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Abstract

Nonalcoholic fatty liver disease (NAFLD) affects 25% of adults in the general population and 

is a disease spectrum ranging from steatosis to nonalcoholic steatohepatitis (NASH) to end-stage 

liver disease. NAFLD is an independent risk factor for cardiovascular disease, diabetes mellitus, 

and all-cause mortality, and NASH cirrhosis is a frequent indication for liver transplantation. In 

persons with human immunodeficiency virus (PWH), chronic liver disease is the second leading 

cause of non–human immunodeficiency virus–related mortality. Between 20% and 63% of PWH 

have NASH, and 14% to 63% have NASH with fibrosis. However, little is known about the 

optimal diagnostic strategies, risk factors for, and treatment of NAFLD in PWH. Here, we review 
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current data on and identify knowledge gaps in the epidemiology, pathophysiology, diagnosis, and 

management of NAFLD in PWH and highlight priorities for research.

Graphical Abstract
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Nonalcoholic fatty liver disease (NAFLD), affecting 25% of adults,1 is a spectrum including 

steatosis (excess lipid accumulation in hepatocytes) and nonalcoholic steatohepatitis 

(NASH; defined by steatosis, lobular inflammation, and hepatocyte ballooning). Fibrosis 

may develop and progress to cirrhosis and hepatocellular carcinoma. NASH cirrhosis is 

a frequent indication for liver transplantation worldwide. Furthermore, NAFLD strongly 

is associated with insulin resistance (IR), hypertension, and dyslipidemia, and is an 

independent risk factor for cardiovascular disease (CVD), diabetes mellitus (DM), and 

all-cause mortality.2,3

Among persons with human immunodeficiency virus (PWH), chronic liver disease is 

the second leading cause (13%) of non–human immunodeficiency virus (HIV)-related 

mortality.4 Furthermore, obesity, DM, and the metabolic syndrome (MetS) are prevalent 

in PWH, increasing NAFLD risk. Between 20% and 63% of PWH have NASH, and 14% 

to 63% have fibrosis.5-7 However, little is known about the optimal diagnostic strategies, 

risk factors for, and treatment of NAFLD in PWH. This article reviews current data 

on and identifies knowledge gaps in the epidemiology, pathophysiology, diagnosis, and 

management of NAFLD in PWH and highlights research opportunities and priorities.

Nonalcoholic Fatty Liver Disease Prevalence and Risk

In populations without HIV (primary NAFLD), NAFLD prevalence varies from 25% of 

adults globally to 95% of bariatric surgery patients.8 The strongest risk factors include 

obesity, DM, hypertension, and dyslipidemia,1 with NAFLD often referred to as the hepatic 

manifestation of the MetS. In reality, the NAFLD/MetS relationship is bidirectional, with 

NAFLD being a strong predictor of future DM and CVD.2,9 Race and ethnicity influence 

NAFLD risk, with Hispanics at highest risk and non-Hispanic blacks at lowest risk,10 

differences are mediated in part by genetic factors (eg, PNPLA3 gene single-nucleotide 

polymorphisms).11
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HIV-associated NAFLD (HIV NAFLD) shares risk factors with primary NAFLD.12 In 

a meta-analysis, PWH with NAFLD were more likely to have DM, hypertension, and 

an increased body mass index (BMI).13 Although obesity is associated consistently with 

NAFLD in PWH, in a study of biopsy-confirmed NAFLD, PWH had a significantly lower 

mean BMI, suggesting PWH may have a higher prevalence of “lean NAFLD”14 than the 

general population. Indeed, in a cohort of PWH with hepatic steatosis, 45% had a BMI less 

than 30 kg/m2.15 PWH also may have lipodystrophy (increased visceral adipose tissue [AT] 

with or without central subcutaneous AT accumulation or peripheral lipoatrophy), and/or 

generalized obesity. Lipodystrophy shares cardinal features of NAFLD including IR and 

dyslipidemia, and may contribute to HIV NAFLD.14 Similar to primary NAFLD, PNPLA3 
single-nucleotide polymorphisms are associated strongly with NAFLD in PWH.6,12

Although HIV per se is not associated with increased NAFLD risk in observational 

data,12,16,17 a higher prevalence of NASH and hepatic fibrosis have been observed in HIV 

vs primary NAFLD.5 Published studies of NAFLD epidemiology in PWH are summarized 

in Table 1. Briefly, with few exceptions, the available observational data report prevalence 

rates greater than 30% by imaging or biopsy, with frequent short-term progression of 

disease in the subset of longitudinal studies. The complexity and incomplete understanding 

of NASH pathogenesis make assessing the contribution of HIV and antiretroviral therapy 

(ART) in these settings difficult. Specifically, multiple molecular pathways may contribute, 

the perturbations of which are unlikely to be uniform across patients. Furthermore, to date, 

clinical studies have insufficiently investigated and targeted the pathways most likely to 

play a role in HIV NAFLD. Potential HIV- and ART-associated contributors to NAFLD are 

discussed in greater detail later.

Nonalcoholic Fatty Liver Disease Pathophysiology in Persons With Human 

Immunodeficiency Virus

Multiple pathways have been implicated in the development and progression of NAFLD in 

PWH and are represented in Figure 1.

Immunodeficiency and Immune Activation

Altered immune function may impact the intrahepatic inflammatory milieu and 

contribute to NAFLD. HIV infects macrophages and T lymphocytes, altering the hepatic 

microenvironment. Exposure of hepatocytes and hepatic stellate cells to HIV induces 

transforming growth factor-β18 and promotes oxidative stress.19 Furthermore, in HIV, 

macrophage populations shift to an anti-inflammatory, profibrotic M2 phenotype.20

Early immunologic insults after HIV acquisition, including gut barrier breach and selective 

CD4+ T-cell depletion enteropathy, drive translocation of microbial products into the 

circulation. These changes are not fully reversed with ART and peripheral immune 

reconstitution, permitting persistent inflammatory disturbances.21 Lipopolysaccharide 

induces hepatic tumor necrosis factor-α, promoting fibrogenesis, and activates Toll-like 

receptor 4 receptors on Kupffer cells, promoting inflammation and fibrogenesis. Circulating 

lipopolysaccharide promotes IR, liver triglyceride accumulation, and AT inflammation.22 
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These combined insults can lead to the development of hepatic inflammation, hepatocellular 

injury, and fibrosis characteristic of NASH.

Adipose Tissue Dysfunction

AT dysfunction, including adipocyte hypertrophy32 and subcutaneous AT fibrosis, results 

in a number of detrimental immune-metabolic effects in PWH and may contribute to 

the development and progression of NAFLD. PWH experience AT disruptions including 

generalized obesity, visceral AT accumulation, and lipodystrophy. Obesity and visceral 

adiposity are common in PWH and have traditional and HIV-/ART-associated contributors. 

Although 67% or less of adult PWH are overweight or obese by BMI criteria,23-25 increased 

visceral AT-to-BMI ratios26 in PWH lead to an underestimation of total adiposity. Thus, 

visceral adiposity is believed to be a more accurate predictor of metabolic disease, including 

NAFLD risk, in PWH.12 As in the general population, obesity and visceral AT accumulation 

are associated with increased systemic and tissue-level inflammation and activation of the 

renin-angiotensin system,35,36 further promoting IR and cardiometabolic disease, including 

NAFLD.27,28

Other contributors to AT dysfunction include direct ART effects,29 HIV itself,30 and 

microbial translocation.22,31 Mitochondrial dysfunction from older ART agent exposure 

may contribute to AT disturbances (see later).32,33 Suppressive ART can improve fibrosi33 

(presumably from a reduction in the proinflammatory stimulus of HIV viremia) but 

not adipocyte hypertrophy, which promotes IR and local tissue inflammation. HIV 

itself induces peroxisomal proliferator-activated receptor-γ inhibition and glucocorticoid-

receptor activation, inducing impaired adipocyte differentiation, accelerated lipolysis, 

macrophage infiltration, and hepatic steatosis.34 HIV-associated hormonal imbalances (eg, 

hypogonadism) and gut microbiome alterations may play adjunctive roles.37,38 Aging-

associated central AT redistribution, adipocyte senescence, and chronic inflammation39 may 

be enhanced in PWH. The overlap between contributors to/consequences of AT dysfunction 

in PWH29,40 and the known contribution of AT dysfunction to NAFLD41 sets the stage for a 

NAFLD epidemic among PWH.

Antiretroviral Therapy and Nonalcoholic Fatty Liver Disease

The majority of data on the contribution of ART to NAFLD are based on older, more toxic 

agents. Although contemporary ART generally is not believed to cause the same severity 

of metabolic effects, some toxicities of older ART agents, including mitochondrial toxicity, 

peripheral subcutaneous lipoatrophy, and their sequelae, are fully or partially irreversible. 

This legacy effect impacts NAFLD risk among long-term survivors of HIV and/or PWH in 

resource-limited settings where these agents may continue to be used.

The role of first-generation protease inhibitors (PIs) in NAFLD development remains 

uncertain, with associations varying by drug and population studied.44-46 PIs are known 

to impact mechanisms linked to hepatic steatosis, including dramatically increasing central 

adiposity and altering plasma lipid profiles through inhibition of lipogenesis, decreased 

hepatic clearance of very-low-density lipoproteins, and increased hepatic triglyceride 
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production.42,43 Thus, although results on the relationship between PIs and NAFLD conflict, 

biologically they are likely to contribute to NAFLD development.

Older nucleoside reverse transcriptase inhibitors (NRTIs) also may contribute to NAFLD 

pathogenesis through increased mitochondrial toxicity, IR, and visceral adiposity.47 In 

addition, both NRTIs and non-NRTIs affect adipogenesis and adipocyte differentiation,29 

leading to mitochondrial injury, adipocyte death, and free fatty acid and triglyceride 

accumulation,47-50 which contribute to the development of hepatic steatosis, IR, and 

systemic and tissue-level inflammation.

Contemporary ART may contribute to hepatic steatosis by promoting obesity and/or visceral 

adiposity. ART initiation is associated with weight gain,40 with persons with the highest pre-

ART HIV-1 RNA or lowest CD4+ T lymphocyte counts at risk of greatest weight gain.51,52 

The integrase strand transfer inhibitors (INSTIs), first-line therapy for most PWH, may be 

associated with greater weight gain after ART initiation than other agents/classes.53-55 In 

addition, risk may vary by INSTI agent and concomitant NRTI use. Multiple studies have 

implicated dolutegravir as associated with greater weight gain after ART initiation or switch 

than elvitegravir or raltegravir.56-58 Less data are available for bictegravir, although weight 

gain is expected to be similar to dolutegravir.57 Risks for weight gain with initiation of or 

switch to INSTIs are not well understood, but may include female sex and black race.56,57,59

In summary, some older ART agents are associated with hepatic steatosis, and the legacy 

effects of these agents, including lipodystrophy and mitochondrial dysfunction, persistently 

affect NAFLD risk for exposed persons. Observed associations between contemporary ART 

and NAFLD vary, in large part owing to differences in study design and analysis, although 

contemporary ART generally is not believed to carry the same risk.

Diagnosis

Steatosis can be identified by several imaging modalities, including ultrasound, noncontrast 

computed tomography scan, magnetic resonance imaging (MRI), and controlled attenuated 

parameter (CAP). Once steatosis is identified, further evaluation is required to assess for 

hepatic fibrosis.

Noninvasive tools (NITs) including predictive models, serum-based assays, and radiologic 

studies can be used to identify and stage hepatic fibrosis. The NAFLD Fibrosis Score, 

Fibrosis-4 (FIB-4) score, aspartate aminotransferase–to-platelet ratio index are predictive 

models that can estimate an individual’s risk of advanced fibrosis in primary NAFLD. 

However, aspartate aminotransferase–to-platelet ratio index, FIB-4, and NAFLD Fibrosis 

Score have variable performance in PWH.62,63 These scores include platelet count as 

a marker of portal hypertension, but may be less accurate in PWH owing to multiple 

causes of thrombocytopenia. Similarly, increased aminotransferase levels and IR often have 

causes other than NASH and fibrosis in PWH, compromising the specificity of these 

tests. The Enhanced Liver Fibrosis score is a serum-based test that estimates fibrosis 

through measurement of extracellular matrix markers and, although it holds promise for 

risk stratification in primary NAFLD, it has not been validated in PWH.
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Radiographic NITs of hepatic fibrosis, which estimate the elasticity of the liver as a 

surrogate for fibrosis, include transient elastography (FibroScan, EchoSens, Paris, France), 

sheer wave elastography, and MR elastography, which have conflicting performance 

characteristics in studies including PWH.63,64 Research to identify accurate circulating 

biomarkers for NASH and fibrosis and to comprehensively evaluate noninvasive imaging for 

steatosis and fibrosis diagnosis is desperately needed in PWH. A summary of the limited 

number of studies comparing noninvasive testing with diagnosis by liver biopsy in PWH 

with and without hepatitis C virus (HCV) co-infection is presented in Table 2. Briefly, most 

available studies are in the setting of HIV-HCV coinfection. Among these studies, MRI 

proton-derived fat fraction performs best (area under the receiver operating characteristic 

curve, 0.98) for the diagnosis of steatosis, and transient elastography performs best for 

fibrosis (area under the receiver operating characteristic curve, 0.61–099), although not 

all available modalities have been tested for each disease state (eg, no MR assessment of 

fibrosis). Liver biopsy, the gold standard for the diagnosis and staging of NAFLD, can 

distinguish steatosis from NASH, identify secondary causes of liver disease, and stage 

fibrosis. Although liver biopsy is limited by sampling error, risk of complications, and low 

provider and patient acceptance, it should be pursued when NITs indicate a high likelihood 

of advanced fibrosis or the etiology of liver disease remains unclear.

Screening

Screening for NAFLD, even among high-risk groups including PWH, remains controversial. 

The American Association for the Study of Liver Diseases60 does not recommend screening 

high-risk groups for NAFLD.61 However, the European Acquired Immune Deficiency 

Syndrome Clinical Society recommends screening all PWH and MetS for NAFLD with 

ultrasound and, if positive, perform follow-up evaluation of liver enzymes and predictive 

scores and/or serum fibrosis markers (http://www.eacsociety.org/files/2018_guidelines-9.1-

english.pdf). However, the impact of NAFLD screening in high-risk PWH on outcomes has 

not yet been studied.

Histology

As in primary NAFLD, NAFLD in PWH begins with macrovesicular steatosis. Ballooning 

injury, characterized by enlarged hepatocytes with irregularly clumped and cleared 

cytoplasm, indicates NASH. Perisinusoidal fibrosis, usually from central veins alongside 

balloon cells, is present early in disease. As fibrosis progresses, perisinusoidal fibrosis 

becomes more pronounced and fibrous septations extend from portal areas. Eventually, 

bridging fibrosis develops, connecting periportal and pericentral strands. Cirrhosis is present 

when bridging fibrosis encircles nodules of hepatocytes. Disease may fluctuate, leading 

to various combinations of steatosis, inflammation, ballooning, and fibrosis on biopsy, 

complicating diagnosis. NASH and advanced fibrosis are prevalent in PWH, with a recent 

meta-analysis showing a 42% NASH prevalence, with 22% having bridging or more severe 

fibrosis.13 However, there are no known features on liver biopsy that distinguish primary 

NAFLD/NASH from HIV NAFLD/NASH.
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Treatment

Lifestyle intervention remains the foundation of treatment for primary and HIV NAFLD. 

In primary NAFLD, weight loss of 10% or more of total body weight is associated with 

NASH resolution in 90% of patients and a 1-stage fibrosis reduction in 45% after 1 year.65 

However, the impact of weight regain and longer-term outcomes are not available. In PWH, 

structured exercise with or without dietary intervention reduces abdominal obesity in most 

studies,66,67 although data specifically in NAFLD are lacking. One small study reported a 

lower BMI and higher activity levels in PWH with biopsy-confirmed NAFLD vs controls,14 

and in a multi-ethnic cohort of PWH being screened for hepatic steatosis, nearly half of 

persons with NAFLD by CAP were nonobese (Lake et al, unpublished data), suggesting that 

lean NAFLD may play a larger role in PWH than in the general population. In addition, high 

rates of frailty68 and sarcopenia in PWH69 may complicate implementation of traditional 

diet and exercise recommendations and create a need for pharmacologic options.

Treatment for HIV NAFLD may include careful selection of ART. Although older ART 

contributed to NAFLD development, contemporary ARTs may be beneficial. A recent study 

suggested an inverse association between raltegravir (INSTI) use and hepatic steatosis. In 

this study, PWH (±HCV co-infection) on suppressive efavirenz (a non-NRTI) plus 2 NRTIs 

for 6 months or more and CAP of 238 or more dB/m were randomized to switch to 

raltegravir or continue efavirenz, maintaining NRTI backbone. After 48 weeks, CAP scores 

decreased in the raltegravir group and increased in the efavirenz group, despite similar or 

greater weight gains in the raltegravir group and a persistent association between higher 

CAP scores and a higher BMI.70 Larger studies are needed to clarify relationships between 

INSTIs and NAFLD regression.

Few NAFLD/NASH treatment trials have included PWH. Because ART is recommended for 

all PWH, NAFLD interventions must consider concurrent ART administration. Drugs with 

potentially significant drug–drug interactions require investigations in healthy volunteers 

before PWH, whereas studies of drugs for which interactions are not expected may proceed.

Tesamorelin, a growth hormone–releasing analog is Food and Drug Administration–

approved for the treatment of HIV-associated lipohypertrophy.71 Obesity and visceral AT 

are associated with a relative growth hormone deficiency that may contribute to NAFLD. 

Tesamorelin promotes physiologic release of growth hormone and decreases abdominal 

adiposity and radiographic liver fat in PWH.72,73 Its impacts specifically on NAFLD and 

associated CVD risk currently are being studied (NCT03375788).

For individuals without DM with biopsy-proven NASH, 800 U/d vitamin E for 96 weeks 

improves NASH histology.74 In adults with DM, 45 mg/d pioglitazone for 18 months 

improves NASH histology and may reduce fibrosis.75 Both treatments have potential 

adverse effects, including increased risk of prostate cancer with vitamin E, and weight 

gain, congestive heart failure, and increased bladder cancer risk with pioglitazone.76 A trial 

of vitamin E for NASH in PWH currently is underway (NCT03669133). In a small study 

in persons with HIV and HCV, pioglitazone was well-tolerated and reduced hepatic fat by 

magnetic resonance spectroscopy (MRS).77
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Cenicriviroc (CVC), a C-C chemokine–receptor types 2 and 5 antagonist, inhibits HIV 

entry into target cells. C-C chemokine ligands 2 and 5 are overexpressed in NASH. 

When CVC was studied as a potential antiretroviral agent, improvement in liver enzyme 

levels and circulating fibrosis markers were observed.78 In individuals without HIV, CVC 

significantly improves fibrosis without impacting steatohepatitis.79 An ongoing phase 3 trial 

(NCT03028740) excludes PWH. Because of concurrent anti-HIV activity, CVC should be 

considered only for NASH therapy in PWH on suppressive ART.

Aramchol (Galmed Pharmaceuticals, Tel Aviv, Israel), a fatty acid–bile conjugate, was 

studied in 60 patients with biopsy-confirmed NAFLD without HIV,80 and significantly 

decreased liver fat by magnetic resonance spectroscopy. In a randomized, placebo-controlled 

trial comparing the efficacy of 600 mg/d oral Aramchol vs placebo for 12 weeks in 50 PWH 

with NAFLD as determined by MRI proton density fat fraction,81 there was no significant 

reduction in liver fat. Finally, Farnesoid X receptor, peroxisomal proliferator-activated 

receptor-α/δ, and glucagon-like peptide-1 agonists have shown promise as therapeutics in 

persons without HIV.82,83

The reader is referred to American Association for the Study of Liver Diseases Practice 

Guidance for the management of patients with NAFLD, which reviews emerging therapies 

for NASH.60 In addition, an overview of the current NASH therapeutics landscape in the 

general population is presented in Table 3. Briefly, diet and exercise remain the mainstay of 

therapy. Numerous studies of novel therapies are underway, almost none of which are being 

studied, or have been studied in PWH (with the exception of Aramchol). Further studies 

are needed to assess the therapeutic efficacy of these emerging agents in PWH who have 

co-existing NASH and fibrosis.84

Clinical Management

Although data on the benefits of screening for NAFLD in PWH are limited, screening 

individuals with the MetS or increased liver enzyme levels can begin with an abdominal 

ultrasound. In persons with NAFLD (when other causes of liver disease have been 

excluded), initial risk stratification may be performed using clinical prediction rules such 

as FIB-4. Patients with a low FIB-4 (<1.3) may have a low likelihood of advanced 

fibrosis and may be monitored with a focus on lifestyle interventions.85 Persons who 

have high FIB-4 (>2.67) should be referred to a hepatologist for liver disease assessment, 

and those who are intermediate risk (FIB-4, 1.3–2.67) may undergo further staging with 

either serum fibrosis markers or elastography. Those with low risk of advanced fibrosis 

should be advised on lifestyle intervention. Those with moderate-to-high risk of fibrosis 

should be referred to a hepatologist for consideration of liver biopsy, pharmacotherapy, and 

clinical trial participation. More specific guidelines for PWH are needed, including ART 

recommendations, but additional research is needed to inform such guidelines.

Research Priorities

There are significant knowledge gaps in our understanding of HIV NAFLD. Here, we 

provide a list of priorities addressing unmet needs in the field (Table 4).
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Conclusions

NAFLD and NAFLD-related liver and cardiometabolic complications are increasingly 

prevalent among PWH. However, little is understood about the epidemiology, natural 

history, pathogenesis, diagnosis, and treatment of this condition in this population. We 

outlined current knowledge and identified knowledge gaps in HIV-associated NAFLD. 

Focus on these areas and collaboration between infectious disease and hepatology providers 

and investigators is essential to decrease the morbidity and mortality associated with 

NAFLD in PWH.
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Abbreviations used in this paper:

ART antiretroviral therapy

AT adipose tissue

BMI body mass index

CAP controlled attenuated parameter

CVC cenicriviroc

CVD cardiovascular disease

DM diabetes mellitus

FIB-4 Fibrosis-4

HCV hepatitis C virus

HIV human immunodeficiency virus

INSTI integrase strand transfer inhibitor

IR insulin resistance

MetS metabolic syndrome

MRI magnetic resonance imaging

NAFLD nonalcoholic fatty liver disease

NASH nonalcoholic steatohepatitis

NIT noninvasive tool

NRTI nucleoside reverse-transcriptase inhibitor

PI protease inhibitor
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PWH persons with human immunodeficiency virus
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Figure 1. 
Nonalcoholic fatty liver disease pathogenesis in persons with human immunodeficiency 

virus (HIV). HCV, hepatitis C virus; INSTI, integrase strand transfer inhibitor; NRTI, 

nucleoside reverse transcriptase inhibitor.
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