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Abstract

Purpose of Review Liver disease is a leading cause of non-AIDS-related death in the HIV population since the introduction
of highly active antiretroviral treatment (HAART). Recent studies suggest that patients with HIV are at high risk for nonal-
coholic fatty liver disease (NAFLD) and progressive liver fibrosis. Evidence for the prevalence, risk factors, and diagnostic
methodologies of NAFLD in patients with HIV mono-infection is summarized here.

Recent Findings Although limited, published studies suggest that the prevalence of NAFLD is higher (30-50%) and pro-
gresses at an increased rate in patients with HIV compared to the general population. Identifying those at risk for significant
liver fibrosis is critical, preferably with non-invasive screening tests. While there is a paucity of evidence in this population,
transient elastography (TE) appears to provide a sensitive, non-invasive screening modality.

Summary Identifying NAFLD early will allow for dietary and lifestyle interventions, as well as future drug therapies to
decrease the risk of progressive liver fibrosis and cirrhosis in the high-risk HIV population. Clinicians should be aware of
this risk and consider using TE for NAFLD diagnosis and surveillance.
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Introduction
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this work. (HAART), AIDS-related mortality has decreased, and liver

disease is now a leading cause of non-acquired immunodefi-
ciency syndrome (AIDS)-related death [1-3]. In the absence
of co-infection with viral hepatitis, nonalcoholic fatty liver
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development and progression of NAFLD. Based upon the
above, the high-risk HIV population will likely experience
an increased economic and health burden. Early diagnosis
can identify those at risk for NAFLD progression and creates
an opportunity for lifestyle interventions to impact morbidity
and mortality. However, early diagnosis can be challenging
since approximately 70% of those with NAFLD have normal
hepatic function tests and conventional radiological scans
cannot reliably stage the severity of liver disease [13, 14].
Despite these limitations, it is critical to identify patients
with HIV at risk of significant liver fibrosis, preferably with
sensitive non-invasive screening tests.

This article will review the published data on the preva-
lence, risk factors, and clinical significance of NAFLD in
patients with HIV mono-infection. Specifically, we will also
discuss limitations of evidence accrued by prevailing diag-
nostic methodologies.

HIV and NAFLD
Prevalence

Our knowledge of the exact prevalence of NAFLD in
patients with HIV is limited by the relative paucity of pub-
lished studies, but previous results suggest that the preva-
lence is higher (30-50%) and progresses at an increased
rate compared to the general population [15, 16]. A cross-
sectional European study using ultrasound or elastography
detected NAFLD and significant liver fibrosis (>F2) in 55%
and 18% of patients with HIV, most of whom were young
and non-obese [17]. In a US case—control study, patients
with HIV had more fibrosis by laboratory biomarkers (APRI
and FIB-4) and histology when compared to patients without
HIV infection despite similar metabolic characteristics [18].
In 62 patients with HIV with persistently elevated transami-
nases who underwent liver biopsy, 73% had NAFLD, 55%
had NASH and 16% had bridging fibrosis [19]. Two stud-
ies using TE to measure liver stiffness reported significant
fibrosis (> 7.0 kPa) ranging from 15-27% [20, 21]. A recent
meta-analysis of 10 studies enrolling HIV mono-infected
patients reported the prevalence of NAFLD (diagnosed via
imaging studies), NASH and fibrosis (diagnosed by biopsy)
as 35%, 42%, and 22% [22]. While the above studies demon-
strated a higher rate of NAFLD in the HIV-infected popula-
tion, others have suggested there may be a lower prevalence.
Using CT cross-sectional imaging, Price, et al. concluded
that HIV-infected individuals had a lower prevalence of
NAFLD compared to those without HIV [23]. In another
study of 122 HIV mono-infected patients, liver fat fraction
via magnetic resonance imaging and spectroscopy showed
decreased steatosis in HIV women and no difference in HIV
men as compared to HIV negative men and women [24].

The wide variability and overall small numbers in the cur-
rent published literature highlights the importance of fur-
ther investigation of this population as chronic liver disease
becomes a leading cause of non-AIDS mortality.

Risk Factors

In the general population, NAFLD is associated with
increased age and metabolic risk factors such as obesity,
type 2 diabetes, hypertension, and dyslipidemia [6—11, 25].
Individuals with the metabolic syndrome (insulin resistance,
visceral adiposity, dyslipidemia) and of Hispanic descent are
at a higher risk of NAFLD progression. A similar upward
metabolic syndrome and obesity trend within HIV patients
[26] will likely increase the risk of NAFLD [27], but may not
completely account for the increased prevalence of NAFLD
and liver fibrosis reported in younger and non-obese patients
with HIV [17, 18]. While the HIV population has risk fac-
tors similar to those in the general population, it is unknown
if there are risk factors that are unique to the HIV-infected
individual. Variants of PNPLA3, an enzyme involved in tri-
glyceride metabolism, has been associated with hepatic fat
accumulation, increased NASH severity and hepatocellular
carcinoma within the general population [28-30]. A 2010
US case—control study reported an association between the
rs738409 PNPLA3 polymorphism and increased NAFLD
prevalence in patients with lower BMIs and decreased dia-
betes risk, suggestive of genetic etiologies independent of
classic metabolic risk factors [31]. Furthermore, among HIV
patients, prevalence of PNPLA3 variants was significantly
higher in those with elevated liver enzymes and histologi-
cally confirmed NASH [19].

There are currently more than 30 different antiretroviral
drugs approved for HIV treatment. As treatment paradigms
evolve, it is important to highlight how therapeutic shifts
have potentially impacted the incidence and prevalence of
the metabolic syndrome. Some of the older antiretroviral
medications were associated with dyslipidemia, insulin
resistance, and/or mitochondrial toxicity, and thus could be
risk factors for the development of hepatic steatosis [32].
These are now less frequently used as most patients have
been transitioned to newer regimens consisting of less-toxic
agents such as tenofovir alafenamide and integrase inhibi-
tors. Although these new agents do not cause lipodystrophy
or mitochondrial toxicity, there have been reports of weight
gain and visceral fat accumulation associated with integrase
inhibitors [33, 34].

Without adequate management, 25-40% of individuals
with NAFLD may progress to the more progressive form,
NASH, which can evolve to cirrhosis and hepatocellular
carcinoma, with increased risk of death [4, 5]. Data for
NASH-related mortality in patients with HIV are not cur-
rently available, which may be related to inaccurate ICD
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coding and/or that this diagnosis is under-recognized given
the overall paucity of published studies. Despite these limi-
tations, the existing studies suggest patients with HIV are
high-risk for progressive NASH. Therefore, it is critical to
identify patients with HIV at risk of significant liver fibrosis.

Pathophysiology and Clinical Significance

The pathophysiology of HIV infection and the develop-
ment of liver pathology is a complex, multifactorial process
encompassing an imbalance of liver immune cells (Kupffer
and hepatic stellate cells) resulting in hepatocyte death and
fibrosis formation in a pro-inflammatory environment. These
pathogenic mechanisms remain poorly understood and apply
to the general population as HIV specific mechanisms have
not yet been identified. An in-depth discussion of this topic
has been recently reviewed and is beyond the scope of this
paper [35]. In brief, NAFLD and liver fibrosis development
in patients with HIV may be influenced 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 inflammation, (3) micro-
bial translocation/inflammation due to epithelial barrier
disruption from decreased gut CD4 T-cells, and (4) mito-
chondrial dysfunction/injury, by direct HIV effects or some
antiretrovirals, resulting in induced oxidative stress and free
fatty acid accumulation. More research is needed, including
a better understanding of the associated risk factors.
Cumulative evidence shows that NAFLD liver fibrosis is
independently associated with increased liver-related mor-
bidity and mortality [36], emphasizing the need for effec-
tive therapy. Weight loss is the main stay of treatment for
NAFLD and has been recommended in combination with
treatment of metabolic risk factors and behavioral therapy in
a multidisciplinary approach [36—39]. Given the difficulties
of sustained lifestyle modifications, many pharmacothera-
pies are undergoing evaluation. A recent review of NASH
therapies provides an overview of current and developing
therapeutics with their general pharmacologic targets includ-
ing metabolic pathways, oxidative stress/inflammation, and
antifibrotics [40]. (1) Metabolic pathways: Anti-glycemic
control medications such as glucagon-like peptide (GLP-
1) receptor agonists and sodium-glucose cotransporter 2
(SGLT-2) inhibitors along with 3-hydroxy-3-methyl-glu-
taryl-CoA reductase inhibitors (statins) have demonstrated
varying ability to reduce hepatic fat in NAFLD/NASH
patients [41-43]. (2) Oxidative stress/inflammation: Partici-
pants treated with the antioxidant vitamin E had improved
NASH histology [44]. In a recent phase 2b study, inves-
tigators noted improvements in fibrosis in NASH patients
treated with an oral C—C chemokine receptor type 2 and type
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5 (CCR2/5) antagonist [45]. Interestingly, CCRS is also an
HIV entry receptor. (3) Antifibrotics: In a phase 3 clinical
trial (REGENERATE), the farnesoid X receptor (FXR) ago-
nist obeticholic acid demonstrated fibrosis improvement (> 1
stage) without worsening of NASH at the planned 18-month
analysis [46—48]. The peroxisome proliferator-activator
receptor (PPAR) alpha/delta agonist Elafibranor is currently
undergoing phase 3 evaluation (RESOLVE-IT) for NASH
fibrosis [48, 49]. There are no approved NASH therapies
available to HIV-infected individuals, as this population is
excluded from current clinical trials.

As discussed above, the mechanisms are complex and
not well understood. Further investigation is needed to elu-
cidate whether the pathogenesis is due to greater inherent
metabolic risk or if it is associated with unique processes in
HIV infection. As anti-fibrotic medications become avail-
able, understanding these mechanisms could potentially
predict therapeutic response rates. Thus, identifying HIV
mono-infected individuals with liver fibrosis and enrolling
them into future clinical studies could possibly reduce their
risk of long-term adverse liver outcomes.

Heterogeneity of Diagnostic Methods Used
and Limitations of Present Data

Early detection of NAFLD is challenging given the rela-
tively insensitive available diagnostic methodologies. Liver
enzymes can be misleading as up to 70% of NAFLD patients
have normal LFTs [13, 14]. The use of liver biopsy, the
diagnostic gold standard, as a screening tool is limited by
its invasive nature and sampling error, and traditional radi-
ology scans do not stage liver disease severity. Thus, the
true prevalence of NAFLD in patients with HIV is not fully
understood given the current literature’s heterogeneity of
diagnostic methods.

We will discuss the limited current data investigating the
relationship between NAFLD and HIV mono-infection in
those studies utilizing liver biopsy and transient elastogra-
phy (Table 1).

Liver Biopsy Studies

One of the earliest prospective studies conducted by Ster-
ling, et al. in 2013 identified 14 patients with HIV without
hepatitis B/C co-infection (HBV/HCV) or significant alcohol
abuse who underwent liver biopsy due to abnormal liver
enzymes [50]. Steatosis and NASH were detected in 65%
and 26%, respectively, demonstrating a high prevalence of
NAFLD and NASH in this population with HIV mono-infec-
tion. This was the first prospective North American study
to exclude HBV and HCV infected individuals, as previ-
ous investigators focused on viral hepatitis co-infection. A
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prospective cross-sectional study by Morse, et al. detected
NAFLD in 73% of 62 HIV mono-infected patients with
abnormal LFTs, with 55% of patients demonstrating NASH
[19]. Ingiliz, et al. found NAFLD and NASH in 60% and
53% of 30 HIV mono-infected patients [5S1]. Benmassaoud,
et al. combined transient elastography and serum cytokera-
tin-18 with confirmation liver biopsy in 202 participants.
Although only 17 patients underwent biopsy, 58.9% had
F2-F4 disease [52]. In early 2019, Lemoine, et al. utilized
multiple diagnostic modalities including liver biopsy in only
49 patients of the 140 enrolled. 76% had NAFLD with 63%
having clinically significant fibrosis (F2-F4) [53].

While much of the data discussed above demonstrated
a>50% prevalence in the population with HIV mono-
infection, others have reported lower rates. A cross-sectional
study by Crum-Cianflone, et al. used ultrasound and liver
biopsy to detect NAFLD in 36% of 216 patients, although
only 55 patients underwent biopsy [16]. A retrospective
study found only 28% of 97 patients with HIV mono-
infection had biopsy-confirmed NAFLD [54]. A recent
meta-analysis found the prevalence of NAFLD, NASH and
fibrosis was 35%, 42%, and 22% in patients with HIV mono-
infection, although only 10 studies of moderate—poor quality
were included and used a variety of diagnostic modalities
(imaging and biopsy) [22].

Although many of these investigators reported an
increased prevalence of NAFLD and liver fibrosis in patients
with HIV mono-infection, there are several limitations. First,
all studies had relatively small sample sizes. Liver biopsy,
while the gold standard for NAFLD/liver fibrosis diagnosis,
is invasive and may be influenced by sampling error and
observer variations in staging [55, 56]. Results of this pro-
cedure represent only 1/50,000 of the liver and may lead to
under-reporting of non-homogenous liver disease severity
[57]. Finally, the above studies primarily recruited patients
with abnormal liver enzymes. Since the majority of NAFLD
patients have normal liver enzymes, these publications likely
underestimated the prevalence [13, 14]. As such, more sensi-
tive and accurate non-invasive tools have been (and continue
to be) developed to diagnose and monitor NAFLD/NASH
outcomes.

Transient Elastography Studies

Transient elastography (TE) via Fibroscan has become
an important non-invasive modality for the diagnosis of
NAFLD/NASH. While the diagnostic accuracy in HIV
patients is unknown, TE is widely available, cost effec-
tive, provides quick point of care results and has a nega-
tive predictive value of 98% (95% CI 97-99) [58]. TE con-
sists of using an ultrasound probe that transmits vibrations
through liver tissue [59]. The velocity of wave propagation
is related to liver stiffness and correlated with fibrosis. The
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examination requires fasting for 2-3 h and takes as little as
5-10 min. Fibroscan allows a more global assessment with
measurements encompassing liver tissue volume approxi-
mately 100 times bigger than biopsy, which reduces the
sampling error. Controlled attenuation parameter (CAP) is
coupled to the Fibroscan and allows for non-invasive liver
fat quantification, a hallmark of NAFLD/NASH associ-
ated with increased metabolic syndrome rates. Compared
to blood tests, recent studies in NAFLD patients show TE
had the highest AUROC (0.83-0.86) for non-invasive fibro-
sis classification and the highest sensitivity (>88%) for
advanced fibrosis diagnosis [59-61]. Inaccurate readings
can be produced if valid measurements are not obtained, a
situation usually occurring in patients with obesity or small
intercostal spaces, or from operator inexperience [62].
Although most studies evaluating TE sensitivity and speci-
ficity focused mainly on HCV patients, many recent studies
have confirmed the accuracy and usefulness of TE in staging
disease severity among other chronic liver diseases [63—66].
Herein, we will discuss studies utilizing TE as a diagnostic
tool in those with HIV mono-infection.

A prospective study employed TE with CAP to detect
NAFLD and significant liver fibrosis in 48 and 15% of 300
HIV mono-infected patients [20]. Increased liver stiffness
was observed in 64% of 33 patients screened with TE, all of
whom had elevated LFTs and biopsy confirmed steatohepa-
titis [67]. Utilizing proton-magnetic resonance spectroscopy
and TE to screen 80 Asian HIV mono-infected individuals,
27% of those with NAFLD had significant fibrosis as defined
by a cutoff value of 7.0 kPa [21]. A larger Brazilian cohort of
395 patients using TE with CAP detected 35% NAFLD and
only 9% fibrosis using a higher cutoff value of >8 kPa [68].

Elastography technology has been available for almost
30 years, yet it has only recently been studied to further
delineate its role in liver disease as investigators search for
a non-invasive alternative to liver biopsy. TE has emerged as
an essential non-invasive tool for the diagnosis of NAFLD/
NASH. The small number of studies investigating this role
in the HIV mono-infected population is limited in size and
heterogenous design. However, evidence from other popu-
lations suggests that dissemination of this technology will
provide a sensitive, non-invasive screening modality in a
cohort at high risk for NAFLD and progressive liver fibrosis.

Conclusions and Future Studies

Since the advent of HAART, morbidity and mortality from
non-AIDS-related chronic diseases have increased [69].
There is a higher prevalence of liver disease among HIV
individuals, and although HIV co-infection with HBV and/or
HCYV contributes significantly to chronic liver disease, recent
studies suggest that HIV mono-infected individuals are at
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high risk for NAFLD and liver fibrosis [50]. The responsi-
ble pathogenic mechanisms remain poorly understood, but it
may be related to immune mediated processes and metabolic
risk factors [35, 70]. NAFLD is projected to be the leading
cause for orthotopic liver transplantation in the USA with
an economic burden estimated to exceed $103 billion [12,
71]. Identifying NAFLD early will allow for targeted inter-
ventions, particularly lifestyle modification, to decrease the
chance of progressive fibrosis and cirrhosis [72]. The current
literature in the HIV population is sparse and limited by the
absence of prospective studies to monitor the progression of
liver disease. Both Infectious Diseases and Gastroenterology
providers should remain aware of this increased risk and
consider using non-invasive tools such as TE for diagnosis
and surveillance.
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