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The effect of weight gain
 and metabolic dysfunction-
associated steatotic liver disease on liver fibrosis
progression and regression in people with HIV
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Objective: People with HIV (PWH) have high risk of liver fibrosis. We investigated the
effect of weight gain and metabolic dysfunction-associated steatotic liver disease
(MASLD) on liver fibrosis dynamics.

Design: Multicenter cohort study.

Methods: Fibrosis progression was defined as development of significant fibrosis [liver
stiffness measurement (LSM)�8 kPa], or transition to cirrhosis (LSM�13 kPa), for those
with significant fibrosis at baseline. Fibrosis regression was defined as transition to LSM
less than 8 kPa, or to LSM less than 13 kPa for those with cirrhosis at baseline. MASLD
was defined as hepatic steatosis (controlled attenuation parameter >248dB/m) with at
least one metabolic abnormality. A continuous-time multistate Markov model was used
to describe transitions across fibrosis states.

Results: Among 1183 PWH included from three centers (25.2% with viral hepatitis
coinfection), baseline prevalence of significant fibrosis andMASLDwas 14.4 and 46.8%,
respectively. During a median follow-up of 2.5 years (interquartile range 1.9–3.5), the
incidence rateof fibrosis progressionand regressionwas2.8 [95%confidence interval (CI)
2.3–3.4] and 2.2 (95%CI 1.9–2.6) per 100 person-years, respectively. InMarkovmodel,
weight gain increased theoddsof fibrosis progression [odds ratio (OR)3.11, 95%CI1.59–
6.08], whereasweight gain (OR 0.30, 95%CI 0.10–0.84) andmale sex (OR 0.32, 95%CI
0.14–0.75) decreased the odds of fibrosis regression. On multivariable Cox regression
analysis, predictors of fibrosis progression were weight gain [adjusted hazard ratio (aHR)
3.12, 95% CI 1.41–6.90] and MASLD (aHR 2.72, 95% CI 1.05–7.02).

Conclusion: Fibrosis transitions are driven by metabolic health variables in PWH,
independently of viral hepatitis coinfection and antiretroviral class therapy.

Graphical abstract: http://links.lww.com/QAD/D179
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Introduction

In the era of combination antiretroviral therapy (ART),
liver diseases have become a leading cause of morbidity
and mortality in people with HIV (PWH) [1]. While co-
infection with hepatitis B (HBV) and C virus (HCV) has
long determined this trend, hepatic steatosis has recently
emerged as the most frequent liver disease in people aging
with HIV [2]. Independently of the underlying cause, the
natural history of any chronic liver disease is driven by the
formation of liver fibrosis. The accumulation of fibrosis
eventually leads to progressive distortion of the hepatic
architecture, that is the hallmark of the evolution to
cirrhosis. The staging of liver fibrosis is essential for risk
stratification and prediction of liver-related complications
and all-cause mortality [3]. In PWH, significant liver
fibrosis seems particularly frequent, with a recent meta-
analysis collocating its prevalence at 12% in those without
viral hepatitis coinfection [4]. This excess is likely due to a
more complex pathogenesis, including frequent meta-
bolic comorbidities, persistent immune activation,
hepatocytopathic effect of HIV itself, long-term use of
ART, past exposure to hepatotoxic dideoxynucleoside
drugs (didanosine and stavudine), hepatic steatosis and
ART-associated weight gain [5,6]. In consideration of this
burden, guidelines from the European AIDS Clinical
Society recommend case-finding of liver fibrosis in PWH
with metabolic conditions or persistently elevated
transaminases [7].

The initiation of ART may result in weight gain and lipid
changes among PWH. Integrase strand transfer inhibitors
(INSTI)-based regimens are highly efficacious for viral
suppression. However, they may cause more weight gain
and treatment emergent obesity than non-INSTI-based
regimens and may increase the risk of weight-related
comorbidities, including hepatic steatosis [8–10]. In June
2023, an international consensus panel introduced steatotic
liver disease (SLD) as an umbrella term encompassing the
various causes of hepatic steatosis [11]. Metabolic
dysfunction-associated steatotic liver disease (MASLD),
formerly known as nonalcoholic fatty liver disease
(NAFLD), has been defined as evidence of hepatic
steatosis in more than 5% of hepatocytes with at least
one cardiometabolic risk factor, in the absence of excessive
alcohol intake or other known causes of SLD. MASLD
provides a positive rather than negative diagnosis,
appropriately assigns a metabolic basis for this liver disease,
avoids any potentially stigmatizing term, and excludes
alcohol abuse [11]. The clinical and histological spectrum
of MASLD ranges from simple steatosis to metabolic
dysfunction-associated steatohepatitis (MASH), a necro-
inflammatory condition eventually leading to liver fibrosis
and cirrhosis [12].

To date, no studies have evaluated the role of weight gain
and of the new MASLD definition on liver fibrosis
dynamics in PWH, as well as the contribution of ART
and viral hepatitis coinfection. In an international cohort
collaboration of PWH, we aimed to determine the effect
of weight gain, MASLD, viral hepatitis coinfection and
antiretroviral class exposure on liver fibrosis progression
and regression.
Patients and methods

Study design and population
We conducted a retrospective analysis of three cohorts of
PWH with or without hepatitis coinfection undergoing
screening for liver fibrosis: the LIVEr disease in HIV
(LIVEHIV) at the McGill University Health Centre
(MUHC), Modena HIVMetabolic Clinic (MHMC), and
the University Hospital Bonn Cohort. Between January
2015 and December 2021, we enrolled consecutive
patients aged at least 18 years with confirmed HIV
infection on ART, availability of liver stiffness measure-
ment (LSM) and controlled attenuation parameter (CAP)
by transient elastography, and relevant clinical and
biochemical parameters. Exclusion criteria were: less than
two consecutive transient elastography examinations;
contraindications (pregnancy, pacemaker insertion) and
failure or unreliable measurement of transient elastography
examination; significant alcohol intake (>20 g/day for
women and>30 g/day for men). The combined cohort of
1183 PWH included 122 (10.3%) patients from the
LIVEHIV, 691 (58.4%) from the MHMC, 370 (31.3%)
from the Bonn University Hospital Cohort.

Ethics
All participants provided informed written consent. The
Research Ethics Board of the Research Institute of
MUHC (study code 14-182-BMD), of MHMC (study
code 254/12) and of the Bonn University Hospital (279/
14, 2014, 2016 and 2019) approved the study. The study
was conducted according to the Declaration of Helsinki
and the manuscript was prepared according to the
STROBE Statement-checklist of items.

Clinical and biological parameters
We collected data within 3months from the transient
elastographyexamination,namelydemographic information,
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time since HIV diagnosis (defined as the interval between
the date of patients’ first positive HIV test and the date of
the visit), ART class [nonnucleoside reverse transcriptase
inhibitors (NNRTI), protease inhibitors, INSTI, teno-
fovir alafenamide (TAF), nucleoside reverse transcriptase
inhibitors (NRTI), including stavudine and didanosine],
BMI, liver serum biomarkers, lipid profile, hematological
and immune-virological parameters. Undetectable viral
load was defined as HIV viral load less than 50 copies/ml.
Weight gain was defined as an increase in BMI greater
than 5% from the baseline until the end of follow-up.
Under/normal weight, overweight, and obesity were
defined by BMI values of less than 25, 25–29, and at least
30 kg/m2, respectively. Cardiovascular events were any
among prior myocardial infarction, revascularization,
angina, stroke, or cardiovascular disease equivalent, such
as peripheral arterial disease. MASLD was defined as the
presence of hepatic steatosis, defined as CAP at least
248 dB/m [13,14], plus at least one of the following
criteria:
(1) B
MI at least 25 kg/m2;
(2) P
revious diagnosis or treatment for type 2 diabetes;
(3) B
lood pressure at least 130/85mmHg or treatment for

hypertension;
(4) T
riglycerides greater than 1.69mmol/l or lipid lowering

therapy;
(5) H
DL-C less than 1.03mmol/l (men) or less than

1.30mmol/l (women) or lipid-lowering therapy [11].
The fibrosis biomarker Fibrosis-4 index (FIB-4) was
computed. A cut-off of FIB-4 at least 2.67 was used to
identify significant liver fibrosis [15].

Transient elastography examination
Transient elastography examinations (Echosens, Paris,
France) were performed on a 4 h fasting patient by
maximum two operators at each site using standard
quality criteria [16]. Patients were initially assessed with
the standard M probe; the XL probe was used in case of
failure of the M probe and in patients with BMI at least
30 kg/m2 or a thicker layer of subcutaneous fat. A reliable
LSM was defined as at least 10 valid readings with an
interquartile range 30% or less of the median value.
Significant liver fibrosis (stage F2–4 out of 4) was defined
as LSM at least 8 kPa. Cirrhosis (stage F4 out of 4) was
defined as LSM at least 13 kPa [17,18].

Outcome measures
The primary study outcomes were: fibrosis progression,
defined as development of significant liver fibrosis, or
transition to cirrhosis for those with LSM at least 8 but less
than 13 kPa at baseline; fibrosis regression, defined as
transition to LSM less than 8 kPa for those with significant
liver fibrosis, or to LSM less than 13 kPa for those with
cirrhosis at baseline. The duration of follow-up was
calculated from the first reliable LSM to the date of the last
LSM, until December 2021.

Statistical methods
Baseline (time zero) was set as the first visit after 1 January
2015, when LSMwas determined. The follow-up was set
at the last visit in which LSM was evaluated. Incidence
rates of liver fibrosis progression and regression were
estimated by dividing the number of participants
developing the outcome by the number of person-years
of follow-up. A continuous time multistate Markov
model reporting odds ratio with 95% confidence interval
was used to describe the process in which a study patient
moved through a series of states allowing joint analysis of
care length, incidence fibrosis progression or reversion.
The probabilities of switch from one state to another were
modeled according to an exponential distribution for
time-to-event data, considering censored follow-up
times. The events were the transitions between the
states, considered as fibrosis progression and regression.
Analyses were performed using minimum two and
maximum six assessments for LSM. MASLD was not
included in Markov models because of a significant
proportion of missing data during follow-up period. A
Cox proportional hazard model was applied to test the
effect of baseline MASLD and chronic HBV and HCV
coinfection on liver fibrosis progression. As key
confounders, the following were identified: age, sex,
BMI gain greater than 5%, HIV-related variables (time
since HIV diagnosis, nadir CD4þ cell count) and
antiretroviral regimens (current exposure to INSTI,
TAF, protease inhibitor, and NNRTI). The effect on the
outcome was expressed as hazard ratio with 95% CI. A
complete case analysis was used, with missing values less
than 10% for included variables. The statistical level of
significance of the tests was set to 0.05. The statistical
program R, v. 3.6.0 and Python were used to analyze and
clean the data.
Results

A total of 1183 PWH with at least two LSM were
included, and their baseline characteristics by liver fibrosis
progression status are summarized in Table 1. Among
these individuals, CAP was available in 1038 cases and
MASLD criteria (BMI, diabetes, hypertension, dyslipi-
demia, insulin resistance) in 778 cases, resulting in a subset
of 633 patients where it was possible to assess whether or
not they met the MASLD criteria. In this subgroup, 307
(48.5%) fulfilled the MASLD criteria. Supplementary
Table S1, http://links.lww.com/QAD/D178 compares
people with MASLD criteria with people with missing
MASLD criteria. In the entire cohort, 25.2% of patients
had viral hepatitis coinfection (3.6%with HBVand 21.6%
with HCV). Most patients with HCV (78%) were treated
and cured at the time of the analysis. In this subset of
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Table 1. Baseline characteristics of the whole cohort (nU1183) by liver fibrosis progression status.

Total cohort
(n¼1183)

Liver fibrosis
progression
(n¼121)

No liver fibrosis
progression
(n¼1062)

P

Demographic and anthropometric characteristics
Age (years) 52.9 (46.3–58.2) 51.7 (44.6–58.8) 53.0 (46.6–58.2) 0.77
Male sex (%) 917 (77.5) 101 (83.5) 816 (76.8) 0.10

Ethnicity (n¼1148, n¼117 and n¼1031, respectively) (%)
White 1021 (88.9) 102 (87.2) 919 (89.1) 0.82
Black 76 (6.6) 9 (7.7) 67 (6.5)
Other 51 (4.4) 6 (5.1) 45 (4.4)

BMI (n¼1081, n¼105 and n¼976, respectively) (kg/m2) 24.2 (22–26.5) 26.0 (23.2–29.0) 24.1 (21.9–26.2) <0.001
BMI categories (n¼1081, n¼105 and n¼976, respectively) (%)
Under/normal weight 644 (59.6) 39 (37.1) 605 (62.0) <0.001
Overweight 351 (32.5) 47 (44.8) 304 (31.1)
Obesity 86 (8.0) 19 (18.1) 67 (6.9)

HIV-related variables
CD4 (cell/ml) 623.5 (450.2–817.5) 601 (384–798) 626 (457–818) 0.45
Nadir CD4þ (cell/ml) 200 (96–311) 176 (95–305) 200 (96–311) 0.65

Time since HIV diagnosis (years) 18.0 (9–26.9) 15 (8.0–25.2) 18.4 (9.1–27.0) 0.04
Undetectable HIV viral load (n¼717, n¼95 and n¼622,
respectively) (�50 copies) (%)

614 (85.6) 75 (78.9) 539 (86.7) 0.05

Current ART
NNRTI (%) 344 (29.1) 30 (24.8) 314 (29.6) 0.27
NRTI (%) 910 (76.9) 92 (76.0) 818 (77.0) 0.81
PI (%) 384 (32.5) 45 (37.2) 339 (31.9) 0.24
INSTI (%) 528 (44.6) 48 (39.7) 480 (45.2) 0.25
TAF (%) 191 (16.1) 16 (13.2) 175 (16.5) 0.36

Past exposure to d-drugs (%) 160 (13.5) 14 (11.6) 146 (13.7) 0.51
Biochemical parameters
Platelets (109/l) 206.0 (171–244) 203.5 (165.2, 238.8) 206.0 (172.0, 244.0) 0.46
Albumin (g/l) 45.0 (42.9–47) 43.5 (41.6, 46.7) 45.0 (43.0, 47.0) 0.03
ALT (IU/l) 26.0 (19.0, 37.0) 36.0 (25.0, 49.0) 25.0 (18.0, 35.0) <0.001
AST (IU/l) 24.0 (19–29) 27.0 (22.0, 41.0) 23.0 (19.0, 29.0) <0.001
Total cholesterol (mmol/l) 4.7 (4–5.4) 4.6 (3.8, 5.4) 4.7 (4.0, 5.4) 0.41

HDL cholesterol (mmol/l) 1.2 (1–1.5) 1.1 (1.0, 1.3) 1.2 (1.0, 1.5) <0.001
Triglycerides (mmol/l) 1.4 (1–2.1) 1.7 (1.3, 2.8) 1.3 (0.9, 2.0) <0.001
Comorbidities
Hypertension (n¼808, n¼102 and n¼706, respectively) (%) 407 (50.4) 45 (44.1) 362 (51.3) 0.17
Type 2 diabetes (n¼619, n¼90 and n¼530, respectively) (%) 169 (27.3) 21 (23.3) 148 (27.9) 0.37
Cardiovascular disease (n¼529, n¼85 and n¼445,
respectively) (%)

63 (11.9) 14 (16.5) 49 (11.0) 0.15

Liver-related variables
HBV coinfection (%) 42 (3.6) 10 (8.3) 32 (3.0) 0.003
HCV coinfection (%) 255 (21.6) 32 (24.8) 225 (21.2) 0.36
MASLD (n¼633, n¼70 and n¼562, respectively) (%) 307 (48.5) 46 (65.7) 261 (46.4) 0.002
LSM (kPa) 5.3 (4.3–6.5) 6.5 (5.3, 8.6) 5.1 (4.2, 6.3) 0.13
CAP (n¼1038) (dB/m) 235 (204–274) 269.0 (226.0, 304.5) 232.0 (203.0, 268.5) <0.001
FIB-4 >2.67 (%) 283 (23.9) 28 (23) 255 (24) 0.84

Continuous variables are expressed as median (interquartile range) and categorical variables are expressed as frequencies (%). The P values refer to
Mann–Whitney and Kruskal–Wallis tests or x2 test between no fibrosis progression and fibrosis progression. ALT, alanine aminotransferase; ART,
antiretroviral therapy; AST, aspartate aminotransferase; CAP, controlled attenuation parameter; d-drugs, dideoxynucleoside-drugs; FIB-4, fibrosis 4
index; HBV, hepatitis B virus; HCV, hepatitis C virus; HDL, high-density lipoprotein; INSTI, integrase strand transfer inhibitors; IU, international
units; LSM, liver stiffness measurement; MASLD, metabolic dysfunction-associated steatotic liver disease; NNRTI, nonnucleoside reverse
transcriptase inhibitors; NRTI, nucleoside reverse transcriptase inhibitors; PI, protease inhibitors; TAF, tenofovir alafenamide.
patients with HCV coinfection, CAP was measured after
achieving a sustained viral response. Most patients with
HBV (85%) had undetectable HBV DNA. At baseline,
the prevalence of significant liver fibrosis and cirrhosis
by LSM was 14.4 and 5.7%, respectively, whereas
hepatic steatosis was present in 406 out of 1038 patients
with available CAP (39.1%). Table 2 shows the differences
in baseline characteristics between PWH with and
without MASLD.
Transitions across fibrosis stages
During a median follow-up period of 2.5 (1.9–3.5) years,
a minimum of two and a maximum of six yearly transient
elastography examination were performed. An alluvial
plot was used to visualize the transition of patients across
liver fibrosis stages (no fibrosis, significant liver fibrosis,
cirrhosis) during the follow-up visits (Fig. 1). Overall, the
cumulative incidence of liver fibrosis progression and
regression was 8% (95% CI 6.5–9.9) and 5.2% (95% CI
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Table 2. Baseline characteristics of the cohort by metabolic dysfunction-associated steatotic liver disease status (nU633).

MASLD (n¼307) No MASLD (n¼326) P

Demographic and anthropometric characteristics
Age (years) 55.1 (50.0–59.9) 46.0 (38.3–53.8) <0.001
Male sex (%) 261 (85.0) 251 (77.0) 0.01
BMI (kg/m2) 26.8 (25.3–29.1) 24.1 (22.1–25.8) <0.001
BMI categories (%)

Under/normal weight 64 (20.9) 191 (58.6) <0.001
Overweight 187 (60.9) 128 (39.1)
Obesity 56 (18.2) 7 (2.3)

HIV-related variables
CD4þ (cell/ml) 662 (509–863.5) 559 (399.5–741.2) <0.001
Nadir CD4þ (cell/ml) 196 (100–296.5) 226.5 (97.5–334.8) 0.205
Time since HIV diagnosis (years) 21.1 (11.4–28.5) 10.0 (5.0–17.7) <0.001
Undetectable HIV viral load (�50copies) (%) 156 (94.0) 229 (84.8) 0.004

HIV transmission (%)
IVDU 55 (17.9%) 33 (10.1%) 0.048
MSM 138 (45%) 176 (54.0%)
Heterosexual 114 (37.1%) 117 (35.6%)

Current ART (%)
NNRTI 96 (31.3) 99 (30.4) 0.806
PI 82 (26.7) 116 (35.6) 0.016
INSTI 176 (57.3) 72 (22.1) <0.001
TAF 55 (17.9) 20 (6.1) <0.001

Past exposure to d-drugs (%) 57 (18.6) 11 (3.4) <0.001
Biochemical parameters
Platelets (109/l) 205.5 (174–245.2) 215.0 (181.5–254) 0.057
ALT (IU/l) 28.0 (21.0–39.2) 29.0 (23.0–38.0) 0.362
AST (IU/l) 25.0 (20–30) 23 (19–28) 0.818

Comorbidities
Hypertension (n¼213 and n¼286, respectively) (%) 154 (72.3) 53 (18.5) <0.001
Type 2 diabetes (n¼152 and n¼278, respectively) (%) 83 (54.6) 9 (3.2) <0.001
Cardiovascular disease (n¼103 and n¼273, respectively) (%) 26 (25.2) 12 (4.4) <0.001

Liver-related variables
HBV coinfection (%) 4 (1.3) 22 (6.7) <0.001
HCV coinfection (%) 56 (18.2) 46 (14.1) 0.158
LSM >8 kPa (%) 57 (18.6) 22 (6.7) <0.001
LSM >13 kPa (%) 18 (5.9) 9 (2.8) <0.001
CAP (dB/m) 287.0 (267.0–316.0) 218.0 (189.2–243.0) <0.001

Continuous variables are expressed as median (interquartile range) and categorical variables are expressed as frequencies (%). The P values refer to
Mann–Whitney and Kruskal–Wallis tests or x2 test between no fibrosis progression and fibrosis progression. ALT, alanine aminotransferase; ART,
antiretroviral therapy; AST, aspartate aminotransferase; CAP, controlled attenuation parameter; HBV, hepatitis B virus; HCV, hepatitis C virus;
HDL, high-density lipoprotein; INSTI, integrase strand transfer inhibitors; IU, international units; IVDU, intravenous drug use; LSM, liver stiffness
measurement; MASLD, metabolic dysfunction-associated steatotic liver disease; NNRTI, nonnucleoside reverse transcriptase inhibitors; NRTI,
nucleoside reverse transcriptase inhibitors; PI, protease inhibitors; TAF, tenofovir alafenamide.
4.3–6.3), respectively. The incidence rate of liver fibrosis
progression and regression was 2.8 per 100 person-years
(95% CI 2.3–3.4) and 2.2 per 100 person-years (95% CI
1.9–2.6), respectively. The incidence rate of progression
to cirrhosis was 0.2 per 100 person-years (95% CI 0.1–
0.5). Patients who developed liver fibrosis progression at
follow-up had higher BMI, less frequently undetectable
HIV viral load, lower albumin, higher ALT and AST,
lower HDL cholesterol, higher triglycerides, and higher
CAP. They also had higher prevalence of HBV
coinfection and MASLD, while there was no difference
in LSM and in prevalence of FIB-4 greater than 2.67
(Table 1). The Markov model describing the transition
across liver fibrosis stages is reported in Table 3.
Overweight at baseline (OR 1.12, 95% CI 1.04–1.21)
and weight gain (OR 3.11, 95% CI 1.59–6.08) were
positively associated with fibrosis progression. Similarly,
weight gain (OR 0.30, 95% CI 0.10–0.84), as well as
male sex (OR 0.32, 95% CI 0.14–0.75), reduced the
probability of fibrosis regression. HBV and HCV
coinfection, HIV-related variables, and type of current
ART were not associated with changes in liver fibrosis.
Since there may a plausible basis for correlating BMI with
LSM error, we have performed the sensitivity analysis
which included only PWH who transitioned from LSM
less than 8 to LSM greater than 10 kPa. Even in this
sensitivity analysis, weight gain was confirmed as a major
driver of liver fibrosis progression (data not shown).

Predictors of fibrosis progression by
multivariable analysis
Table 4 reports the Cox proportional hazard model of
predictors of liver fibrosis progression. After adjustments,
MASLD (adjusted hazard ratio 2.72, 95% CI 1.05–7.02)
and weight gain (adjusted hazard ratio 3.12, 95% CI
1.41–6.90) were independent predictors of fibrosis
progression. Conversely, consistent with the Markov
model, treated coinfections with HBVor HCV, as well as



1328 AIDS 2024, Vol 38 No 9

Fig. 1. Alluvial plot showing the transition of patients through the stages of liver fibrosis during follow-up visits. P0, absence of
significant liver fibrosis (liver stiffness measurement<8kPa); P1, significant liver fibrosis (liver stiffness measurement at least 8 kPa
and less than 13 kPa); P2, cirrhosis (liver stiffness measurement �13 kPa).
HIV-related variables and current ART regimen, did not
predict liver fibrosis progression.
Discussion

In this multicentric longitudinal cohort study, we found
that liver fibrosis progression is frequent among PWH.
MASLD was diagnosed in 48.5% of PWH with available
CAP and cardiometabolic data, and it was a significant
predictor of liver fibrosis progression, together with other
Table 3. Markov model describing transitions of liver fibrosis (progressio

Fibrosis pro

Age >50 years (yes vs. no) 0.9
Males (yes vs. no) 0.8
Overweight (yes vs. no) 1.1
Weight gain (yes vs. no) 3.1
Years since HIV diagnosis >10 years (yes vs. no) 1.0
Nadir CD4þ cell count <200 cell/ml (yes vs. no) 1.0
HBV coinfection (yes vs. no) 1.7
HCV coinfection (yes vs. no) 1.6
Current exposure to INSTI (yes vs. no) 0.6
Current exposure to protease inhibitors (yes vs. no) 0.8
Current exposure to NNRTI (yes vs. no) 0.4
Current exposure to TAF (yes vs. no) 1.1

Odds ratios (OR) and 95% confidence intervals (CI) are shown for each variab
hepatitis B virus; HCV, hepatitis C virus; INSTI, integrase strand transfer in
tenofovir alafenamide.
metabolic health variables, namely overweight and weight
gain. In addition, weight gain and male sex prevented the
regression of liver fibrosis, while treated viral hepatitis
coinfection and current ART regimens were not
associated with transitions in liver fibrosis. Our findings
support the current guidelines of the European AIDS
Clinical Society, which recommend that PWH with
metabolic abnormalities should be screened for liver
fibrosis regardless of viral hepatitis coinfection [7].
Notably, PWH are still not listed as a high-risk group
for hepatic steatosis in international MASLD guidelines
[12,19], and they are currently excluded from therapeutic
n or regression) (nU1183).

gression (aOR, 95% CI) Fibrosis regression (aOR, 95% CI)

9 (0.95–1.03) 0.99 (0.95–1.02)
7 (0.36–2.09) 0.32 (0.14–0.75)
2 (1.04–1.21) 1.00 (0.90–1.11)
1 (1.59–6.08) 0.30 (0.10–0.84)
9 (0.40–2.95) 1.19 (0.43–3.33)
3 (0.53–2.03) 0.78 (0.35–1.74)
9 (0.52–6.20) 0.30 (0.04–2.51)
5 (0.79–3.44) 0.63 (0.29–1.39)
1 (0.26–1.45) 0.73 (0.34–1.58)
5 (0.35–2.06) 1.17 (0.55–2.50)
1 (0.15–1.11) 0.99 (0.45–2.18)
1 (0.55–2.26) 0.96 (0.43–2.14)

le analyzed. aOR, adjusted odds ration; CI, confidence interval; HBV,
hibitors; NNRTI, nonnucleoside reverse transcriptase inhibitors; TAF,
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Table 4. Multivariable Cox regression analysis of predictors of liver fibrosis progression (nU633).

Predictors aHR (95% CI) P

Male sex (yes vs. no) 1.10 (0.55–4.13) 0.424
Age (per year) 0.98 (0.93–1.04) 0.430
Nadir CD4þ cell count <200 cell/ml (yes vs. no) 0.56 (0.24–1.29) 0.172
Time since HIV diagnosis (per year) 1.05 (1.00–1.11) 0.059
HBV coinfection (yes vs. no) 3.26 (0.62–17.04) 0.162
HCV coinfection (yes vs. no) 0.89 (0.31–2.56) 0.826
MASLD (yes vs. no) 2.72 (1.05–7.02) 0.039
Weight gain (yes vs. no) 3.12 (1.41–6.90) 0.005
Current exposure to INSTI (yes vs. no) 1.51 (0.55–4.13) 0.424
Current exposure to TAF (yes vs. no) 0.66 (0.26–1.65) 0.371
Current exposure to NNRTI (yes vs. no) 0.58 (0.19–1.81) 0.348
Current exposure to PI (yes vs. no) 1.37 (0.51–3.65) 0.531

aHR, adjusted hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; INSTI, integrase strand transfer inhibitors;
MASLD, metabolic dysfunction-associated steatotic liver disease; NNRTI, nonnucleoside reverse transcriptase inhibitors; PI, protease inhibitors;
TAF, tenofovir alafenamide.
trials for MASH [20], being often left behind in the global
effort for liver fibrosis screening and management [21].
We advocate for multidisciplinary care of HIV patients,
with an increased involvement of hepatology providers,
to halt and manage liver fibrosis in PWH.

Our study focused on liver fibrosis, which is the hallmark
event in the natural history of any chronic liver disease,
leading to cirrhosis, liver failure and hepatocellular
carcinoma [3]. Liver fibrosis plays a critical role in patient
risk stratification, as it is known to predict hepatic and
extrahepatic complications as well as all-cause mortality
[22]. Given the dynamic nature of liver fibrosis, in the
present study, rather than a single snapshot, we provided a
continuum of its transitions throughout the patients’
follow-up.Our findings show that liver fibrosis progression
is common in PWH, with an incidence rate of 2.8 per 100
person-years (95% CI, 2.3–3.4). Conversely, the rate of
fibrosis regression was 2.2 per 100 person-years (95% CI
1.9–2.6), lower than in HIV-uninfected patients with
MASLD [23]. These results reflect the high level of
complexity underlying the multifaceted pathogenesis of
liver fibrosis in PWH, including a higher prevalence of
classic metabolic risk factors and HIV-unique factors such
as virus-related inflammation and exposure to ART [6].
Regarding the latter, our results confirm that past exposure
to d-drugs is more frequent in PWH with vs. without
MASLD (18.4 vs. 3.4%, P< 0.001), with a possible role of
these drugs in lipodystrophy-inducedmetabolic alterations
that may persist even after discontinuation [24]. Although
HCVcoinfection remains the leading cause of liver-related
mortality in PWH, this paradigm is rapidly changing, with
a decline in HCV-related deaths because of the new
curative option of direct-acting antivirals and an increasing
burden of MASLD that mirrors the epidemic of metabolic
syndrome [2]. Thus, a critical goal in HIV research is to
clarify the role of metabolic comorbidities in the dynamics
of liver fibrosis,with a special focus on the impact ofweight
gain, which has been observed in PWH treated with new
ART regimens [8–10], and MASLD. Our results
contribute significantly to this debate by showing that
overweight, weight gain, and MASLD, but not viral
hepatitis coinfection, are predictors of liver fibrosis
progression in PWH, with weight gain also preventing
fibrosis regression. This possibly reflects the successful
treatment of HCV and the adequate management of
chronic HBV infection in our cohort, mainly with
tenofovir disoproxil fumarate (TDF) and TAF.

Weight change is critical to the development and
management of liver fibrosis. Indeed, lifestyle interven-
tion is the first-line therapy for MASLD in both the
general population and PWH [12,25], and weight loss is
known to reverse liver fibrosis [26]. Weight gain in PWH
has a complex and not fully understood pathogenesis.
Initiation of ART is often followed by weight gain,
especially in patients with late HIV presentation at
baseline [27,28], which can be interpreted as a ‘return to
health’ phenomenon, as the reduction of systemic
inflammation decreases metabolic demand [29]. In
addition, the improved tolerability of new ARTregimens
may increase patients’ appetite, leading to weight gain
[30]. However, there may also be a cellular mechanism
underlying the association between ART and gaining
weight. For instance, INSTI were found to have an
inhibitory effect on a-melanocyte-stimulating hormone,
which can interfere with food regulation and cause
obesity, but only at higher doses than those used in clinical
practice [31]. Interestingly, INSTI were shown to play a
role in adipogenesis, lipogenesis, oxidative stress, and
insulin resistance, all possible causes of weight gain,
although further in-vivo studies are warranted [32].
Finally, host-related factors are also relevant to weight
gain in PWH, with older age and high-income country of
origin being positively associated with gaining weight,
and still conflicting findings on the role of sex differences
and BMI at ART initiation [30]. In our study, although
weight gain increased the risk of liver fibrosis progression
and prevented its regression, we did not find an
association between any ART regimen and liver fibrosis
changes. In fact, although INSTI and TAF can cause
weight gain, their impact on clinical outcomes is still
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controversial. Although Neesgaard et al. [33] observed an
association between INSTI and an excess incidence of
cardiovascular disease, this association was not confirmed
by Surial et al. [34]. Oppositely, Milic et al. [35] showed a
protective effect of INSTI on insulin resistance in PWH
without metabolic abnormalities, aligned with O’Hal-
loran et al. who documented a lower risk for
cardiovascular events among 20 000 treatment-naive
PWH who started INSTI-based ART compared with
those who started other ART classes [36]. Similarly,
evidence regarding the role of INSTI on MASLD is
conflicting, with two studies conducted in HIV/HCV-
coinfected patients showing reduced hepatic steatosis
after INSTI switch [37,38], one suggesting INSTI and
TAF as independent predictors of incident hepatic
steatosis [39], and another reporting no changes in liver
fat [10]. Therefore, in this heated debate about the
metabolic and hepatic effects of the new ART regimes,
our findings did not suggest an association between
current ART exposure and liver fibrosis progression.
However, prior or cumulative exposure to ARTwere not
assessed, thus future larger studies addressing these issues
and focusing on liver-related outcomes are warranted to
better understand the relationship between ART and
MASLD with or without liver fibrosis.

To our knowledge, this is the first study to investigate the
recently proposed definition of MASLD in PWH.
Interestingly, MASLD may better characterize hepatic
steatosis than NAFLD in PWH [11]. First, as a positive
definition, MASLD allows for the coexistence of other
liver diseases, such as viral hepatitis coinfection, which is
common in PWH and accounted for a quarter of our
cohort. Second, MASLD better highlights the patho-
physiological relationship between hepatic steatosis and
metabolic comorbidities, such as hypertension and
diabetes, which are frequent in PWH, with a prevalence
of 50.4 and 27.3% in our study population. Finally, we
previously reported a high prevalence of lean MASLD in
PWH [40], and the new definition of MASLD may
provide a better risk stratification of lean individuals, with
a meaningful distinction between those who are
metabolically healthy and metabolically unhealthy [11].

Finally, our results show that men had lower rates of liver
fibrosis regression compared with women. Indeed, liver
fibrosis is known to be a sex-dimorphic disease, as its
prevalence is higher in men and women after menopause,
suggesting a protective effect of estrogens [41]. In line
with our findings, a cross-sectional study of 544 African
American patients showed that men with HIV had
increased likelihood of exhibiting liver fibrosis compared
with women [42].

Our study has several strengths. First, the longitudinal
cohort design with multiple transient elastography
examinations allowed to capture the dynamics of liver
fibrosis. Second, the large and diverse population increased
the generalizability of our findings. Several limitations of
our study should be considered. First, liver fibrosis was
assessed by transient elastography, as the gold standard of
liver biopsy is not feasible on a large-scale basis. Second,
there was a significant amount of missing data that
prevented a definitive diagnosis of MASLD during
follow-up visits. Third, the relatively short follow-up,
with a lack of assessment of hepatic and extrahepatic
outcomes, did not allow us to explore the role of liver
fibrosis in predicting clinical outcomes. Fourth, we
assessed only current exposures to ART classes and not
previous or cumulative exposures, which may have a
different impact on liver fibrosis progression and
regression. For instance, we could not account for the
effect of INSTI on weight gain, which may be more
pronounced during the first year and in women,
especially of Black ethnicity [41,42]. Fifth, as very few
PWH had current exposure to TDF, we were not able to
assess the interaction among weight gain/loss, TDF and
liver fibrosis changes. Sixth, we had a male predominance
and lack of information on menopause in our cohort.
Seventh, the prevalence of MASLD is likely over-
estimated, as MASLD was calculated only in PWH with
available both CAP and cardiometabolic data, therefore,
selection bias cannot be excluded. Eighth, there may be
an overestimation of the prevalence of significant liver
fibrosis in patients with vs. without MASLD, as the
severity of steatosis has been shown to influence LSM in
patients with MASLD [43]. Finally, the lack of more
detailed information on alcohol intake is a limitation;
however, we excluded patients with significant alcohol
intake because we were interested in assessing the specific
role of HIV-associated MASLD rather than alcohol-
induced steatotic liver.

In conclusion, liver fibrosis progression is common in
PWH, especially in those with metabolic conditions.
MASLD accelerates liver fibrosis progression along with
weight gain, which also prevents its regression. In this at-
risk population, liver fibrosis should be promptly recog-
nized and monitored beyond viral hepatitis coinfection.
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