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Abstract

Purpose of Review Aging-related comorbidities, including liver disease, represent the main drivers of morbidity and
mortality in people with HIV (PWH). Nonalcoholic fatty liver disease (NAFLD) seems a frequent comorbidity in
aging PWH nowadays. NAFLD results from a fat deposition into the liver parenchyma that may evolve to nonalco-
holic steatohepatitis (NASH), a state of hepatocellular inflammation and injury in response to the accumulated fat
leading to liver fibrosis and cirrhosis. We here review the current status of knowledge regarding this emerging
comorbidity in PWH.

Recent Findings Recent studies suggest that PWH are at higher risk for both NASH and NASH-related liver fibrosis. Several
hypothesized pathogenic mechanisms may account for this finding, including increased metabolic comorbidities, hepatotoxic
effect of lifelong antiretroviral therapy, and chronic HIV infection. In clinical practice, non-invasive diagnostic tests, such as
serum biomarkers and elastography, may help identify patients with NASH-related fibrosis, thus improving risk stratification,
and enhancing clinical management decisions, including early initiation of interventions such as lifestyle changes and potential
pharmacologic interventions.

Summary Clinicians should remain informed of the frequency, significance, and diagnostic and management approach to NASH
in PWH.

Keywords Nonalcoholic steatohepatitis - Liver fibrosis - Metabolic comorbidities - Antiretroviral therapy - Non-invasive
diagnostic tests - Interventions

Introduction with HIV (PWH) worldwide [1]. The advent of combi-

nation antiretroviral therapy (ART) has considerably im-

HIV continues to be a major global public health issue.
In 2018, there were approximately 37.9 million people
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proved the health of PWH: in 2018, 50% of PWH in
North America were predicted to be over 50 years old
[2]. As a consequence, the focus in the management of
PWH is shifting to chronic non-infectious comorbidities
as both chronic HIV infection itself and long-term ART
may affect the trajectory of aging-related conditions
[3-5]. Nowadays, mortality from liver disease is higher
than that from cardiovascular diseases and second only
to AIDS-related mortality [6]. Over the last decade, the
proportion of deaths attributed to liver-related causes
has increased between 8 and 10-fold in the post-ART
era while AIDS-related mortality has fallen more than
90-fold [7-9]. While co-infection with hepatitis B
(HBV) and C (HCV) viruses is believed to have driven
this trend in the past, risk factors unique to this popu-
lation, combined with frequent metabolic comorbidities,
may contribute to nonalcoholic fatty liver disease
(NAFLD) in HIV mono-infected patients, who represent
86-89% of PWH [10°].
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Definition of NAFLD

The World Health Organization has called for a cessation in
further growth in obesity and diabetes prevalence, with a goal
to reduce by one-third premature mortality from non-
communicable disease by 2030 [11]. Diabetes and obesity
represent the main risk factors for NAFLD, the commonest
liver disease globally, affecting 25% of the general population
[12-15]. NAFLD is an umbrella term that encompasses a
spectrum of clinical and pathologic features characterized by
a fatty overload involving over 5% of the liver weight in the
absence of other causes of liver disease. Nonalcoholic fatty
liver (NAFL) or simple steatosis can evolve to nonalcoholic
steatohepatitis (NASH), significant scarring (fibrosis), and liv-
er cirrhosis, eventually resulting in end-stage complications,
such as liver failure and hepatocellular carcinoma (HCC) [15,
16]. In the last three decades, the burden of liver cirrhosis in
the general population is rapidly increasing, resulting in sig-
nificant health and economic consequences [17]. NASH has
played a central role in contributing to this burden in the gen-
eral population: it is now the second leading indication for
liver transplant in North America, and is projected to become
the main indication in the next 10 years [18, 19]. NASH rep-
resents the progressive counterpart of NAFLD, defined as
presence of hepatic steatosis and necroinflammatory histolog-
ic changes. In the general population, around one-third of
patients with NAFLD have NASH, corresponding to an esti-
mated global prevalence of 6-7% [20]. Despite advances in
non-invasive diagnostic tests in liver disease, liver biopsy re-
mains the gold standard to differentiate NASH from simple
hepatic steatosis since no accurate biomarker, able to predict
histologic components required to diagnose NASH, has been
identified so far. The most frequently used histologic classifi-
cation adopted for the diagnosis and staging of NASH is the
NAFLD activity score (NAS). The diagnosis is based on three
components (steatosis, score 0—3; lobular inflammation, score
0-3; hepatocyte ballooning, score 0-2), with a cumulative
NAS score > 5 considered diagnostic for NASH [21]. Liver
fibrosis is evaluated separately from NAS and has been clas-
sified into 5 stages, from no/minimal fibrosis to cirrhosis.
Stage > 2 liver fibrosis, which is also defined as significant
liver fibrosis, is a threshold that indicates a progressive liver
disease which will eventually lead to cirrhosis and end-stage
complications [22]. Alternate scoring systems such Steatosis
Activity Fibrosis (SAF) score have also been proposed for
clinical practice, but have not been readily adopted by histo-
pathologists outside European centers [23].

Epidemiology of NAFLD and NASH in HIV

The prevalence of NAFLD among PWH ranges from 13 to
65%, with a recent meta-analysis indicating this as being 35%
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[24-30]. Despite this range in prevalence, likely attributable to
differences in study population and diagnostic tools, NAFLD
seems to be a more frequent clinical entity in PWH compared
with the general population. Moreover, several studies report-
ed an increased severity of liver disease, as indicated by higher
prevalence of significant liver fibrosis and cirrhosis (Table 1).
A case—control study found that, compared with age and sex-
matched HIV-negative NAFLD, patients with HIV-associated
NAFLD had significantly higher rates of steatohepatitis (37%
versus 63%), and more features of hepatocyte injury, includ-
ing lobular inflammation and acidophil bodies [36¢]. Few his-
tologic studies are available to determine the prevalence of
NASH in HIV mono-infected patients. In many of these stud-
ies, patients with elevated alanine aminotransferase (ALT)
underwent histologic assessment, thus introducing a selection
bias [34]. In a study of 55 patients with elevated ALT and
available liver biopsy, Crum-Cianflone et al. found a preva-
lence of NASH at 7.3% [32]. Similarly, a study from the UK
including 97 HIV mono-infected patients reported a preva-
lence of 8.2% [39]. Conversely, some studies which included
patients with persistently elevated ALT found a much higher
prevalence of NASH, ranging from 53.3 to 63.6% [31, 33, 35,
36]. The pooled prevalence of NASH reported by Maurice
et al. was 41.7% [24e¢]. As shown in Table 1, it is likely that
the characteristics of the study population play a main role in
dictating the reported prevalence figures. These include pro-
portion of elevated ALT, sex, and ethnicity, as well as fre-
quency of metabolic comorbidities and HIV characteristics,
particularly type and duration of ART exposure, as well as
duration and control of HIV infection. A Canadian study from
our team used the serum biomarker cytokeratin 18 to screen
PWH for NASH [42]. Cytokeratin 18 is a biomarker of hepa-
tocyte apoptosis, which occurs in NASH but not in NAFL,
and has been shown good accuracy for NASH [43]. When
applied to 202 consecutive HIV mono-infected patients, the
prevalence of NASH was at 11.4%, and it was confirmed in all
cases with available liver histology. There are very few longi-
tudinal studies investigating the incidence of NAFLD and the
progression of liver fibrosis in HIV-infected patients
(Table 2). Despite the short-term follow-up, the progression
of both hepatic steatosis and liver fibrosis appears significant
in this population, with higher rate in HIV-HCV co-infected
patients [44-47].

Pathogenesis of NASH in the Context of HIV
Infection

Classic Pathogenic Factors

The pathogenesis of NASH in PWH is a complex intersection

between extremely frequent classical pathogenetic factors and
unique risk factors linked to HIV infection. In HIV-negative
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BMI, hemoglobin glycosylated, TG

NA

2
NA

40.8/NA
35/NA

28.7/8.2

83+72

6 (0-23)

10.5+9.3
8 (range 0-29)
10 (6-16)

100
NA

11

4

Table 1 (continued)

Prat [39]
Mohr [40]
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9/4.9 Central obesity, diabetes, dyslipidemia,

7 (4-14)

10

Perazzo [41]

metabolic syndrome
NASH: HOMA-IR, tALT

10.9/4.5

53.9/11.4

NA

NA

13.4 75

Benmassaoud [42]

Continuous variables are expressed as mean + standard deviation or median (interquartile range or range) and categorical variables are presented as percentages. Significant liver fibrosis is defined as stage

NAFLD nonalcoholic fatty liver disease; NASH nonalcoholic steatohepatitis; NRTT nucleoside reversal transcriptase inhibitors; PNPLA3 patatin-like phospholipase domain-containing protein 3; 7F

>F2 or equivalent
virus; /OR interquartile range; GGT gamma glutamyl transferase; H-MRS proton magnetic resonance spectroscopy; HOMA-IR homeostatic model assessment of insulin resistance; NA not available;
transient elastography; 7G triglycerides; US ultrasound

ALT alanine aminotransferase; ART antiretroviral therapy; BMI body mass index; CAP controlled attenuation parameter; CK-18 cytokeratin 18; CT computed tomography; HIV human immunodeficiency

NASH, insulin resistance represents the major driver of dis-
ease pathogenesis. Accordingly, any element constituting the
metabolic syndrome, such as obesity, type 2 diabetes mellitus
(T2DM), hypertension, and dyslipidemia, is linked to progres-
sion to NAFLD, and 85% of patients with NAFLD have at
least one such condition [48]. In the general population,
T2DM is also the strongest predictor for NASH-related hepat-
ic fibrosis and cirrhosis [49, 50]. Studies in T2DM reported a
prevalence of NAFLD and advanced liver fibrosis ranging
from 65 to 73% and from 7.1 to 18%, respectively [5S1-53].
Based on these striking figures that far exceed those of the
general population, several guidelines recommend screening
for liver fibrosis in patients with T2DM [54, 55]. The classic
metabolic components of the metabolic syndrome are more
frequent in PWH. Diabetes is four times more prevalent in
PWH compared with HIV-negative men [56]. A longitudinal
study with a median follow-up of 4 years reported a cumula-
tive incidence of T2DM of 10% in PWH, compared with 3%
in uninfected controls [56]. Dyslipidemia is also a frequent
finding in PWH, due to both chronic HIV infection and life-
long use of ART, particularly protease inhibitors (PIs) boosted
with ritonavir [57]. Hypertension is also very common [58,
59]. Moreover, the increased prevalence of NASH in PWH
was paralleled by the concomitant increase in overweight and
obesity rate [60]. Besides insulin resistance, other factors con-
tribute to the pathogenesis of NASH. Oxidative stress is
thought to play an important role in perpetuating the chronic
cellular damage in NASH pathogenesis. Accumulation of
lipids in the hepatocyte impairs oxidative capacity of the mi-
tochondria and stimulates peroxisomal and microsomal path-
ways of fat oxidation. As a consequence, increased generation
of reactive oxygen species causes oxidative stress, triggers
production of inflammatory cytokines (such as interleukin 6
and cytokeratin 18), and stimulates fibrogenesis and cell death
[61°¢]. PWH have particularly high levels of markers of oxi-
dative stress [62]. Genetic predisposition is undoubtedly par-
ticipating risk factor in NASH pathogenesis. A genome-wide
association scan of non-synonymous sequence variations (n =
9229) in a multiethnic population has identified an allele var-
iant of the patatin-like phospholipase domain-containing 3
(PNPLA3) gene (rs738409; 1148M) to be strongly linked to
more hepatic inflammation and fat content deposition [63]. In
the Multicenter AIDS Cohort Study, Price et al. found that
PNPLA3 (rs738409) non-CC genotype was associated with
a higher prevalence of fatty liver (odds ratio, 3.30), but this
was not confirmed by a subsequent study [64]. Adipose tissue
dysfunction is another pathogenic factor that act through al-
teration of adipokines secretory profile from adipose tissue
(ladiponectin, fleptin), thus promoting development of
NASH [65]. The gut microbiota has emerged as a potential
player in the pathogenesis of NASH. Boursier et al. have
documented an association between dysbiosis and histologic
severity of NASH. In this study, an increased Bacteroides
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Table 2  Incidence of NAFLD and/or significant/advanced liver fibrosis in HIV-infected patients
Design/country Sample Age (years) Duration HIV infection = Diagnostic method
(years)
Rivero-Juarez [44] Prospective/Spain 2013 210 443 +97 8.89+5.3 TE >7.2 kPa
Sebastiani [45] Prospective/Canada 2015 796 43.5 (IQR 36-49.7) 6.3 (IQR 1.7-13.3) Hepatic steatosis index > 36; FIB-4 >3.25
Pembroke [46°] Prospective/Canada 2017~ 313 (HIV and HIV/HCV) 50 (43-54) 15 (IQR 8-22) CAP > 248 dB/m or transition to >292
TE > 7.1 kPa or transition to > 12.5
Lallukka-Bruck [47]  Retrospective-prospective 42 419 +13 235+07 H-MRS, LFAT > 5.56%

/Finland 2019

TE > 8.7 kPa/MRE >3.62

Duration follow- NAFLD

Liver fibrosis

Predictor of progression

up
Steatosis Fibrosis
Rivero-Juarez 18 months (IQR NA 10.9% NA No association with ART drugs and length
[44] 12-26) (end of follow-up) of exposure to drugs
Sebastiani [45] 4.9 years (IQR 6.9 per 100 PY (95% CI, 0.9 per 100 PY Black ethnicity Hyperglycemia
2.2-6.4) 5.9-7.9) (95% CI, 0.6-1.3) Lower level of Lower level of albumin
albumin
Pembroke [46¢]  15.4 months 37.8 per 100 PY (95% CI, 12.7 per 100 PY (95% CI, NA In HIV mono-infected: HIV duration,
(IQR 8.5-23.0) 29.2-49.0) 9.5-17.1) any grade of NAFL; in HIV/HCV: 1ALT,
HCV RNA
Lallukka-Bruck ~ 15.7 years Prevalence baseline versus end ~ 9.5% (end of follow-up) NA NA
[47] (range 12.3-16.4) of follow-up: 35% versus

32%

Continuous variables are expressed as mean + standard deviation or median (interquartile range or range) and categorical variables are presented as

percentages

ALT alanine aminotransferase; ART antiretroviral therapy; CAP controlled attenuation parameter; C/ confidence interval; A7V human immunodeficiency
virus; HCV hepatitis C virus; H-MRS proton magnetic resonance spectroscopy; /QR interquartile range; LFAT liver fat; MRE magnetic resonance
elastography; NA not available; NAFLD nonalcoholic fatty liver disease; PY person-years; TE transient elastography

abundance was associated with NASH, while an increased
Ruminococcus abundance with significant liver fibrosis [66].
HIV-induced alterations to the gut microbiota are common
and associated with decreased diversity, with altered abun-
dance of Bacteroides, Ruminococcus, and Prevotella [67].
Thus, it is conceivable that gut dysbiosis may also play a role
in the increased frequency and severity of NASH observed in
PWH. Finally, monocyte/macrophage activation (soluble
CD163 and CD14) has also emerged as a new concept in
the development of NAFLD and fibrosis, suggesting a
Kupfter cell activation in the development of liver fibrosis
[68]. Interestingly, soluble CD163 and CD14 have been asso-
ciated with immune dysfunction, all-cause mortality, and liver
fibrosis in PWH [69, 70].

HIV-Specific Risk Factors

Pathogenic factors that are unique to PWH may further con-
tribute to the increased frequency and severity of NASH.
Chronic HIV infection and associated inflammation could
lead to immune-activating and pro-apoptotic effects of HIV
on hepatocytes, including low-level HIV replication in hepa-
tocytes possibly inducing liver fibrosis [71, 72]. Indeed, HIV
viremia from ART interruptions is an independent risk factor
for chronic elevated transaminases [73]. Although less fre-
quent with more modern ART regimens, lipodystrophy is also
a potential pathogenetic contributor to NASH in PWH.

Lipodystrophy is a constellation of body composition and
metabolic alterations characterized by a pathological accumu-
lation of adipose tissue in the abdominal region, insulin resis-
tance, and dyslipidemia [74, 75]. Lipodystrophy may occur in
up to 80% of PWH treated with old ART regimens, particu-
larly Pls, and persists after their discontinuation. NAFLD may
frequently coexist with the features associated with this clini-
cal entity [76]. Chronic elevation of ALT is noted in 20-30%
of PWH on ART and is associated with histologic abnormal-
ities, including NASH and fibrosis, in up to 60% of cases [33,
71, 77]. Old nucleoside reverse transcriptase inhibitors
(NRTISs), particularly zidovudine, stavudine, and didanosine,
can induce mitochondrial damage leading to impaired fatty
acid oxidation responsible for microvesicular steatosis and
lactic acidosis. These detrimental insults on the liver persist
after discontinuation of those offending medications and are
not fully reversible. Use of ritonavir-boosted PIs (darunavir,
indinavir, lopinavir) is commonly associated with elevation in
transaminases and direct hepatocyte stress [78]. Importantly,
boosted PIs cause more lipodystrophy, dyslipidemia, and in-
sulin resistance, than other ART regimens, thus contributing
to NASH through their link with metabolic complications
[79]. Despite integrase inhibitors being associated with a safer
metabolic profile and less frequent dyslipidemia [80], recent
data suggest increased weight gain, especially in black
African women [81]. Studies on prevalence of NAFLD and
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NASH also investigated associated cofactors in PWH, thus
providing further information on main pathogenic factors.
The most consistently reported cofactor associated with
NAFLD is body mass index (BMI), followed by triglycerides
and T2DM [37, 38, 40, 41, 46]. On the other hand, lean
NAFLD, defined as NAFLD in patients with BMI <25 Kg/
m?, seems a frequent clinical entity in PWH, affecting 24.2%
of lean patients and representing 35.4% of all NAFLD patients
[82]. Although high suspicion of NAFLD is recommended in
overweight PWH, NAFLD should be considered also in older
lean patients with dyslipidemia or elevated ALT. Some HIV-
related cofactors have also been associated with NAFLD, in-
cluding low CD4 cell count and exposure to NRTIs [38, 41].
Overall, the pathogenesis of NASH in the setting of HIV in-
fection is much more complex than HIV-negative NASH and
still only partly understood, due to both HIV itself and the
long-lasting exposure to ART, together with frequent meta-
bolic comorbidities.

Natural History

The key histopathological event in the natural history of a
chronic liver disease of any etiology is the formation of liver
fibrosis. The accumulation of fibrosis eventually leads to pro-
gressive distortion of the hepatic architecture that is the hall-
mark of evolution to cirrhosis. In patients with NAFLD, the
estimation of liver fibrosis is essential for risk stratification
and prediction of liver-related complications and all-cause
mortality [83]. Liver fibrosis can also be seen as a proxy for
NASH given that simple steatosis without necrotic-
inflammatory changes (NAFL) has a much slower fibrosis
progression. Indeed, liver fibrosis progresses of 1 stage every
7 years for patients with NASH, compared with 1 stage every
14 years for simple NAFL [84]. However, ~20% of patients
with NAFL (no fibrosis) may progress to advanced fibrosis
within a relatively short period. Presence of stage 2 or higher
liver fibrosis is an independent predictor of mortality [83]. The
prevalence of significant liver fibrosis due to NAFLD in HIV
mono-infected ranges widely from 3.6 to 35.7% [85, 86]
(Tables 1 and 2). The meta-analysis by Maurice et al. collo-
cates this figure at 22%, higher than that reported in the HIV-
negative NAFLD population [24e]. Overall, there are very
few studies investigating the natural history of NASH in the
setting of HIV infection, and all of them are based on non-
invasive diagnostic modalities rather than liver histology
(Table 2). The incidence rate of NAFLD reported in the gen-
eral population varies across the world, ranging from 2.8 to
5.2 per 100 person-years (PY) [20]. In HIV mono-infected
patients, incidence of NAFLD by a simple steatosis biomarker
has been reported at 6.9 per 100 PY (95% CI, 5.9-7.9) [45],
while another study employing magnetic resonance spectros-
copy reported no incident NAFLD during a follow-up period
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of 15.7 years [47]. In the LIVEr disease in HIV (LIVEHIV)
cohort study from our team, the incidence of significant liver
fibrosis in HIV mono-infected patients was reported at 0.9 per
100 PY by employing the serum biomarker FIB-4. In the same
cohort, progression of liver fibrosis by transient elastography
(TE), defined as developing significant liver fibrosis or liver
cirrhosis, was determined at 12.7 per 100 PY, which is higher
than the general population [45, 46]. Similar figures were
reported by Rivero-Juarez and colleagues [44]. Even less data
are available for clinical outcomes related to NAFLD in HIV
mono-infected patients. In the general HIV-uninfected popu-
lation, the 10-year mortality reported in 3869 NAFLD sub-
jects was 10.2%, which is higher than controls (7.6%) [87].
NAFLD was also an independent risk factor for incident met-
abolic comorbidities and death. A study of 1092 patients from
the LIVEHIV cohort reported an incidence rate of liver-related
events (decompensation, HCC, death) of 8.6 per 1000 PY,
without significant difference between HIV mono-infected
and HIV/HCV co-infected patients [88]. This rate seems
higher than that reported in HIV-negative NAFLD [89].
Beyond the liver, there is a growing body of evidence indicat-
ing that NAFLD is a multisystem disease affecting extra-
hepatic organs, possibly due to a chronic inflammatory milieu
and impacting on health-related quality of life [90-92].
NAFLD is a risk factor for all-cause mortality due to cardio-
vascular disease and cancer, which represent the two leading
causes of death in this population [83, 93]. NAFLD patients
also exhibit a higher risk of developing incident T2DM,
chronic kidney disease, cognitive impairment, and vasculop-
athy [94-97]. Given that HIV infection is also a multi-system
disease, NAFLD could lead to a potential higher risk for extra-
hepatic manifestations. HIV itself carries higher risk of both
cardiovascular and kidney disease, and of cognitive impair-
ment [98—100]. Only one study has investigated the effect of
NAFLD on the incidence of important metabolic comorbidi-
ties in PWH, including T2DM, hypertension, dyslipidemia,
and kidney disease. Krahn et al. followed 485 patients from
the LIVEHIV cohort for a median of 40.1 months, reporting
an increased incidence of T2DM and dyslipidemia in HIV
mono-infected patients with NAFLD compared with those
without NAFLD [101]. This finding has relevant risk stratifi-
cation implications, given that PWH have already an in-
creased cardiovascular risk compared with HIV-negative per-
sons, and these metabolic comorbidities may further contrib-
ute to cardiovascular morbidity and mortality.

Overall, an inter-play between two multi-system diseases,
chronic HIV and NAFLD, could be responsible for these find-
ings. The European AIDS Clinical Society guidelines already
recommend screening for NAFLD in PWH with metabolic
syndrome, and expansion of these criteria to patients with
any metabolic comorbidity has been proposed [102, 103].
Considering the significant incidence of NAFLD and associ-
ated liver fibrosis in PWH, there are too few longitudinal data
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investigating outcomes of NAFLD so far. Future research
efforts should also target effect of NAFLD on cardiovascular
outcomes and all-cause mortality in the specific setting of HIV
infection.

Diagnosis

On June 12, 2018, the first international NASH day was
named “NASH: a silent killer.” Indeed, a diagnosis of
NASH and associated liver fibrosis based on physical ex-
amination and routine blood exams is difficult as most pa-
tients only show evident clinical signs when their disease is
already advanced, at the cirrhotic stage. Up to 79% of pa-
tients with NAFLD, 46% of those with NASH, and 20% of
patients with advanced liver fibrosis may have normal ALT
[104, 105]. Therefore, early diagnosis of NASH is pivotal
to establish prognosis, management, and treatment. Early
interventions such as alcohol abstinence and control of the
metabolic risk factors may reduce the progression towards
end-stage liver disease. Also, patients with liver cirrhosis
require specific surveillance, including screening for
esophageal varices and HCC [106]. Finally, while liver
transplant is the only curative treatment for end-stage liver
disease, the limited availability of donor organs is problem-
atic. Liver biopsy is considered the gold standard of refer-
ence to diagnose NASH and associated liver fibrosis [54].
Indeed, despite many research efforts to identify an accu-
rate serum biomarker to diagnose NASH, a diagnosis of
NASH is still based on histologic coexistence of hepatic
steatosis, necroinflammatory changes, and hepatocyte bal-
looning. However, liver biopsy is invasive, costly, and
prone to sampling error [107, 108]. Complexity barriers
to biopsy may have limited the numbers of studies investi-
gating NASH in PWH. Moreover, studies that have relied
on biopsy may suffer from selection biases, such as inclu-
sion of patients with elevated ALT only. Although histol-
ogy is still necessary for a definitive diagnosis of NASH,
the co-existence of NAFLD and liver fibrosis also likely
indicates the presence of NASH. Several non-invasive
tools for the diagnosis of NAFLD and associated liver fi-
brosis have been extensively studied in the setting of HIV-
negative NAFLD. These methods rely on two different ap-
proaches: a biological approach, based on the quantifica-
tion of biomarkers in the serum, and a physical approach,
based on the measurement of liver stiffness by either ultra-
sonographic elastography techniques or magnetic reso-
nance elastography [109]. Few of these methods have been
validated in the specific setting of HIV infection (Table 3).
These include TE with associated controlled attenuation
parameter (CAP), a software that quantifies liver fat con-
tent concomitantly with liver stiffness measurement, and
serum fibrosis and steatosis biomarkers [16, 43, 110,

113-115]. Two studies validated these methods against
the gold standard, liver histology. In 66 HIV mono-
infected patients, Morse and colleagues evaluated the per-
formance of TE against three serum fibrosis biomarkers,
AST-to-Platelets Ratio Index (APRI), FIB-4, and NAFLD
fibrosis score. The authors found that TE outperformed the
simple serum biomarkers, with an area under the curve
(AUC) of 0.93 and a sensitivity and specificity of 93%
and 73%, respectively, to detect significant liver fibrosis
with a cut-off value of 7.1 kPa [112]. Another recent study
by Lemoine et al. reported on the performance of several
non-invasive diagnostic tests for hepatic steatosis, NASH,
and fibrosis in 49 HIV mono-infected patients with avail-
able histology [116°¢]. Overall, the researchers reported
high AUC for magnetic resonance imaging-derived proton
density fat fraction (MRI-PDFF) and CAP, with an AUC of
0.98 and 0.87, respectively. Interestingly, an ALT cut-off
value of 36 had an AUC of 0.88 for the diagnosis of NASH,
with 91% and 77% sensitivity and specificity, respectively.
In this study, serum fibrosis biomarkers such as APRI and
FIB-4 had higher performance than TE for the diagnosis of
significant liver fibrosis. A poor concordance between se-
rum fibrosis biomarkers and TE in the specific setting of
HIV infection has been reported [117]. In a study of 17
patients with NASH diagnosed by both liver histology
and the biomarker of cytokeratin 18, Benmassaoud et al.
found that TE had a high AUC at 0.91 to diagnose signif-
icant liver fibrosis in patients with a non-invasive diagnosis
of NASH [42]. Another important diagnostic aspect of clin-
ical practice related to NASH is the diagnosis of esophageal
varices requiring primary prophylaxis in patients with liver
cirrhosis [11, 12]. Esophageal varices requiring primary
prophylaxis are not frequent in patients with compensated
cirrhosis, and access to esophagogastroduodenoscopy can
be problematic in the context of primary and secondary
care HIV clinics. The Baveno VI guidelines were proposed
to reduce the number of unnecessary endoscopies in pa-
tients with liver cirrhosis if the TE value was <20 kPa
and platelet count > 150,000/uL [118]. In a recent multi-
center study, we have validated these criteria in 507 PWH
with TE > 10 kPa, including 42 HIV mono-infected pa-
tients with suspected NAFLD, demonstrating that the
Baveno VI criteria can safely spare at least 33.3% screening
endoscopy [119]. These findings can be used for resource
optimization to select HIV-infected patients who need to
undergo an esophagogastroduodenoscopy. In Fig. 1, we
propose an algorithm for the diagnosis, management, and
follow-up for suspected NAFLD and associated liver fibro-
sis in HIV-infected patients with comorbidities. We com-
bined already existing European AIDS Clinical Society
(EACS) and European Association for the Study of the
Liver (EASL) guidelines with findings of more recent
studies.
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Table 3  Diagnostic non-invasive tool of NAFLD, NASH, and fibrosis in HIV mono-infected patients
Diagnostic test ~ Cut-off AUROCs (95%CI) Se (%) Sp (%) PPV (%) NPV (%)
NAFLD [45, 110, 111] CAP (dB/m) >280 87 (76-99) 86 72 72 86
>238 88 (78-99) 89 80 NA NA
MRI-PDFF (%) >10 98 (96-100) 91 81 81 91
HSI >36 88 (80-95) 857 84.1 632 94.9
NASH [111] NashTest >0.75 64 (48-80) 17 85 50 54
ALT (IU/L) >36 88 (77-99) 91 77 78 91
Significant liver fibrosis TE (kPa) >7.1 61 (43-79) 80 32 39 75
(2452; 1 >7.1 93 (86-99) 93 73 52 97
[42. ’ ] >7.1 91 (81-100) NA NA NA NA
(in patients with NAFLD and elevated CK-18)
FIB-4 <145 81 (67-95) 87 50 43 89
>2.67 64 (49-79) 21 89 38 78
APRI <0.5 86 (74-98) 87 68 54 92
>1.5 61 (46-77) 21 82 27 77
NFS >0.676 70 (55-85) 14 96 50 78
<—146 71 (57-86) 87 56 46 90

All the diagnostic tests were compared with liver biopsy, except [110] which was compared with MRS liver fat fraction >0.05 and [45] which was

compared with ultrasound

APRI AST-to-Platelets Ratio Index; CAP controlled attenuation parameter; C/ confidence interval; CK-18 cytokeratin 18; FIB-4 fibrosis-4 score; HSI
hepatic steatosis index; MRI-PDFF magnetic resonance imaging proton density fat fraction; NAFLD nonalcoholic fatty liver disease; NASH nonalco-
holic steatohepatitis; NF'S NAFLD fibrosis score; NPV negative predictive value; PPV positive predictive value; Se sensitivity; Sp specificity; TE

transient elastography; /U international unit

Treatment

Treatment for NASH is aimed to improve outcomes, such as
reduce NASH-related mortality and progression to cirrhosis
and HCC.

Lifestyle Changes

The first-line treatment for NASH is weight loss, through a
combination of lifestyle changes including calorie reductions,
exercise, and healthy eating [111]. Since the most frequent
reported predictor of NAFLD in PWH is BM], it is reasonable
that these interventions may also be effective in HIV-
associated NAFLD, although ad hoc studies are lacking. In
the general NAFLD population, suggested interventions for
weight loss include 500—1000 kcal energy defect to induce a
weight loss of 500-1000 g/week, targeting a total of 7-10%
weight loss [54]. Weight loss of > 7% can lead to resolution of
NASH, while a weight loss > 10% can regress liver fibrosis
[120]. Weight loss targets to achieve fibrosis improvement
have not been determined, and rapid weight loss is not recom-
mended for patients with advanced liver disease due to risk of
malnutrition and deconditioning. Other important components
of an appropriate lifestyle modification in the context of
NASH include reducing alcohol intake, avoiding fructose-
containing beverages and food, and limiting the consumption
of processed red meat [54, 121]. Interestingly, a recent
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randomized controlled trial conducted in HIV-negative pa-
tients with NAFLD showed significant reduction of liver fat,
ALT, Framingham risk score, cholesterol, and insulin resis-
tance after 12 weeks of ad libitum Mediterranean diet [122]. In
this study, the Mediterranean diet was based on foods con-
sumed in traditional Cretan diet, with target macronutrient
energy distributed as follows: 40% from carbohydrate, 35—
40% from fat (with <10% of energy as saturated fat), and
20% of energy as protein. This approach was both efficacious
and able to provide long-term adherence to intervention diets
but has yet to be tested in PWH.

ART-Related Interventions

An intervention specific to the HIV setting may be related to
the use of ART with a lower potential to induce hepatic
steatosis or metabolic disturbances. In a retrospective cohort
study, maraviroc, a chemokine receptor 5 antagonist, showed
a potential protective role in reducing the incidence of
NAFLD in PWH [123]. In a randomized controlled trial,
Macias and colleagues study the effect of switching efavirenz
to raltegravir on hepatic steatosis diagnosed by TE with CAP
among 39 HIV/HCV co-infected patients. At week 48, reso-
lution of hepatic steatosis was observed in 47% patients
switched to raltegravir compared with only 15% of patients
who were maintained on efavirenz [124]. However, recent
data suggest that regimens containing integrase inhibitors,
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Fig. 1 Flow chart for diagnosis, management and follow-up of
NAFLD and associated liver fibrosis in HIV infected patients.
Abbreviations: ALT, alanine aminotransferase; ASCVD, atherosclerotic
cardiovascular disease; CAP, controlled attenuation parameter; EGDS,
esophagogastroduodenoscopy; HCC, hepatocellular carcinoma; HDL,

and in particular dolutegravir, may be associated with weight
gain [81]. Further studies with larger sample sizes and longer
follow-up are warranted.

Pharmacologic Therapy

In terms of pharmacologic interventions, there are multiple
ongoing clinical trials investigating different compounds
targeting various metabolic, inflammatory, and fibrogenic
pathways in NASH. However, few approaches have been
tested in the specific context of HIV infection as PWH are
currently excluded from global NASH clinical trials. In a re-
cent statement from the Steatohepatitis in HIV Emerging
Research network, inclusion of PWH in these global trials
has been advocated on the basis of the high prevalence and
severity of the disease in this population [125¢¢]. In the context
of HIV-associated lipodystrophy, the use of pioglitazone, a
thiazolidinedione insulin-sensitizing agent used for treatment
of HIV-negative NASH, has been shown to reduce liver fat
and lobular inflammation in 13 PWH, but did not achieve the
primary endpoint of improvement or resolution of NASH
[126]. The ARRIVE trial, a double-blind, randomized,

high density lipoprotein; HIV, human immunodeficiency virus; FIB-4,
fibrosis 4 index; NAFLD, nonalcoholic fatty liver disease; PLT, platelets;
T2DM, type 2 diabetes mellitus; TE, transient elastography; TG,
triglycerides; US, ultrasound

placebo-controlled trial, tested the efficacy of 12 weeks of
treatment with aramchol, a fatty acid-bile acid conjugated
stearoyl coenzyme A desaturase 1, versus placebo in 25
PWH with NAFLD. Over a 12-week period, there was no
significant change of hepatic fat or body fat as assessed by
using the MRI-PDFF [127]. In a phase 4 open-label clinical
trial, one of us used vitamin E 800 IU daily for 24 weeks in 27
HIV mono-infected patients with NASH [128¢]. Vitamin E is
an antioxidant used as first-line pharmacologic treatment for
NASH in HIV-negative patients [54]. In this study, we found
a significant decrease in ALT (— 27 units/L), steatosis estimat-
ed by CAP (—22 dB/m), and cytokeratin-18 (— 123 units/L).
However, there was no improvement in liver fibrosis, possibly
due to the short duration of the trial. Another molecule recent-
ly tested in PWH with NAFLD is tesamorelin, a synthetic
form of growth hormone-releasing hormone, approved for
the treatment of excess abdominal fat in HIV-associated
lipodystrophy. Stanley et al. assessed the effect of tesamorelin
on steatosis and histology in a randomized multicenter trial
including 61 PWH with NAFLD [129]. After 12 months of
treatment, steatosis in patients on treatment arm had decreased
by 32% from baseline, while it had increased by 5% in
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placebo patients. Moreover, 35% of patients in the tesamorelin
group resolved steatosis in comparison with only 4% of pa-
tients on placebo. The study also found that 10.5% of patients
in the tesamorelin group experienced progression of liver fi-
brosis compared with 37.5% in patients receiving a placebo.

Bariatric Surgery

Bariatric surgery provides an option for durable weight loss in
obese NAFLD patients, with significant improvement in both
associated metabolic syndrome comorbidities and liver fibro-
sis. Weight-loss surgery is being increasingly considered in
morbidly obese PWH [130]. However, consideration should
be provided to variable ART absorption after weight-loss sur-

gery [131].

Conclusion

NAFLD is a clinical entity that frequently coexists in the set-
ting of HIV infection. Progression of NAFL to NASH should
be highly suspected in case of elevated ALT, overweight and
if serum fibrosis biomarkers or TE indicate significant liver
fibrosis. Screening for NAFLD should be implemented at
least in patients with metabolic syndrome and considered in
PWH with any metabolic comorbidities or elevated ALT.
Indeed, any patients with NAFLD should undergo risk strati-
fication based on liver fibrosis staging, surveillance for HCC,
and gastroesophageal varices in case of liver cirrhosis and
appropriate therapeutic interventions. Future research efforts
should include longitudinal studies characterizing the natural
history of NASH, identification of biomarkers to diagnose
NASH, and fibrosis progression in the specific setting of
HIV, along with targeted interventions that will improve clin-
ical outcomes in PWH.
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