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Background. Whether human immunodeficiency virus (HIV) infection is associated with the development of nonalcoholic 
steatohepatitis (NASH) remains unclear. The FibroScan–aspartate aminotransferase (FAST) score was developed to identify 
patients who have histologic NASH with high nonalcoholic fatty liver disease activity score (NAS ≥4) and significant liver 
fibrosis (≥F2), which has been associated with higher risk of end-stage liver disease. We examined whether HIV infection is 
associated with elevated FAST score in a large United States (US) cohort.

Methods. Vibration-controlled transient elastography was performed in 1309 women without history of chronic viral 
hepatitis enrolled from 10 US sites: 928 women with HIV (WWH) and 381 women without HIV (WWOH). We used 
multivariable logistic regression to evaluate associations of HIV, demographic, lifestyle, and metabolic factors with an 
elevated (.0.35) FAST score.

Results. Median age of WWH and WWOH was 51 years and 48 years, respectively. Most (90%) WWH were on antiretroviral 
therapy and 72% had undetectable HIV RNA. Prevalence of elevated FAST score was higher among WWH compared to WWOH 
(6.3% vs 1.8%, respectively; P= .001). On multivariable analysis, HIV infection was associated with 3.7-fold higher odds of 
elevated FAST score (P= .002), and greater waist circumference (per 10 cm) was associated with 1.7-fold higher odds (P , 

.001). In analysis limited to WWH, undetectable HIV RNA and current protease inhibitor use were independently associated 
with lower odds of elevated FAST score.

Conclusions. Our findings suggest that HIV is an independent risk factor for NASH with significant activity and fibrosis. 
Studies validating FAST score in persons with HIV are warranted.
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Nonalcoholic fatty liver disease (NAFLD) is a worldwide epi
demic with an estimated global prevalence of 25% [1]. 
NAFLD encompasses a spectrum from simple steatosis to non
alcoholic steatohepatitis (NASH), which is characterized histo
logically by steatosis with inflammation and hepatocyte 
ballooning, with or without fibrosis [2]. Approximately 20% 
of individuals with NAFLD have NASH, which can progress 
to cirrhosis, hepatocellular carcinoma, and end-stage liver 
disease [3]. NAFLD is common among persons with human 

immunodeficiency virus (PWH) [4]. Moreover, nonviral 
liver diseases, including NASH, have surpassed viral hepatitis– 
associated liver disease as the leading indications for liver trans
plant among PWH [5]. HIV has numerous inflammatory effects 
on the liver and accelerates the natural history of chronic hepa
titis C virus (HCV) and hepatitis B virus infections [6–11]. 
Evidence suggests that human immunodeficiency virus (HIV) 
infection may be similarly associated with the more severe 
form of NAFLD. For example, a meta-analysis including studies 
of PWH without viral hepatitis coinfection and with abnormal 
ultrasound or elevated liver enzymes found a high prevalence 
of NASH (42%) and significant fibrosis (22%) on liver biopsy 
[12]. However, it remains unclear whether HIV infection is inde
pendently associated with NASH because prospective histology 
studies have lacked HIV-seronegative controls.

Although liver biopsy is the gold standard for diagnosing 
NASH and fibrosis, in clinical practice it is infeasible to perform 
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liver biopsies in everyone with NAFLD. Thus, identifying 
which patients with NAFLD are at risk for progressive disease 
remains an important clinical challenge. The FibroScan-AST 
(FAST) score was developed to noninvasively identify patients 
who have histologic NASH with elevated NAFLD activity score 
(NAS ≥4) and significant liver fibrosis (≥F2) and has been val
idated in multiple large global NAFLD cohorts that excluded 
persons with HIV [13]. The FAST score incorporates the 2 
measurements obtained by vibration-controlled transient elas
tography (VCTE), liver stiffness (LS), and controlled attenua
tion parameter (CAP), combined with aspartate 
aminotransferase (AST). In comparison to other noninvasive 
measures including the Fibrosis-4 Index for Liver Fibrosis 
(FIB-4) and the NAFLD fibrosis sore, the FAST score per
formed significantly better at identifying patients without evi
dence of HIV infection who had NASH+NAS ≥4+≥F2 
fibrosis. These histologic criteria were selected because the sub
group of patients with these findings are at the highest risk of 
adverse liver outcomes [13]. We aimed to determine the asso
ciation of HIV infection with an elevated FAST score in a large 
United States (US) cohort of women living with or without 
HIV infection.

METHODS

Study Population and Design

The Women’s Interagency HIV Study (WIHS, now part of the 
Multicenter AIDS Cohort Study/WIHS Combined Cohort 
Study [14]) was a multicenter prospective cohort study estab
lished in 1994 to investigate the course of HIV and associated 
conditions among women living with and without HIV. A total 
of 4982 women (3678 with HIV and 1304 without HIV) were 
enrolled from 10 study sites in the US during 4 recruitment 
waves [15]. Starting in 2013, women aged 35 years and older 
from the Atlanta, Birmingham/Jackson, Bronx, Brooklyn, 
Chapel Hill, Chicago, Miami, San Francisco, and 
Washington, DC sites were enrolled into the Liver Disease 
and Reproductive Aging (LIVRA) ancillary study. Women 
with positive hepatitis B surface antigen, hemochromatosis, au
toimmune hepatitis, or primary biliary cholangitis were exclud
ed from LIVRA, as were women who reported using 
medications associated with steatosis (ie, systemic corticoste
roids, amiodarone, methotrexate), signs of decompensated cir
rhosis, current cancer, or severe renal insufficiency. Women 
who were pregnant or had an implantable cardiac device 
were excluded per the VCTE manufacturer (Fibroscan; 
Echosens, Paris, France).

The present study was conducted within the LIVRA ancillary 
study. Women were excluded if they had HCV viremia, a his
tory of treated HCV, or were receiving anti-HCV therapy. 
Women with HCV antibody positivity and undetected HCV 
RNA at or prior to the VCTE visit with no report of receiving 

HCV treatment were considered to have spontaneously cleared 
their HCV and were not excluded. The study was approved by 
the institutional review boards of all participating sites, and all 
participants signed informed consent.

Assessment of Hepatic Steatosis and Fibrosis

All LIVRA participants underwent VCTE from December 2013 
through December 2018 to assess for hepatic steatosis and fi
brosis. Steatosis was estimated in decibels per meter (dB/m) us
ing the VCTE-CAP software, and fibrosis was estimated using 
LS measurements in kilopascals (kPa). Participants were in
structed to fast for at least 3 hours prior to VCTE. Operators 
were instructed to manually switch from the M probe to the 
XL probe if images suggested subcutaneous fat interference 
in the measurement range of the probe, that is, .2.5 cm dis
tance from skin to liver capsule [16]. All examinations had at 
least 10 successful measurements.

Outcome

The FAST score was calculated using the CAP and LS values 
and AST level from the same visit as VCTE or, if not available, 
the visit 6 months prior using the following equation [13]:

FAST =
e− 1.65+1.07×ln (LSM)+2.66×10− 8×CAP3− 63.3×AST− 1

1+ e− 1.65+1.07×ln (LSM)+2.66×10− 8 ×CAP3 − 63.3×AST− 1 .

FAST scores were categorized as .0.35 and ≥0.67, which are 
the cutoffs proposed to rule out or rule in NASH with signifi
cant fibrosis and elevated NAS, respectively. Specifically, 
FAST score .0.35 has a sensitivity of 90% and specificity of 
50% and FAST score ≥0.67 has a sensitivity of 50% and specif
icity of 90% in identifying NASH with ≥F2 fibrosis and NAS 
≥4 [13].

Covariates

The homeostatic model assessment of insulin resistance 
(HOMA-IR) was calculated using 8-hour fasting insulin and 
glucose values. HIV infection was defined by documentation 
of a reactive HIV enzyme immunoassay and a secondary con
firmatory test. HCV serostatus was determined by documenta
tion of reactive serum HCV antibody using a commercial 
second- or third-generation enzyme immunoassay, and HCV 
RNA was performed using either the COBAS Amplicor 
Monitor 2.0 or the COBAS TaqMan assay, as previously de
scribed (both from Roche Diagnostics, Branchburg, New 
Jersey) [17]. Undetectable HIV viral load was defined as HIV 
RNA below the lower limit of quantification (ie ,20 copies/ 
mL). Waist circumference was measured in centimeters, and 
body mass index (BMI) was calculated as kg/m2. 
Self-reported alcohol consumption was categorized as none; 
light (.0–7 drinks/week); moderate (.7–12 drinks/week); or 
heavy (.12 drinks/week). Additional covariates were obtained 
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through self-report, including race/ethnicity, smoking history, 
current marijuana use, and history of injection drug use.

Statistical Analysis

We compared participant characteristics using t test or 
Kruskal-Wallis tests for continuous variables and χ2 or Fisher 
exact tests for categorical variables. To determine the factors as
sociated with FAST score .0.35 and FAST score ≥0.67, we 
used unadjusted and multivariable adjusted logistic regression 
models. Candidate covariates for the multivariable models were 
selected based on associations that were significant at the .10 
level with the outcome on univariate analysis and a priori selec
tion (eg, alcohol use), and backward stepwise selection was 
used for the final multivariable model, which included only 
a priori and the covariates significant at P , .05. The primary 
analysis was performed in the entire cohort with HIV serosta
tus as the primary predictor of interest. The final multivariable 
logistic regression model was also conducted with HIV serosta
tus further categorized into HIV seropositive with undetectable 
viral load or HIV seropositive with detected viral load. 
Secondary analyses were limited to women with HIV (WWH). 
Sensitivity analyses were conducted excluding women who 
self-reported heavy alcohol intake. Next, we evaluated the as
sociation of HIV with the components of the FAST score 
(CAP, LS, or AST, all natural log [ln] transformed to approx
imate normal distribution) using unadjusted and multivari
able linear regression models. The β-coefficients in these 
models were exponentiated to calculate a percentage differ
ence in the outcome. In models with missing HOMA-IR 
(17% of study participants), we used multiple imputation 
with the Markov chain Monte Carlo method with 20 repeti
tions [18, 19]. The variables used to create the imputation 
model included all the candidate covariates for multivariable 
models. Multiple imputation estimates of model parameters 
were computed by averaging the estimates from imputed mod
els, and the variance and confidence interval (CI) of these es
timates were computed using the Rubin combining formula 
[20]. Finally, to better understand the contribution of each 
component to the association of HIV with FAST score, we per
formed separate path analysis [21, 22] for each component of 
the FAST score (in form of CAP3, ln[LS], and 1/AST as they 
appeared in the formula for FAST score), where the contribu
tion was measured as the percentage of mediation effect of 
each component over the total effect of HIV on the FAST 
score. Analyses were performed using the SAS system, version 
9.4 (SAS Institute, Cary, North Carolina).

RESULTS

Study Population

Among the 1576 WIHS women enrolled in LIVRA, 267 were 
excluded from the current analyses: 136 due to history of 

HCV RNA positivity, 98 due to cleared HCV with treatment, 
and 33 due to missing components of the FAST score. In total, 
1309 women were included: 928 WWH and 381 women 
without HIV (WWOH). WWH were older than the WWOH 
(median age, 51 years [interquartile range {IQR}, 44–54 years] 

Table 1. Characteristics of the Study Population by Human 
Immunodeficiency Virus Serostatus

Characteristic
WWH 

(n=928)
WWOH 
(n=381) P Value

Sociodemographic

Age, y, median (IQR) 51 (44–54) 48 (41–54) .01

Race/ethnicity .18

Black 74% 75%

White 10% 7%

Hispanic 12% 13%

Other 4% 5%

Lifestyle

Alcohol use ,.001

None 52% 43%

Light 39% 41%

Moderate 3% 4%

Heavy 6% 12%

Current smoking 36% 43% .03

Current marijuana use 20% 26% .02

Ever injection drug use 2.6% 5.0% .03

Metabolic

BMI, kg/m2, median (IQR) 30 (26–36) 32 (27–37) .15

Waist circumference, cm,   
median (IQR)

99 (89–111) 100 (88–113) .81

HOMA-IR, median (IQR) 2.1 (1.3–4.0) 1.8 (1.1–3.3) .047

Diabetes mellitus 19% 21% .57

On HTN medication 47% 47% .87

On antidepressant medication 27% 17% ,.001

Liver-related

AST, U/L, median (IQR) 19 (16–24) 17 (14–20) ,.001

ALT, U/L, median (IQR) 15 (12–21) 14 (11–18) ,.001

CAP, dB/m, median (IQR) 247 (209–290) 249 (206–283) .68

Liver stiffness, kPa, median   
(IQR)

5.1 (3.9–6.7) 4.9 (3.9–6.2) .21

HCV Ab positivea 8% 4% .01

HIV-related

Undetectable HIV RNA 72% …

CD4 current, cells/µL, median   
(IQR)

650 (435–869) …

CD4 nadir, cells/µL, median (IQR) 223 (103–360) …

History of clinical AIDS 30% …

Current ARV use 90% …

NNRTI 30% …

PI 26% …

INSTI 48% …

Data are presented as percentage unless otherwise indicated.  

Abbreviations: ALT, alanine aminotransferase; ARV, antiretroviral; AST, aspartate 
aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; HCV 
Ab, hepatitis C virus antibody; HIV, human immunodeficiency virus; HOMA-IR, 
homeostatic model assessment of insulin resistance; HTN, hypertension; INSTI, 
integrase strand transfer inhibitor; IQR, interquartile range; NNRTI, nonnucleoside reverse 
transcriptase inhibitor; PI, protease inhibitor; WWH, women with HIV; WWOH, women 
without HIV.  
aWith no history of positive HCV RNA.
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vs 48 years [IQR, 41–54 years]) (Table 1). The majority of 
participants were black, and race/ethnicity did not differ by 
serostatus. WWOH reported more alcohol, smoking, and 
marijuana use and were more likely to have ever used injec
tion drugs than WWH (all P , .05). Median BMI and waist 
circumference were similar regardless of HIV serostatus, 
but WWH had higher median HOMA-IR compared to 
WWOH (2.1 vs 1.8; P= .047).

Median CAP was 247 dB/m in WWH (IQR, 209–290 dB/m) 
and 249 dB/m in WWOH (IQR, 206–283 dB/m). Median LS 
was also similar and did not differ by serostatus: 5.1 kPa 
in WWH (IQR, 3.9–6.7 kPa) and 4.9 kPa in WWOH (IQR, 
3.9–6.2 kPa). By contrast, median AST and alanine amino
transferase levels were higher in the WWH compared to the 
WWOH, but median values were in the normal range 
(,20 U/L). Most WWH were taking antiretroviral therapy 
(ART) (90%), with undetectable HIV RNA (72%), and 48% 
were on an integrase strand transfer inhibitor (INSTI)– 

containing regimen (Table 1). Specific antiviral therapy medi
cations for the WWH can be found in Supplementary Table 1.

Prevalence of Elevated FAST Score

Overall, 65 women (5%) had a FAST score .0.35 and 14 wom
en (1.1%) had a FAST score ≥0.67. The prevalence of FAST 
score .0.35 was higher in the WWH compared to the WWOH 
(6.3% vs 1.8%, respectively; P= .001), as was the prevalence of 
FAST score ≥0.67 (1.4% vs 0.3%, respectively; P= .07). Median 
FAST score was 0.06 in WWH (IQR, 0.03–0.12) and 0.04 in 
WWOH (IQR, 0.02–0.07) (P , .001).

Factors Associated With Elevated FAST Score in the Entire Cohort

Table 2 shows the unadjusted and adjusted models associated 
with elevated FAST score in the entire cohort. After adjusting 
for demographic, metabolic, and lifestyle factors, HIV infec
tion was associated with 3.7-fold higher odds of FAST score 
.0.35 (95% CI, 1.6–8.3; P= .002) (Figure 1). WWH with 
undetectable HIV viral load and WWH with detectable HIV 
viral load had a 2.7-fold (95% CI, 1.2- to 6.3-fold; P= .021) 
and 6.9-fold (95% CI, 2.9–16.9; P , .001) higher odds of 
FAST score .0.35 compared to WWOH. Each 10-cm increase 
in waist circumference was associated with 1.7-fold higher ad
justed odds of FAST score .0.35 (95% CI, 1.4–2.0; P , .001), 
whereas black race was associated with an adjusted odds ratio 
(OR) of 0.4 (95% CI, .2–.9; P= .021). When the model was re
peated with BMI in place of waist circumference due to collin
earity between the 2 covariates, BMI was also independently 
associated with 1.4-fold higher odds of FAST score .0.35 
per 5 kg/m2 (95% CI, 1.2–1.6; P , .001) and the other associ
ations were unchanged. After excluding women with self- 
reported heavy drinking (n= 101), HIV infection remained 
associated with higher odds of FAST score .0.35 (OR, 4.4 
[95% CI, 1.7–11.2]; P= .002). Because only 1 WWOH wom
an had a FAST score ≥0.67, as compared to 13 WWH, our 
analysis of factors associated with FAST score ≥0.67 was 
limited to the WWH.

Factors Associated With Elevated FAST Score in the Women With HIV

Among the 928 WWH, greater waist circumference, BMI, and 
HOMA-IR were each associated with higher odds of FAST 
.0.35 on univariable analysis (Table 3). Conversely, current 
protease inhibitor (PI) use and undetectable HIV viral load 
were associated with lower odds of FAST .0.35. INSTI use 
was associated with a slightly higher odds of FAST .0.35, 
but this was not statistically significant (OR, 1.4 [95% CI, 
.8–2.5]; P= .189). On multivariable analysis, greater waist cir
cumference remained significantly associated with higher 
odds of FAST .0.35 (OR, 1.6 per 10-cm increase [95% CI, 
1.3–2.0]; P , .001), and increasing age was also associated 
with higher odds (OR, 1.5 per 10-year increase [95% CI, 
1.0–2.1]; P= .048) (Figure 2). By contrast, black race (OR, 0.4 

Table 2. Factors Associated With FAST Score .0.35 Among All Women 
(N= 1309)

Factor

Unadjusted Adjusteda

OR (95% CI)
P 

Value OR (95% CI)
P 

Value

HIV infection 3.56 (1.61–7.88) .002 3.70 (1.64–8.34) .002

Age (per 10 y) 1.32 (.96–1.80) .09 1.33 (.95–1.85) .10

Race/ethnicity (ref=white)

Black .50 (.27–.92) .03 .44 (.22–.88) .02

Other .96 (.41–2.28) .93 1.09 (.42–2.79) .86

Hispanic 1.51 (.77–2.95) .23 1.00 (.42–2.37) .99

Waist circumference 
(per 10 cm)

1.59 (1.36–1.86) ,.001 1.65 (1.37–1.99) ,.001

BMI (per 5 kg/m2)b 1.34 (1.18–1.52) ,.001 …

HOMA-IR (per doubling) 1.46 (1.22–1.75) ,.001 1.09 (.86–1.38) .46

Diabetes mellitus  
(ref=no)c

2.70 (1.61–4.55) ,.001 …

On HTN medication  
(ref=no)

1.52 (.92–2.51) .10 …

On antidepressant 
medication (ref=no)

1.47 (.85–2.53) .17 …

Alcohol use (ref=none)

Light 1.22 (.72–2.08) .46 1.43 (.81–2.50) .22

Moderate 1.56 (.46–5.33) .48 2.10 (.58–7.63) .26

Heavy 1.11 (.42–2.94) .83 2.04 (.72–5.79) .18

Current smoking 1.15 (.69–1.91) .59 …

Current marijuana use .56 (.27–1.14) .11 …

Ever injection drug use .93 (.22–3.94) .92 …

Abbreviations: BMI, body mass index; CI, confidence interval; FAST, FibroScan–aspartate 
aminotransferase; HIV, human immunodeficiency virus; HOMA-IR, homeostatic model 
assessment of insulin resistance; HTN, hypertension; OR, odds ratio.  
aAdjusted for covariates included in table.  
bNot included in final adjusted model due to collinearity with waist circumference. When 
replaced with waist circumference in the adjusted model, the OR was 1.35 (95% CI, 
1.16–1.57), P , .001.  
cNot included in final adjusted model due to collinearity with HOMA-IR. When replaced with 
HOMA-IR in the adjusted model, the OR was 1.68 (95% CI, .94–3.01), P= .08.
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[95% CI, .2–.9]; P= .031), current PI use (OR, 0.3 [95% CI, 
.1–.8]; P= .017), and undetectable HIV viral load (OR, 0.4 
[95% CI, .2–.7]; P= .002) were independently associated with 
lower odds. In additional sensitivity analysis, findings were 
unchanged after excluding women with self-reported heavy 
alcohol use (data not shown).

Similarly, greater waist circumference, BMI, and HOMA-IR 
were each associated with higher odds of FAST ≥0.67 on uni
variable analysis (Supplementary Table 2); however, current PI 
use and undetectable HIV viral load were not. On multivariable 
analysis, greater waist circumference (OR, 1.6 per 10-cm in
crease [95% CI, 1.1–2.4]; P= .015) and older age (OR, 2.9 per 
10 years [95% CI, 1.3–6.1]; P= .008) remained associated 
with FAST ≥0.67. These findings were unchanged after exclud
ing women with self-reported heavy alcohol use (data not 
shown).

Association of HIV Infection With Components of FAST Score

To understand how the components of the FAST score may in
fluence the relationship of HIV with elevated FAST, we evalu
ated unadjusted and adjusted associations of HIV serostatus 
with CAP, LS, AST, and FAST modeled continuously. On uni
variable analysis, HIV was associated with 0.5% higher CAP 
and 4.2% higher LS, but this was not statistically significant 
(P= .752 and P= .116, respectively). HIV was associated 
with significantly higher AST (13% higher, P , .001), and 
FAST score (43% higher, P , .001). In multivariable models ad
justed for demographic, behavioral, and metabolic factors, 

these associations remained similar, with HIV associated 
with 0.1% higher CAP (P= .951), 3.8% higher LS (P= .144), 
13% higher AST (P , .001), and 42% higher FAST score 
(P , .001). We next used separate path analysis to assess the in
dividual contributions of AST, LS, or CAP to the association of 
HIV with FAST score. In the path analysis where AST was a 
mediator between HIV and FAST score, the indirect effect of 
AST explained 98% of the total effect between HIV and 
FAST score and the direct effect explained only 2%; LS 
explained 14% of the total effect, and CAP explained 2% of 
the total effect.

DISCUSSION

In the largest study to date of VCTE in WWH and a compari
son group of WWOH with similar sociodemographic and met
abolic risk factors for NAFLD, we found that HIV infection is 
associated with 3.7-fold higher odds of elevated FAST scores, 
even after adjustment for sociodemographic, behavioral, and 
metabolic factors. As expected, greater waist circumference, a 
marker of visceral obesity, was also strongly associated with el
evated FAST. The use of a noninvasive measure that can serve 
as a surrogate for histologic findings that are associated with 
significantly higher risk of developing cirrhosis and end-stage 
liver disease [23] is greatly needed in PWH. However, our find
ing that the association of HIV infection with elevated FAST 
was mainly driven by the AST component of the score indicates 

Figure 1.  Factors associated with FibroScan–aspartate aminotransferase (FAST) score .0.35 among all women (N= 1309) in multivariable analysis. Abbreviations: CI, 
confidence interval; HIV, human immunodeficiency virus; HOMA-IR, homeostatic model assessment of insulin resistance.
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that further investigation of FAST and other noninvasive mea
sures in the setting of HIV is warranted.

Prior liver biopsy studies in PWH without viral hepatitis 
coinfection have demonstrated relatively high prevalence of 
NASH and ≥F2 fibrosis [12, 24, 25]. However, these studies 
have been limited by small sample size, potential bias in who 
is referred for liver biopsy, and lack of HIV-seronegative con
trols. While our findings are informative, when we examined 
the association of HIV with the different components that 
make up the FAST score, we found no association of HIV 
with CAP values, a finding that is consistent with prior studies 
[26–28]. A possible reason is that CAP detects steatosis but 
does not differentiate NASH from simple steatosis, and the 
FAST score was developed to identify an even more high-risk 

population of patients with histologic NASH, ≥F2 fibrosis, 
and NAS≥ 4 [13]. Interestingly, HIV was also minimally asso
ciated with increased LS, a surrogate of fibrosis, and this was 
not statistically significant. However [29], whether HIV is an 
independent risk factor for more advanced fatty liver disease 
pathology needs further study.

Some have postulated that HIV replication and immune ac
tivation may potentiate the pathogenesis of NASH [30]. In our 
study, undetectable HIV viral load was protective against ele
vated FAST score. HIV proteins can directly activate Kupffer 
cells and hepatic stellate cells [31–33] and induce hepatocyte 
apoptosis [34, 35]. HIV also depletes gut mucosal CD4 T cells, 
resulting in increased intestinal microbial translocation 
[36, 37]. Both microbial translocation and HIV-related chronic 
immune activation lead to Kupffer cell activation and release of 
proinflammatory cytokines [31, 36, 38]. Circulating levels of 
soluble CD163 (sCD163), a marker of macrophage activation, 
are increased in HIV infection (despite effective ART) [39] 
and are independently associated with greater LS and biopsy- 
confirmed ≥F2 fibrosis in PWH in the absence of viral hepatitis 
[40, 41]. Elevations of sCD163 have also been associated with 
development of NASH and advanced fibrosis in patients with
out HIV [42].

The role of ART in the development of steatosis and NASH 
remains complicated. Older ART agents associated with mito
chondrial toxicity and lipoatrophy may have irreversible “lega
cy effects” on risk of NAFLD [4]. In PWH, reduced leg 
subcutaneous adipose tissue, a feature of lipoatrophy, is associ
ated with decreases in adiponectin, which are also observed in 
NASH [43, 44]. Contemporary ART may impact hepatic stea
tosis and NASH indirectly through metabolic effects rather 
than direct hepatoxicity. While weight gain is frequently ob
served after starting ART, presumably as part of a 
“return-to-health” effect, this is more pronounced with 
INSTI use, and switching to an INSTI-based regimen has 
been associated with weight gain and increasing visceral adi
posity [45]. We found a strong independent association of waist 
circumference, a marker of visceral adiposity, with elevated 
FAST score, but did not find an association of INSTI use. 
Instead, we found an inverse association of current PI use 
with elevated FAST score. The reason for this is unclear. Due 
to the observational nature of our cohort, we cannot exclude 
the possibility of selection bias, as providers may have avoided 
prescribing PIs in women with greater metabolic 
comorbidities.

Because our study used a noninvasive surrogate for NASH 
with significant activity and fibrosis, our findings should be in
terpreted with caution. Furthermore, the FAST score was de
rived weighing AST, CAP, and LS in a cohort of patients 
with suspected NAFLD and a relatively high prevalence of 
NASH [13]. As noted in the original publication that described 
FAST, the score may need to be recalibrated in populations of 

Table 3. Factors Associated With FAST Score .0.35 Among Women With 
Human Immunodeficiency Virus (n= 928)

Factor

Unadjusted Adjusteda

OR (95% CI)
P 

Value OR (95% CI)
P 

Value

Age (per 10 y) 1.26 (.89–1.78) .19 1.45 (1.00–2.10) .048

Race/ethnicity (ref=white)

Black .56 (.29–1.07) .08 .43 (.20–.93) .03

Other 1.08 (.43–2.73) .87 1.29 (.46–3.65) .63

Hispanic 1.43 (.68–3.00) .34 .86 (.33–2.29) .77

Waist circumference 
(per 10 cm)

1.56 (1.32–1.85) ,.001 1.62 (1.32–1.98) ,.001

BMI (per 5 kg/m2)b 1.33 (1.17–1.53) ,.001 …

HOMA-IR (per doubling) 1.43 (1.17–1.73) ,.001 1.08 (.84–1.39) .55

Diabetes mellitus  
(ref=no)c

2.76 (1.58–4.83) ,.001 …

On HTN medication  
(ref=no)

1.36 (.77–2.23) .33 …

On antidepressant 
medication (ref=no)

1.38 (.78–2.44) .27 …

Alcohol use (ref=none)

Light 1.20 (.69–2.10) .52 1.29 (.71–2.33) .41

Moderate 1.16 (.26–5.11) .85 1.02 (.21–4.88) .98

Heavy .95 (.28–3.25) .94 1.14 (.31–4.18) .85

Current smoking 1.35 (.79–2.31) .28 …

Current marijuana use .53 (.23–1.18) .12 …

Ever injection drug use 1.38 (.32–6.00) .67 …

Undetectable HIV viral 
load

.53 (.31–.91) .02 .40 (.22–.72) .002

CD4 current (per 100 
cells/µL)

.96 (.88–1.04) .28 …

CD4 nadir (per 100 cells/ 
µL)

.95 (.82–1.10) .50 …

PI (ref= non-PI ART) .32 (.13–.81) .01 .34 (.14–.82) .02

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; CI, confidence interval; 
FAST, FibroScan–aspartate aminotransferase; HIV, human immunodeficiency virus; 
HOMA-IR, homeostatic model assessment of insulin resistance; HTN, hypertension; OR, 
odds ratio; PI, protease inhibitor.  
aAdjusted for covariates included in table.  
bNot included in final adjusted model due to collinearity with waist circumference. When 
replaced with waist circumference in the adjusted model, the OR was 1.34 (95% CI, 
1.14–1.57), P , .001.  
cNot included in final adjusted model due to collinearity with HOMA-IR. When replaced with 
HOMA-IR in the adjusted model, the OR was 1.71 (95% CI, .91–3.22), P= .09.
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low NASH prevalence, such as our cohort. Interestingly, in our 
cohort, although median AST values were in the normal range 
for WWH and WWOH, we found a strong independent asso
ciation of HIV with higher AST values that explained most of 
the observed association of HIV and FAST, whereas the associ
ation of HIV with LS mediated a smaller proportion. It is pos
sible that HIV may be associated with higher AST values 
independent of NASH with significant activity and fibrosis. 
Therefore, it will be important to validate the FAST score in 
other populations of people with HIV with a low prevalence 
of NASH.

Other study limitations include the cross-sectional design, 
which prevents us from demonstrating causal associations, 
and the inability to generalize our findings to men with and 
without HIV. We included women who reported moderate 
or heavy alcohol consumption because we wanted the charac
teristics of the cohort to be comparable to those of women 
with and without HIV in the US [14]. Only a small proportion 
of our cohort reported moderate or greater alcohol use, and ex
cluding women with heavy alcohol consumption did not im
pact our findings.

In conclusion, we found that HIV infection is independently 
associated with elevated FAST score and that among WWH, 
HIV viral suppression may be important in reducing the 
odds of a high FAST score. While our findings suggest that 
HIV may be a risk factor for more advanced NAFLD histology 
and liver disease progression, validation of the FAST score in 

other cohorts of PWH is needed. This is especially important 
given the high contribution of AST to the association of HIV 
with elevated FAST. Finally, our findings underscore the im
portance of longitudinal studies to assess long-term outcomes 
of NAFLD in PWH and continued emphasis on ART adher
ence and weight reduction in HIV clinical management.
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