
Copyright © 2026 Wolters Kluwer Health, LLC. Unauthorized reproduction of this article is prohibited. 

JAIDS Journal of Acquired Immune Deficiency Syndromes Publish Ahead of Print 

DOI: 10.1097/QAI.0000000000003964 

PREVALENCE AND SEVERITY OF STEATOTIC LIVER DISEASE IN WOMEN WITH 
AND WITHOUT HIV 

Maria J. Duarte, MD, MAS¹, Phyllis C. Tien, MD², Mark H. Kuniholm, PhD³, Yifei Ma, MA1,2, Chloe L. 
Thio, MD4, David B. Hanna, PhD5, Mallory D. Witt, MD6, Carling Skvarca, PA-C7, James Brock, MD, 
MS⁸ , Audrey L. French, MD⁹ , Maria Alcaide, MD¹⁰ , Michelle Floris-Moore, MD, MS¹¹, Eric C. 
Seaberg, PhD, MPH4, Ighovwerha Ofotokun, MD, MSc¹², Michael Plankey, PhD13, Valentina Stosor, 
MD14, Jennifer C. Price, MD, PhD¹ 

¹ University of California, San Francisco 
² San Francisco Veterans Affairs Medical Center 
³ University of Albany, SUNY 
4
 Johns Hopkins University 

5
 Albert Einstein College of Medicine 

6
 Lundquist Institute at Harbor-UCLA 

7 
University of Pittsburgh Medical Center 
⁸  University of Mississippi Medical Center 
⁹  Cook County Health & Hospitals System 
¹⁰  University of Miami Miller School of Medicine 
¹¹ University of North Carolina at Chapel Hill 
¹² Emory University 
13

 Georgetown University 
14

 Northwestern University Feinberg School of Medicine 

Conflict of Interest: 

 Guarantor of the article: Maria J. Duarte (MJD)

 Specific author contributions: Study design (MJD, PT, JP), Data collection (PT, MK, CT, DH, MW,

CS, JB, AF, MA, MFM, ES, IO, MP, VS), Statistical analysis (MJD, MK, YM, MW, JP), Manuscript

drafting (MJD, JP, PT), Manuscript edits (all authors).

 Financial support: MWCCS Funding: U01-HL146241, U01-HL146201, U01-HL146204, U01-

HL146202, U01-HL146193, U01-HL146245, U01-HL146240, U01-HL146242, U01-HL146333, U01-

HL146205, U01-HL146203, U01-HL146208, U01-HL146192, U01-HL146194; Other: R01DK109823,

K24 AI108516

 Potential competing interests: No conflict of interest

ACCEPTED



Copyright © 2026 Wolters Kluwer Health, LLC. Unauthorized reproduction of this article is prohibited. 

 
 

 

ABSTRACT   

Introduction: Steatotic liver disease (SLD) is highly prevalent in people with HIV (PWH) and is a 

major cause of morbidity and mortality in this population. However, it remains unclear whether SLD is 

influenced by HIV infection and whether the clinical management of PWH who have SLD should differ 

from non-HIV populations. 

 

Methods: Liver steatosis and fibrosis were assessed using vibration-controlled transient elastography 

(VCTE) among 1,580 women (1,117 with HIV; 463 without) enrolled in the Women’s Interagency HIV 

Study between 2013 and 2018. Steatosis was defined by a controlled attenuation parameter (CAP) 

≥248 dB/m, and clinically significant fibrosis by liver stiffness ≥7.1 kPa. Participants were classified 

according to the AASLD diagnostic algorithm for SLD. Differences in fibrosis prevalence by HIV 

status were evaluated, and multivariable logistic regression was performed to identify factors 

associated with SLD and fibrosis, adjusting for age, ethnicity, BMI, alcohol use, diabetes, and 

smoking. 

 

Results: Prevalence of SLD was 740 of 1580 (47%) and did not differ by HIV serostatus. Most SLD 

was  metabolic dysfunction-associated steatotic liver disease (MASLD; 629 of 740 [82%]). HIV 

infection was associated with higher odds of clinically significant fibrosis only among women with SLD 

(adjusted OR 1.48, 95% CI 1.01–2.16, p=0.04; HIV*SLD interaction among entire cohort p=0.03). 

 

Discussion: In this study, most SLD in women living with HIV is classified as MASLD.  HIV infection 

is associated with higher odds of hepatic fibrosis only among those with SLD. Further work is needed 

to understand how HIV may potentiate fibrosis in the setting of SLD. 
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INTRODUCTION 

In 2023, multiple societies released guidance changing the nomenclature and classification of 

steatotic liver disease (SLD, formerly “fatty liver disease”).1 Non-alcoholic fatty liver disease (NAFLD) 

was replaced by metabolic dysfunction-associated steatotic liver disease (MASLD), and a new entity, 

Met-ALD (combined MASLD and moderate alcohol use) was created. SLD is highly prevalent in 

people with HIV (PWH) and is a major cause of morbidity and mortality in this population.2–4  

However, it remains unclear whether SLD is influenced by the presence of HIV in individuals, 

separate from or overlapping with MASLD and Met-ALD. 

 

To date, few studies have examined how steatosis is classified among PWH using the new diagnostic 

criteria, and none have included persons without HIV as a comparison. This has important 

implications as the management and prognosis of SLD in PWH may differ from those without HIV.5 In 

addition, studies of SLD in PWH are overwhelmingly in men, but women with HIV may have unique 

risk factors for liver disease development and progression.  

 

Here, we aimed to characterize the prevalence of SLD and severity of fibrosis among women with 

and without HIV in the US enrolled in the Women’s Interagency HIV Study (WIHS), the largest cohort 

of women representative of the HIV epidemic in the US. We also aimed to explore which factors were 

associated with prevalent SLD and clinically significant hepatic fibrosis in this group. We 

hypothesized that the prevalence and severity of SLD subtypes would differ in those with HIV versus 

those without, and that women with HIV would higher odds of hepatic fibrosis. 
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METHODS 

Study population and data collection 

Participants were drawn from the Liver Disease and Reproductive Aging (LIVRA) study, an ancillary 

study nested within the MACS/WIHS Combined Cohort Study (MWCCS), a multicenter prospective 

cohort with standardized recruitment and longitudinal follow-up of women with and without HIV.6 

Women with and without HIV were enrolled contemporaneously from the same clinical sites and 

underwent Vibration Controlled Transient Elastography (VCTE) scan, which were performed between 

2013 and 2018, as previously described.7,8  The study population included 1580 women (1117 

women with HIV [WWH] and 463 women without HIV [WWOH]). Data collected included at the VCTE 

study visit included: demographic covariates (age; ethnicity), behavioral covariates (self-reported 

alcohol drinks per week, with 1 drink equivalent to 14 grams of alcohol; self-reported tobacco use), 

clinical (self-reported menopausal state; body mass index (BMI); diabetes (defined by elevated 

fasting glucose, elevated hemoglobin A1c, prior diagnosis of diabetes, or being on diabetes therapy); 

waist circumference; total, HDL, and LDL cholesterol; serum triglyceride levels; Hepatitis C (HCV) 

antibody and RNA level, and current medications), and HIV-related covariates (viral load 

(detectable/undetectable and continuous); CD4 count (current CD4 count and CD4 nadir); history of 

AIDS; and current ART use (yes/no and by medication)). These covariates were selected based on 

either definition for SLD category or potential association with VCTE-measured liver steatosis and 

fibrosis. All measures were taken from the study visit closest to the VCTE. We compared the 

demographic, behavioral and clinical characteristics of WWH and WWOH and using chi 2 and t-tests. 

 

Definitions of SLD and fibrosis 

We first determined whether participants met criteria for SLD and hepatic fibrosis. Steatosis was 

defined as a CAP score ≥248 dB/m, a threshold validated against magnetic resonance spectroscopy 

in our cohort and used in prior published analyses.9,10 Clinically significant fibrosis was defined as LS 

≥7.1 kPa (F2 or greater), a threshold previously validated against liver biopsy in people with HIV and 
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used in prior MWCCS and LIVRA analyses.10,11  

Those with SLD were then assessed for the following cardiometabolic criteria: 1) BMI   25 kg/m2 OR 

waist circumference > 80 cm, 2) fasting serum glucose   100 mg/dL OR hemoglobin A1c (HbA1c)   

5.7% OR an existing diagnosis or treatment for type 2 diabetes, 3) blood pressure   130/85 OR 

treatment for hypertension (HTN), 4)  triglyceride level   150 mg/dL OR on lipid-lowering treatment, 

5) HDL-cholesterol   50 OR on lipid-lowering treatment. Participants with at least one of the five 

cardiometabolic criteria and no other potential reasons for SLD were classified as having MASLD.  

 

If participants reported alcohol use, then they were categorized as having Met-ALD (if alcohol use 

was 20- 50 g/day and they met cardiometabolic criteria for MASLD), or alcohol-related liver disease 

(ALD; if alcohol use exceeded 50 g/day). If participants met criteria for MASLD and there was another 

reason for hepatic steatosis, including chronic Hepatitis C (HCV) infection (defined as HCV 

seropositivity with a detectable RNA) or exposure to drugs that cause steatosis (methotrexate, 

corticosteroids, amiodarone, 5-fluorouracil and irinotecan, per AASLD guidance),12 then they were 

labeled as having combination etiology SLD.  Notably, antiretroviral medications were not included in 

this definition. If participants did not meet any of the cardiometabolic criteria and had no other 

reasons for hepatic steatosis, they were categorized as having cryptogenic SLD.  

 

After sorting participants into each SLD category, we Fisher’s exact tests to measure whether the 

proportion of women in each SLD category differed by HIV status, and whether the proportion with 

clinically significant fibrosis (defined as F2 or greater fibrosis, or VCTE-measured LS    7.1 kPa) and 

advanced fibrosis (defined as F3 or greater fibrosis, or VCTE-measured LS    9.5 kPa) within each 

category differed by HIV status. Finally, we tested whether participants who were previously classified 

as having NAFLD (defined as the presence of steatosis in the absence of alcohol use or other liver 

conditions, without the specific cardiometabolic conditions required for a diagnosis of MASLD)12 were 
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classified any differently using the new criteria, and whether the cardiometabolic criteria for MASLD 

differed with HIV status 

 

 

 

Statistical Analysis 

We compared the demographic, behavioral and clinical characteristics of WWH and WWOH and 

using chi2 and t-tests. Covariates were selected based on definition for SLD category or potential 

association with VCTE-measured liver steatosis and fibrosis. All measures were taken from the study 

visit closest to the VCTE. Fisher’s exact tests were used to measure whether the proportion of 

women in each SLD category differed by HIV status, and whether the proportion with clinically 

significant fibrosis (defined as F2 or greater fibrosis, or VCTE-measured LS   7.1 kPa) and advanced 

fibrosis (defined as F3 or greater fibrosis, or VCTE-measured LS   9.5 kPa) within each category 

differed by HIV status. Fisher’s exact test were also used to evaluate whether participants who were 

previously classified as having NAFLD (defined as the presence of steatosis in the absence of alcohol 

use or other liver conditions, without the specific cardiometabolic conditions required for a diagnosis 

of MASLD)12 were classified any differently using the new criteria, and whether the cardiometabolic 

criteria for MASLD differed with HIV status. 

 

Next, univariable and multivariable logistic regression models were constructed, controlling for 

covariates previously associated with SLD and fibrosis in the cohort: age, HIV serostatus, BMI, 

Hispanic ethnicity, menopause state, alcohol use (abstinent/mild (0-7 drinks per week), moderate (7-

14 drinks per week) and heavy (14+ drinks per week)), diabetes and smoking (yes/no).7,8  For 

multivariable regressions, we excluded women with chronic viral hepatitis, defined as detectable HCV 

or HBV viral load, as well as those with resolved HCV (defined as positive antibody with negative 

HCV RNA), to better evaluate associations independent of viral hepatitis. The unadjusted and 

ACCEPTED



Copyright © 2026 Wolters Kluwer Health, LLC. Unauthorized reproduction of this article is prohibited. 

adjusted associations of HIV serostatus with the following outcomes were evaluated: 1) SLD; 2) 

fibrosis in those with steatosis (SLD-fibrosis); 3) fibrosis in those without steatosis (non-SLD fibrosis). 

An additional model evaluating MASLD in WWH was also created; covariates for that model were the 

same as the fibrosis models but did not include BMI, alcohol and diabetes to avoid collinearity as they 

are part of the MASLD diagnostic criteria. Models were also stratified by HIV serostatus. HIV-related 

factors (viral load, CD4 count, CD nadir, history of AIDS and current antiretroviral use) were added to 

the models for WWH. We performed additional analyses excluding women with HIV who did not have 

suppressed viral load (n=313) evaluating the same outcomes as the primary analysis. A sensitivity 

analysis investigating the association of various antiretroviral medications with MASLD was also 

performed.  Additional sensitivity analyses evaluated the effect of race and a CAP threshold of 275 

dB/m which has been recommended in non-HIV populations."13,14. 

 

To further explore potential effect modification in the relationship between HIV infection and hepatic 

fibrosis across different SLD categories, a formal interaction analysis between HIV and SLD in the 

entire cohort (main logistic regression model) was conducted.  

 

Stata software (version 17) was used to conduct the analysis.  

 
 

RESULTS 

Prevalence and distribution of steatotic liver disease 

Among the 1,580 women in our cohort (1117 WWH and 463 WWOH), the overall prevalence of SLD 

was 47% (n=740), with no significant difference between WWH and WWOH (47% each; p=0.95). 

MASLD was most common SLD classification, accounting for 82% of all SLD cases (629/740, Figure 

1). Among WWH with SLD, 83% were classified as MASLD, compared to 80% of WWOH with SLD 

(p=0.27, Figure 1). The specific cardiometabolic criteria for MASLD (e.g., BMI, insulin resistance, 
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HTN, hyperlipidemia) met did not differ by HIV serostatus (data not shown).  Among women without 

SLD, current or resolved hepatitis C was present in almost half of fibrosis cases (n=72/162). 

 

SLD classifications did show differences by HIV serostatus: WWH were less likely to have ALD than 

WWOH (2% versus 7%, p=0.005) and more likely to have cryptogenic SLD (3% versus 0.4%, p=0.03, 

Table 1, Figure 1). Rates of Met-ALD (5% vs. 8%) and combination etiologies (7% vs. 6%) were 

similar. Among women with SLD, proportions of clinically significant fibrosis were higher in WWH than 

in WWOH (Figure 1). Furthermore, 82% of women with SLD met criteria for NAFLD using the prior 

definition (607/740),12 and all of them also were classified as MASLD using the new definition.  

 

Using a higher threshold for steatosis of CAP score 275 dB/m, 474 of 1,580 participants met criteria 

for steatosis. Among these, 342 were women with HIV and 132 were women without HIV. 

 

Factors associated with steatotic liver disease and hepatic fibrosis 

In multivariable logistic regression analysis of the entire cohort controlling for age, BMI, menopause 

status, alcohol use, diabetes and tobacco use, increasing age (OR 1.09 per 5 years, 95% CI 1.00–

1.20, p=0.05), higher BMI (OR 1.84 per 5 kg/m2, 95% CI 1.69–2.00, p<0.01), and diabetes (OR 1.96, 

95% CI 1.47–2.61, p<0.01) were associated with higher odds of SLD (Table 2). Women with HIV did 

not have higher odds of SLD (OR 1.19, 95% CI 0.93–1.53, p=0.16, Table 2)..  

Though HIV was not associated with SLD, there was an association between HIV and fibrosis that 

existed only in the presence of steatosis. In models stratified by steatosis, HIV was significantly 

associated with higher odds of SLD-fibrosis (OR 1.48, 95% CI 1.01–2.16, p=0.04), along with 

increasing age (OR 1.17 per 5 years, 95% CI 1.02–1.35, p=0.02) and BMI (OR 1.26 per 5 kg/m², 95% 

CI 1.14–1.40, p<0.01; Table 2). In contrast, HIV was not associated with non-SLD fibrosis (OR 0.72, 

95% CI 0.49–1.06, p=0.10). Older age (OR 1.16 per 5 years, 95% CI 1.00–1.34, p=0.05) and current 
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tobacco use (OR 2.10, 95% CI 1.46–3.02, p<0.01) were associated with non-SLD fibrosis (Table 2). 

There was no association of race with any of the outcomes (data not shown). 

The effect modification by HIV and SLD on fibrosis was formally explored via a multivariable model of 

the entire cohort that included an interaction term between HIV and SLD. In this model, the joint 

presence of HIV and steatosis was associated with significantly higher odds of fibrosis (OR 1.51, 95% 

CI 1.11–2.05, p<0.01), and the HIV*SLD interaction was statistically significant (p=0.03, Table 2). 

Factors associated with steatotic liver disease and hepatic fibrosis in women with HIV 

Factors independently associated with higher odds of SLD specifically among WWH were similar to 

those identified in the entire cohort: increased BMI (OR 1.85 per 5 kg/m2, 95% CI 1.67–2.06, p<0.01) 

and diabetes (OR 2.00, 95% CI 1.40–2.84, p<0.01, Table 3), with no observed associations of CD4 

count or antiretroviral use with SLD.  

Odds of SLD-fibrosis in WWH increased with age (OR 1.28 per 5 years, 95% CI 1.08–1.51, p<0.01), 

BMI (1.21 per 5 kg/m2, 95% CI 1.07–1.36, p<0.01), and having a detectable viral load (OR 2.41, 

1.50–3.88, p<0.01, Table 3). Non-SLD fibrosis in WWH was associated with tobacco use (OR 2.34, 

1.48–3.70, p<0.01), as in the entire cohort. Increasing CD4 count was associated with lower odds of 

non-SLD fibrosis (OR 0.85 per 100 cells/mm3, 0.77–0.94, p<0.01, Table 3).   

In an additional model evaluating MASLD as the outcome, higher CD4 count was associated with 

higher odds of MASLD (OR 1.06 per 100 cells/mm3, 95% CI 1.01–1.10, p=0.02), as was current 

antiretroviral use (OR 2.34, 95% CI 1.39–3.93, p<0.01; Supplemental Table 1).   

 

In analyses excluding WWH with unsuppressed viremia, HIV serostatus remained unassociated with 

SLD prevalence (OR 1.25, 95% CI 0.96–1.62, Supplemental Table 2), MASLD, and with non-SLD 

fibrosis (OR 0.60, 95% CI 0.36–1.07) both consistent with the primary analysis. As in the primary 

analysis, the interaction between HIV and steatosis was statistically significant. Unlike the primary 
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analysis however, in those with steatosis HIV was no longer associated with higher odds of fibrosis, 

though the direction of the odds ratio was similar to the primary analysis (OR 1.26 95% CI 0.84-1.88, 

Supplemental Table 2). 

 

To explore the potential association between certain antiretroviral medications (ART) and MASLD, an 

additional sensitivity analysis investigating different types of antiretroviral regimens was performed. 

This found that NRTI use—specifically tenofovir disoproxil fumarate and emtricitabine—was 

associated with MASLD in univariable analysis, but this association was attenuated in multivariable 

models controlling for age, ethnicity, and HIV-specific covariates (data available upon request). Other 

antiretroviral medications were not associated with MASLD. 

 

DISCUSSION 

Overall, we found a high prevalence of VCTE-measured SLD in our cohort, which was similar in 

women with and without HIV. Consistent with other recent studies, most SLD in our cohort (86%) was 

due to MASLD.
15

 While the MWCCS is not a population-based sample, it is well suited for internal 

comparisons by HIV serostatus, which was the primary analytic objective of this study. In this context, 

we found that women with HIV had higher odds of clinically significant fibrosis if they had concomitant 

steatotic liver disease, and that factors associated with fibrosis varied by SLD status. 

 

In this study, established risk factors for SLD, such as increasing BMI and diabetes demonstrated the 

expected associations. Notably, all participants in our cohort who would have previously been 

diagnosed with NAFLD met the current criteria for MASLD.
15

 Interestingly, the prevalence of certain 

categories of non-MASLD SLD differed by HIV serostatus. For instance, ALD was more prevalent in 

WWOH than WWH, and cryptogenic SLD was more prevalent in WWH than WWOH. These findings 

raise the possibility that HIV-specific factors may contribute to steatosis in individuals classified as 

having cryptogenic SLD, though the current study was not designed to address this question. 
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Though the proportions of MASLD among WWH and WWOH did not differ, we did find that current 

antiretroviral use and higher CD4 count were associated with an increased odds of MASLD in women 

with HIV. This may represent a “return to health” phenomenon, which has been described previously 

in the literature,
16

 in which suppression of HIV viremia during the first 1-2 years after starting ART 

leads to weight gain and increased cardiometabolic risk.  Emerging data suggest that specific 

antiretroviral agents may differentially influence metabolic risk and steatosis.
17

 Although we did not 

observe a consistent association between antiretroviral class and fibrosis outcomes, our sub-cohort 

and analysis was not designed to evaluate drug-specific effects and further studies are needed to 

better define the impact of individual antiretroviral agents on steatosis and fibrosis risk. Moreso, 

widespread use of tenofovir alafenamide (TAF) did not occur until more than midway through the 

collection of data for this study, which further limits our ability to comment on this drug. Another 

important limitation is that since the majority of women with HIV were receiving ARV, we were unable 

to distinguish the effects of untreated HIV infection from those of treated, chronic HIV. To address 

this, we performed sensitivity analyses excluding women with HIV who did not have suppressed viral 

load, evaluating the same outcomes as in the primary analysis. These results were similar to the 

primary analysis except that the presence of HIV infection did not confer statistically higher odds of 

fibrosis among those with steatosis. These findings suggest that incomplete viral suppression may 

contribute to the observed association between HIV and fibrosis in the presence of steatosis. 

 

An additional limitation of this study is the absence of liver biopsy. While VCTE offers a non-invasive 

and scalable approach suitable for large cohort studies and clinical practice,
13

 steatosis and fibrosis 

are assessed indirectly and are subject to measurement error, particularly in milder disease stages. 

Histopathologic features such as inflammatory activity and architectural remodeling cannot be 

assessed, and misclassification may have biased results toward the null. In addition, the VCTE 

thresholds used in this study differ from some contemporary MASLD risk-stratification algorithms, 
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including the AASLD 2025 guidance on non-invasive assessment of hepatic fibrosis, which is 

primarily intended for clinical decision-making and does not address HIV monoinfection. That 

guidance nevertheless cites optimal liver stiffness measurement thresholds in the 7–8 kPa range for 

individuals with HIV/HCV and HIV/HBV coinfection. The fibrosis thresholds applied here were 

selected to support epidemiologic comparisons and have been validated against gold-standard 

measurements in people with HIV, including within this cohort.
9,11

 In this analysis, we also utilized a 

CAP threshold of 248 dB/m to define mild or greater steatosis. This is consistent with prior literature in 

PWH and has been validated as accurately measuring 5% or greater hepatic steatosis (against MRI-

spectroscopy) in our cohort. However, recent guidelines suggest higher cutoffs may be used to define 

steatosis in those without HIV.
13,14

 When we evaluated the commonly used cutoff of 275 dB/m, the 

prevalence of steatosis in WWH decreased from 47% to 29%. As expected, use of the lower CAP 

threshold results in higher estimated prevalence compared with studies using ≥275 dB/m. 

The most notable findings in this study center on the relationship between HIV, SLD, and fibrosis. 

While prior studies have established an association between HIV and liver fibrosis,18,19 the extent to 

which HIV modifies the natural history of SLD remains unclear. Prior studies have demonstrated a 

higher prevalence of at-risk steatohepatitis and fibrosis in people with HIV and SLD, suggesting that 

in PWH, SLD may progress to steatohepatitis and fibrosis at faster rates than the general 

population.2,3,20,21 We found that amongst women with SLD, those with HIV had a higher proportion of 

clinically significant fibrosis than those without HIV. Notably, significant rates of non-SLD fibrosis were 

present in both WWH and WWWOH, and about half of these cases were associated with current or 

chronic HCV infection. When we performed multivariate regression excluding current or resolved viral 

hepatitis, we found that HIV infection remained significantly associated with an increased odds of 

fibrosis only in women with steatosis..  

This study is limited by its cross-sectional design, which precludes assessment of causality. In 

addition, other potential contributors to fibrosis that are not fully captured by our current measures 
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may include prior alcohol exposure, possible “burned-out” steatohepatitis, and other unmeasured 

confounders. We also considered potential differences in body fat distribution by race. Prior studies 

have shown that Black women tend to have lower visceral adiposity at a given BMI compared with 

other groups,
22

 which may influence metabolic risk and the development of steatosis and fibrosis. In 

our analyses, adjustment for race did not materially change the results, and race was not 

independently associated with fibrosis or MASLD. However, our use of BMI does not capture 

differences in fat distribution. Further longitudinal studies incorporating direct measures of visceral 

adiposity are needed to better elucidate the pathogenesis of SLD and to refine risk-stratification 

criteria in populations with HIV, including men. Longitudinal follow-up of this cohort is ongoing, with 

repeat imaging and clinical assessments at approximately three-year intervals, which will enable 

future analyses of steatosis and fibrosis progression and regression in women with and without HIV 

Overall, the early identification of liver fibrosis in people with HIV remains clinically critical, and 

targeting modifiable risk factors such as alcohol use and metabolic syndrome may be essential for 

improving outcomes in this population  

 

In summary, we found that most SLD observed in WWH is due to MASLD, and HIV is associated with 

higher odds of fibrosis in women with SLD. Future studies are needed to clarify underlying 

mechanisms and to characterize SLD patterns in other populations with HIV, including in men and 

those with viral hepatitis co-infection. 

 

 

Supplemental Tables -- https://links.lww.com/QAI/C760 

 

 

 

References 

1. Rinella ME, Lazarus JV, Ratziu V, et al. A multisociety Delphi consensus statement on new fatty 
liver disease nomenclature. Hepatology. 10.1097/HEP.0000000000000520. 
doi:10.1097/HEP.0000000000000520 

ACCEPTED

https://links.lww.com/QAI/C760


Copyright © 2026 Wolters Kluwer Health, LLC. Unauthorized reproduction of this article is prohibited. 

2. Kalligeros M, Vassilopoulos A, Shehadeh F, et al. Prevalence and Characteristics of Nonalcoholic 
Fatty Liver Disease and Fibrosis in People Living With HIV Monoinfection: A Systematic Review 
and Meta-analysis. Clin Gastroenterol Hepatol. 2023;21(7):1708-1722. 
doi:10.1016/j.cgh.2023.01.001 

3. Verna EC. Non-alcoholic fatty liver disease and non-alcoholic steatohepatitis in patients with HIV. 
Lancet Gastroenterol Hepatol. 2017;2(3):211-223. doi:10.1016/S2468-1253(16)30120-0 

4. Joshi D, O’Grady J, Dieterich D, Gazzard B, Agarwal K. Increasing burden of liver disease in 
patients with HIV infection. The Lancet. 2011;377(9772):1198-1209. doi:10.1016/S0140-
6736(10)62001-6 

5. Pericàs JM, Arora AK, Riebensahm C, et al. Steatotic liver disease and HIV: an agenda for 2030. 
The Lancet HIV. 2024;11(8):e561-e566. doi:10.1016/S2352-3018(24)00097-3 

6. D’Souza G, Bhondoekhan F, Benning L, et al. Characteristics of the MACS/WIHS Combined 
Cohort Study: Opportunities for Research on Aging With HIV in the Longest US Observational 
Study of HIV. Am J Epidemiol. 2021;190(8):1457-1475. doi:10.1093/aje/kwab050 

7. Duarte MJ, Tien PC, Kardashian A, et al. Microbial Translocation and Gut-Damage is Associated 
with Elevated Fast Score in Women Living with and without HIV. Open Forum Infectious Diseases. 
Published online March 30, 2024:ofae187. doi:10.1093/ofid/ofae187 

8. Price J, Ma Y, Adimora A, et al. Multisite prospective Liver Disease and Reproductive Ageing 
(LIVRA) study in US women living with and without HIV. BMJ Open. 2022;12(4):e055706. 
doi:10.1136/bmjopen-2021-055706 

9. Duarte M, Ma Y, Noworolski SM, Korn N, Price JC. Controlled Attenuation Parameter Accurately 
Detects Liver Steatosis in People Living with HIV. AIDS. Published online August 11, 2022. 
doi:10.1097/QAD.0000000000003351 

10. Duarte MJ, Tien PC, Kardashian A, et al. Microbial translocation and gut damage is associated 
with hepatic fibrosis but not steatosis in women with and without HIV. AIDS. Published online 
March 25, 2025. doi:10.1097/QAD.0000000000004189 

11. Morse CG, McLaughlin M, Proschan M, et al. Transient Elastography for the Detection of 
Hepatic Fibrosis in HIV-monoinfected Adults with Elevated Aminotransferases on Antiretroviral 
Therapy. AIDS. 2015;29(17):2297-2302. doi:10.1097/QAD.0000000000000841 

12. Rinella ME, Neuschwander-Tetri BA, Siddiqui MS, et al. AASLD Practice Guidance on the 
clinical assessment and management of nonalcoholic fatty liver disease. Hepatology. 
2023;77(5):1797. doi:10.1097/HEP.0000000000000323 

13. Sterling RK, Duarte-Rojo A, Patel K, et al. AASLD Practice Guideline on imaging-based 
noninvasive liver disease assessment of hepatic fibrosis and steatosis. Hepatology. 
2025;81(2):672. doi:10.1097/HEP.0000000000000843 

14. European Association for the Study of the Liver. EASL Clinical Practice Guidelines on non-
invasive tests for evaluation of liver disease severity and prognosis - 2021 update. J Hepatol. 
2021;75(3):659-689. doi:10.1016/j.jhep.2021.05.025 

ACCEPTED



Copyright © 2026 Wolters Kluwer Health, LLC. Unauthorized reproduction of this article is prohibited. 

15. Gawrieh S, Vilar-Gomez E, Woreta TA, et al. Prevalence of steatotic liver disease, MASLD, 
MetALD and significant fibrosis in people with HIV in the United States. Aliment Pharmacol Ther. 
2024;59(5):666-679. doi:10.1111/apt.17849 

16. Mohr R, Boesecke C, Dold L, et al. Return-to-health effect of modern combined antiretroviral 
therapy potentially predisposes HIV patients to hepatic steatosis. Medicine. 2018;97(17):e0462. 
doi:10.1097/MD.0000000000010462 

17. Lindhardt MS, Jensen LR, Meddis A, Gluud LL, Benfield T. Metabolic dysfunction-associated 
steatotic liver disease linked to antiretroviral exposure in cohort of people with HIV. AIDS. 
Published online February 11, 2026. doi:10.1097/QAD.0000000000004462 

18. Price JC, Seaberg EC, Badri S, Witt MD, D’Acunto K, Thio CL. HIV Monoinfection Is 
Associated With Increased Aspartate Aminotransferase-to-Platelet Ratio Index, a Surrogate Marker 
for Hepatic Fibrosis. J Infect Dis. 2012;205(6):1005-1013. doi:10.1093/infdis/jir885 

19. Price JC, Seaberg EC, Phair JP, Witt MD, Koletar SL, Thio CL. Highly Active Antiretroviral 
Therapy Mitigates Liver Disease in HIV Infection. J Acquir Immune Defic Syndr. 2016;72(3):319-
323. doi:10.1097/QAI.0000000000000981 

20. Price JC, Ma Y, Kuniholm MH, et al. Human Immunodeficiency Virus Is Associated With 
Elevated FibroScan-Aspartate Aminotransferase (FAST) Score. Clin Infect Dis. 2022;75(12):2119-
2127. doi:10.1093/cid/ciac337 

21. Rockstroh JK. Non-Alcoholic Fatty Liver Disease (NAFLD) and Non-Alcoholic Steatohepatitis 
(NASH) in HIV. Curr HIV/AIDS Rep. 2017;14(2):47-53. doi:10.1007/s11904-017-0351-2 

22. Lovejoy JC, de la Bretonne JA, Klemperer M, Tulley R. Abdominal fat distribution and 
metabolic risk factors: effects of race. Metabolism. 1996;45(9):1119-1124. doi:10.1016/s0026-
0495(96)90011-6 

 

  

ACCEPTED



Copyright © 2026 Wolters Kluwer Health, LLC. Unauthorized reproduction of this article is prohibited. 

 

Table 1: Cohort Characteristics by HIV Serostatus 

 
 

Women without HIV Women with HIV Total p-value 

  N=463 N=1,117 N=1,580 
 

Age, years 49 (9) 50 (8) 50 (8) <0.01 

Race/Ethnicity 

  
 

 African-American (Hispanic) 3% 1% 2% 0.06 

African-American (Non-Hispanic) 74% 74% 74% 

 Asian/Pacific Islander 1% 0.6% 0.8% 

 NTV Amer/Alaskan 2% 1% 1% 

 Other 3% 2% 2% 

 Other (Hispanic) 5% 6% 6% 

 White (Hispanic) 5% 5% 5% 

 White (Non-Hispanic) 7% 10% 9% 

 Post-menopausal 48% 60% 57% <0.01 

Drink any alcohol 15% 8% 10% <0.01 

Heavy alcohol use 6% 2% 3% <0.01 

Use any tobacco 47% 40% 42% <0.01 

BMI 32 (8) 31 (8.) 31 (8) 0.01 

Waist circumference (cm) 101 (17) 100 (17) 100 (17) 0.2 

HOMA-IR  3 (8) 4 (7) 4 (7) 0.2 

Diabetes 22% 20% 20% 0.4 

Liver-Related         

AST (IU/L) 21 (15) 24 (17) 23 (17) <0.01 

ALT (IU/L) 18 (12) 20 (16) 20 (15) <0.01 

Chronic HCV infection 10% 10% 10% 0.95 

Any steatosis 47% 47% 47% 0.9 

CAP over 275 29% 31% 30% 0.2 

Any fibrosis 23% 23% 23% 0.7 

F2 or greater fibrosis 24% 24% 24% 0.85 

F3 or greater fibrosis 9.5% 11% 11% 0.4 

MASLD diagnosis
+ 

80% 83% 82% 0.3 

BMI criteria met 92% 91% 91% 0.4 

Insulin criteria met 78% 76% 77% 0.6 

BP criteria met 60% 60% 60% 0.9 

Lipid criteria met 38% 43% 41% 0.1 

Met-ALD diagnosis
+
 8% 5% 3% 0.2 

ALD diagnosis
+
 7% 2% 2% <0.01 

Combination SLD
+
 4% 6% 3% 0.3 

Cryptogenic SLD
+
 0.4% 3% 1% 0.03 

HIV-specific factors         

History of AIDS - 32% - - 

Current CD4 Count (cells/mm
3
) - 682 (347) - - 

CD4 Nadir (cells/mm
3
) - 250 (198) - - 

Undetectable viral load - 72% - - 
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Table 

1: 

Cohor

t 

Chara

cteristi

cs, by 

HIV 

serost

atus. Values are reported to one significant figure. Continuous variables displayed as mean (SD). Abbreviations: BMI (body mass 

index), HOMA-IR (homeostatic model for insulin resistance), ALD (alcohol associated liver disease), SLD (steatotic liver disease), NRTI 

(nucleoside reverse transcriptase inhibitor), NNRTI (non-nucleoside reverse transcriptase inhibitor), PI (protease inhibitor), INSTI 

(integrase strand transfer inhibitor). Heavy alcohol use was defined as 14 or more drinks per week. P values were calculated by chi-2 

(for categorical variables), Fisher’s exact test (for SLD categories) and students t-test (for continuous variables). Current viral load was 

calculated among those with positive viral load. Chronic HCV infection included all participants with RNA+ HCV at the time of the study 

visit. 
+
Among women with steatosis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Current viral load (copies/mL) - 3.8k (2.5k) - - 

Current antiretroviral use - 90% -  -  

NNRTI - 27% -  -  

NRTI - 84% -  -  

INSTI - 24%   

PI - 24% -  -  
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Table 2:  Multivariable Association of Risk Factors for SLD and Fibrosis in the Entire Cohort 

 

 
Steatotic Liver 

Disease (N=1580) 

Clinically Significant Fibrosis 

With SLD (N=740) Without SLD (N=840) 

Covariate SLD aOR (95% CI) 
SLD-Fibrosis aOR 

(95% CI) 
Non-SLD-Fibrosis 

aOR (95% CI) 

Living with HIV 1.19 (0.93–1.53) 1.48 (01.01–2.16)*+ 0.72 (0.49–1.06)  

Age (per 5 years) 1.09 (1.00–1.20)* 1.17 (1.02–1.35)* 1.16 (1.00–1.34)* 

Hispanic ethnicity 1.24 (0.89–1.72) 0.98 (0.59–1.62) 1.40 (0.84–2.34) 

Postmenopausal 0.95 (0.71–1.28) 1.02 (0.66–1.57) 1.14 (0.70–1.85)  

Alcohol use    

Mild  (1-7 drinks/week) 0.98 (0.77–1.24) 0.87 (0.61–1.24) 0.76 (0.52–1.13) 

Moderate (8-14 drinks/week) 1.58 (0.86–2.88) 0.41 (0.12–1.43) 1.63 (0.68–3.94) 

Heavy (> 14 drinks per week) 1.51 (0.99–2.30) 1.20 (0.64–2.23) 0.79 (0.41–1.55) 

BMI (per 5 kg/m²) 1.84 (1.69–2.00)* 1.26 (1.14–1.40)* 1.10 (0.96–1.26) 

Diabetes 1.96 (1.47–2.61)* 1.22 (0.85–1.75) 1.54 (0.95–2.50) 

Tobacco  1.02 (0.81–1.29) 1.25 (0.88–1.77) 2.10 (1.46–3.02)* 

HIV*Steatosis - 1.51 (1.11–2.05)* 

Table 2:  Multivariable associations with SLD and fibrosis in the entire cohort. Clinically significant fibrosis was defined as 
F2 or greater (LSM  7.1) fibrosis and was assessed in those with steatosis (SLD) and those without steatosis (without 
SLD). In multivariable analysis, each covariate was included in the adjusted models. *p<0.05. In an additional model 
including a formal HIV×steatosis interaction term, steatosis was associated with significantly higher odds of fibrosis among 
women with HIV (aOR 1.51, 95% CI 1.11–2.05, p=0.009). 
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Table 3: Multivariable Association of Risk Factors with SLD and Fibrosis in Women with HIV 
 

 
Steatotic Liver Disease 

(N=1117) 

Clinically Significant Fibrosis 

With SLD (N=522) Without SLD (N=595) 

Covariate SLD aOR (95% CI) 
SLD-Fibrosis aOR 

(95% CI) 

Non-SLD Fibrosis aOR (95% 
CI) 

Age (per 5 years) 1.07 (0.96–1.20) 1.28 (1.08–1.51)* 1.14 (0.94–1.38) 

Hispanic ethnicity 1.41 (0.94–2.12) 0.86 (0.46–1.60) 1.38 (0.72–2.67) 

Postmenopausal 1.02 (0.72–1.45) 0.92 (0.55–1.55) 1.47 (0.78–2.78) 

Alcohol use    

Mild  (1-7 drinks/week) 1.18 (0.89–1.58) 0.83 (0.55–1.27) 0.8`4 (0.52–1.35) 

Moderate (8-14 
drinks/week) 

1.45 (0.69–3.05) 0.11 (0.01–0.87)* 1.73 (0.57–5.28) 

Heavy (>14 drinks per 
week) 

1.62 (0.90–2.89) 0.97 (0.42–2.22) 0.54, (0.19–1.54) 

BMI (per 5 kg/m²) 1.85 (1.67–2.06)* 1.21 (1.07–1.36)* 1.23 (1.03–1.46)* 

Diabetes 2.00 (1.40–2.84)* 1.18 (0.76–1.83) 1.43 (0.76–2.69) 

Tobacco 0.89 (0.67–1.18) 1.37 (0.90–2.10) 2.34 (1.48–3.70)* 

CD4 (per 100 cells/uL) 1.03 (0.98–1.08) 1.04 (0.98–1.11) 0.85 (0.77–0.94)* 

CD4 nadir (per 100 
cells/uL) 

1.01 (0.93–1.09) 1.06 (0.94–1.19) 1.05 (0.89–1.23) 

Detectable viral load 0.95 (0.68–1.32) 2.41 (1.50–3.88)* 1.48 (0.89–2.47) 

History of AIDS 0.74 (0.55–1.00) 1.41 (0.90–2.22) 1.08 (0.67–1.74) 

Current antiretroviral 
use 

1.63 (0.98–2.71) 0.99 (0.45–2.19) 1.49 (0.70–3.19) 

 
Table 3: Multivariable associations with SLD, and fibrosis in women with HIV. Clinically significant fibrosis was defined as 

F2 or greater (LSM  7.1) fibrosis and was assessed in those with steatosis (SLD) and those without steatosis (without 
SLD). In multivariable analysis, each covariate was included in the adjusted models. *p<0.05  
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Figure 1: Prevalence and distribution of steatotic liver disease and fibrosis in women with and without HIV in our cohort 
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