for distinguishing NASH 
from NAFL include transient elasto- 
graphy (TE) with controlled attenuation  
parameter (CAP) and magnetic reso-
nance elastography (MRE), each of 
which have been well studied. MRE and 
transient elastography assess degree of 
fibrosis. The addition of CAP to tran-
sient elastography and proton density 
fat fraction (PDFF) to MRE allow for the 
measurement of steatosis. 

A prospective cross-sectional study  
of more than 100 persons with biopsy- 
proven NAFLD compared the accuracy  
of TE to MRE for assessment of fibro-
sis and of CAP to magnetic resonance 
imaging-derived PDFF (MRI-PDFF) for 
assessment of steatosis.25 MRE was su- 
perior to transient elastography (AUROC, 
0.82 vs 0.67) for diagnosing any stage 

of fibrosis and was significantly 
more accurate (P=.0116). How- 
ever, no significant difference  
was found between the 2 mo- 
dalities for diagnosing dicho- 
tomized stages of fibrosis. No- 
tably, this study did use the 
extra-large (XL) probe during  
transient elastography, to ac- 
count for high rates of obe- 
sity in the United States.25 MRI-
PDFF was also superior to CAP  
(AUROC, 0.99 vs 0.85) in dia- 
gnosing any degree of steato- 
sis, with significantly more ac- 
curacy (P=.0091), and in diagnosing  
dichotomized stages of steatosis (P= 
.0017 and P=.0238).25 

The main limitations of MRE and 
MRI-PDFF are institutional availability,  
technical expertise required to perform  
and interpret results, cost, and claus- 
trophobia for some patients.26 There-
fore, some experts recommend that 
MRI-PDFF be considered mainly for 
individuals at high risk for NASH for 
whom an intervention is planned.26 
Because of the acceptability of the  
AUROC for CAP in the study men-
tioned above and others plus the ability 
of transient elastography to rule out 
advanced fibrosis, transient elastogra-
phy remains a viable option for most 
patients.  

Etiologies 

NAFLD Pathogenesis 
There are many established risk fac-
tors for NAFLD, metabolic syndrome  
being primary. Metabolic syndrome en- 
compasses hypertension, dyslipidemia  
(hypertriglyceridemia or low levels of  
high-density lipoprotein [HDL] choles-
terol), increased waist circumference, 
and insulin resistance. Visceral adiposity  
and insulin resistance are well-studied 
driving forces of NAFLD with a com- 
plex interplay. In general, visceral adi- 
posity contributes to worsening insulin 
resistance through excessive adipose 
tissue lipolysis, which can increase 
levels of free fatty acid and inflamma- 
tory cytokines plus decreased adipo- 
nectin levels, ultimately causing hepa- 
totoxicity through mitochondrial dys- 
function and oxidative stress.27 Other  

comorbidities that have been linked 
to NAFLD include obstructive sleep 
apnea and polycystic ovarian syn- 
drome.17,28 

Genetic predisposition also plays a  
role in the development of NAFLD. The 
patatin-like phospholipase domain-con- 
taining 3 (PNPLA3) rs738409 allele 
increases hepatic fat content and has 
been associated with elevated markers  
of hepatic inflammation. Notably, this 
allele has the highest frequency in the 
Hispanic population followed by the 
white and then African-American pop- 
ulations, making it a possible mech- 
anism for racial disparities in preva- 
lence of NAFLD.28 Additionally, there 
has been more evidence implicating 
the role of the gut microbiome in the 
pathogenesis of NAFLD. Possible mech-
anisms include impairment of the gut 
barrier causing endotoxemia and acti-
vation of toll-like receptors, reduced 
choline bioavailability, increased short- 
chain fatty acids in obese adults, al- 
tered bile acid metabolism, and subse-
quent changes in farnesoid X receptor 
(FXR) signaling.29

HIV-Specific NAFLD

There are several proposed mecha-
nisms leading to fatty liver disease in 
persons with HIV infection, including 
the traditional risk factors of meta-
bolic syndrome (as mentioned above), 
hyperuricemia, HIV-related lipodystro-
phy, medications, HIV itself, and the 
gut microbiome (Box 1). 

Metabolic syndrome has been shown 
to play a role in the development of fatty 
liver in individuals with HIV infection 

Box 1. Risk Factors for HIV-Specific Non-
alcoholic Fatty Liver Disease

• Metabolic syndrome (hypertension, 
dyslipidemia, increased waist circum-
ference, insulin resistance)

• HIV-related lipodystrophy

• Hyperuricemia 

• Combination antiretroviral therapy 

• HIV virus

• Gut microbiome
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in some studies. Increased abdominal 
visceral adiposity (P <.001) and insulin 
resistance (P=.01) were independently 
associated with increased odds of fatty 
liver defined by computed tomogra-
phy in participants with HIV infection 
in the MACS (Multicenter AIDS Cohort 
Study).30 The PNPLA3 rs738409 allele 
was independently associated with in-
creased odds of fatty liver (P=.001). 

In a retrospective study of individu-
als with HIV infection comparing those 
with biopsy-proven NASH with those 
who did not have NASH, body mass 
index, waist circumference, waist-to- 
hip ratio, and markers of insulin resis-
tance were higher and HDL was lower 
in those with NASH. Participants with 
NASH had significantly higher frequency 
of 2 minor alleles for the PNPLA3 poly- 
morphism (P<.004). Notably, partici- 
pants with substantial fibrosis (mea-
sured as Ishak stage ≥2) tended to have 
concomitant NASH,7 defined by NAS. 

A cross-sectional study in Italy as- 
sessing 225 individuals with HIV infec-
tion found that male sex and increased 
waist circumference were significantly 
associated (P<.001) with NAFLD in a 
multivariate logistic regression analy- 
sis.31 This study also assessed lipodys- 
trophy through the respective anthropo-
metric measurements. Although only  
4.8% of the cohort was obese, a striking 
number had lipoatrophy (41%) and lipo-
atrophy with lipoaccumulation (38%).  
The presence of NAFLD in mostly non-
obese, lipoatrophic men highlighted  
the possible link between NAFLD and 
HIV-associated body fat distribution.31 

Fat misdistribution that occurs in the 
setting of HIV is known as HIV-related 
lipodystrophy and occurs frequently in  
long-term infected patients.32 Lipodys- 
trophy is an umbrella term for lipoat-
rophy, lipoaccumulation, and a mixed 
syndrome of both. Lipoaccumulation is  
fat accumulation in areas such as the  
dorsocervical spine, abdomen, neck,  
and breasts. Lipoatrophy is loss of fat  
from regions such as the face, extrem- 
ities, and buttocks. Patients will often 
present with a combination of lipoac- 
cumulation and lipoatrophy. Lipodys-
trophy is thought to be a sequela of 
ART rather than HIV itself and has long-
term cardiovascular implications, as 

it is associated with insulin resistance 
and dyslipidemia.33,34 Risk factors for 
lipodystrophy include older age, use of 
nucleoside analogue reverse transcrip-
tase inhibitors (nRTIs) and protease 
inhibitors (PIs), and total duration of 
ART.33 Given that worsening visceral 
adiposity has been linked to worsening 
insulin resistance, studies have demon-
strated that persons with HIV infection 
and lipodystrophy had higher hepatic 
fat content (P<.05) measured by proton 
spectroscopy as well as features of in- 
sulin resistance.35 

Outside of causing lipodystrophy, 
the role of ART in fatty liver continues 
to be investigated. It has been proposed 
that nRTIs can cause hepatic microve-
sicular steatosis by causing inhibition 
of mitochondrial DNA replication and 
overexpression of the sterol regulatory  
binding protein. nRTIs also cause hyp- 
ertriglyceridemia, lipodystrophy, and 
hypoadiponectemia.30 Additionally, PIs 
promote insulin resistance and dyslip- 
idemia.36 Longer cumulative ART expo- 
sure, nRTI exposure duration, lamivu-
dine exposure, and dideoxynucleoside 
exposure were all significantly asso-
ciated with fatty liver in a univariate 
analysis in the MACS.30 Conversely, a  
smaller study of 65 individuals with 
HIV infection found that neither NASH  
nor fibrosis was associated with dura- 
tion of ART or specific antiretroviral  
drugs.7 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 hypersensitivity that can occur.6 
Reports of ART exposure and fatty liver 
remain conflicting. 

The role of HIV infection in causing 
fatty liver has also been controversial. 
In the MACS, presence of detectable 
HIV RNA (P=.66) and nadir CD4+ cell 
count (P=.69) were not associated with 
fatty liver. In a cross-sectional, case-
control study conducted in China, HIV 
infection (P=.016) was associated with 
substantial liver fibrosis in a multivari-
ate analysis. In a subset analysis of the  
participants with NAFL, 27% had sub-
stantial fibrosis (≥7 kPa; P=.014).37 
Again, duration of disease, nadir or 
current CD4+ cell count, or prior AIDS  
were not associated with fatty liver.37 

In a prospective study of 222 indi-
viduals with HIV/HCV coinfection, the 
strongest determinants of progression 
of hepatic steatosis between biopsies 
were alcohol use and high body mass 
index. In fact, effective ART was as- 
sociated with reduced progression of 
steatosis.38 

HIV may perpetuate fibrosis through 
infection of activated hepatic stellate 
cells (HSC), the principle fibrogenic 
cells in the liver. HIV can promote col-
lagen I expression and secretion of 
proinflammatory chemokines. HIV and 
envelope glycoprotein gp120 can affect 
parenchymal and nonparenchymal 
cells, subsequently causing inflamma-
tion and fibrosis.39 Further, gp120 can 
cause an increase in HSC migration, 
which in turn increases secretion of 
monocyte chemoattractant protein-1 
and expression of interleukin 6, each of 
which create a proinflammatory state 
and cause chronic inflammation and 
damage to surrounding hepatocytes. 
The action of gp120 on stellate cells 
is mediated through chemokine recep-
tor 5 (CCR5). Studies in vivo found 
CCR5 expression at the sinusoidal level 
on inflammatory cells and the fibrotic 
septum,40 and CCR5 is now a pharma-
cologic target. In individuals with HIV/
HCV coinfection, gp120 can induce 
hepatocyte apoptosis through interac-
tions with HCV proteins.41 Many of the 
mechanisms discussed above are par-
ticularly relevant in persons with HIV/
HCV coinfection. 

There is increasing evidence of the 
role of the gut microbiome on fatty 
liver disease. When bacteria translocate 
across the intestinal epithelial barrier,  
there are typically host mucosal im- 
mune barriers in place. However, when 
gut integrity is compromised, there are 
elevated markers of bacterial transloca-
tion such as lipopolysaccharide (LPS). 
LPS is a component of the cell walls of 
gram-negative bacteria. These height-
ened levels of LPS can lead to a state 
of deviant immune activation through 
a cascade that causes cytokine pro-
duction. This becomes problematic in 
chronic disease processes such as HIV 
that lead to elevated circulating plasma 
LPS levels due to increased microbial 
translocation.42 HIV-associated micro-
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bial translocation occurs because in the  
setting of acute and even chronic in- 
fection, CD4+ cell depletion is more 
prevalent in the gut mucosa versus per- 
ipheral blood and lymph nodes, there- 
by leading to endothelial damage and 
exhaustion of intestinal macrophages. 
Subsequently, increased levels of LPS 
activate Kupffer cells, leading to release 
of profibrotic and proinflammatory cy- 
tokines and ultimately causing acceler-
ated liver damage.16 

Natural History Controversies 

The estimated prevalence of NAFLD in 
individuals with HIV infection varies 
depending on the modality utilized to 
diagnose NAFLD but tends to be higher  
than in the general population; study 
estimates range from 30% to 40% based 
on imaging or transient elastography 
and up to 65% based on biopsy.3,36,43 
The increased prevalence is likely re- 
lated to the fact that prevalence of met-
abolic syndrome in individuals with 
HIV infection has doubled, from 19.4% 
in 2001 to 41.6% in 2007.44 

In a cross-sectional, case-control 
study comparing individuals with HIV 
infection and NAFLD and individuals 
with primary NAFLD, those with HIV  
infection had higher rates of steato- 

hepatitis (P=.04), corroborated by  
higher mean NAS (P=.00) and in- 
creased histologic features such as lob- 
ular inflammation and acidophil bod-
ies (P < .001).45 Longer duration of HIV 
infection was associated with NASH  
(P=.004).45 

A prospective cross-sectional study 
determined that coronary artery cal- 
cium score (CAC), a surrogate for cor- 
onary artery atherosclerosis, was as- 
sociated with fatty liver disease in par-
ticipants with HIV infection (median 
age, 43 years; odds ratio, 3.8; P <.01).46 
However, CAC in the majority of par-
ticipants was associated with a low or 
moderate Framingham risk score. Fac-
tors associated with CAC in participants 
with HIV infection included longer dura- 
tion of HIV infection (median, 18 years; 
P <.01), lower CD4+ cell count nadir 
(P <.01), and current ART use (P <.01).46 

With individuals with HIV infection 
living longer because of effective ART, 
the findings above underscore that 
those with HIV and NAFLD are not only 
at risk for more advanced liver disease 
but also cardiovascular disease associ-
ated with NAFLD. There are limited 
longitudinal studies assessing long-
term outcomes in individuals with HIV 
infection with NAFLD, and it is an area 
that remains to be investigated. 

Treatment Options

Current Therapies 

Lifestyle modifications are the corner 
stone of treatment for fatty liver dis- 
ease, as there are limited pharmaco-
logic therapies for NAFLD (Figure 2). 
Vigorous exercise alone, in the absence 
of weight loss, has demonstrated a de- 
crease in the odds of developing NASH. 
Doubling the amount of time spent per-
forming vigorous exercise resulted in  
decreased odds of advanced fibrosis.47 
A separate meta-analysis showed im- 
provement in hepatic fat with exer- 
cise in the absence of weight loss.48 In 
terms of the effects of weight loss on 
NAFLD, 3% to 5% weight loss is asso-
ciated with improvement in steatosis, 
weight loss of 7% or more is associated 
with improvement in steatohepatitis,  
and weight loss of 10% or more is as-
sociated with improvement in fibrosis 
and the highest likelihood of NASH re- 
solution. In extreme cases, bariatric  
surgery can be considered and has led 
to improvement in NASH and fibrosis. 
Regarding dietary changes, a hypocalo-
ric diet with goal weight loss of 0.5 to 
1.0 kg per week is suggested.49 

A major limitation of many of the 
currently available pharmacologic ther- 
apies for fatty liver disease is that they 

Obtain TE with CAP for assessment of fibrosis and steatosis for risk stratification

Fibrosis (TE, <7.5 kPa)  
with CAP >300 dB/m

Low probability for  
significant disease

Figure 2. Clinical suspicion of nonalcoholic fatty liver disease based on elevated liver-associated tests or abnormal ultrasound suggesting 
presence of fatty infiltration. TE indicates transient elastography; CAP, controlled attenuation parameter; ART, antiretroviral therapy; NASH, 
nonalcoholic steatohepatitis; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma.

1. Rule out hazardous drinking behaviors: >14 drinks/week OR 4 drinks/occasion for men
                          >7 drinks/week OR 3 drinks/occasion for women
2. Full serologic evaluation to rule out other causes of liver disease

TE, ≥9.5 kPa with CAP >300 dB/m

High probability for NASH
TE ≥7.5 kPa and CAP score >300 dB/m

Consider vitamin E, aggressive cardiovascular risk 
factor modification, modification of ART regimen, 

and consideration of bariatric surgery

Consider liver biopsy in:
- Patients with metabolic syndrome, particularly  

type 2 diabetes
- Those at high risk for accelerated disease pro-

gression (coinfections, uncontrolled HIV)

Lifestyle modifications, careful 
selection of ART, treatment of 

coinfections (ie, HCV, HBV)

Same as for median probability of 
NAFLD but consider enrollment in 
clinical trials for antifibrotic agents, 
bariatric surgery, referral to trans-
plant center, and HCC surveillance
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have not been studied in individuals  
with HIV infection. In nondiabetic per- 
sons, vitamin E 800 units daily led to 
notable improvement in NASH histol-
ogy but not fibrosis. There have been 
some concerns regarding the associ- 
ation of vitamin E with prostate cancer.  
A randomized trial across the United  
States, Canada, and Puerto Rico found  
that the risk of prostate cancer at a  
median follow-up of 7 years was in- 
creased by 17% in men taking 400 IU 
of vitamin E daily (hazard ratio [HR], 
1.17; P=.008).50 However, in a ran- 
domized controlled trial of more than 
14,000 men, taking vitamin E 400 IU 
every other day did not affect incidence  
of prostate cancer (HR, 0.99).51 The  
decision to treat with vitamin E should 
be individualized and discussed with 
the patient, taking into account the risk 
of cardiovascular disease with NASH 
compared with the potential risk of 
prostate cancer. Use of pioglitazone, 
a thiazolidinedione, caused improve-
ment in steatosis, lobular inflammation, 
and the NAS, but fell short of achieving 
the primary endpoint of improvement 
or resolution of NASH,52 and it does not 
improve fibrosis. Obeticholic acid, an 
FXR agonist, and pentoxifyilline, a phos- 
phodiesterase inhibitor, each demon-
strated improvement in fibrosis along  
with improvement in NASH in a meta- 
analysis.53 Currently, vitamin E and pio- 
glitazone are the mainstay of pharma-
cologic treatments for select persons 
with NASH. Neither has been studied 
in the HIV-infected population nor have 
obeticholic acid or pentoxifyilline. 

Investigational Therapies 

A multitude of phase II and III clinical tri-
als are underway evaluating treatment 
for NAFLD. Therapies for NAFLD in- 
clude 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 impor-
tantly, antifibrotic agents.54 

PPAR agonists regulate several meta-
bolic processes, including increasing 
fatty acid oxidation. Use of elafibrinor, 

a PPAR-α/δ agonist, led to significantly 
increased rates of NASH resolution and 
regression of fibrosis stage in a post 
hoc analysis with modified definitions 
for resolution of NASH and fibrosis 
progression from the initial analysis. 
Elafibrinor is currently in phase III clin- 
ical trials.55 

SCD is an enzyme needed for syn-
thesis of monosaturated fatty acids, 
and it has been shown that obese pa- 
tients with NASH have higher SCD-1 
activity. Aramachol is an SCD-1 inhibi-
tor that led to decreased hepatic fat  
content, measured via magnetic reso-
nance spectroscopy, when given over a 
period of 3 months.56 Notably, arama-
chol is currently being studied in the 
HIV-infected population. 

GLP-1 has multiple metabolic roles, 
including augmenting peripheral in- 
sulin sensitivity. The LEAN study (Li- 
raglutide Efficacy and Action in Non-
alcoholic Steatohepatitis) found that li- 
raglutide, a GLP-1 agonist, caused reso- 
lution of NASH and halted progression  
of fibrosis.57 

Given that fibrosis predicts long- 
term mortality in NAFLD, there are sev- 
eral antifibrotic agents in clinical trials. 
Simtuzumab, a monoclonal antibody, 
was studied in persons with HIV or HCV  
infection or HIV/HCV coinfection in the  
setting of advanced liver disease but did 
not improve fibrosis or hepatic venous 
pressure gradient and is being investi-
gated further.58 Galectin-3, an essential 
protein for fibrogenesis, is being tar-
geted in a phase II clinical trial.54 

Tesamorelin is a growth hormone–
releasing hormone analogue initially 
approved for treatment of HIV-related 
lipodystrophy. However, it was found 
to improve serum ALT levels and he- 
patic fat content on magnetic reso- 
nance spectroscopy.59 There is a multi- 
center study in process to further in- 
vestigate these preliminary results.2 

Chemokine receptors (CCR2 and 
CCR5) are involved in the migration of 
inflammatory cells, and their respec-
tive chemokines have been found to 
upregulate in persons with NASH.60 
A study evaluating 2 distinct cohorts 
proved that blockade of CCR5 leads to 
improvement in hepatic fibrosis, mea-
sured by Enhanced Liver Fibrosis Index 

after first validating with liver biopsy.61 
Cenicriviroc, an oral dual CCR2 and 
CCR5 agonist, recently underwent a 
1-year primary analysis with promising 
results. Although the primary outcome 
of NAS improvement was not signif-
icant, improvement in fibrosis was  
achieved in almost twice as many par-
ticipants compared with placebo (20% 
vs 10%; P=.02).62 

Other NAFLD treatment considera-
tions in individuals with HIV infection 
include ART selection, because of the  
predilection for certain agents to cause  
insulin resistance, promoting alcohol ab- 
stinence, and treatment of coinfections  
such as HCV. If cirrhosis develops, liver 
transplantation should be considered 
barring any contraindications.

Conclusions
Fatty liver disease can be alcoholic or 
nonalcoholic in nature. Although there 
are subtle histologic differences, ALD 
and NAFLD must be distinguished based  
on clinical history. Alcohol use is preva-
lent among the HIV-infected population 
and can lead to nonadherence to ART,  
viral progression, and ineffectiveness of  
ART. NAFLD is a spectrum of disease 
ranging from simple steatosis (NAFL) 
to steatohepatitis (NASH) and subse- 
quently to advanced fibrosis or cirrho- 
sis. NAFLD is becoming a leading cause  
of liver transplantation in the United 
States. Persons with NASH are at higher 
risk of liver-related mortality, all-cause 
malignancy, and cardiovascular dis- 
ease. Ultimately, fibrosis stage predicts 
long-term mortality. 

Aminotransferase abnormalities  
in individuals with HIV infection are 
common, occurring in up to 60% of 
patients and clinicians should evaluate 
for NAFLD. As ART continues to im- 
prove and individuals with HIV infec-
tion are living longer, there has been a  
concerning rise in the prevalence of 
metabolic syndrome and NAFLD in 
this population. Besides metabolic syn- 
drome, there are numerous factors be- 
hind HIV-related NAFLD, including HIV- 
related lipodystrophy; ART, specifically 
older agents, nRTIs, and PIs; higher  
frequency of PNPLA3 polymorphisms; 
gut microbiome disturbances; and HIV  
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infection itself. Persons with HIV in- 
fection tend to have more aggressive  
NAFLD in terms of higher rates of 
NASH and thus are at risk for liver- and  
cardiovascular-related morbidity and  
mortality. For now, lifestyle modifica-
tions and perhaps careful consideration 
of ART are the mainstays of treatment 
in the HIV-infected population. Vita- 
min E and pioglitazone have not been 
studied in this population, but there are 
several promising ≠agents in the pipe-
line in phase II and III clinical trials, 
namely antifibrotic agents. 

Individuals with HIV infection with 
NAFLD should be closely monitored 
alongside pursuing more aggressive  
management of disease, as liver-related 
mortality is rising in this population. 
Major gaps in the literature include 
longitudinal outcomes studies of indi-
viduals with HIV infection with NAFLD, 
and further investigation is needed. 
Additionally, consensus on definitions  
used to categorize persons with ALD 
versus NAFLD is needed. 
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