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prevalence was observed in those infected with HCV at 49% (95% CI: 47%—
51%), followed by SARS-CoV-2 (39%, 95% CI [34%—44%]), HIV (39%, 95%
Cl [33%—44%]), and HBV (36%, 95% CI [32%—40%]). Additionally, co-
infections, such as HCV-HIV and HBV-HCV, exhibit even higher SLD
prevalence. The prevalence of steatohepatitis is particularly high in HIV-
infected (24%, 95% CI: 17%—-30%) and HCV-infected (18%, 95% CI: 13%—
24%) populations. The co-existence of SLD with viral infections was asso-
ciated not only with the progression of liver disease but also with more
severe outcomes of the infections and poorer responses to antiviral treat-
ment. The combination of cardiometabolic risk factors and viral-associated
and host factors contributes to the higher risk of SLD in viral-infected pop-
ulations.

Conclusions: SLD is highly prevalent in viral-infected populations, and the
reciprocal interactions between SLD and viral diseases exacerbate both
conditions, leading to poorer patient outcomes in general.

Keywords: cardiometabolic risk factors, MASLD, NAFLD, steatohepatitis,

viral diseases

INTRODUCTION

Steatotic liver disease (SLD) is a newly adopted
nomenclature encompassing a broad spectrum of
hepatic steatosis conditions. Metabolic dysfunction—
associated steatotic liver disease (MASLD) has
replaced NAFLD to emphasize the cardiometabolic risk
factors (CMRF) in its etiology. Metabolic dysfunction—
associated steatohepatitis has replaced NASH to
represent a subset of patients with MASLD with lobular
inflammation and hepatocyte injuries.l"! Simple steato-
sis is the earliest stage of SLD, which can progress to
fibrosis through increased inflammatory infiltration,
eventually leading to progression to irreversible cirrho-
sis and HCC. SLD has attracted increasing attention
due to the rapid growth of the affected population,
resulting in massive health and economic burden.?
MASLD alone afflicts approximately one third of the
global population, and metabolic dysfunction—
associated steatohepatitis affects about 5% of the
general population. Despite regional variations in
prevalence, the rising trend in MASLD cases continues
to accelerate annually across all continents.[34]

In parallel, the global population is continuously
threatened by epidemic and endemic viral diseases.
The co-existence of viral infection and SLD is common
in different patient populations. Considering hepato-
tropic viruses, chronic HCV infection is known to trigger
hepatic steatosis, and steatosis may change the natural
history of both HCV-related hepatic and extrahepatic
diseases.%! Although the association between chronic

HBYV infection and steatosis remains debatable,5-8 the
co-existence of HBV infection and MASLD may
promote the progression of liver injury.[¥ For systemic
viral infections, liver disease is one of the major
comorbidities in people living with HIV.I'%" A higher
prevalence of  MASLD/metabolic  dysfunction—
associated steatohepatitis has been reported among
HIV-infected individuals compared to the general
population.['"12] Liver dysfunction has been observed
in many hospitalized patients with COVID-19 with
moderate or severe SARS-CoV-2 infection, resulting
in poorer prognosis.['3'4 Patients with MASLD are
thought to be more susceptible to severe COVID-19
outcomes, as considerable evidence supports the
association between COVID-19 and CMRF, including
obesity, hypertension, impaired fasting glucose, and
dyslipidemia.l"5!

Given the complexity of viral disease and SLD co-
existence, this study aims to comprehensively understand
their mutual interactions with respect to epidemiology,
clinical features, and outcomes through a large-scale
systematic review, meta-analysis, and data synthesis.

METHODS
Search strategy
This systematic review and meta-analysis followed the

Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines (Supplemental Materials,
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http://links.lww.com/HC9/B949).1'8l The protocol for this
study was registered on PROSPERO (International
Prospective  Register of Systematic Reviews,
CRD42022345391). A comprehensive systematic
search was conducted across 5 databases: Embase,
Medline ALL, Web of Science Core Collection,
Cochrane Central Register of Controlled Trials, and
Google Scholar. We searched for published studies in
English from inception to April 2, 2024, using an
exhaustive set of search terms related to “fatty liver
disease” and “viral infection.” The full search strategies
and selection criteria are detailed in the Supplemental
Methods, http://links.lIww.com/HC9/B949. Two investi-
gators (Jiajing Li and Jiahua Zhou) independently
screened the titles and abstracts of all identified
citations and reviewed the full-text manuscripts of
potentially relevant articles. Disagreements were
resolved by consensus and a third reviewer (Ibrahim
Ayada or Qiuwei Pan) if necessary. As our study utilized
exclusively published data from existing studies, no
additional ethical approval or participant consent was
required.

Inclusion and exclusion criteria

Studies were included according to the following
criteria; (1) cross-sectional and longitudinal observa-
tional studies and (2) adult patients (aged 18 y or
above) with any viral infections; (3) availability of data
on baseline hepatic steatosis with valid diagnostic
methods; (4) clear definition for virally infected popula-
tions. Exclusion criteria included studies involving (1)
liver transplant recipients because of their immuno-
suppressive status, (2) only individuals not represent-
ative of the entire population, (3) insufficient or
incomplete data, or (4) fewer than 10 subjects.
Diagnosis of steatosis based on both invasive and
noninvasive methods is considered equal evidence
validity. Steatohepatitis was confirmed by the presence
of steatosis and inflammation. Liver fibrosis staging was
based on histopathological features from biopsies by
METAVIR or Ishak scoring system.!'”.'8l Viral infections
were defined through biological specimens (eg, sero-
logical tests for HBV, HCV, and HIV infections and
nasopharyngeal swabs for SARS-CoV-2 infections) with
subsequent quantification of viral RNA and antigen.
This study involved treatment-naive populations with
chronic hepatitis B and chronic hepatitis C at baseline,
while people living with HIV had typically undergone
treatment with antiretroviral therapies.

Quality assessment and data extraction

Quality assessment of included articles was assessed
independently in duplicate, using the Joanna Briggs

Institute Critical Appraisal Checklist!" Two investigators
(Jiajing Li and Jiahua Zhou) extracted data from each
included study based on a standardized form. Study
characteristics included first author, country, study period,
and study design. Study population data contained the total
sample size, the number of steatosis and steatohepatitis,
and diagnostic methods. Baseline characteristics of
patients included but were not limited to demographic data
(age, sex, and BMI) and metabolic comorbidities, including
overweight or obesity, hypertension, insulin resistance, type
2 diabetes mellitus, and dyslipidemia. Clinical information
was collected on liver disease progression, treatment
strategies such as antiretroviral therapy for HIV carriers,
and outcomes of antiviral therapies. When duplicate data
were identified, we excluded the duplicates with the
smallest sample size or incomplete data. Details of data
collection are provided in the Supplemental Methods, http://
links.lww.com/HC9/B949.

Statistical analysis

All statistical analyses were implemented by STATA
15.0, with a p value of 0.05 or less considered
statistically significant. A random-effects (DerSimonian
and Laird) meta-analysis model was used for all
analyses to generate pooled estimates, reported as
prevalence, OR, or weighted mean differences (WMD)
with the corresponding 95% CI. Random-effects models
were used due to the predictable heterogeneity from
population diversity, and more robust effect estimates
than fixed-effects models.l2%! Pooled prevalence esti-
mates in viral-infected populations were stratified by
country, World Health Organization (WHO) regions, and
diagnostic methods for hepatic steatosis. When ana-
lyzing potential risk factors for SLD, we pooled adjusted
ORs and their 95% Cls as the estimated effect sizes
when sufficient data were available. If sufficient data
were not available, we separately pooled ORs and
weighted mean differences from the original binary or
continuous variable data provided in the studies.
Continuous variables are converted or integrated into
uniform units and formats (mean + SD) using
established formulas.[2-23] Heterogeneity between
studies was assessed using Cochrane Q and F?
statistic, with an /2 of at least 50% considered to be
significant heterogeneity.[?*l Subgroup analyses and
multivariate meta-regressions were performed to iden-
tify potential sources of heterogeneity and to determine
the impact of specific moderator variables on preva-
lence estimates. Sensitivity analyses were performed
as a “leave-one-out” approach to validate the robust-
ness of pooled prevalence estimates by excluding one
study or one subgroup at a time. Publication bias was
assessed by Egger test and the funnel plots (only for
>10 studies) of the study size against transformed
outcome values (eg, log transformation for
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56627 records identified from
Medline, Embase, Web of Science,
Cochrane and Google Scholar

A

23030 duplicate records removed
before screening

33597 records screened

Y

Y

32167 records excluded based on
the titles and abstracts

1430 full-text articles
assessed for eligibility

A4

794 records excluded
38 reviews or case reports
2 clinical trial designs
77 no full-text articles
21 paediatric populations
178 duplicate populations
12 less than 10 subjects
113 not representative populations
353 no eligible data

636 studies included in systematic
review and meta analysis

FIGURE 1 Flow diagram for study selection.

prevalence).l?! For binary variable analyses with <10
studies, publication bias was assessed using Harbord
test. To illustrate the geographical differences in
prevalence, a web-based interactive dashboard with
maps and graphs was created using Tableau 2023.3.0.

RESULTS
Summary of included studies

The literature search identified 56,627 records. After
removing 23,030 duplicates, 33,597 records were
screened. Based on the titles and abstracts, 1,430
articles were selected for full-text review to assess
eligibility. After excluding 794 articles, 636 studies were
ultimately included in the meta-analysis (Figure 1). The
main characteristics and quality assessment scores for
all included studies are summarized in Supplemental
Tables S1-S9, http://links.lww.com/HC9/B949.

Prevalence of SLD in different viral-infected
populations

Overall, 636 studies involving 1,126,158 individuals from
59 countries were included in the analysis of SLD
prevalence. The estimated prevalence of SLD in HBV
monoinfected populations was 36% (95% CI [32%—40%])
pooled from 145 studies, with the highest SLD prevalence

reported in the Western Pacific region (37%, 95% CI
[35%—40%]) and the European region (37%, 95% CI
[29%—46%]) (Figure 2). The highest estimated prevalence
of SLD was observed in HCV monoinfected populations
(49%, 95% CI [47%—51%]) from 321 studies, with pooled
prevalences of 52% (95% CI [47%—56%]) in the Americas
region (60 studies) and 50% (95% CI [44%—56%]) in the
European region (143 studies) (Figure 3). In HIV mono-
infected populations, the prevalence of SLD was 39%
(95% CI [33%—44%)]) pooled from 58 studies (Figure 4). In
SARS-CoV-2 monoinfected populations, the prevalence
of SLD was 39% (95% CI [34%—44%]) pooled from 58
studies (Figure 5). Only 3 studies documented SLD
prevalence in HEV monoinfected populations, with a
pooled prevalence of 21% (95% CI: 9%—33%) (Supple-
mental Figure S5, http:/links.lww.com/HC9/B949). Popu-
lations with coinfection of HCV-HIV (44%, 95% CI [38%—
49%]) (Supplemental Figure S6, http://links.lww.com/HC9/
B949) or HBV-HIV (38%, 95% CI [18%—58%]) (Supple-
mental Figure S7, http:/links.lww.com/HC9/B949) exhib-
ited similar or even higher prevalence of SLD than those
infected with HIV alone. The prevalence of SLD in HBV-
HCV co-infected population (53%, 95% CI [38%—68%])
(Supplemental Figure S8, http://links.lww.com/HC9/B949)
was higher than in those with only HCV or HBV
monoinfection. SLD in other virus-infected populations
from limited studies is reported in Supplemental Table S9,
http://links.lww.com/HC9/B949. Detailed forest plots and
publication bias assessment can be found in Supplemen-
tal Figures S1-S8, http://links.lww.com/HC9/B949.
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e 20
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(B)
HBV mono-infected Number Prevalence in SLD Prevalence 2
populations in subgroups of Studies general population (95% ClI) ! P
WHO region X
Western Pacific Region 90 : — 0.37 (0.35, 0.40) 99.2% <0.001
European Region 31 :—o— 0.37 (0.29, 0.46) 99.1% <0.001
South-East Asia Region —:—o— 0.35 (0.24, 0.46) 94.8% <0.001
Eastern Mediterranean Region 5 —_—— 0.30 (0.15, 0.45) 97.4% <0.001
Region of the Americas 14 —o—:— 0.26 (0.16, 0.36) 99.9% <0.001
: Heterogeneity between groups: p = 0.222
Income level :
High income 43 :—o— 0.37 (0.31, 0.43) 100.0% <0.001
Upper middle income 94 : —— 0.36 (0.33, 0.39) 99.0% <0.001
Lower middle income 6 —:—o— 0.33 (0.21, 0.44) 94.3% <0.001
1 Heterogeneity between groups: p = 0.820
Survey year X
before 2002 22 :—o— 0.34 (0.28, 0.40) 99.8% <0.001
2002~2011 60 :+ 0.33 (0.31, 0.36) 99.1% <0.001
2012~2021 50 I 0.39 (0.34, 0.44) 98.9% <0.001
: Heterogeneity between groups: p = 0.091
Sample size 1
<100 25 : —— 0.41(0.34, 0.49) 91.8% <0.001
101~300 48 : —— 0.37(0.32,0.41) 96.0% <0.001
301~500 17 :—o— 0.40 (0.31, 0.49) 98.5% <0.001
>500 55 —:o— 0.32 (0.26, 0.37) 100.0% <0.001
! Heterogeneity between groups: p = 0.181
Diagnosis method :
liver biopsy, >0 25 : e 0.43 (0.36, 0.51) 97.8% <0.001
CAP 19 : — 0.43(0.35,0.51) 99.5% <0.001
liver biopsy, 25% 58 [ 0.38(0.34,0.41) 96.9% <0.001
ultrasound 33 —o—:- 0.26 (0.22, 0.31) 99.2% <0.001
others’ 10 — 0.23 (0.10, 0.36) 100.0% <0.001
: Heterogeneity between groups: p < 0.001
Overall, tau? = 0.046 145 X < 0.36 (0.32, 0.40) 99.9% <0.001
1 I 1
0 0|2 0.I3 0|4

FIGURE 2 SLD prevalence in HBV monoinfected populations stratified by selected countries (A) and different subgroups (B). * MRS/MRI,
ICD-10 codes, FLI > 30, HSI > 36, clinical records or multiple methods. Abbreviations: CAP, controlled attenuation parameter; FLI, fatty liver index;
HSI, hepatic steatosis index; ICD-10, International Classification of Diseases 10th revision; MRS, magnetic resonance spectroscopy.
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® 30 B
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(B)
HCV mono-infected Number Prevalence in SLD Prevalence 2
populations in subgroups of Studies general population (95% CI) ! P
T
WHO region I
Region of the Americas 60 : e 0.52 (0.47,0.56) 97.3% <0.001
European Region 143 | — 0.50 (0.44,0.56) 99.6% <0.001
Western Pacific Region 73 I e 0.47 (0.43,0.51) 98.8% <0.001
Eastern Mediterranean Region 35 : — 0.44 (0.39,0.50) 98.3% <0.001
South-East Asia Region 8 — 0.44 (0.31,0.57) 96.3% <0.001
: Heterogeneity between groups: p = 0.281
Income level I
High income 218 I —— 0.50 (0.46,0.54) 99.5% <0.001
Upper middle income 63 : —— 0.47 (0.43,0.52) 98.3% <0.001
Lower middle income 38 I —— 0.46 (0.41,0.51) 97.5% <0.001
! Heterogeneity between groups: p = 0.445
Survey year :
before 2002 72 I . 0.50 (0.42,0.58) 99.6% <0.001
2002~2011 102 : B 0.49 (0.47,0.51) 97.8% <0.001
2012~2011 46 | — 0.44 (0.38,0.49) 98.3% <0.001
! Heterogeneity between groups: p = 0.194
Sample size !
<100 97 : . 0.51(0.47,0.56) 92.9% <0.001
101~300 133 I = 0.48 (0.45,0.51) 95.8% <0.001
301~500 38 : e 0.52(0.46,0.58) 98.3% <0.001
>500 53 . —— 0.43(0.37,0.50) 99.9% <0.001
Diagnosis method : Heterogeneity between groups: p = 0.132
liver biopsy, >0 141 : —— 0.56 (0.53,0.58) 95.2% <0.001
liver biopsy, 25% 108 | — 0.47 (0.42,0.53) 99.3% <0.001
liver biopsy, 210% 10 — 0.38 (0.30,0.47) 98.3% <0.001
liver biopsy, 230% 16 —o+ 0.27(0.21,0.32) 95.8% <0.001
CAP 15 I e 0.45(0.40,0.49) 94.1% <0.001
ultrasound 22 _— 0.38 (0.28,0.49) 99.9% <0.001
others* 9 : —_— 0.47 (0.37,0.57) 98.5% <0.001
I Heterogeneity between groups: p < 0.001
Overall, tau? = 0.0442 321 : < 0.49 (0.47,0.51) 99.3% <0.001
! I ! !
02 03 04 0.6
FIGURE 3 SLD prevalence in HCV monoinfected populations stratified by selected countries (A) and different subgroups (B). * MRS/MRI,

FLI> 30, SteatoTest score, or clinical records. Abbreviations: CAP, controlled attenuation parameter; FLI, fatty liver index; MRS, magnetic
resonance spectroscopy.

Subgroup analyses of estimated SLD

prevalence

Subgroup analyses stratified SLD prevalence in differ-
ent viral-infected populations to explore potential

sources of heterogeneity (Figures 2B-5B). SLD preva-
lence varies moderately according to geographical
region and economic level. For instance, studies in
the European region reported higher SLD prevalences
across various populations. HIV  monoinfected
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(A)
Study numbers
-
® 5
® 10
® 15 Prevalence
® - .
® 22 0.0% 70.0%
(B)
HIV mopo-in_fected Numbgr Prevalence ir! SLD Prevalence 12 p
populations in subgroups of Studies general population (95% Cl)
T
WHO region |
Eastern Mediterranean Region 2 : —_— 0.55 (0.46, 0.63) 0.0% 0.616
European Region 29 I 0.42 (0.35, 0.48) 98.0% <0.001
Region of the Americas 29 1‘—0— 0.39 (0.30, 0.49) 99.6%  <0.001
South-East Asia Region 4 : 0.36 (0.17,0.56)  98.1%  <0.001
Western Pacific Region 4 :—0— 0.36 (0.29, 0.43) 78.2% 0.003
African Reigon 5 —_— 0.15(0.06, 0.23)  93.0% <0.001
: Heterogeneity between groups: p < 0.001
Income level !
High income 56 : —— 0.41 (0.35, 0.48) 99.5% <0.001
Upper middle income 12 —;—o— 0.34 (0.28,0.40) 89.6% <0.001
Lower middle income 5 —o—: 0.20 (0.09, 0.32) 97.3% <0.001
! Heterogeneity between groups: p = 0.007
Survey year |
before 2012 31 —:—o— 0.34 (0.27,0.40)  99.2% <0.001
2012~2021 33 L ——— 0.41(0.33,0.48) 98.8% <0.001
: Heterogeneity between groups: p = 0.161
Sample size I
<100 28 : R 0.47 (0.37,0.58)  96.4% <0.001
101~300 23 —10— 0.34 (0.26,0.41)  97.0% <0.001
301~500 1 —:0— 0.34(0.23,0.44) 98.6% <0.001
>500 1 —:—0— 0.33(0.19,0.46)  99.9% <0.001
I Heterogeneity between groups: p = 0.139
Diagnosis method I
liver biopsy 14 : —_— 0.47 (0.33, 0.61) 97.3% <0.001
MRS/MRI 7 :—o— 0.47 (0.31,0.63) 954% <0.001
CAP 22 : — 0.41(0.34,048) 97.7% <0.001
ultrasound 14 :—0— 0.41(0.30,0.51)  97.0% <0.001
others* 8 —0—:— 0.27 (0.12,0.42)  99.8% <0.001
CT scan 8 — 0.19(0.12,0.25) 94.9% <0.001
: Heterogeneity between groups: p < 0.001
Overall, tau? = 0.052 73 <> 0.39(0.33,0.44) 99.5% <0.001
I |
0 02 03 04 0.6

FIGURE 4 SLD prevalence in HIV monoinfected populations stratified by selected countries (A) and different subgroups (B). * ICD-10 codes,
FLI>30, HSI> 36, LFS > 1.257 or multiple methods. Abbreviations: CAP, controlled attenuation parameter; FLI, fatty liver index; HSI, hepatic
steatosis index; ICD-10, International Classification of Diseases 10th revision; LFS, liver fat score; MRS, magnetic resonance spectroscopy.
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(A) SARS-CoV-2
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South-East Asia Region 6 ——— 0.46 (0.32,0.60) 98.0% <0.001
European Region 22 : B E— 0.43(0.33,0.52) 98.6% <0.001
Region of the Americas 14 : — 0.41(0.35,0.47) 99.6% <0.001
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Eastern Mediterranean Region 5 0.30 (0.09, 0.51)  99.1% <0.001

1
Y
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! Heterogeneity between groups: p < 0.001
Income level :
High income 26 : ———— 0.41(0.34,0.49) 99.2% <0.001
Upper middle income 26 —— 0.36 (0.29, 0.44) 98.8% <0.001
Lower middle income 6 : 0.44 (0.18,0.70)  99.9% <0.001
: Heterogeneity between groups: p = 0.574
Survey year I
before 2021 38 :——0—— 0.37 (0.31,0.44) 99.7% <0.001
after 2021 20 N ———— 0.43(0.35,0.52) 99.6% <0.001
: Heterogeneity between groups: p = 0.297
Sample size I
<100 12 : —_— 0.52 (0.38,0.67) 94.0% <0.001
100~300 19 :—o— 0.41(0.29,0.54) 98.9% <0.001
301~500 16 ————— 0.34 (0.24,0.44) 98.9% <0.001
>500 11 —;-o— 0.31(0.21,0.42) 100.0% <0.001

Heterogeneity between groups: p = 0.120
Diagnosis method

I

1
biopsy/autopsy 8 : 0.60 (0.38,0.82) 95.1% <0.001
HSI = 36 10 I R 0.49 (0.39,0.58) 98.4% <0.001
CAP 4 : e 0.48 (0.40,0.57) 81.3% <0.001
clinical records 5 : *> 0.41(0.24,0.58) 98.1% <0.001
CT scan 20 ——— 0.32(0.23,0.41) 98.8% <0.001
ultrasound 6 —o—l— 0.25(0.15,0.34) 97.6% <0.001
others* 5 —0:— 0.29 (0.22,0.38) 99.8% <0.001
: Heterogeneity between groups: p < 0.001

Overall, tau® = 0.0367 58 !

I I

<> 0.39 (0.34,0.44) 99.8% <0.001
I
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FIGURE 5§

SLD prevalence in SARS-CoV-2 monoinfected populations stratified by selected countries (A) and different subgroups (B). * ICD-

10 codes, clinical records, DSI, or multiple methods. Abbreviations: CAP, controlled attenuation parameter; DSI, Dallas steatosis index; ICD-10,
International Classification of Diseases 10th revision; MRS, magnetic resonance spectroscopy.

populations showed a higher prevalence in high-income
countries (41%, 95% CIl [35%—48%]) compared to
lower-middle-income countries (20%, 95% CI [9%—
32%]). Studies conducted after 2012 tended to report
higher prevalence in both HBV- (39%, 95% CI [34%—
44%]) and HIV-infected populations (41%, 95% CI
[33%—48%]), whereas the trend was opposite in HCV-
infected populations. Similarly, SARS-CoV-2-infected
populations showed a higher prevalence (43%, 95% CI
[35%—52%]) in studies after 2021. Smaller sample sizes
were generally associated with higher prevalence of
SLD compared to larger sample sizes. Diagnostic
methods contribute significantly to heterogeneity and
variance in estimated SLD prevalence. Liver biopsy was
primarily used to assess steatosis in people with HCV or
HBV-related infection, while noninvasive methods were
more frequently used in populations with SARS-CoV-2
or HIV monoinfection. In HBV-infected populations, SLD
detected by liver biopsy or controlled attenuation
parameter (CAP) exceeded 40%, compared to <30%
detected by ultrasound or other noninvasive methods.
More than 40% of HCV-infected people had SLD, apart
from those detected by ultrasound. SLD detected by
biopsy, ultrasound, CAP, and MRI was found in more
than 40% of HIV carriers. In patients with COVID-19,
SLD detected by biopsy/autopsy, CAP, and hepatic
steatosis index was found in >40%, and <40% was
detected by ultrasound, CT scan, and other noninvasive
methods.

Progression of SLD in viral-infected
populations

An important stage of SLD progression is the inflamma-
tory infiltrate, leading to steatohepatitis. We included
17,199 individuals and estimated the prevalence of
steatohepatitis in HBV, HCV, HIV, and SARS-CoV-2
monoinfected populations. The HIV-infected population
showed the highest prevalence of steatohepatitis at 24%
(95% CI: 17%-30%), followed by the HCV-infected
population at 18% (95% CI: 13%—24%). The prevalence
of steatohepatitis was lower than 10% in both HBV (8%,
95% CI [5%—11%]) and SARS-CoV-2 (4%, 95% CI [0%—
9%]) monoinfected populations (Figure 6 and Supple-
mental Figure S9, http:/links.lww.com/HC9/B949).
Patients with SLD have a high likelihood of develop-
ing irreversible or even malignant lesions. This risk
appears to be more complex in patients with viral
infections, as shown in Figure 7A (detailed forest plots
in Supplemental Figure S10-S12, http://links.lww.com/

HC9/B949). HIV carriers with hepatic steatosis were
strongly associated with advanced fibrosis (OR 3.05,
95% CI [1.81, 5.13]) and cirrhosis (OR 3.07, 95% CI
[1.55, 6.06]). Despite both being hepatitis viruses, HCV
and HBV distinctly influence the progression from
steatosis to irreversible liver damage in affected
individuals. In the HCV-infected population, patients
with SLD showed a positive association with advanced
fibrosis (OR 1.80, 95% CI [1.54, 2.10]), cirrhosis (OR
1.43, 95% ClI [1.14, 1.78]) and HCC (OR 2.43, 95% ClI
[1.51, 3.89]). This association was not found in HBV-
infected patients with SLD (Figure 7A). In patients with
HCV-HIV coinfection, SLD is also associated with
advanced fibrosis (OR 1.77, 95% CI [1.21, 2.61]) and
cirrhosis (OR 1.78, 95% CI [1.09, 2.89]). However, there
is no significant association between SLD and liver
cirrhosis in the limited SARS-CoV-2—infected popula-
tions we have included.

Prognosis of infected patients with SLD

The co-existence of SLD with viral infections is associated
with a higher burden of liver disease but is also related to
more severe outcomes of the infections and poorer
responses to antiviral treatment (Figure 7B and Supple-
mental Figures S13-S19, http:/links.lww.com/HC9/
B949). SLD patients infected with SARS-CoV-2 are more
likely to experience severe COVID-19 (OR 2.16, 95% CI
[1.33,3.53]). SLD in HIV carriers was positively associated
with a CD4 cell count below 200 cells/mm?3 (OR 1.46, 95%
Cl [1.10, 1.93]) but not significantly associated with the
detectable HIV RNA (OR 0.88, 95% CI [0.76, 1.01]). HCV-
infected individuals with SLD were less likely to obtain
sustained virological response after antiviral therapy (OR
0.60, 95% CI [0.46, 0.78]), and a similar trend was
observed in the HBV-infected population, although our
results did not show statistical significance.

Potential risk factors for SLD in viral-
infected populations

Table 1 summarizes the potential risk factors for SLD in
different viral-infected populations (detailed forest plots
in Supplemental Figures S20-S23, http://links.lww.com/
HC9/B949). A high risk of SLD in viral-infected
populations was significantly associated with the
CMREF, including overweight/obesity, type 2 diabetes
mellitus, hypertension, and dyslipidemia, which is
similar to the general population. Additionally, identified
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Study Country SH Total Prevalence  Weight

(n) (N) (95% Cl) (%)
HBV
M. Khalili et al. 2021 USA 55 421 ‘ - 0.13 (0.10, 0.16) 8.33
S. Bondini et al. 2007 USA 8 64 —_1— 0.13 (0.04, 0.21) 5.06
B. Ceylan et al. 2016 Turkey 6 145 — 0.04 (0.01, 0.07) 8.31
R. Atalay et al. 2022 Turkey 13 324 = | 0.04 (0.02, 0.06) 8.93
M. Rugivarodom et al. 2022 Thailand 34 408 = 0.08 (0.06, 0.11) 8.65
P. Charatcharoenwitthaya et al. 2017 Thailand 18 256 + 0.07 (0.04, 0.10) 8.38
W. P. Brouwer et al. 2016 Nethelands 97 531 | —= 0.18 (0.15, 0.22) 8.28
A. C. Cardoso et al. 2015 France 2 136 1= 0.01 (-0.01, 0.03) 8.98
A.W.H. Chan et al. 2017 China 29 270 ot 0.11(0.07, 0.14) 8.02
H. Deng et al. 2016 China 5 254 =~ ! 0.02 (0.00, 0.04) 9.12
Y. Huang et al. 2022 China 97 1081 = 0.09(0.07,0.11)  9.12
Y. W. Tan et al. 2023 China 32 456 = 0.07 (0.05, 0.09) 8.83
Subgroup, DL (I = 92.2%, p = 0.000) <> 0.08 (0.05, 0.11)  100.00
HCV
Z. M. Younossi et al. 2004 USA 22 120 —y— 0.18 (0.11, 0.25) 9.09
J. A. Solis-Herruzo et al. 2005 Spain 47 98 I 0.48 (0.38, 0.58) 7.97
A. Gallotta et al. 2018 Slovakia 10 75 —_— 0.13(0.06, 0.21) 8.81
A. Martini et al. 2015 Italy 10 83 — = 0.12 (0.05, 0.19) 9.06
M. Masarone et al. 2007 Italy 40 180 —:—‘— 0.22 (0.16, 0.28) 9.38
S. Petta et al. 2015 Italy 87 434 —= 0.20 (0.16, 0.24) 10.04
P. Bedossa et al. 2007 France 24 278 = 0.09 (0.05,0.12) ~ 10.15
R. Pais et al. 2015 France 5 111 = 0.05 (0.01, 0.08) 10.02
H. S. Mahmoud et al. 2016 Egypt 21 90 —+—— 0.23(0.15,0.32) 842
M. Abdel-Aziz et al. 2009 Egypt 11 89 —= 0.12(0.06,0.19)  9.12
A. K. Assato et al. 2022 Brazil 18 72 - 0.25(0.15,0.35)  7.93
Subgroup, DL (I = 90.6%, p = 0.000) = 0.18 (0.13,0.24)  100.00
HIV
C. G. Morse et al. 2015 USA 34 62 ‘ —_— 0.55 (0.42, 0.67) 6.52
N. Crum-Cianflone et al. 2009 USA 4 55 [ | 0.07 (0.00, 0.14) 7.86
R. K. Sterling et al. 2013 USA 4 14 f 0.29 (0.05, 0.52) 3.94
T. L. Stanley et al. 2019 USA 19 64 —_— 0.31(0.20, 0.43) 6.72
A. Arenas-Pinto et al. 2024 UK 13 206 —= ! 0.06 (0.03, 0.10) 8.45
L. logna Prat et al. 2019 UK 8 97 —a— ! 0.08 (0.03, 0.14) 8.13
W. M. Han et al. 2023 Thailand 38 319 —= : 0.12 (0.08, 0.15) 8.42
J. Macias et al. 2015 Spain 122 431 i 0.28 (0.24, 0.33) 8.33
M. W. Sonderup et al. 2015 South Africa 16 301 b | 0.05 (0.03, 0.08) 8.53
M. Wirth et al. 2024 Germany 28 263 — | 0.11(0.07, 0.14) 8.40
P. Ingiliz et al. 2009 France 16 30 I —_— 0.53 (0.35, 0.71) 5.15
M. Lemoine et al. 2019 Europe 23 49 I —_— 0.47 (0.33, 0.61) 6.11
A. Benmassaoud et al. 2018 Canada 23 202 —_— I 0.11(0.07, 0.16) 8.31
B. M. Arendt et al. 2011 Canada 17 23 ! -_ 0.74 (0.56, 0.92) 5.13
Subgroup, DL (I2 =94.7%, p = 0.000) <> 0.24 (0.17,0.30)  100.00
SARS-CoV-2
S. Ghoneim et al. 2020 USA 105 8885 |+ 1 0.01 (0.01, 0.01) 42.25
M. C. Nunes et al. 2022 South Africa 4 74 —t— 0.05 (0.00, 0.11) 26.90
E. Ouedraogo et al. 2021 France 11 151 A 0.07 (0.03,0.11)  30.86
Subgroup, DL (I2 =81.6%, p = 0.004) <> 0.04 (-0.00, 0.09)  100.00
Heterogeneity between groups: p = 0.000

I I
0 0.2 0.4 0.8
FIGURE 6 Prevalence of steatohepatitis in different types of viral-infected populations. Abbreviations: SH, steatohepatitis; DL, DerSimonian
and Laird.

factors associated with SLD in various populations
include age in patients infected with HBV, HCV, and
HIV; male sex in patients infected with HBV, HIV, and
SARS-CoV-2. PNPLA3 rs738409 G allele and TM6SF2
rs58542926 T allele in hepatitis virus-infected individu-
als; HCV RNA level and HCV genotype 3 in chronic
hepatitis C patients; duration since diagnosis and
nucleoside reverse transcriptase inhibitor treatment in
HIV carriers; and the history of smoking in patients with
COVID-19.

Publication bias, sensitivity analyses, and
meta-regressions

Significant publication bias was observed in estimated
prevalence pooled from all viral-infected populations
except for the HCV monoinfected group (p=0.376)

shown by Egger test and the symmetry of funnel plots
(Supplemental Figures S1G-S4G and S6G, http://links.
lww.com/HC9/B949). Sensitivity analyses demon-
strated the robustness of prevalence estimates for
SLD in different viral-infected populations (Supplemen-
tal Figure S24, http://links.lww.com/HC9/B949). How-
ever, some studies with specific characteristics were
found to contribute to the risk of bias. Higher prevalence
estimates were more frequently reported in studies with
smaller sample sizes in high-income countries in HIV-
infected populations and in studies before 2021 in
SARS-CoV-2—-infected populations. Studies using non-
invasive methods generally reported lower prevalence
estimates in viral-infected populations. Meta-regression
analyses identified potential factors contributing to the
heterogeneity in SLD prevalence estimates. Diagnostic
methods were consistently the most significant source
of heterogeneity, while WHO region, survey year, and
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(A)
SLD vs non-SLD Study Odds Ratio
in viral infected patients numbers (95% CI)
I
Advanced fibrosis :
HCV 67 [ o 1.80 (1.54, 2.10)
1
HBV 39 - 1.12(0.98, 1.29)
1
HIV 5 I —— 3.05(1.81,5.13)
|
HCV+HIV 10 | 1.77 (1.21, 2.61)
1
Cirrhosis :
HCV 30 l —— 1.43(1.14,1.78)
HBV 25 —— 0.92 (0.67, 1.26)
HIV 3 : —_—— 3.07 (1.55, 6.06)
SARS-CoV-2 : * 1.32 (0.11, 16.59)
HCV+HIV 8 :—0— 1.78 (1.09, 2.89)
|
Hepatocellular carcinoma I
1
HCV | —— 2.43 (1.51, 3.89)
|
HBV 7 ————— 1.51(0.69, 3.33)
I
I I I
0.0625 1 16
(B)
SLD vs non-SLD Study Odds Ratio
in viral infected patients numbers (95% ClI)
I
Severe complication of SARS-CoV-2 infection I
|
Severe COVID-19 14 I *> 2.16 (1.33, 3.53)
|
ICU * 1.99 (0.98, 4.03)
Mechanical ventilation - 2.08 (0.89, 4.81)
|
Mortality 13 —:—0— 1.25(0.84, 1.88)
|
High risk of AIDS :
Detectable HIV RNA 20 —0—} 0.88 (0.76, 1.01)
CD4+ count <200 cells/mm?® 12 : —_— 1.46 (1.10, 1.93)
|
Sustained virological response :
|
HCV 22 —_— I 0.60 (0.46, 0.78)
|
HBV 12 e 0.78 (0.58, 1.04)
I
|
I I I
0.25 1 4

FIGURE 7

The association between SLD and the progression of liver disease (A) or the clinical outcomes of viral infection (B) in different viral-

infected populations. Abbreviations: SLD, steatotic liver disease; ICU, intensive care unit.

sample characteristics, such as sample size and age
distribution, also have an impact (Supplemental Table
S10, http://links.lww.com/HC9/B949).

DISCUSSION

This systematic review and meta-analysis performed a
comprehensive examination of the prevalence and
clinical features of SLD in populations infected with
various types of viruses. Notable regional differences
exist in the distribution of viral-infected populations. For
instance, HBV infection is more prevalent in the African

and Western Pacific regions than in the American and
European region,[2627] while HCV is most common in
the Eastern Mediterranean and Central Asia.l2829, The
HIV epidemic is most severe in East and Southern
Africa.B% |n the general population, the global preva-
lence of NAFLD is estimated at 30%, with Latin America
having the highest prevalence.B"!

Our study showed that the geographical distribution
of SLD varies in different virus-infected populations, and
does not always align with the regions having high viral
disease burden. For instance, the estimated SLD
prevalence among HCV-infected patients is highest in
the European and American regions, exceeding 50%.
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TABLE 1 Risk factors of SLD in different viral-infected populations

Publication
Effect size (95% CI) Heterogeneity bias
Participants Lower Upper
Risk factors No. studies included OR limit limit P (%) p
Risk factors of SLD in HBV-infected or HCV-infected population
HBV-infected population
Age (y) 15 8077 1.07 1.03 1.1 90.00 0.009
Sex (male vs. female) 12 7130 1.76 1.48 2.09 7.30 0.515
BMI (kg/m?) 14 12,342 1.40 1.23 1.58 92.50 0.044
Overweight or obesity 10 3759 3.26 1.76 6.03 94.50 <0.001
T2DM 11 6579 1.66 1.09 2.53 84.00 0.902
Hypertension 7 6092 1.20 1.03 1.38 93.70 —
Dyslipidemia 6 4239 1.97 1.22 3.18 94.30 —
Triglyceride (mg/dL) 8 9669 1.67 1.22 2.29 93.10 —
Viral load (HBV DNA level) 3 2146 0.94 0.80 1.09 65.40 —
PNPLA3 rs738409 G allele 4 949 2.91 1.77 4.79 19.30 —
HCV-infected population
Age (y) 23 13,818 1.02 1.01 1.03 50.40 0.797
Sex (male vs female) 24 10,946 0.97 0.82 1.15 63.70 0.116
BMI (kg/m?) 32 17,535 1.12 1.09 1.14 73.70 0.071
Overweight or obesity 20 5604 247 2.1 2.90 0 0.017
T2DM 21 10,315 1.86 1.51 2.29 44.70 0.018
IR 20 7558 1.37 1.22 1.53 80.10 <0.001
Hypertension 4 2027 1.57 1.12 2.21 50.10 —
Dyslipidaemia 10 1595 1.67 1.18 2.37 42.10 0.013
Triglyceride (mg/dL) 14 5490 1.01 1.01 1.01 77.80 0.001
Viral load (HCV RNA level) 9 4673 1.66 1.13 245 90.80 —
Genotype 3 vs non-3 37 16,405 3.81 3.23 4.50 50.30 0.117
PNPLA3 rs738409 G allele 15 9182 1.86 1.60 217 45.40 0.244
TM6SF2 rs58542926 T allele 6 3813 1.16 1.04 1.29 0 —
Risk factors of SLD in HIV or SARS-CoV-2—infected population
HIV-infected population
Age (y)* 28 19,731 217 1.12 3.22 88.70 0.611
Sex (male vs female) 24 20,577 1.30 1.09 1.56 71.10 0.006
Overweight or obesity 13 4426 3.51 1.98 6.25 92.20 0.981
T2DM 18 17,141 2.28 1.49 3.51 84.50 0.012
Hypertension 17 17,951 1.49 1.18 1.89 77.10 0.221
Dyslipidaemia 12 16,923 2.08 1.51 2.87 88.40 0.277
Metabolic syndrome 11 1604 4.19 2.28 7.71 76.80 0.365
Smoking 10 7981 0.85 0.71 1.01 40.70 0.183
Duration since diagnosis™ 14 8209 1.13 0.58 1.68 56.80 0.291
ART duration* 9 1960 0.29 -0.17 0.75 70.90 —
ART drugs
NRTIs 17 18,515 1.28 1.05 1.57 69.30 0.129
Pis 17 18,230 1.04 0.90 1.20 54.60 0.535
NNRTIs 14 17,687 1.03 0.85 1.24 73.90 0.646
INSTIs 12 17,630 1.00 0.94 1.07 0 0.624
SARS-CoV-2—infected population
Age (y)* 24 70,566 -1.04 -3.00 0.91 95.50 0.362
Sex (male vs. female) 25 144,826 1.27 1.1 1.45 90.20 0.382

Overweight or obesity 15 140,240 3.60 2.77 4.67 97.20 0.001
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TABLE 1. (continued)

Participants
Risk factors No. studies included
T2DM 23 120,018
Hypertension 19 119,109
Dyslipidemia 5 75,079
Smoking 7 108,745

Publication
Effect size (95% Cl) Heterogeneity bias
Lower Upper

OR limit limit P (%) P
2.32 1.81 2.98 96.20 0.029
1.68 1.32 2.14 97.00 0.77
1.87 1.07 3.25 83.00 0.987
1.47 1.21 1.77 93.00 0.666

Note: Potential risk factors for SLD in HCV- and HBV-infected populations are evaluated by pooling adjusted ORs and 95% Cls from multivariate logistic regression.
Publication bias was assessed by Egger test. Potential risk factors for SLD in HIV-infected and SARS-CoV-2—infected populations are evaluated by pooling effect
sizes based on original data; ORs for binary variables and WMDs for continuous variables (marked by *). Publication bias was assessed by Egger test for studies
> 10, otherwise Harbord test. Specific forest plots for all potential risk factors can be found in Supplemental Figures S20-S23, http://links.lww.com/HC9/B949.

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; INSTIs, integrase strand transfer inhibitors; IR, insulin resistance; NNRTIs, non-nucleoside reverse
transcriptase inhibitors; NRTIs, nucleoside reverse transcriptase inhibitors; Pls, protease inhibitors; PNPLA3, patatin-like phospholipase domain-containing protein 3;

T2DM, type 2 diabetes mellitus; TM6SF2, transmembrane 6 superfamily member 2.

Despite the severe HIV burden in Africa, the prevalence
of SLD among HIV-infected populations in this region is
relatively low (14%), although this estimate is based on
limited studies. These discrepancies likely result from
multiple factors, including the high burden of metabolic
syndrome in developed regions, underdiagnosis due to
insufficient medical resources, and a limited number of
studies from some regions. Therefore, region-specific
surveillance and screening strategies are essential to
improve the management of SLD in virus-infected
patients. Study characteristics, such as survey year
and sample size, also influenced the pooled prevalence
estimates. SLD prevalence in HCV-infected populations
declined over the past decade compared to previous
years, probably due to the widespread use of effective
antiviral therapies and improved noninvasive diagnosis.
In contrast, the lower estimated prevalence among
patients with COVID-19 during the first year of the
outbreak appears more complex and calls for further
research. Smaller sample sizes tended to represent
specialized sample populations, such as hospital-based
populations and more severe patients, contributing to
higher reported prevalence.

The diagnostic methods employed in the analyzed
studies also affect the estimated prevalence of SLD.
Studies using liver biopsies reported higher SLD
prevalence, likely due to the selection of more severe
cases for biopsy. In contrast, noninvasive methods
generally yield lower prevalence estimates. For
instance, noninvasive assessments consistently report
lower steatosis prevalence in chronic HBV populations
compared to the general population.’®2 We indicate that
chronic hepatitis B populations evaluated with ultra-
sound or other noninvasive tests showed lower SLD
prevalence, whereas those assessed with liver biopsy
and CAP showed higher prevalence. These differences
were also observed among HIV carriers and COVID-19
patients. An even higher prevalence of steatosis was
observed in autopsy samples from the COVID-19
population. Importantly, CAP provided prevalence

estimates comparable to liver biopsy. Given its acces-
sibility and noninvasive nature, CAP is suited for the
monitoring and diagnosis of SLD in viral-infected
populations.

Our findings highlight the potential interaction be-
tween certain viral infections and an elevated risk of
SLD, which in turn leads to poorer clinical outcomes.
Approximately 30% of SLD prevalence in the general
population, diagnosed by noninvasive methods (mostly
ultrasound), has been cited as a reference, but we do
not intend to directly compare this rate with our results.
HCV is currently the virus most closely associated with
hepatic steatosis. Although different HCV genotypes
induce steatosis through different mechanisms, the
HCV-induced imbalance of host lipid metabolism does
not appear to be entirely genotype specific.[*3! Fibrosis
progression is strongly associated with worsening
steatosis in patients with untreated CHC.B4 Our
analysis revealed that nearly 50% of individuals had
comorbid SLD and 18% of individuals had steatohepa-
titis in the HCV-infected population, which also imposes
high risks of irreversible liver injury. In addition, HCV-
infected patients with comorbid SLD are more difficult to
achieve a sustained virological response after antiviral
treatment. In HBV-infected individuals, while SLD does
not appear to have as severe consequences, its
prevalence still exceeded 35%. Co-infections such as
HCV-HIV, HBV-HIV, and HCV-HBV co-infections are
potentially related to a higher risk of SLD compared to
monoinfections. Similarly, higher SLD prevalence was
observed in populations infected with nonhepatitis
viruses such as HIV and SARS-CoV-2. Up to 24% of
people infected with HIV develop steatohepatitis.
Consistent with existing evidence,’35! HIV carriers with
comorbid SLD have an increased risk of steatohepatitis
and fibrosis, particularly in those with persistently
elevated liver enzymes under combination antiretroviral
therapy.®! Our results also demonstrated that SLD was
likely associated with the development of more severe
AIDS in people living with HIV, as evidenced by higher


http://links.lww.com/HC9/B949

14

HEPATOLOGY COMMUNICATIONS

CD4 cell counts and HIV RNA levels in individuals with
SLD.I7:38 |n COVID-19 patients, pre-existing SLD does
not necessarily increase the risk of liver damage but is
associated with more severe infection outcomes. This
vulnerability is closely related to the increased availa-
bility of angiotensin-converting enzyme 2, a key
receptor for SARS-CoV-2 entry, in the context of lipid
overload.’¥) Meanwhile, the essential roles of host
metabolism, especially the glucose and lipid metabo-
lism, in SARS-CoV-2 infection suggested the consider-
able connection between SLD and COVID-19.140

The necessary element of defining MASLD is the
presence of hepatic steatosis in conjunction with at
least one CMRF.[" We found that SLD in viral-infected
populations was influenced by a combination of CMRF
and viral-associated factors as well as other host
factors. In HBV-infected individuals, SLD is primarily
driven by age, male sex, and CMRF. Evidence
suggests that serological levels of HBV infection are
negatively correlated with hepatic steatosis.[>-8! In our
analysis, HCV-infected populations exhibited the high-
est prevalence of SLD, influenced by HCV RNA level
and genotype 3. HCV genotype 3 is directly linked to
hepatic steatosis due to the interactions between core
protein and lipid metabolic pathways. For non-genotype
3 HCV infections, liver steatosis mainly stems from
obesity, insulin resistance, and metabolic
syndrome.[*'42l Host genetic factors, such as PNPLA3
rs738409 and TM6SF2 rs58542926, also play a
significant role in the development of SLD in HCV-
and HBV-infected populations. These genetic variants
are robustly associated with steatosis, hepatic fibrosis,
cirrhosis, and NAFLD-related HCC.#344 Additionally,
certain antiviral treatments could also be “poisons” that
trigger SLD. For instance, several nucleoside reverse
transcriptase inhibitors, such as zidovudine, didanosine,
and stavudine, have been implicated in hepatic stea-
tosis and liver failure.54%1 General COVID-19 treatment
metabolized in the liver may also lead to abnormal liver
function.[47.48l

Of note, this study has several limitations. First, we
only pooled the estimated prevalence based on existing
SLD cases in viral-infected populations at baseline. The
incidence rate of SLD was not analyzed as a primary
outcome because the order in which the patients
acquired viral infections and SLD was not available.
Our analysis consequently lacked evidence to confirm a
causal association between viral infection and SLD.
Second, substantial heterogeneity and significant pub-
lication bias may have a negative impact on the
evidence strength of this meta-analysis. However,
meta-regression analyses partially explained the key
sources of heterogeneity, and sensitivity analyses
confirmed the robustness of the estimated effect sizes.
Finally, but importantly, when analyzing risk factors for
SLD in viral-infected populations, we could not fully
adjust for the interactions between different factors. For

instance, the direct induction of insulin resistance by
HCV through a virus-associated inflammatory
response,“?l potential interactions between various
metabolic syndromes, and the impact of the treatment
duration on HIV carriers having different therapeutic
strategies were not fully accounted for.

In summary, SLD is highly prevalent in populations
affected by viral diseases, and the reciprocal interac-
tions between SLD and viral diseases exacerbate both
conditions, leading to poorer patient outcomes. How-
ever, there are discrepancies in the interactions of SLD
with different types of viral disease, requiring further
research to better clarify. We strongly recommend
tailoring surveillance and treatment strategies to the
unique characteristics and challenges of each viral-
infected population. For individuals with hepatitis virus
infection, routine monitoring of SLD progression is
crucial to prevent long-term complications. In popula-
tions with a rising risk of SLD, such as HIV carriers,
broader SLD screening programs are essential to
enable early intervention. We, therefore, call for
enhanced awareness and more comprehensive
research to explore the correlation between SLD and
viral infections.
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