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sex differences in people with HIV
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Gastroenterology and Hepatology, Objectives: People with HIV are at increased risk for metabolic dysfunction-

Chronic Viral Illness Service, Royal

Victoria Hospital, McGill University . . . . .
Health Center, Montreal, QC H4A 3J1, in the general population, their role in the context of HIV is less understood.

associated steatohepatitis (MASH). Although sex differences are documented

Canada. Methods: This was a multicentre cohort study including people with HIV
Email: giada.sebastiani@megill.ca without viral hepatitis coinfection. A FibroScan-AST (FAST) score >0.35 was
used to diagnose MASH with significant liver fibrosis (stage F2-F4). We inves-
tigated sex-based differences in MASH trends as a function of age using a seg-
mented linear mixed-effects model. Random effects accounted for clustering
by the four sites. Adjusted models included ethnicity, diabetes, hypertension,
and detectable HIV viral load.

Results: We included 1472 people with HIV (25% women). At baseline, the
prevalence of MASH with fibrosis by FAST score was lower in women than in
men (4.8% vs. 9.2%, p = 0.008). Based on the adjusted model, male sex
(4+0.034; p = 0.04), age per year (+0.003; p = 0.05), detectable HIV viral load
(40.034; p = 0.02), and hypertension (+0.03; p = 0.01) were positively associ-
ated with MASH with fibrosis. Although men exhibited generally higher FAST
scores, FAST scores increased in women during the critical biological age of
presumed perimenopause to menopause (between 40 and 50 years), reaching
levels similar to those in men by the age of 55 years.

Conclusion: Despite women with HIV having a lower prevalence of MASH
with fibrosis than men, they exhibit an acceleration in FAST score increase
around the perimenopausal age. Future studies should target adequate consid-

eration of sex differences in clinical investigation of metabolic dysfunction-
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INTRODUCTION

The advent of effective antiretroviral therapy (ART) has
transformed HIV infection from a life-threatening condi-
tion to a chronic disease with manageable outcomes [1].
However, this prolonged lifespan has unveiled a spec-
trum of non-communicable comorbidities, among which
metabolic dysfunction-associated steatotic liver disease
(MASLD) is a significant concern [2]. MASLD is the most
frequent chronic liver disease globally, affecting 32% of
the general adult population [3, 4]. In people with HIV,
MASLD is a prominent comorbidity, with a prevalence
ranging between 25% and 55% across various countries
[5, 6]. Importantly, higher rates of metabolic dysfunction-
associated steatohepatitis (MASH) and liver fibrosis
related to MASLD have been reported in people with
HIV [7, 8]. Although the aetiology of MASLD in the gen-
eral population is multifactorial, encompassing genetic
predisposition, lifestyle factors, and metabolic syndrome
components, the presence of HIV introduces additional
layers of complexity that remain only partially under-
stood. The intersection of HIV infection, ART, and meta-
bolic dysregulation creates an intricate milieu that likely
predisposes individuals to develop MASH with associated
liver fibrosis [5].

Sex differences, encompassing biological, hormonal,
and behavioural variations between men and women,
play a significant role in the development and progres-
sion of metabolic diseases. Several studies in the general
population have reported that the prevalence and severity
of MASH is higher in men than in women during the
reproductive years. However, MASH seems to occur at a
higher rate in women after menopause, suggesting that oes-
trogen is protective. Sex differences also exist for the major
risk factors of MASH with associated liver fibrosis, such as
type 2 diabetes [9, 10]. Sex at birth, sex hormones, and gen-
der habits interact with numerous factors, including cyto-
kines, stress, and environmental factors, and alter the risk
profiles and phenotypes of MASH [10]. In addition, liver
cirthosis and hepatocellular carcinoma exhibit sex differ-
ences, with a significantly higher incidence in men [9, 10].

The influence of sex on the pathogenesis and progres-
sion of MASH in people with HIV remains poorly un-
derstood yet may hold profound implications for
personalized healthcare delivery. In the specific context

associated steatotic liver disease to fill current gaps and implement precision
medicine for people with HIV.

FAST score, liver fibrosis, MASLD, perimenopause, sexual hormones, transient elastography

of HIV infection, sex-related factors may exert differential
effects on hepatic lipid metabolism, insulin resistance,
and immune-inflammatory responses, thereby modu-
lating disease susceptibility and progression [11]. Addi-
tionally, socio-cultural factors, healthcare-seeking
behaviours, and treatment adherence patterns may fur-
ther shape the landscape of MASH in people with HIV
across diverse gender identities. Finally, menopause
tends to occur earlier in women with HIV than in the
general population, potentially leading to a shorter life-
span of exposure to the protective benefits of oestro-
gens on the liver [12].

In an international cohort collaboration of people
with HIV undergoing screening for hepatic steatosis and
liver fibrosis with transient elastography, we aimed
to determine sex-based differences in MASH trends as
patients age. To achieve this, we employed the FibroScan-
AST (FAST) score to diagnose MASH with significant liver
fibrosis [13, 14].

PATIENTS AND METHODS
Study design and population

We conducted a cross-sectional retrospective analysis of
four cohorts of people with HIV mono-infection: the
LIVEr disease in HIV (LIVEHIV) cohort [15] at the
McGill University Health Centre, the Modena HIV
Metabolic Clinic (MHMC) cohort, the Liver Patholo-
gies in HIV in Palermo cohort, and the Royal Free Hos-
pital cohort. Between January 2015 and December
2022, participants were identified through locally
maintained prospective databases of people with HIV
who underwent screening for MASLD. We included
consecutive patients with confirmed HIV infection on
ART and aged >18 years, with availability of liver stiff-
ness measurement (LSM), controlled attenuation
parameter (CAP) by vibration controlled transient elas-
tography (Fibroscan®, Echosens, Paris, France), and
relevant clinical and biochemical parameters. Exclu-
sion criteria were (i) positivity for hepatitis C virus
(HCV) antibody or hepatitis B virus surface antigen;
(ii) evidence of other liver diseases; (iii) significant
alcohol intake, defined as >30g/day in men
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and >20 g/day in women [16]; and (iv) contraindica-
tions to and failure or unreliable measurement of tran-
sient elastography.

Ethics

All participants provided informed written consent. The
Research Ethics Board of the Research Institute of McGill
University Health Centre (study code 14-182-BMD) and
of MHMC (study code 254/12), the Ethics Committee of
the “Paolo Giaccone” University Hospital (study code
v.1.05.1.18), and the Royal Free Hospital ethical commit-
tee approved the study. The study was conducted accord-
ing to the Declaration of Helsinki, and the manuscript
was prepared according to the STROBE Statement check-
list of items.

« high-density lipoprotein cholesterol <1.03 mmol/L
(men) or <1.30 mmol/L (women) or lipid-lowering
therapy [11].

Transient elastography examination and
FAST score

Transient elastography examinations were performed
on patients after they had fasted for 4 hours by a
maximum of two operators at each site using standard
quality criteria [17]. A cut-off of LSM >7.1 kPa
was used to define significant liver fibrosis, corre-
sponding to histologic stage F2-F4 out of 4 [18, 19].
The FAST score was calculated with CAP, LSM, and
aspartate transaminase (AST) level as previously
described:

exp[—1.6541.07 x In(LSM) +2.66 x 1078 x CAP* — 63.3 x AST !

FAST score =

Clinical and biological parameters

We collected data within 3 months from transient elas-
tography, namely demographic information, time since
HIV diagnosis (defined as the interval between the date
of patient's first positive HIV test and the date of the
visit), current exposure to ART classes (non-nucleoside
reverse transcriptase inhibitors, protease inhibitors,
integrase strand transfer inhibitors, nucleoside reverse
transcriptase inhibitors), body mass index (BMI), liver
serum biomarkers, lipid profile, and haematological
and immune-virological parameters. Gender informa-
tion in the cohorts was collected through self-
reporting. Undetectable viral load was defined as HIV
viral load <50 copies/mL. Sexual hormones, including
estradiol, follicle-stimulating hormone (FSH), luteiniz-
ing hormone (LH), and total testosterone, were avail-
able for a subgroup of 323 patients. MASLD was
defined as the presence of hepatic steatosis, defined as
CAP >270 dB/m [13, 14], plus at least one of the fol-
lowing criteria:

« BMI >25 kg/m”

« previous diagnosis or treatment for type 2 diabetes

+ blood pressure >130/85 mmHg or treatment for
hypertension

« triglycerides >1.69 mmol/L or lipid-lowering therapy

14 exp[—1.65+1.07 x In(LSM) +2.66 x 1078 x CAP® — 63.3 x AST |

FAST scores were categorized by 0.35 cut-off, which was
proposed to rule out MASH with significant fibrosis. Specifi-
cally, a FAST score <0.35 has a sensitivity of 90% and speci-
ficity of 50% for MASH with F2-F4 fibrosis and non-
alcoholic fatty liver disease (NAFLD) activity score >4 [13].

Outcome measures

The primary study outcome was the FAST score, defined
as a continuous variable. Based on the above-mentioned
cut-off value of the FAST score, we also computed the
prevalence of MASH with fibrosis.

Statistical methods

We investigated sex-based differences in MASH with
fibrosis trends as patients age. Because of the heteroge-
neous diets, lifestyles, and healthcare policies at each of
the international centres, we used a random-effects
model. This clustering considers patients within the same
site as replicates that are more alike than subjects from
other sites by introducing a random intercept. Since our
hypothesis was that aging could play a role in the sex dif-
ference in MASH with fibrosis trends, and there may be a
critical breaking point during menopause for women, we
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extended our mixed-effects model to a segmented mixed-
effect model. A segmented model allowed us to estimate
a breakpoint where the slope could change. Models were
adjusted for diabetes, hypertension, and having detect-
able HIV viral load. These covariates were selected a
priori after group discussion and ensured no collinearity
between variables. We excluded BMI from the model
because of its collinearity with diabetes. Diabetes was
chosen instead, based on previous literature demonstrat-
ing its strong association with histological advanced liver
fibrosis in people with HIV [20]. Furthermore, BMI may
be a less reliable predictor of MASH in the context of
HIV, given the relatively high prevalence of lean MASLD
in this population [21, 22]. We used a pairwise deletion
analysis, with missing values <10% for included vari-
ables, and a two-sided level of significance of 0.05. All
analyses were conducted using R.

RESULTS

After applying the exclusion criteria, the combined
cohort of 1472 people with HIV included patients from
the LIVEHIV (32%), MHMC (41%), Liver Pathologies in
HIV (23%), and Royal Free Hospital (4%) cohorts
(Figure 1). The cohort included 373 women with HIV,
representing 25% of the whole study population. Overall
mean + standard deviation age was 51.8 + 9.9 years, the
median CD4 cell count was 698 (interquartile range
494-844) cells/pL, and undetectable HIV viral load was
observed in 1223 (83.1%) of people with HIV. The overall
prevalence of MASLD by CAP was 25%. The prevalence
of MASH with significant liver fibrosis by FAST score
was 8.1%. The characteristics of the whole cohort are
summarized in Table 1. When compared with men,

women with HIV were more frequently of non-white eth-
nicity and had longer time since HIV diagnosis, higher
platelets, lower alanine aminotransferase (ALT) and
AST, higher total and high-density lipoprotein choles-
terol, and lower triglycerides. Women with HIV had
higher FSH and LH levels and lower total testosterone.
Women with HIV also had higher CAP and FAST scores
than men, but no difference in LSM was observed.
MASLD was present in 73 women and 294 men with
HIV, resulting in an overall lower prevalence in women
(19.6% vs. 26.8%, p = 0.006). MASH with significant liver
fibrosis was present in 18 women and 101 men with HIV,
resulting in an overall lower prevalence in women (4.8%
vs. 9.2%, p = 0.008). This sex difference was significant in
people with HIV with BMI >25 kg/m” (prevalence 7.2%
in women vs. 13.8% in men, p = 0.028) but not observed
in people with HIV with BMI <25 kg/m* (prevalence
3.6% in women Vvs. 4.4% in men, p = 0.722).

Sex differences in MASH with significant
liver fibrosis

The multivariable model with fixed effects showed that
male sex, per year increase in age, white ethnicity, detect-
able HIV viral load, and hypertension were positively
associated with MASH with liver fibrosis (Table 2).
Although men had generally higher FAST scores, FAST
scores increased in women during the critical biological
age of presumed perimenopause to menopause (between
40 and 50 years), reaching levels similar to those of men
by the age of 55 years. The breaking point was 50.5 years
for women and 52.0 years for men. As the trends pla-
teaued for men, women experienced similar levels of
MASH with fibrosis (Figure 2). Indeed, the prevalence

2023 people with HIV

I Viral hepatitis coinfection or alcohol
v abuse (n=471)
1552 people with HIV
monoinfection without alcohol
abuse
Failure to perform FibroScan or
v unreliable measurements (= 80)
1472 people with HIV
monoinfection without alcohol

abuse and with reliable
FibroScan

475 from Montreal 603 from Modena
(Canada) (Italy)

339 from Palermo 55 from London
(Ttaly) (UK)

FIGURE 1

Flow chart displaying the selection of study participants.
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TABLE 1 Characteristics of study population (n = 1472) by biological sex category.
Characteristics Whole cohort (n = 1472) Female sex (n = 373) Male sex (n = 1099) p-value
Age (years) 51.8 +9.9 51.5+10.2 51.9+9.9 0.457
Non-white ethnicity 527 (35.4) 214 (57.4) 313 (28.4) <0.001
BMI (kg/m?) 25.1 (4.4) 25.2(5.8) 25.1 (3.9) 0.790
BMI >25 673 (45.7) 164 (44.0) 509 (46.3) 0.618
IDU 130 (8.8) 23(6.2) 107 (9.7) 0.508
Hypertension 342 (23.2) 95 (25.5) 247 (22.5) 0.237
Diabetes 621 (42.2) 147 (39.4) 474 (43.1) 0.209
Years since HIV diagnosis 17 (9-25) 19 (10-27) 17 (9-25) <0.001
Undetectable viral load 1223 (83.1) 303 (81.3) 920 (83.7) 0.209
CD4 Abs (cells/pL) 698 (494-844) 700 (484-835) 697 (496-846) 0.257
Nadir CD4 (cells/uL) 217 (187-250) 250 (190-250) 210 (174-250) 0.330
Platelets (10°/L) 227 (68) 237 (82) 224 (62) 0.010
ALT (IU/L) 23 (17-34) 18 (14-25) 25 (18-37) <0.001
AST (IU/L) 22 (18-27) 20 (17-25) 22 (19-28) <0.001
Total cholesterol (mmol/L) 4.7+ 1.1 48+ 1.1 4.7+ 1.1 0.040
HDL-C (mmol/L) 1.3+ 04 1.5+ 0.5 1.2+ 04 <0.001
Triglycerides (mmol/L) 1.3 (0.9-2.0) 1.0 (0.8-1.5) 1.4 (1.0-2.2) <0.001
Current antiretroviral regimen
NNRTIs 442 (30.0) 100 (26.8) 342 (31.1) 0.117
NRTIs 1253 (85.1) 307 (82.3) 946 (86.1) 0.08
Protease inhibitors 553 (37.6) 150 (40.2) 403 (36.7) 0.222
Integrase inhibitors 699 (47.5) 187 (50.1) 512 (46.6) 0.236
Past exposure to didanosine 181 (12.3) 41 (11.0) 140 (12.7) 0.375
Past exposure to stavudine 315 (21.4) 70 (18.7) 245 (22.3) 0.151
Estradiol (pg/mL)* 23 (12-32) 28 (20-35) 22 (18-27) 0.246
FSH (mIU/mL)* 9.0 (5.5-39.3) 65.9 (17.8-105.7) 7.2 (4.8-10.9) <0.001
LH (IU/mL)* 8.5 (5.7-20.3) 33.8 (12.6-49.1) 7.1 (5.2-10.2) <0.001
Total testosterone (nmol/L)?* 4.6 + 2.3 0.27 + 0.20 50+ 2.1 <0.001
LSM (kPa) 4.9 (4.0-6.1) 4.8 (3.9-6.1) 4.9 (4.1-6.2) 0.133
CAP (dB/m) 2394 + 574 230.8 + 54.6 242.3 + 58.0 <0.001
FAST score 0.08 (0.04-0.16) 0.06 (0.03-0.13) 0.08 (0.04-0.17) <0.001

Note: Continuous variables are expressed as mean + standard deviation for normally distributed data or as median (interquartile range) for non-normally
distributed data. Categorical variables are expressed as frequencies (%). The p-values refer to Student's t-test or the y* test between female and male sex.
“Estradiol, FSH, LH, and total testosterone were available in 323 patients (105 women and 218 men).

Abbreviations: Abs, absolute; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter;
FAST, Fibroscan-AST; HDL-C, high-density lipoprotein cholesterol; FSH, follicle-stimulating hormone; IDU, injection drug use; LH, luteinizing hormone;
LSM, liver stiffness measurement; NNRTIs, non-nucleoside reverse transcriptase inhibitors; NRTIs, nucleoside reverse transcriptase inhibitors.

of MASH with fibrosis was not significantly different p = 0.048). No difference in FSH, LH, or estradiol was
after the age of 55 years, being 9.8% and 6.3% in men and observed.

women, respectively (p = 0.216). In the subgroup of

105 women (representing 28.2% of the women in the

study) with available hormonal measurements, those =~ DISCUSSION

who had MASH with fibrosis presented with higher

levels of total testosterone than did women without In our study, which comprised a large cohort of people with
MASH with fibrosis (0.40 + 0.27 nmol/L vs. 0.23 + 0.18; HIV, we demonstrated that male sex is associated with
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TABLE 2 Linear mixed-effects model and segmented random-effects multivariable model.
Variable Unadjusted Standard error p-value Adjusted Standard error p-value
Male sex 0.032 0.009 0.005 0.034 0.017 0.044
Age (per year) 0.002 0.001 0.002 0.003 1.953 0.051
Presence of diabetes - - - 0.008 0.018 0.668
Detectable HIV viral load - - - 0.034 0.014 0.018
Presence of hypertension - - - 0.033 0.013 0.014
White ethnicity - - - 0.033 0.012 0.007
Difference in slopes between men and women - - - 0.001 0.003 0.77

Note: The segmented random-effects model estimated that the breaking point was 50.5 years for women and 52.0 years for men (not statistically
different p = 0.88).

FAST

1.00-

0.75-

0.50-

0.25-

0.00-

FIGURE 2
over age.

20 40

Age

Sex

Female
—= Male

60 80

Overall trajectory of FibroScan-AST (FAST) score by biological sex category predicted from mixed-effects regression model

MASH with significant liver fibrosis, as diagnosed by the
FAST score. However, the prevalence among women was
no longer significantly different after menopausal age,
reaching levels of MASH with fibrosis similar to those in

men. Given that biological sex is not typically a factor in the
clinical decision-making process for MASH, these findings
indicate that women with HIV may face an increased risk
of MASH with fibrosis after the critical perimenopause
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biological age. Our data support the notion that MASH
exhibits sex differences in people with HIV, underscoring
the need for targeted diagnostic interventions in women
with HIV, tailored to their age and menopause status.

With the aging of the population living with HIV,
liver diseases have become a significant cause of morbid-
ity and mortality [1]. The successful implementation of
effective antiviral therapies for HCV and hepatitis B virus
has shifted the focus to MASLD, which has now become
an emerging condition in people with HIV [2]. MASLD is
the most frequent chronic liver disease globally, affecting
one in three adults [3]. Due to a complex and multiface-
ted pathogenesis, MASLD is more prevalent in people
with HIV, with reported figures as high as 55% [5, 6].
These figures surpass those seen in the general popula-
tion, suggesting a contribution from both HIV and ART.
In our study, the overall prevalence of MASLD (25%) was
somewhat lower than reported in previous studies [2, 23—
28]. This is due to the higher CAP cut-off we used, based
on recent literature, and to additional metabolic criteria
previously not required to define NAFLD. Furthermore,
there may be some cases of burnt-out MASH in our
cohort, leading to low CAP values [29]. Finally, in
our international cohort, people with HIV undergo
consecutive screening for MASLD, without selection
based on elevated liver transaminases or specific risk
factors for MASLD, as was the case in previous studies.
Importantly, the most severe form of MASLD, namely
MASH with significant liver fibrosis, is also more fre-
quent in people with HIV. Two previous studies in peo-
ple with HIV reported a prevalence of MASH with
fibrosis by FAST score of 6.3% in women and 12.3% in
a mixed-gender cohort, aligning closely with our find-
ings and exceeding rates observed in the general popu-
lation [30, 31].

In the general population, sex differences in MASH
prevalence and severity have been reported, with men
exhibiting a higher prevalence than women. However,
age-specific sex differences and the effect of menopause
was infrequently considered in studies. Data suggest that
MASLD prevalence and incidence are higher in men
than in women before the age of 50 years or menopause
but tend to increase in women after this age [10]. Women
aged >50 years with MASLD are 1.2 times more likely to
develop MASH than are age-matched men and are more
likely to progress to advanced liver fibrosis [32]. Tran-
scriptomic and plasma profiling studies suggest that
MASLD may follow a distinct biological trajectory in
women aged >50 years [33, 34]. Additionally, men with
MASLD have a higher risk of liver cirrhosis and hepatocel-
lular carcinoma than women, likely due to the protective
role of oestrogens against MASLD. Indeed, postmenopausal
women receiving hormone replacement therapy have a

lower prevalence of MASLD than those not receiving hor-
mone replacement therapy [10].

The influence of biological sex on the pathogenesis
and progression of MASH may be amplified in the con-
text of HIV infection. Studies have shown that women
suffer more than men from the socioeconomic conse-
quences of HIV infection, which can affect healthcare-
seeking behaviour and treatment adherence [35]. Women
with HIV also tend to experience poorer treatment out-
comes and are at greatest risk for significant weight gain
with HIV treatment, potentially increasing their risk of
progressive MASH [11]. Additionally, women with HIV
tend to experience menopause at an earlier age [12] and
have lower total estradiol levels [36] than the general
population, potentially reducing the exposure to the protec-
tive benefits of oestrogens on the liver. The absence of oes-
trogen increases the likelihood of various metabolic
derangements, an effect compounded in people with HIV
due to their predisposition to insulin resistance and HIV-
related metabolic perturbations [37]. Interestingly, liver
fibrosis may begin accelerating earlier in women with HIV
than in the general population. A study in people with
HIV/HCV coinfection found that liver fibrosis begins to
accelerate in perimenopause, highlighting a previously
unrecognized group of women at increased risk for
advanced fibrosis and associated complications [38].

Our study used the FAST score as a non-invasive bio-
marker of histologic MASH with significant liver fibrosis
(F2-F4) and elevated NAFLD activity score [13]. MASH
is the inflammatory subtype of MASLD associated with
liver fibrosis progression, development of cirrhosis, and
need for liver transplant [39]. In MASH, the presence of
significant liver fibrosis predicts major adverse events,
including all-cause mortality, end-stage liver complica-
tions, and cardiovascular events [40]. The FAST score has
been used in several studies in people with HIV, confirm-
ing its prognostic utility to predict clinical outcomes [14,
23, 30]. Interestingly, this biomarker may more accu-
rately depict liver damage in HIV-associated MASH as it
incorporates AST. Although both AST and ALT are
markers of liver injury, ALT is located in the hepatocellu-
lar cytosol, whereas AST is mainly found within the
mitochondria [41]. Consequently, AST may better reflect
liver damage in the context of HIV infection and signal
mitochondrial toxicity, which is a common feature of
both MASH and ART-associated hepatotoxicity [42, 43].

Our study found that the overall prevalence of MASH
with significant liver fibrosis was higher in men (9.2%)
than in women (4.8%) with HIV. However, during the
critical biological age from presumed perimenopause to
menopause, this gap narrowed. This resulted in a similar
prevalence of MASH with fibrosis in men (9.8%) and
women (6.3%) after the age of 55 years. Although male
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sex was independently associated with a higher FAST
score, the difference in prevalence diminished and
became not significant after age 55 due to slower progres-
sion in men and faster progression in women between
the critical biological age of 40 to 50 years. Interestingly,
in a subgroup of women with available hormonal mea-
surements, those with MASH with fibrosis had higher
testosterone levels than did those without. This aligns
with recent evidence from the general population, where
higher testosterone levels conferred a 2-fold higher risk
of MASH and MASH with fibrosis [44].

Beyond biological sex, our study identified age, white
ethnicity, detectable HIV viral load, and hypertension as
significant factors associated with MASH with significant
liver fibrosis. Age is well-established as a risk factor for
MASH and liver fibrosis [4]. White ethnicity carries a
higher risk of MASH than does Black ethnicity due to
a combination of genetic, environmental, and lifestyle
factors [45]. A detectable HIV viral load is associated with
a higher risk of developing MASH through several inter-
related mechanisms [5]. Ongoing viral replication con-
tributes to chronic inflammation and immune activation,
which can exacerbate liver inflammation and fibrosis,
key components of MASH. HIV-related alterations in
lipid metabolism and insulin resistance promote hepatic
fat accumulation and progression to MASH. People with
HIV with a detectable viral load may also experience
higher levels of oxidative stress and mitochondrial dys-
function, further promoting liver cell injury and inflam-
mation [46]. Hypertension also contributes to MASH by
exacerbating metabolic dysfunction and systemic inflam-
mation [45]. In the context of HIV, the frequent occur-
rence of hypertension compounds the metabolic
disturbances common in these patients, such as insulin
resistance and dyslipidaemia [5]. Furthermore, hyperten-
sion can lead to increased arterial stiffness and endothe-
lial dysfunction, which can aggravate liver injury and
fibrosis in MASH [47].

Overall, this study contributes to gender medicine sci-
ence and takes a step forward in the direction of preci-
sion medicine intended as a personalized, predictive,
preventive, and participatory medicine approach. Never-
theless, we wish to acknowledge several limitations of
our study. First, we did not use the gold standard of liver
biopsy to diagnose MASH. Instead, we relied on the
FAST score, which is based on transient elastography.
This method provides a single point-of-care evaluation of
both hepatic fibrosis and steatosis and has been validated
in people with HIV. In addition, non-invasive diagnostic
techniques offer a patient-centred approach, reduce selec-
tion bias, improve overall study coverage, and are cost
effective. Second, we used critical biological age as a

proxy for menopause due to the lack of precise estimates
of menopausal status. Third, we lacked extensive hor-
monal data to provide a biological and physiopathologi-
cal validation of our epidemiological findings. Fourth,
due to significant limitations in sample size, we were
unable to include non-binary and transgender people in
our analysis. Future research should specifically target
these populations to ensure comprehensive understand-
ing. Fifth, the effect size for the sex difference was 0.034.
Although this was a significant statistical finding, fur-
ther investigation is necessary to determine whether a
0.034 increase in FAST score is clinically meaningful.
Sixth, as a cross-sectional study, our research is limited
by its inability to establish causality. Capturing data at
a single point in time makes it challenging to deter-
mine the direction and temporal sequence of observed
associations.

In conclusion, our data support the characterization
of MASH as a disease with significant sex differences in
people with HIV. Despite the observation that women
with HIV have a lower prevalence of MASH with signifi-
cant liver fibrosis than do men with HIV, our findings
reveal a concerning acceleration in the increase of FAST
scores in women around the perimenopausal age. This
suggests that hormonal changes associated with meno-
pause may exacerbate liver disease progression in women
with HIV, highlighting the need for heightened monitor-
ing and tailored interventions during this critical biologi-
cal period. These insights emphasize the importance of
considering gender-specific factors in the management
and treatment of MASH in people with HIV to improve
outcomes and reduce disparities in liver disease progres-
sion between men and women.
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