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Abstract

Introduction: Liver disease is a leading cause of morbidity and mortality among persons living with HIV (PLHIV). While
chronic viral hepatitis has been extensively studied in low- and middle-income countries (LMICs), there is limited information
about the burden of metabolic disorders on liver disease in PLHIV.

Methods: We conducted a cross-sectional analysis of baseline data collected between October 2020 and July 2022 from
the leDEA-Sentinel Research Network, a prospective cohort enrolling PLHIV >40 years on antiretroviral treatment (ART) for
>6 months from eight clinics in Asia, Americas, and central, East, southern and West Africa. Clinical assessments, laboratory
testing on fasting blood samples and liver stiffness measurement (LSM)/controlled attenuation parameter (CAP) by vibration-
controlled transient elastography were performed. Multivariable logistic regression models assessed factors associated with
liver fibrosis (LSM >7.1 kPa) and steatosis (CAP >248 dB/m). Population attributable fraction (PAF) of each variable associ-
ated with significant liver fibrosis was estimated using Levin’s formula.

Results: Overall, 2120 PLHIV (56% female, median age 50 [interquartile range: 45—56] years) were included. The preva-
lence of obesity was 19%, 12% had type 2 diabetes mellitus (T2DM), 29% had hypertension and 53% had dyslipidaemia.
The overall prevalence of liver fibrosis and steatosis was 7.6% (95% confidence interval [Cl] 6.1-8.4) and 28.4% (95% CI
26.5—-30.7), respectively, with regional variability. Male sex at birth (odds ratio [OR] 1.62, Cl 1.10-2.40), overweight/obesity
(OR = 2.50, 95% Cl 1.69-3.75), T2DM (OR 2.26, 95% CI| 1.46-3.47) and prolonged exposure to didanosine (OR 3.13, 95%
Cl 1.46—6.49) were associated with liver fibrosis. Overweight/obesity and T2DM accounted for 42% and 11% of the PAF for
liver fibrosis, while HBsAg and anti-HCV accounted for 3% and 1%, respectively. Factors associated with steatosis included
overweight/obesity (OR 4.25, 95% CI 3.29-5.51), T2DM (OR 2.06, 95% Cl 1.47-2.88), prolonged exposure to stavudine (OR
1.69, 95% Cl 1.27-2.26) and dyslipidaemia (OR 1.68, 95% Cl| 1.31-2.16).

Conclusions: Metabolic disorders were significant risk factors for liver disease among PLHIV in LMICs. Early recognition of
metabolic disorders risk factors might be helpful to guide clinical and lifestyle interventions. Further prospective studies are
needed to determine the causative natures of these findings.
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1 | INTRODUCTION

With the expanded coverage of antiretroviral treatment (ART),
AlDS-related mortality among persons living with HIV (PLHIV)
has substantially decreased, resulting in a growing burden of
non-AlDS comorbidities, including liver diseases [1-3]. In high-
income countries, liver disease is a leading cause of morbid-

ity and mortality among PLHIV on ART, with well-recognized
risk factors, including hepatitis B virus (HBV) and hepatitis
C virus (HCV) infections, alcohol use and metabolic disor-
ders, such as type 2 diabetes mellitus (T2DM) and obesity,
which are established main drivers for liver steatosis [3, 4].
In low- and middle-income countries (LMICs), HBV and HCV
infections have been reported as the leading causes of liver
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disease [5, 6]. However, the prevalence of metabolic diseases
is increasing in many LMICs, linked to changes in dietary prac-
tices and lower physical activity [7].

In high-income countries, liver steatosis has increased
significantly among PLHIV, and is often secondary to the
metabolic syndrome and its components (T2DM, hyperten-
sion and dyslipidaemia), and mitochondrial damage leading
to insulin resistance and dyslipidaemia [8, ?]. Furthermore,
some ART drugs, especially some first-generation ART drugs,
could induce lipolysis and mitochondrial dysfunction, leading
to steatosis [10]. Previous studies have highlighted the hep-
atotoxicity of these drugs, with potentially persisting effects
even after withdrawal [11, 12]. However, data on liver damage
due to cumulative exposure to these older ART drugs remain
scarce, especially in LMICs.

Metabolic dysfunction-associated steatotic liver disease,
defined as the presence of steatosis in the absence of excess
alcohol consumption and other liver disease, and alcoholic-
associated liver disease are the most common causes of liver
steatosis [13]. A proportion of the undiagnosed and untreated
liver steatosis can progress to liver fibrosis, cirrhosis, liver fail-
ure and hepatocellular carcinoma, with an increased mortal-
ity [14]. Liver steatosis is, therefore, a major concern that
requires early recognition of persons at risk of liver fibrosis
to prevent liver-related complications. Non-invasive tools such
as vibration-controlled transient elastography (VCTE) using
FibroScan® are increasingly used to measure both liver fibro-
sis and steatosis [15, 16].

In LMICs, HBV active ART and curative HCV treatments
are increasingly available for PLHIV. We, therefore, hypoth-
esize that metabolic disorders have become a major con-
tributor to liver disease among PLHIV. So far, studies that
reported factors associated with liver fibrosis among PLHIV in
LMICs have been hampered by a lack of common standard-
ized measurement and were mainly focused on HBV or HCV
co-infection [17-20]. In this study, we aim to estimate the
prevalence of significant liver fibrosis and steatosis, and the
contributing role of metabolic disorders on these liver out-
comes among adults living with HIV on ART in LMICs.

2 | METHODS
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We conducted a cross-sectional analysis of data at enrol-
ment into the Sentinel Research Network (SRN), an ongo-
ing prospective cohort nested in the International epidemi-
ology Databases to Evaluate AIDS (leDEA) consortium [21].
Participants enrolled in SRN were PLHIV aged >40 vyears
on ART >6 months attending one of eight HIV clinics in
six leDEA regions (https://www.iedea.org/): Asia-Pacific (India),
central/southern America (CCASAnet) (Brazil, Mexico), cen-
tral Africa (Rwanda), East Africa (Kenya), southern Africa
(Zambia) and west Africa (Cote d'lvoire, Togo). Participants
were recruited during their routine visit using two sam-
pling approaches: systematic random sampling for sites with
a large number of eligible PLHIV, or consecutive enrolment
for those with a small number of eligible PLHIV. Participants
who agreed to participate in the study were scheduled for
the baseline visit that included the collection of demographic

Design and population

information, anthropometry, as well as laboratory tests, and
VCTE.
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Standardized questionnaires were used to collect socio-
demographic information including sex at birth, age, coun-
try of residence and marital status. Alcohol use disorder was
assessed using the Alcohol Use Disorders Identification Test
(AUDIT). The AUDIT questionnaire contains 10 items, each
scored from O to 4 points, giving a maximum total score of
40 points. An AUDIT score >8 in males and >7 in females
was considered hazardous alcohol use [22]. Measured weight
and height were used to calculate body mass index (BMI) =
weight (kg)/[height (m)]2. BMI from 25 to 29.9 kg/m? and >30
kg/m? were used to define overweight and obesity, respec-
tively. Waist and hip circumference were also measured, and
the presence of central obesity was defined with waist cir-
cumference (WC) >94 cm for males and >80 cm for females
in sub-Saharan African participants; and WC >90 cm for
males and >80 cm for females in Asian and American partic-
ipants [23]. Blood pressure (BP) was measured thrice using
an automated cuff. Hypertension was defined as mean dias-
tolic BP >90 mmHg AND/OR systolic BP >140 mmHg or pre-
scribed anti-hypertension medication [24].

Fasting blood glucose and glycosylated haemoglobin
(HbA1c) were measured; T2DM was defined as plasma
glucose > 7.0 mmol/I or HbAlc > 6.5% or history of diabetes
treatment [25]. A lipid panel was also performed to define
dyslipidaemia (plasma levels of total cholesterol>6.20 mmol/I,
triglycerides>2.25 mmol/l, LDL>4.13 mmol/l and HDL<1.03
mmol/l for males or <1.29 mmol/l for females) [26]. Co-
infections with HBV and HCV were systematically assessed
using rapid diagnostic tests on participants’ blood samples
(Determine®, SD Bioline® or Abon® for HBs antigen and
Oraquick® for anti-HCV antibodies). Those with positive
rapid diagnostic tests underwent viral load quantification of
HBV-DNA and/or HCV-RNA by polymerase chain reaction.
Aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) were measured for all participants with upper
limit of normal (ULN) values of 40 U/l [27, 28]. HIV viral
load and CD4 cell counts were also measured at the base-
line visit, when possible. Information related to HIV care,
including nadir CD4 cell counts, and current and past ART
history, especially cumulative exposure to first-generation
nucleoside-reverse-transcriptase-inhibitors (NRTIs) (stavudine,
zidovudine, didanosine) and non-nucleoside reverse transcrip-
tase inhibitors (NNRTI) (efavirenz, nevirapine) and protease
inhibitors (lopinavir/ritonavir, atazanavir), were extracted from
participant medical records.

VCTE was performed using FibroScan® (EchoSens, Paris,
France), either M or XL probe where appropriate, by expe-
rienced operators in each site following a validated proce-
dure. The final results were expressed as a median of 10 valid
measurements. Liver stiffness measurement (LSM) and con-
trolled attenuation parameter (CAP) were used to determine
liver fibrosis and steatosis, respectively. VTCE measures were
considered reliable when all the following criteria were ful-
filled: (i) > 10 successful measurements; (ii) an interquartile
range (IQR) lower than 30% of the median value of LSM for

Study measurements
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fibrosis and CAP for steatosis; and (iii) a success rate of more
than 60% [29]. Participant measurements that did not meet
these criteria were excluded from the analysis. Significant liver
fibrosis was defined as LSM >7.1 kPa (METAVIR F >2) [30].
The presence of liver steatosis was identified by a CAP >248
dB/m which corresponds to steatosis involving at least 5% of
hepatocytes [16].

Participants were excluded from this analysis if missing data
on any of the following variables: BMI, T2DM, alcohol con-
sumption, HBs antigen, anti-HCV antibodies, HIV viral load,
CAP median and LSM median.

23 |

Categorical variables were reported as absolute number (n)
and frequency (%), and continuous variables as median and
IQR, overall and stratified by leDEA region. Univariable logis-
tic regression models were used to determine factors associ-
ated with significant liver fibrosis and liver steatosis. Factors
with a p-value <0.20 were considered significant and used
to build the multivariable models. Risk factors found to be
insignificant in the univariable analysis and known in the lit-
erature to be associated with liver fibrosis were retained in
the multivariable models. A backward stepwise procedure was
performed to obtain the multivariable final models. Adjusted
odds ratio (OR) estimates were reported with their 95% con-
fidence intervals (95% CI). A p-value of < 0.05 was consid-
ered statistically significant. The population attributable frac-
tion (PAF) of significant liver fibrosis for a given etiologic con-
dition was calculated using the following Levin's formula [31]:
PAF = p x (RR=1) / p x (RR=1) + 1. In this formula, “p”
refers to the prevalence of the etiologic factor in our study
population not affected by liver fibrosis. The RR corresponds
to relative risk of liver fibrosis associated with a given etio-
logic factor. The RR has been approximated through the com-
puted OR obtained from the multivariable regression mod-
els. All statistical analyses were performed using R software
Version 4.2.0.

Statistical analysis
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All participants were informed about potential benefits and
harms related to their study participation and provided
written informed consent prior to being included. The Institu-
tional review boards at each site approved the study protocol
(INI-Fiocruz, Brazil: 28609820.9.0000.5262; CMSDS, Cote
d'lvoire :195-21; BJ Medical College, India: 00241024;
AMPATH Eldoret, Kenya: 0003638; INCMNSZ, Mexico:
3708; Kicukiro Health Center, Rwanda: 885/RNEC/2022;
EVT Clinic, Togo: 01/2022/CBRS; CIDRZ, Zambia; 00001131
of IORGO000774.

Ethical considerations

3 | RESULTS

A total of 2210 PLHIV were enrolled in the SRN cohort
and had a baseline visit from October 2020 to July 2022.
Participants were excluded from this analysis due to missing
data on BMI (n = 3), alcohol consumption (n = 1), T2DM

(h = 33), hepatitis B and C co-infection (n = 22), HIV viral
load (n = 15), or missing value on CAP median or LSM median
(h = 16) (Figure 1). Overall, 2120 PLHIV with a median age
of 50 (IQR 45-56) years were initially considered for the
analyses. The majority (56%) of participants were females,
with significant differences between participating countries
(p<0.001). HIV sites from sub-Saharan African countries had
higher proportions of female participants compared to sites
in India, Brazil and Mexico (Table 1). Over half of the par-
ticipants were overweight or obese, 32% and 19%, respec-
tively. Approximately half of our participants (53%) had dys-
lipidaemia, whereas 12% had T2DM and 29% had hyperten-
sion, with marked differences according to contributing sites
(p<0.001) (Table 1). Ninety-six (4.5%, 95 Cl 3.6—5.4) par-
ticipants were HBsAg positive, ranging from 9.0% in Cote
d’lvoire and Togo to 1.0% in India. Among the 96 partici-
pants with positive HBsAg, 82 (85%) were on tenofovir-based
ART, 64% had been previously screened for HBsAg and 43%
had HBV infection recorded in their medical record prior to
the study visit. Thirty-seven participants were anti-HCV pos-
itive, with a prevalence of 1.7% (95 Cl 1.1-2.3), and ranging
from 7.3% in Brazil and Mexico to 0.5% in India. Of the 37
anti-HCV antibody-positive participants, 46% had been previ-
ously treated for hepatitis C. Of the 29 with HCV RNA test-
ing available, 10 had a detectable HCV RNA with a median
value of 6.4 (IQR 5.6-6.7) log Ul/ml. Hazardous alcohol use
was found in 255 (12%) participants, with important regional
differences (p<0.001); 26% in Zambia, 16% in Brazil and
Mexico, 12% in Cbte d'lvoire and Togo, and 2.5% in India
(Table 1).

The median IQR CD4 cell count was 540 [IQR 374-729]
cells/mm® and 146 (6.9%) participants had an unsuppressed
HIV viral load (>1000 copies/mm?) at the study visit. Based
on ART regimen records, 1063 (50%) of participants were
previously exposed to zidovudine for a median duration of 93
months [IQR 38-125], 545 (26%) participants were treated
with a stavudine-containing regimen for a median duration of
40 months [IQR 14-63]. Exposure to didanosine-containing
ART was observed in 81 (3.8%) participants with a median
duration of 25 months [IQR 13—49]. A total of 1426 (67%)
participants were exposed to efavirenz drugs with a median
duration of 57 months [IQR 21-97]. Exposure to atazanavir-
containing ART was found on 385 (18%) participants, with
a median duration of 93 months [IQR 38-125] (Table 1).
For participants treated with didanosine and stavudine, the
median time since discontinuation was 20 years [IQR 13-24]
and 12 years [IQR 11-13], respectively.

Measurements of LSM and CAP for liver fibrosis and
steatosis assessments were considered reliable for 93% (n =
1977) and 85% (n = 1805) of the participants, respectively.
Median LSM and CAP were 4.7 [IQR 3.9-5.6] kPa and 220
[IQR 191-253] dB/m, respectively. Significant liver fibrosis
was present in 151 (7.6% [95% Cl, 6.4-8.8]) participants,
and varied significantly in prevalence between sites (p<0.001).
Compared to sites in sub-Saharan Africa, higher prevalence
of liver fibrosis was found in India (20%:; 95% CI| 14-26),
Brazil (12%; 95% Cl 7.9-17) and Mexico (12%; 95% ClI
6.6—17). A total of 512 (28% [95% Cl, 26—31]) participants
had liver steatosis, with higher prevalence in India (41%; 95%
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(n=2210)

Persons living with HIV (PLHIV) on ART >40 years included in the [eDEA-
SRN cohort and performed baseline examinations from October 2020 to June 2022

Excluded patients (n=74)
n=3 missing value on body mass index
n=1 missing value on alcohol consumption

n= 22 missing value on hepatitis B and C
co-infection

n=33 missing value on diabetes

n=15 missing value on HIV viral load

PLHIV on ART >6 months
(n=2,136)

16 missing value on CAP and LSM

PLHIV on ART >6 months included in the
analysis
(n=2,120)

Fibrosis assessment reliable LSM*
n= 1977 (93%)

Steatosis assessment reliable CAP*
n =1,805 (85%)

Figure 1. Study flowchart of PLHIV enrolled in the SRN cohort assessed for liver fibrosis and steatosis at baseline visit.

Cl 33-49); Brazil (45%, Cl 38—52); and Mexico (58%, 95% CI
50-66) (Figure 2).

3.1 | Factors associated with significant liver
fibrosis

In multivariable analysis, the following factors were indepen-
dently associated with significant liver fibrosis: male sex at
birth (OR 1.62, 95% CI 1.10-2.40), overweight/obesity (BMI
>25 vs. BMI <25 kg/m?) (OR 2.50, 95% Cl 1.69-3.75) and
T2DM (OR 2.26, 95% Cl 1.46-3.47). Elevated AST measure
(> 1 x ULN vs. <1 x ULN) (OR 3.93, 95% Cl 2.54-6.01)
and a past exposure to didanosine-containing ART for > 1
vear (OR 3.13, 95% Cl 1.46—6.49) (ref: No exposure or expo-
sure <1 year) were also associated with significant liver fibro-
sis. Hazardous alcohol use (OR 1.11, 95% Cl 0.63—-1.85) as
well as positive HBsAg (OR 1.83, 95% Cl 0.86-3.57) or
positive anti-HCV antibodies (OR 1.64, 95% Cl 0.58-4.09)
were not associated with significant liver fibrosis in this study

(Figure 3). The PAF of liver fibrosis for overweight/obesity
and T2DM were 42% and 11%, respectively. The PAF of
liver fibrosis was only 3% for positive HBsAg, 1% for
both positive anti-HCV antibodies and hazardous alcohol use
(Table 2).

3.2 | Factors associated with liver steatosis

In multivariable analysis; BMI >25 kg/m? (OR 4.25, 95% ClI
3.29-5.51) (ref: BMI<25 kg/m?), T2DM (OR 2.06, 95% ClI
1.47, 2.88), dyslipidaemia (OR 1.68, 95% CI 1.31, 2.16) as well
as elevated ALT (> 1 x ULN) (OR 1.95, 95% CI 1.39-2.71)
were independently associated with the presence of liver
steatosis. Participants who were exposed to a stavudine-
containing regimen for >1 year were more likely to have liver
steatosis than those not exposed to stavudine or treated for
<1 year (OR 1.69, 95% Cl 1.27, 2.26). In addition, those with
hypertension had a trend towards liver steatosis (OR 1.19,
95% Cl 0.91, 1.54) (Figure 4).
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Figure 2. Prevalence of liver steatosis and fibrosis assessed by transient elastography according to participating sites.

4 | DISCUSSION
We found a relatively high prevalence of significant liver fibro-
sis and steatosis in this population of adults living with HIV on
ART from eight LMICs in six global regions, with significant
variations between sites. Despite variation in the prevalence
of metabolic and infectious risk factors observed across set-
tings, obesity and T2DM, accounted for the majority burden
of liver fibrosis, with HBV and HCV contributing marginally.
The substantial variability in the prevalence of liver fibro-
sis and steatosis among PLHIV across countries and regions is
consistent with previous studies in similar settings. In a study
performed in Brazil, Perazzo et al. reported prevalence of 9%
and 35% for fibrosis (LSM > 8.0 kPa) and steatosis (CAP
>248 dB/m) in people with HIV and no other concomitant
infections, respectively [32]. Results of a study performed in
three countries in West Africa (Togo, Cote d’Ivoire and Sene-
gal) showed a prevalence of 5.3% for liver fibrosis using LSM
>7.1 kPa [18]. Findings of a study in China showed a preva-
lence of 14% for liver fibrosis using magnetic resonance spec-
troscopy and LSM >7.0 kPa and a prevalence of 29% for liver
steatosis [33]. A previous systematic review and meta-analysis
based mostly on studies from high-income countries reported
a prevalence of liver steatosis (based on imaging) and liver

fibrosis (>F2 by liver biopsy) of 35% and 22%, respectively,
in people with HIV and no other concomitant infections [34].
Although liver fibrosis and steatosis were important in all
sites, the highest prevalence was reported in India, Brazil
and Mexico. Our findings are corroborated by findings of a
more recent meta-analysis reporting a higher prevalence of
liver fibrosis and steatosis in PLHIV from Asian and South
American countries compared to sub-Saharan African coun-
tries [2, 13]. These differences could be partly related to the
higher prevalence of metabolic disorders observed in India,
Brazil and Mexico, identified as important risk factors for liver
steatosis and its progression [13].

While the reported prevalence of liver fibrosis and steato-
sis in our population may reflect the burden of metabolic dis-
orders in the general population of these LMICs, additional
HIV-related factors should be considered [35]. Indeed, HIV
itself and exposure to ART have been linked with metabolic
disorders, including T2DM and hyperlipidaemia, as well as a
higher risk of liver fibrosis through drug-induced liver toxicity;
all together supporting a higher risk of liver disease in PLHIV
[36, 371.

Our study revealed a significant association between male
sex at birth and liver fibrosis. Similar results were previ-
ously reported in studies from Zambia and Ghana [12, 38].
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Figure 3. Factors associated with significant liver fibrosis in adults living with HIV on ART.

Table 2. Levin's PAF of liver fibrosis attributed by overweight/obesity, diabetes mellitus, hazardous alcohol use, positive HBsAg

and positive anti-HCV antibody

Prevalence?, % OR (95% Cl) PAF, %
Overweight/obesity (BMI >25 kg/m?) 49% 2.50 (1.69, 3.75) 42%
Diabetes mellitus 10% 2.26 (1.46, 3.47) 11%
Hazardous alcohol use (AUDIT score >8P) 12.% 1.11 (0.63, 1.85) 1.0%
Positive HBsAg 4.5% 1.83 (0.86, 3.57) 3.0%
Positive antibody anti-HCV 1.6% 1.64 (0.58, 4.09) 1.0%

Abbreviations: Cl, confidence interval; OR, odds ratio; PAF, population attributable fraction.
aPrevalence of the etiologic factor in our study population not affected by liver fibrosis.

b<7 for females.

This association could be explained by the oestrogen release
in pre-menopausal women, which reduces the activation and
proliferation of hepatic stellate cells, involved in the liver
fibrogenesis process [39, 40]. A protective effect of oestro-
gen against metabolic conditions in pre-menopausal women
has been also reported in the literature [41]. Other fac-
tors such as metabolic disorders have been repeatedly asso-
ciated with liver disease [34]. Similar to our results, Mohr
et al. report a strong association between metabolic disor-

ders, including T2DM and obesity, and significant liver fibro-
sis (OR = 4.65, 95% Cl 1.42-15.19 and OR = 547, 95%
Cl 1.81-16.51, respectively) among PLHIV [42]. A recent
study performed by Michel et al. also identified T2DM
as an independent predictor of liver fibrosis [43]. Consid-
ering these results, PLHIV with T2DM or obesity should
be monitored for liver disease, given the rapid progres-
sion of fibrosis in diabetic and obese patients with liver
steatosis [13, 44].
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Figure 4. Factors associated with significant liver steatosis in adults living with HIV on ART.

In addition to metabolic disorders, we observed a significant
association of prolonged exposure to didanosine-containing
regimens, with significant fibrosis and prolonged exposure to
stavudine and liver steatosis. These associations have been
previously reported in high-income settings [11, 45, 46].
While these NRTIs, known to induce hepatic mitochondrial
toxicity and metabolic abnormalities, were replaced by newer
NRTIs years ago, previous studies have highlighted the persis-
tence of liver damage vears after their withdrawal [47, 48].
Indeed, over three-quarters of our participants who received
didanosine or stavudine had discontinued them over a decade
ago. This potential cumulative hepatotoxicity supports the
need for a liver monitoring strategy in participants with pro-
longed exposure to these former hepatotoxic first genera-
tion of ART drugs. Modern ART has been recommended
as first-line treatment over the past decade to counterbal-
ance the hepatotoxic effect of these drugs. However, some of
those drugs, especially integrase strand transfer inhibitor and
tenofovir alafenamide, have been reported to be associated
with metabolic disorders, including weight gain, which could
favour the development and progression of liver steatosis, and
fibrosis [49-51]. This complex interplay between ART expo-
sure and liver steatosis deserves further attention through

a longitudinal approach. The follow-up of the SRN cohort
will allow us to measure the impact of these new ART regi-
mens on liver disease development and its progression over
time.

In our study, HBsAg and anti-HCV were not significantly
associated with liver fibrosis, in contrast to previous stud-
ies [18, 19]. This could be related to the use of tenofovir
disoproxyl fumarate and lamivudine, two molecules active
against HBV, in most of our sites. Moreover, anti-HCV ther-
apy is currently available across several of the countries
participating in our project. As active treatments against
these infectious conditions are now increasingly scaled-up
in PLHIV, it is crucial to focus on metabolic causes of
liver disease. Indeed, by using the PAF, we found that 53%
of liver fibrosis cases could potentially be prevented by
controlling overweight, obesity and diabetes in the popula-
tion of PLHIV. In contrast, by tackling HBV, HCV and haz-
ardous alcohol use, the proportion of liver fibrosis develop-
ment would decrease by only 5% in this population. These
results suggest that liver disease-related morbidity could
be significantly reduced by integrating the management of
these preventable metabolic risk factors within routine HIV
care.
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Strengths of this study include using data from a large
multicentre cohort study across six global regions and eight
LMICs, with a standardized data collection protocol, VCTE
examinations performed by experienced operators, and cutoffs
to define liver fibrosis and steatosis relied on cutoffs used in
previous studies [18, 19, 38]. The current study has some lim-
itations to consider. We were not able to assess several fac-
tors potentially leading to liver fibrosis or steatosis, including
exposure to aflatoxins, iron overload, exposure to other hepa-
totoxic drugs, such as anti-tuberculosis drugs, or the presence
of other infectious conditions that could lead to liver fibrosis
such as schistosomiasis. PAF estimates assume a causal rela-
tionship between each associated factor and liver fibrosis, and
that the RR is a good approximation of the true causal effect.
Based on this assumption, our PAF estimates may be higher
than the true value, as we used OR estimates instead of RR
and, considering that OR generally overestimates RR. Further,
longitudinal studies are needed to test whether intervention
on these exposures reduces the risk of liver fibrosis. Given the
cross-sectional nature of this study, we could not draw formal
inferences between liver fibrosis and steatosis, and associated
factors, although most reported associations relied on previ-
ously documented etiologic pathways.

5 | CONCLUSIONS

Liver fibrosis and steatosis were common among adults living
with HIV on ART in LMICs, representing an important health
concern among this population. Metabolic disorders, including
overweight/obesity and T2DM, are associated with increased
risk of significant liver steatosis and fibrosis, and could be
initial targets for liver disease prevention strategies. Further-
more, integrating prevention and care of metabolic risk fac-
tors, and dedicated monitoring of liver disease in PLHIV with
metabolic diseases should be advocated in resource-limited
settings. However, further prospective studies are needed to
confirm the causative nature of our study findings.
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