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Microbial Translocation and Gut Damage Are Associated
With an Elevated Fast Score in Women Living With and
Without HIV
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Background. Steatohepatitis is common in persons living with HIV and may be associated with gut microbial translocation
(MT). However, few studies have evaluated the gut-liver axis in persons living with HIV. In the Women’s Interagency HIV
Study, we examined the associations of HIV and circulating biomarkers linked to MT and gut damage using the FibroScan-

aspartate aminotransferase (FAST) score, a noninvasive surrogate for steatohepatitis with advanced fibrosis.

Methods.

Among 883 women with HIV and 354 without HIV, we used multivariable regression to examine the associations of

HIV and serum biomarkers linked to MT and gut damage (kynurenine and tryptophan ratio, intestinal fatty acid-binding protein,
soluble CD14, and soluble CD163) with a log-transformed FAST score after adjusting for key covariates. We used a path analysis
and mediation models to determine the mediating effect of each biomarker on the association of HIV with FAST.

Results.

HIV infection was associated with a 49% higher FAST score. MT biomarker levels were higher in women with HIV

than women without HIV (P <.001 for each). MT biomarkers mediated 13% to 32% of the association of HIV and FAST score.

Conclusions.

Biomarkers linked to MT and gut damage are associated with a higher FAST score and mediate the association of

HIV with a higher FAST score. Our findings suggest that MT may be an important mechanism by which HIV increases the risk of

steatohepatitis with advanced fibrosis.
Keywords.

HIV-associated liver disease; MASLD; microbiome; steatohepatitis; steatotic liver disease.

Metabolic dysfunction-associated steatotic liver disease
(MASLD) is a major cause of liver-related morbidity and mor-
tality, and its prevalence is enriched in people living with HIV
(PLWH) [1-3]. While MASLD encompasses a range of histo-
logic severity, metabolic dysfunction-associated steatohepatitis
(MASH) has been associated with advanced fibrosis, cirrhosis,
and hepatocellular carcinoma [4, 5]. Prior work evaluating liver
biopsies in PLWH who did not have viral hepatitis coinfection
reported a relatively high prevalence of nonalcoholic
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steatohepatitis (NASH) and significant liver fibrosis (>F2),
with pooled estimated prevalences of 42% and 22%, respective-
ly, but lacked a comparison group of persons without HIV [6].

We previously found that among 1309 women without viral
hepatitis (928 living with HIV and 381 without HIV), HIV in-
fection was independently associated with a 3.7-fold higher
odds of having an elevated FibroScan-aspartate aminotransfer-
ase (FAST) score, a noninvasive measurement of histologic
MASH with an elevated nonalcoholic fatty liver disease activity
score (>4) and significant liver fibrosis (>F2) [7]. Moreover,
HIV viral suppression was associated with lower odds of an el-
evated FAST score [8]. These findings suggest that HIV in-
creases the risk of MASH with advanced liver disease. Yet,
the underlying mechanisms by which HIV influences the path-
ogenesis of MASLD and MASH remain unclear.

Recent studies have elucidated an important link between
the gut microbiome and chronic liver disease, often termed
the gut-liver axis. Translocated microbial by-products can acti-
vate hepatic Kupffer and stellate cells, leading to macrophage
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activation, inflammation, and fibrosis, with certain microbial
signatures observed to be associated with MASLD in patients
without HIV and in murine models [9-12]. HIV infection
has been associated with profound dysbiosis and changes
in gut permeability that persist despite antiretroviral therapy
[4, 13-15], although gut microbial composition may be slightly
modified by an antiretroviral therapy regimen [15]. PLWH
have gut microbiomes with more pathogenic bacteria and less
commensal bacteria when compared with HIV-seronegative
controls [16]. HIV-associated dysbiosis has been linked to in-
creased tryptophan catabolism, leading to an increase in catab-
olism by-products in the gut, most notably kynurenine.
Kynurenine binds to T cells and inhibits differentiation of
TH17 cells, thus leading to a reduction of interleukin 17 and
22 production. This in turn increases the permeability of the
gut-mucosal barrier, allowing for potential translocation of mi-
crobes and their by-products [16].

Prior work has found an association between HIV and circu-
lating biomarkers of microbial translocation, as well as links be-
tween microbial translocation and liver disease in people
without HIV [17-20]. These studies support the hypothesis
that microbial translocation and the resulting inflammatory re-
sponse contribute to liver disease in PLWH. However, no stud-
ies to date have directly investigated how the gut-liver axis may
be associated with the occurrence of MASH in PLWH.

METHODS

Study Population
Between 2013 and 2018, 1576 women living with and without
HIV were enrolled in the Liver Disease and Reproductive
Aging cohort, an ancillary study of the Women’s Interagency
HIV Study (WIHS; now part of the Multicenter AIDS Cohort
Study [MACS]/WIHS Combined Cohort Study) [21].
Women without HIV (WWOH) who were demographically
similar to women with HIV (WWH) and had risk factors for
HIV within the past 5 years (ie, history of sexually transmitted
infection, sex without a condom with >3 men, sex with a part-
ner who was HIV seropositive, injection drug use) were recruit-
ed at the same time as women living with HIV. A unique
strength of the WIHS cohort is its enrollment of demographi-
cally similar women who were HIV seronegative. Age, race, so-
cioeconomic distribution, and behavioral habits at enrollment
were similar to WWH in the cohort, who in turn were repre-
sentative of US WWH [22].

The details of this cohort’s and parent study’s recruitment
and inclusion/exclusion criteria have been described [21].
Briefly, all Liver Disease and Reproductive Aging participants
underwent vibration-controlled transient elastography (VCTE;
Echosens) and blood draw within 6 months of each other.
VCTE-measured liver stiffness (kilopascals), controlled attenua-
tion parameter meter), and

(decibels  per aspartate

aminotransferase (international units per liter) were used to cal-
culate the FAST score [7]. Women with positive hepatitis C virus
antibody (anti-HCV) were excluded from the analysis, as were
women with hepatitis B virus surface antigen. Each of the 13 par-
ticipating institutions’ institutional review boards approved
study protocols and consent forms, and all study participants
gave written informed consent.

Biomarker Testing
Plasma samples from specimens obtained within 6 months of
VCTE measurement and stored at —70 °C were tested for the
following biomarkers linked to microbial translocation and
gut damage: kynurenine and tryptophan levels (to calculate a
KT ratio, a marker of dysbiosis and microbial translocation),
intestinal fatty acid-binding protein (I-FABP; a marker of gut
epithelial integrity loss), and the immune activation markers
soluble CD14 (sCD14; also a receptor for the bacterial by-
product lipopolysaccharide) and soluble CD163 (sCD163; a
protein produced by proteolytic cleavage of CD163 expressed
on the surfaces of monocyte/macrophage lineage cells).
Kynurenine and tryptophan levels were measured with lig-
uid chromatography-tandem mass spectrometry, as previously
described [23]. I-FABP, sCD14, and sCD163 levels were mea-
sured by a commercially available enzyme-linked immunosor-
bent assay (Hycult Biotech and R&D), as previously described
(24, 25].

Covariates

Covariates were demographics (age [continuously], race/eth-
nicity), substance use behavior (current use of alcohol: none,
light [1-7 drinks/wk], moderate [>7-12], or heavy [>12]; cur-
rent use of drugs and tobacco; any history of injection drug
use), and metabolic factors. These included body mass index
(BMLI; continuously), insulin resistance (continuously, calculat-
ed via the homeostatic model assessment for insulin resistance
[HOMA-IR]), menopausal status (self-reported), and waist cir-
cumference (continuously; in centimeters). Among those with
HIV infection, CD4 count (continuously), HIV viral load (de-
tectable vs undetectable), CD4 nadir, history of AIDS, and cur-
rent antiretroviral drug use were examined.

Statistical Analysis

We performed chi-square and Student ¢ tests to evaluate differ-
ences in demographics, substance use behavior, metabolic fac-
tors, and biomarkers of microbial translocation between WWH
and WWOH.

FAST scores were log transformed to approximately con-
form to normality due to a right-skewed distribution, and we
used multivariable linear regression to evaluate the association
between HIV infection and log-transformed FAST score. We
adjusted the model for covariates that were significantly
different between WWH and WWOH in bivariate analysis,
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including age and menopausal status, as well as potential con-
founders that could influence the FAST score, including alco-
hol use, current tobacco use, race/ethnicity, BMI, and
HOMA-IR. Regression coefficients were exponentiated to pro-
vide the percentage difference in FAST score between WWH
and WWOH. After obtaining this baseline model, we added
each microbial translocation biomarker to the model to deter-
mine its association with the FAST score. To compare the effect
sizes across biomarkers linked to microbial translocation and
gut damage with different units of measurement, we standard-
ized units by log transforming each biomarker level and then
dividing the log-transformed value by the log IQR.

Finally, we performed separate path and mediation analyses
per biomarker to examine the percentage of the direct effect of
the relationship between HIV and FAST score and the percent-
age of the mediating effect by each biomarker. We controlled
for potential confounders in the mediation models: alcohol
use, tobacco use, BMI, race/ethnicity, and menopause state.
In addition, since the presence of HIV has been associated
with insulin resistance in prior studies [26, 27], we added
HOMA-IR to the mediation models to determine the percent-
age mediating effect of insulin resistance on the relationship be-
tween HIV and FAST score. The 95% CIs for mediating effects
were obtained with a bias-corrected bootstrapping method. To
account for missing data, we employed the full information
maximum likelihood approach [28]. We used SAS version 9.4
and STATA version 17.0 to perform the analysis.

RESULTS

Demographics

After excluding women who did not have other known liver
disease and were anti-HCV positive (n=205), 1237 women
(883 WWH and 354 WWOH) were included in a cross-
sectional analysis. Overall, the median age was 49 years; most
women (74.5%) were non-Hispanic Black; and over half were
obese with a median BMI of 30.5 kg/m* (Table 1). As compared
with WWOH, WWH were more likely to have a greater median
HOMA-IR and less likely to report being postmenopausal. In
addition, WWH were more likely to report abstinence from al-
cohol than WWOH (52% vs 44%) and less likely to report
heavy drinking (5.7% vs 12.7%, P < .001, across alcohol catego-
ries), smoking (37% vs 44%, P =.02), or a history of injection
drug use (2.7% vs 5.7%, P=.01). Among WWH, the median
CD4 count was 651 cells/mm?, and 91% reported undergoing
antiretroviral therapy.

HIV and Biomarkers Linked to Microbial Translocation and Gut Damage
Are Associated With Higher FAST Score

On multivariable linear regression adjusting for age, BMI, race/
ethnicity, HOMA-IR, menopause status, alcohol use, and to-
bacco use, HIV infection was associated with a 50% higher

FAST score (95% CI, 29%-73.5%; Supplementary Table 1).
Other factors associated with a higher FAST score were age
(2% higher per year; 95% CI, 1%-3%), moderate alcohol use
(53% higher vs no drinking; 95% CI, 6%-100%), and heavy al-
cohol use (53% higher vs no drinking; 95% CI, 15%-94%).
Non-Hispanic Black race/ethnicity was associated with a 21%
lower FAST score (95% CI, —37% to —.8%).

Levels of all biomarkers (KT ratio, I-FABP, sCD14, and
sCD163) were significantly higher in WWH than in those with-
out HIV (P <.001 for each biomarker; Figure 1). Specifically,
median (IQR) biomarker levels were as follows: KT ratio,
3.86 (3-4.9) among WWH and 3.0 (2.5-3.6) among WWOH;
I-FABP, 1843 pg/mL (1161-2866) and 1143 pg/mL (816-1639);
sCD14, 1848 ng/mL (1537-2284) and 1613 ng/mL (1349-
1897); and sCD163, 701 ng/mL (49-972) and 588.5 ng/mL
(420-795; Supplementary Table 2). On multivariable linear re-
gression, after adjusting for HIV status, age, BMI, race,
HOMA-IR, alcohol use, tobacco, and menopause state, all bio-
markers linked to microbial translocation and gut damage were
significantly associated with a higher FAST score: the IQR in-
crease of the log-scaled KT ratio was associated with a 17% higher
FAST score (95% CI, 7%-28%), sCD163 with a 59% higher FAST
score (95% CI, 46%-73%), I-FABP with a 12% higher FAST score
(95% CI, 1.6%-23%), and sCD14 with a 17% higher FAST score
(95% CI, 6%-28%; Table 2). This pattern was similar when strat-
ified by HIV serostatus (Supplementary Table 3), and the differ-
ence between WWOH and WWH in the association between
the biomarkers and FAST score did not show statistical difference
(P=.78). After biomarkers linked to microbial translocation and
gut damage were included as mediators, the association of HIV
with increased FAST score was attenuated to varying degrees
(Table 3).

Microbial Translocation Mediates the Association of HIV on FAST Score
Since we found that increased microbial translocation bio-
marker levels were associated with HIV and higher FAST score
and that there was attenuation of the HIV-FAST association
with the addition of biomarkers to the models, we performed
a path analysis to estimate the effect attributable to microbial
translocation and insulin resistance in the relationship between
HIV and FAST score. Bootstrap bias—corrected confidence in-
tervals for each mediation effect revealed that the addition of 3
of the 4 biomarkers (KT ratio, sCD14, and sCD163) as media-
tors yielded a statistically significant attenuation in the associ-
ation of HIV with FAST score. After adjusting for age, BMI,
race, HOMA-IR, alcohol use, current tobacco smoking, and
menopause state, the percentage of the HIV association with
FAST score attributable to microbial translocation ranged
from 13% (I-FABP) to 32% (sCD163; Figure 2). The total
HIV effect on FAST score attributable to HOMA-IR ranged
from 1.3% to 3.6% in each of the 4 path analysis models and
was not statistically significant for any of the models.
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Table 1. Baseline Cohort Data by HIV Serostatus

Median (IQR) or No. (%)

Entire Cohort (n=1237)  Women Living With HIV (h=883)  Women Living Without HIV (n=354) P Value®

Demographics

Age, y 49 (43-54) 50 (44-55) 47 (41-54) .008
Race/ethnicity 197
Non-Hispanic White 116 (9) 92 (10) 24 (7)
Non-Hispanic Black 921 (74.5) 653 (74) 268 (76)
Hispanic 148 (12) 104 (12) 44 (12)
Other 52 (4) 34 (4) 18 (5)
Premenopausal 422 (34) 270 (31) 162 (43) <.0001
Behaviors
Current alcohol use <.0001
Abstinence 614 (50) 458 (52) 156 (44)
Light 484 (39) 345 (39) 141 (40)
Moderate 42 (3) 30 (3) 12 (3)
Heavy 95 (8) 50 (6) 45 (13)
Current smoker 484 (39) 327 (37) 157 (44) .017
Ever used injection drugs 44 (4) 24 (3) 20 (6) .012
Metabolic
Body mass index, kg/m? 30.5 (26-36) 30.4 (26-35.5) 31.3 (26.5-36.5) .104
Waist circumference, cm 99.4 (89-111) 99.1 (89-111) 100.55 (88-113) 71
HOMA-IR® 2.07 (1-4) 2.13 (1-4) 1.83 (1-3) .032
Liver disease
AST:ALT ratio 1.2 (1-1.44) 1.23 (1-1.5) 1.22 (1-1.5) 410
Liver stiffness, kPA 4.9 (3.9-6.2) 5.1(3.9-6.7) 5 (3.9-6.6) .255
Steatosis: CAP score, dB/m 248 (207-281) 248 (211-291) 248 (210-289) e
Mild or greater steatosis, CAP >248 dB/m 691 (49) 485 (48) 206 (50) 488
Significant fibrosis, >7.1 kPA 291 (23.5) 248 (24) 76 (18) .105
Advanced fibrosis, >9.5 kPA 93 (7.5) 71 (8) 22 (6.2) 120
Cirrhosis 24(1.9) 22 (2.5) 2 (0.6) <.001
HIV related
History of AIDS 265 (30)
Currently taking antiretroviral therapy 802 (91)
NNRTI 265 (30)
Protease inhibitor 230 (26)
INSTI 424 (48)
HIV viral load, copies/mL 20 (20-32)

Current CD4 count
CD4 nadir

651 (436-869)
221 (104-360)

Number of missing values: HOMA-IR, n = 203; waist circumference, n = 62; age, n = 2; body mass index, n = 2; CD4 nadir, n = 1.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAP, controlled attenuation parameter; HOMA-IR, homeostatic model assessment for insulin resistance;

INSTI, integrase strand transfer inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor.

2P values express the difference between women living with HIV and without HIV. P values of continuous variables were calculated by unpaired ttest. Pvalues of categorical variables were

calculated by a x? test.
®Insulin resistance is defined as HOMA-IR >2.0.

DISCUSSION

In this study of 1237 women with and without HIV, HIV infec-
tion was associated with higher circulating biomarkers linked
to microbial translocation and gut damage. HIV infection
was also independently associated with higher FAST score after
adjustment for demographic, behavioral, and metabolic factors.
A notable finding is that markers linked to microbial transloca-
tion and gut damage were strongly associated with higher FAST
scores and mediated the association of HIV with higher FAST.

Our finding that HIV was associated with higher FAST
scores is consistent with prior work from our group, which
found significantly higher odds of elevated FAST score in
WWH as compared with WWOH [8]. Our current study ex-
pands on the prior study by evaluating microbial translocation
and gut damage as potential contributors to the higher preva-
lence of NASH in WWH. A noteworthy finding was the strong
associations of all 4 biomarkers with higher FAST scores. This

finding is consistent with mounting evidence that microbial
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Figure 1. Levels of biomarkers linked to microbial translocation and gut damage by HIV serostatus. Log-transformed levels of plasma biomarkers are presented by HIV
serostatus. Line, median; box, IQR; error bars, 95% Cl. Outside values were excluded (n = 34) as follows: those below Q1 —1.5 x IQR and those above Q3 + 1.5 x IQR. Pvalues
were calculated by t test. I-FABP, intestinal fatty acid binding protein; KTR, kynurenine-tryptophan ratio; sCD14, soluble CD14; sCD163, soluble CD163.

Table 2. Association Between Standardized Plasma Biomarkers and
FAST Score on Multivariable Analysis

Table 3. Direct Association of HIV and FAST Score With and Without
Mediation Effect of Each Biomarker

FAST Score, % Change per P
Biomarker IQR (95% CI)® Value
Kynurenine-tryptophan ratio 17.2 (7.4-27.8) <.001
Intestinal fatty acid—binding 11.7 (1.6-22.9) .02
protein
Soluble CD14 16.6 (6.0-28.2) .002
Soluble CD163 59.1 (45.9-73.4) <.001

FAST score was log transformed. Biomarker levels were log transformed and underwent
standardization, defined as the natural log-transformed variable divided by IQR.
Abbreviation: FAST, FibroScan—aspartate aminotransferase.

AFAST linear models were adjusted for HIV status, age, body mass index, race, insulin
resistance, alcohol use, tobacco, and menopause state. Each biomarker was entered in
the model separately.

translocation and MASLD are closely linked. In murine mod-
els, fecal microbiota transplant from mice with metabolic syn-
drome can induce metabolic syndrome and fatty liver disease in
previously healthy mice [29], and human studies have shown
that insulin function (which is strongly associated with
MASLD) improved in participants who were obese after

HIV Association, % (95% Cl)

Fully adjusted model® 49.2 (28.7-72.9)
+ Kynurenine-tryptophan ratio 37.4 (17.9-60.2)
+ I-FABP 41.4 (21.2-64.9)
+ Soluble CD14 41.2 (21.5-64.1)

(

+ Soluble CD163 31.3 (13.8-51.6)

FAST score was log transformed and then exponentiated so that differences between
regression coefficients on the log(e) scale can be expressed as proportions. The HIV
effect (reference group: seronegative) on FAST score is reported via the baseline model
(fully adjusted) and then with the addition of each biomarker to the model.

Abbreviations: FAST, FibroScan-aspartate aminotransferase; I-FABP, intestinal fatty acid—
binding protein.

Fully adjusted model includes body mass index, race, insulin resistance, alcohol use,
tobacco, and menopause state.

receiving a fecal microbiota transplant from donors who were
lean [30].

Our study is consistent with established literature demon-
strating a strong association between HIV infection and micro-
bial translocation, as all biomarkers linked to microbial

Microbe Translocation, FAST Score, and HIV « OFID « 5
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Figure 2. Path analysis of HIV, microbial translocation and gut damage, and FAST score. Path analysis shows multivariable adjusted effects of HIV infection status on
steatohepatitis, as determined by FAST score. Standardized 3 coefficients for each mediator are shown, as well as percentages of the total effect attributable to microbial
translocation and gut damage (microbial translocation as demonstrated by each biomarker) and non—microbial translocation pathways (other mechanisms of infection status,
not including insulin resistance). The mediation effect of insulin resistance was also calculated by HOMA-IR and ranged from 1.3% to 3.6% (data not shown). Models are
adjusted for HIV status, age, body mass index, race, insulin resistance (HOMA-IR), alcohol use, tobacco, and menopause state. The 95% Cls for mediating effects were
obtained by a bias-corrected bootstrapping method. FAST, FibroScan-AST; HOMA-IR, homeostatic model assessment for insulin resistance; KT ratio, kynurenine and tryp-
tophan ratio; I-FABP, intestinal fatty acid binding protein; sCD14, soluble CD14; sCD163, soluble CD163.

translocation and gut damage were higher in WWH [24, 31-33].
In addition, it is consistent with work demonstrating an asso-
ciation between liver fibrosis and microbial translocation in
PLWH [17, 18]. In our cohort, we found an association of mi-
crobial translocation biomarkers with higher FAST score re-
gardless of HIV serostatus, although I-FABP did not have
a statistically significant association with FAST score in
WWOH, possibly due to lower power. Overall, our findings
are consistent with our hypothesis that microbial translocation
may be a driver of MASLD-related inflammation in WWH.
In addition, since WWH had higher levels of each biomarker,
we hypothesized that microbial translocation may mediate
the relationship between HIV and higher FAST score
(Supplementary Figure 1). Indeed, the association of HIV
with FAST score was attenuated after adjusting for each bio-
marker. Moreover, we observed that microbial translocation
mediated up to 30% of the observed association of HIV with
FAST.

Our findings were consistent regardless of the microbial
translocation biomarker used, which is unsurprising given
that each biomarker is representative of the same overall path-
ophysiology (translocation). It must be noted that several bio-
markers linked to translocation and gut damage (KT ratio,
sCD14, and sCD163) are also associated with immune activa-
tion in HIV. As such, they may be measuring multiple
co-occurring pathways. It is therefore important to discuss
the notable differences among the biomarkers. The tryptophan

catabolism pathway (measured by KT ratio) and sCD163 affect
immunoregulation and are associated with decreased T-reg dif-
ferentiation, which may reflect a deeper level of injury to the
liver from microbial translocation [34, 35]. Indeed, a prior
study in WIHS found an association between higher KT ratio
and increased liver fibrosis, as measured by FIB-4, among
women living with HIV in the presence or absence of hepatitis
C virus (HCV) infection [17]. In addition, sCD163 has been as-
sociated with indirect measures of liver fibrosis in WWH and
HCV [36], as well as insulin resistance in PLWH [26]. In our
study, sCD163 was associated with the highest indirect effect
on FAST score of all the biomarkers. It may be that despite
our adjustments for BMI and HOMA-IR, sCD163 may modu-
late the higher FAST score via microbial translocation and
metabolic alterations, though notably our mediation analysis
demonstrated an overall small indirect effect of insulin resis-
tance (ranging from 1% to 3.6%) on the association between
HIV and FAST score. This could point to alternate pathways
that are mediated by sCD163, such as macrophage abundance,
polarization, and activation and that affect MASH. In contrast,
sCD14 is more directly tied with microbial translocation alone:
it rises with macrophage activation and is the receptor for cir-
culating lipopolysaccharide, a bacterial component [18, 19].
Elevated sCD14 has been associated with HCV-associated fi-
brosis in multiple studies in PLWH [18, 19, 37]. Notably,
sCD14 is secreted from the liver and may be increased in liver
disease independent from microbial translocation. The last
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biomarker that we evaluated, I-FABP, is a marker of gut turn-
over and can be a more specific marker of translocation as it is
released with intestinal epithelial damage. I- FABP has been
shown to correlate with progression of fibrosis to cirrhosis in
HIV/HCV coinfection [18, 31].

There are important limitations to our study. Given the cross-
sectional design, it is not possible to completely elucidate a causal
path by which microbial translocation may mediate the effect of
HIV on higher FAST score. Furthermore, although prior litera-
ture has established each biomarker as being strongly correlated
with microbial translocation, the complex physiology and im-
munoregulation of each marker make it challenging to state
with certainty that they are each representative of only microbial
translocation, and there may be unknown or unmeasured con-
founders. The use of 4 separate proxies for translocation does al-
low us greater confidence in our conclusions, as they performed
similarly despite being evaluated independently. In addition,
while the FAST score has been validated in large cohorts exclud-
ing PLWH, it has not been validated as a surrogate for histologic
MASH in PLWH. However, an elevated FAST score predicts
liver-related outcomes among PLWH [38]. In addition, persis-
tent inflammation in PLWH may contribute to liver and multi-
organ fibrosis and may be driving elevated FAST scores. While
microbial translocation may play a role in this persistent inflam-
mation, further studies are necessary to better elucidate this.
Furthermore, WWH had lower alcohol consumption than
WWOH in our study population. Since alcohol use can increase
the FAST score in the absence of MASH, some WWOH may
have had falsely elevated FAST scores. However, we controlled
for this by adjusting for alcohol consumption in the base model.
In addition to this, a limitation of our mediation analysis is that it
relies on several key assumptions and control of confounders.
While we adjusted mediation models for known confounders,
there may be unmeasured confounding that is not being taken
into account. Finally, our study may not be generalizable to
men living with HIV: there are data demonstrating that sex
and menopause state influence the natural history of chronic liv-
er disease, including hepatitis C and MASLD [39, 40].

In conclusion, our findings suggest that microbial transloca-
tion may be an important mechanism by which HIV increases
the risk of MASH with advanced fibrosis. Prospective studies
and further microbiome analyses, including stool genomic se-
quencing, will be critical to explore this potential pathway.
Ultimately, the clinical implications of these findings and future
studies could include manipulation of the microbiome to help
improve MASLD outcomes.
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