EClinicalMedicine 16 (2019) 121-128

ECincaMedicine

Contents lists available at ScienceDirect

EClinicalMedicine

journal homepage: www.elsevier.com/locate/eclinm

Research Paper

Different transmission routes and the risk of advanced HIV disease: A
systematic review and network meta-analysis of observational studies

Qiaosen Chen®*, Ding Zeng®*, Yangyang She"*, Yuhan Lyu¢, Xiao Gong?,
Matthew J. Feinstein¢, Yi Yang®** Hongbo Jiang®*

3 Department of Epidemiology and Biostatistics, School of Public Health, Guangdong Pharmaceutical University, Guangzhou, China
b The Sixth Affiliated Hospital, Sun Yat-sen University, Guangzhou, China

¢School of Health Science, Guangdong Pharmaceutical University, Guangzhou, China

d Departments of Medicine, Feinberg School of Medicine, Northwestern University, Chicago, United States

ARTICLE INFO ABSTRACT

Article history:

Received 21 June 2019

Revised 30 September 2019
Accepted 7 October 2019
Available online 2 November 2019

Background: A substantial proportion of people living with HIV (PLHIV) present for care with advanced
HIV disease (AHD), which may result in difficulty reaching the “90-90-90” target to end AIDS in 2030.
We assessed the risk of AHD for different transmission routes to summarize the evidence for priority
prevention strategies for key populations.
Methods: Observational studies published before September 10th, 2019 in the PubMed, EMBASE, Web of
Science and Chinese electronic databases were analysed. The outcomes of interest were the number of
PLHIV and AHD patients and their associated transmission routes. We assessed the risk of AHD among
the different transmission routes using the multi-armed network meta-analysis based on the Bayesian
method. The associations between AHD and regional policies for sex work and compulsory drug treat-
ment were estimated using ecological linear regression.
Findings: One hundred and one articles were included, covering 129,780 PLHIV with 478,830 patients
who developed AHD. The network analysis revealed that among PLHIV, heterosexual contact was asso-
ciated with the highest risk of AHD, followed by injection drug use (odds ratio [OR]=0+56, 95% credible
interval [Crl] 0-47-0-68), and men who have sex with men (OR=0+54, 95% Crl 0-46-0+63). Regions that
criminalized sex work and compulsory drug treatment had higher risks for AHD than those that did not.
Interpretation: Our findings suggest HC is at a higher risk of AHD compared to IDU and MSM. This jus-
tifies the need to expand prevention campaigns and maintain efforts to increase HIV testing in the het-
erosexual population.
© 2019 Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction tus, even when it develops into advanced HIV disease (AHD), due

to prolonged asymptomatic phases after HIV infection.?

According to the Joint United Nations Programme on HIV and
AIDS (UNAIDS), despite the tremendous progress on the prevention
of HIV, there are still 36.9 million people living with HIV (PLHIV).!
A significant portion of PLHIV are not aware of their infection sta-
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In some countries, PLHIV are discriminated against by their
communities, generating stigma! that has a negative impact on
seeking medical advice, which results in a higher risk of develop-
ing AHD.?# Furthermore, the effectiveness of antiretroviral therapy
(ART) declines significantly after the patients develop AHD, caus-
ing not only greater health burden for PLHIV, but also greater fi-
nancial burden for the patients and government.” This may result
in difficulty reaching the “90-90-90” target to end AIDS in 2030;!
therefore, it is vital to identify groups at high risk for AHD.

In most countries, the HIV epidemic is sustained through
the following transmission routes: men who have sex with men
(MSM), heterosexual contact (HC), and injection drug user (IDU),
with about one in three PLHIV developing AHD.!:%7 Despite en-
hanced prevention efforts, many PLHIV in the modern era still
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have AHD at the time of diagnosis. One study suggested that CD4
cell counts among PLHIV at their first presentation to medical
care did not increase significantly from 1992 to 2011 in developed
countries,® and another found that median CD4* T cell counts at
the time of initiation of ART generally remained below 350/uL in
2015.° Whether different transmission routes predispose to differ-
ent risks for AHD is largely unknown; although several studies sug-
gest that the risk of AHD differs among PLHIV depending on their
HIV transmission routes, findings have been inconsistent.!%-1!

In addition, several structural factors shape HIV acquisition and
transition risk.'> Some studies suggested that criminalization of
sex work, compulsory drug treatment, and homosexuality could
lower the odds of access to HIV care among key populations.!3-1>

It is essential to understand the relationship between AHD
and HIV transmission routes to prioritize prevention strategies and
achieve early diagnosis, early linkage to care and early initiation of
ART for key populations. Additionally, no systematic reviews have
summarized the evidence regarding HIV transmission routes and
AHD; therefore, this systematic review and network meta-analysis
was conducted to summarize the pooled evidence.

Methods
Search strategy and selection criteria

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses for
Network Meta-Analyses (PRISMA-NMA) statement.'® We searched
PubMed, EMBASE, and Web of Science for studies published before
September 10th 2019, as well as Chinese electronic databases in-
cluding Wanfang, China national knowledge infrastructure (CNKI),
and China Science and Technology Journal Database (CQVIP). The
search terms were as follows: transmission mode/route, men
who have sex with men/women, heterosexual, injection, intra-
venous drug users, transgender, HIV testing, delayed/late diagno-
sis/presentation/testers, advanced HIV disease, CD4 (cell count) less
than/below/< 200, AIDS-defining/related disease/illness. The de-
tails of the search strategies are provided in appendix A2 (pp 2-3).

We specified no language restriction in the literature search
and the following inclusion criteria were established: (DThe study
was an observational study, including a cohort, case-control, cross-
sectional, and surveillance study. @The article provided explicit
definition of AHD or other related terms that followed the Euro-
pean Late Presenter Consensus Working Group’s proposed common
definition: persons presenting for care with a CD4 count below
200 cells/uL or presenting with an AIDS-defining event, regardless
of the CD4 cell count.”” @The article provided the exact number
of individuals with AHD and PLHIV via the following transmission
routes: MSM, IDU, and HC. The following exclusion criteria were
adopted: (DThe article did not study on the topic of AHD. @The
outcomes did not follow the consensus definition proposed by the
European Presenter Consensus Working Group. @The article did
not present the relationship between selected transmission routes
and AHD. @The article was a review, case series, or conference ab-
stract. ®The article contained a distinct data error.

Data extraction

An extraction information table was projected, and three re-
searchers (Chen, Zeng, and Lyu) extracted data using the pre-
pared table independently. Before the statistical analyses, four re-
searchers (Jiang, Chen, Zeng, and Lyu) conferred about the details
about the extraction and scrutinized the extraction table.

The following information was extracted: publication year,
study period, region, continent, definition of AHD, median/mean
age with an interquartile range (IQR)/standard error, study method,

time lag (the time between the initial diagnosis of HIV and a
CD4 count below 200 cells/uL or the diagnosis of AIDS), num-
ber of PLHIV/AHD for each transmission routes, and the number
of male/female.

Methodological quality assessment

Two researchers (Chen and Zeng) evaluated the methodologi-
cal quality of included cohort studies using the Newcastle-Ottawa
scale (NOS) independently.’® The included cross-sectional and
surveillance studies were assessed by the adaptive NOS updated
by Herzog and colleagues.'® Any disagreement was discussed with
Jiang to reach a consensus.

Data analysis

A multi-armed Bayesian network meta-analysis?® was con-
ducted to assess the risk of AHD associated with the MSM, IDU,
HC transmission routes using crude data to estimate the odds ra-
tio (OR). A random/fixed consistency model was selected according
to the deviance information criterion (DIC). Additionally, a node-
splitting analysis?! was conducted to evaluate potential inconsis-
tencies, along with subgroup analysis to explore potential hetero-
geneity. A meta-analysis of single proportion was conducted to as-
sess the prevalence of AHD internationally, and a trend chart was
created to evaluate the tendency of the prevalence of AHD, based
on locally weighted scatterplot smoothing (LOESS) regression.?2 A
map was plotted to illustrate the relationship between the preva-
lence of AHD and the level of economic development. Furthermore,
the ecological linear regressions were conducted to explore the as-
sociations between the prevalence of AHD among PLHIV through
different transmission routes and the potential factors including
the level of economic development (gross domestic product per
capita [PPP] adjusted by international dollars), time lag, regional
policies regarding sex work, and compulsory drug treatment poli-
cies. Sensitivity analyses were conducted to test the robustness of
the network meta-analysis and ecological linear regression. Sample
size was weighted in all the above analyses.

The data analyses were conducted using R software (x64
3.5.1). The packages ‘dplyr’ and ‘reshape’ were used for data
wrangling. Network meta-analysis, meta-analysis of single
proportion, Egger/Begg-Mazumdar/Thompson-Sharp test and
conventional/contour-enhanced funnel plots for publication bias,
and the ecological linear regression were conducted based on
‘gemtc’, ‘meta’, ‘netmeta’ and ‘ecoreg’ respectively. Additionally,
data visualization was based on software R (x64 3.5.1) and
software Graphpad Prism v.8.0.2.263. The R packages ‘ggplot2’,
‘RColorBrewer’, ‘maps’ and ‘ggpubr’ contributed to trend chart and
maps. The surface under the cumulative ranking curve (SUCRA)
was generated using software Graphpad Prism v.8.0.2.263.

Result

After the removal of duplicates, we identified 3045 unique ar-
ticles in the first stage. A preliminary screening of abstracts and
titles was conducted, and 301 articles were screened for eligibil-
ity. Subsequently, 212 articles were excluded (71 articles did not
study on AHD, 72 contained different definitions, three contained
data errors, two were reviews, two were conference abstracts, one
was a case series, 61 did not present the relationship between the
selected transmission routes and AHD). We also retrieved an ad-
ditional 12 articles from reference lists, and 101 articles were in-
cluded in the final analysis (Fig. 1).

The final 105 studies from 101 articles (15 cross-sectional stud-
ies from 15 articles and 25 cohort studies from 25 articles, respec-
tively, 65 surveillance studies from 61 articles) included 129,780
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Fig. 1. Flow diagram of search strategy and study selection.

PLHIV with 478,830 patients who developed AHD, and estimated
the risk between AHD and the following transmission routes:
MSM, IDU, and HC. The detailed characteristics of the included ar-
ticles provided in the appendix A3 (pp 4-8).

A consistent random-effects network model for AHD and the
three specific transmission routes was constructed for analysis.
Fig. 2 illustrates the results of the network analysis with direct, in-
direct and network comparison estimates using raw data. Fig. 2 re-
veals that the PLHIV associated with HC had the highest risk of
AHD, followed by those associated with IDU, with an OR of 056
(95% credible interval [CrlI] 0+47-0-68), and MSM (OR=0+54, 95%
Crl 0-46-063). On the basis of the node-splitting analysis, the
P value of consistency among the three transmission routes was
greater than 0-05, which suggested that the model was consis-
tent and suitable to provide useful estimates. Also, we conducted a
sensitivity analysis including high-quality studies assessed by NOS,

which showed the consistent result that PLHIV infected via HC had
the highest risk of AHD compared with those infected via IDU and
MSM (see appendix A5 pp19).

Two conventional and contour-enhanced funnel plots showed
that there was little risk of publication bias in the meta-analysis.
Additionally, the results of Egger/Begg-Mazumdar/Thompson-Sharp
tests were in accordance with the funnel plots, which suggested
accepting the null-hypothesis of no publication bias due to non-
statistical significance consistently (p>0-10) (see appendix A6 pp
20-24).

Since there were a relatively large number of studies from
five continents, the heterogeneity of the estimates was predictably
high; and the details are illustrated in the appendix A (pp 18). Sub-
group analyses of the following potential factors were conducted:
time lag, the level of economic development of regions, continent,
prevalence of AHD, and study method. Generally, the ranking of
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Comparison  P-value No. of comparison Odds Ratio (95% Crl)
IDU vs HC
Direct —~— 0.56 (0.46, 0.69)
Indirect 0.967 78 0.53 (0.08, 3.30)
Network —~— 0.56 (0.47, 0.68)
MSM vs HC
Direct - 0.54 (0.50, 0.59)
Indirect 0.686 101 0.42 (0.13, 1.50)
Network —~ 0.54 (0.46, 0.63)
MSM vs IDU
Direct — 0.96 (0.76, 1.20)
Indirect 0.659 76 1.30 (0.38, 4.30)
Network —— 0.96 (0.80, 1.20)
[ |
0.08 1 5

Fig. 2. Direct, indirect and network odds ratio for advanced HIV disease among people living with HIV through heterosexual contact (HC), injection drug users (IDU), and

men who have sex with men (MSM)

A vs B: the latter (B) is the reference. P-value >0.05 indicates that accepting the null hypothesis of consistency between direct and indirect results.

the risk of AHD associated with the three transmission routes re-
mained stable and HC had the highest risk of AHD compared with
IDU and MSM (see appendix A8 pp 25-39).

Fig. 3 shows the temporal changes in the prevalence of AHD
among the three specific transmission routes from 1992 to 2016.
Compared to the prevalence of AHD associated with MSM and
IDU, that associated with HC remained the highest during the pe-
riod. Generally, the prevalence of AHD associated with HC did not
change materially, while that associated with IDU and MSM wit-
nessed a downward tendency, respectively. Recently, the preva-
lence of AHD associated with HC showed a slightly upward ten-
dency, while that associated with MSM and IDU experienced a
plateau and a decrease, respectively.

Fig. 4 consists of two different maps; one is an epidemic map
of the prevalence of AHD, and the other displays the level of eco-
nomic development of regions in the included studies. The pooled
prevalence of AHD among PLHIV in all of the included studies was
34-87% (95% confidence interval [CI] 33-30%—36-45%). There was a
much higher prevalence of AHD (3745%, 95% CI 35+35%—39+58%)
in regions with lower PPP than in the regions with higher PPP
(32:82%, 95% CI 3038%—35-30%). PLHIV associated with other
transmission routes, including but not limited to transfusion and
unknown, were included to show the pooled prevalence of AHD in
this figure.

Table 1 and Table 2 demonstrate the relationship between leg-
islation and prevalence of AHD among PLHIV through different
transmission routes. According to Table 1, there was a higher risk
of AHD (crude OR [cOR]=1+30, 95% CI 1-27-1+33) in regions where
sex work was criminalized than in those regions where sex work
was legalized. Considering the potential bias due to the level of
economic development and time lag, they were evaluated sepa-
rately as well, revealing a lower risk of AHD in regions with higher
PPP (cOR=0-91, 95% CI 0-89-0-93) and a higher risk of AHD in
studies with time lag > three months (cOR=1-90, 95% CI 1-85-
1-96). After adjusting for the level of economic development and
time lag, consistent results showed that there was a higher risk
of AHD in criminalized sex work regions (adjusted OR [aOR]=1-21,
95% CI 1-18-1-25) than in legalized sex work regions. Similarly, af-
ter taking the level of economic development and time lag into
consideration, those regions that criminalized compulsory commit-
ment to care of substance misusers (CCC) had a higher risk of AHD

Table 1
Relation between different sex work policies and prevalence of advanced
HIV disease among people living with HIV through heterosexual contact.

Variable (Number of Unadjusted model  Adjusted model

studies) OR # (95%CI") OR (95%CI)
PPP
< World PPP 2005¢ (9) Ref. Ref.

> World PPP 2005 (46)
Sex work Policy
Legal (38) Ref. Ref.

0-91 (0-89-0-93)  0-85 (0-82-0-87)

lllegal (17) 1.30 (1:27-1-33)  1:21 (1-18-1+25)
Time Lag
< 3 months (36) Ref. Ref.

> 3 months (19) 1:90 (1-85-1-96)  2.05 (1-99-2.12)

2 OR: odds ratio.

b CI: confidence interval.

¢ PPP: gross domestic product per capita (current international $). The
median year of study period for the included studies in this ecological lin-
ear model is 2005. The median time lag (months) for the included stud-
ies in this ecological linear model is 3. The regression model is weighed
by sample sizes. The adjusted model incorporates PPP 2005 of the regions,
time lag and sex work legislation. The studies which do not report explicit
time lag are excluded.

(aOR=4-38, 95%CI 4-10-4-67) than those that did not criminalize
CCC (Table 2). Results of sensitivity analyses indicated that the re-
lation between criminal justice to sex work, CCC and AHD did not
significantly change when the PPP in different year was adjusted in
the multivariate model; and when studies with small sample size
were excluded (see appendix A9-10 pp 40-43). The relationship
between the criminalization of homosexuality and the prevalence
of AHD among MSM was not analysed because homosexuality was
criminalized in only two countries (Singapore and Malaysia) in-
cluded in the study.

Discussion

To our knowledge, this network meta-analysis is the first and
most comprehensive synthesis of data examining the risk of AHD
associated with different transmission routes. This is also the first
study to explore the association between criminalization and the
risk of AHD at the country/region level. Our findings indicated
that PLHIV who acquired HIV through heterosexual contact had
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Fig. 3. Temporal tendencies for the prevalence of advanced HIV disease among people living with HIV through heterosexual contact, injection drug use, and men who have

sex with men.

Results from locally weighted scatterplot smoothing (LOESS) regression are based on all the included studies. 95% confidence intervals are illustrated as grey shaded areas.

Years are estimated by the median year of study period.

Table 2

Relationship between criminal justice legislation to the compulsory com-
mitment to care of substance misusers and the prevalence of advanced HIV
disease among people living with HIV through injection drug use.

Variable (Number of Unadjusted model  Adjusted model

studies) OR? (95%CI°) OR (95%CI)
PPP
< World PPP 2004 € (6) Ref. Ref.
> World PPP 2004 (36) 0-51 (0+46-0-55) 045 (0-41-0-48)
cccd
Non-Criminalized CCC (8) Ref. Ref.
Criminalized CCC (34) 1495 (1+85-2:05) 438 (4+10-4+67)
Time Lag
< 3 months (28) Ref. Ref.

> 3 months (14) 1+44 (1:39-1:50) 2472 (257-2-87)

2 : OR: odds ratio.

b : CI: confidence interval.

¢ : PPP: gross domestic product per capita (current international $).

d : CCC: compulsory commitment to care of substance misusers. The me-
dian year of study period for the included studies in this ecological linear
model is 2004. The median time lag (months) for the included studies in
this ecological linear model is 3. The regression model is weighed by sam-
ple sizes. The adjusted model incorporates PPP 2004 of the regions, time
lag and legislation to CCC. The studies which do not report explicit time
lag are excluded.

the highest risk of AHD, followed by those through IDU, and MSM.
The prevalence of AHD decreased among the MSM and IDU trans-
mission routes generally, but the trend among the HC transmis-
sion route seemed to slightly increase recently. Regions with crim-
inalized sex work and CCC polices presented a higher risk of

AHD than those regions without. These results reinforced the chal-
lenges in achieving the ambitious “90-90-90” target in 2020 and
the end of AIDS in 2030: The prevalence of AHD remained high,
especially among PLHIV who acquired HIV through heterosexual
contact. More efforts should be made to facilitate early diagnosis
among key populations.

There are several implications and considerations related to
these findings. Our results revealed that the prevalence of AHD was
high (34-87%) among PLHIV, which was consistent with that (one-
third) estimated by UNAIDS. More than two out of every three
PLHIV did not know their HIV status in 2016, resulting in late
HIV diagnosis. Male gender, older age, low risk perception, lack of
awareness about HIV and decreased HIV testing coverage were risk
factors for a late HIV diagnosis.>"19-11:24 A previous study showed
that even after adjusting for gender and age, late presentation
for care was more common among individuals with low socioe-
conomic status than among those with high socioeconomic sta-
tus,2> which aligns the fact that a higher prevalence of AHD was
observed in regions with a lower level of economic development
than in regions with a higher level of economic development in
our study.

The varied risks of AHD among different transmission routes
might depend on the current or past testing rate and the epi-
demic patterns.'® More and earlier testing among MSM might con-
tribute to a decreased rate of late presentation.'®26 A previous
study showed that MSM population had the highest possibility of
undergoing a past HIV test in the last year, followed by individuals
engaging in IDU and HC.>® The higher proportion of MSM among
the newly diagnosed PLHIV might decrease the risk of late presen-
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Fig. 4. Two world maps regarding gross domestic product per capita (PPP) 2009 adjusted by international $ (a) and the prevalence of advanced HIV disease (b)
PPP 2009 was adopted because the median year of study period for all the included studies is 2009. Due to data unavailable of PPP 2009 in China (Taiwan) from the World

Bank, the area of China (Taiwan) filled with dark grey in the map (a).

tation as well.'> Another recent study indicated that gay/bisexual
men were more likely to attend health services and underwent
testing than women and heterosexual men because of the greater
perceived risk, which could explain the lower risk of AHD among
MSM.# Apart from variations in access to health services, the per-
ception of risk of HIV among different groups or the establishment
of programmes for HIV diagnosis for specific risk groups could re-
sult in different risks of AHD.*27 Moreover, PLHIV with IDU were
more likely to have less access to healthcare and lower socioeco-
nomic status, which was associated with late presentation.?

The decreasing trend in prevalence of AHD might be attributed
to the global response, including the substantial rise in HIV testing
in many countries, and early HIV treatment as prevention to re-
duce the HIV transmission.23-3? However, this might not have been
the case for sex workers and drug users. Limited ART coverage and
retention might be due to the criminalization of sex workers, and
called for a continuing investment in community and structural in-
terventions so that this population could profit from the preven-
tions and treatments that other key populations received.3? The
results from a national observational cohort in the Netherlands re-
vealed that although the prevalence of late presentation decreased
over time from 62% in 1996 to 42% in 2013, it did not decline
significantly among individuals associated with heterosexual trans-
mission;>! these results were in line with the trend of prevalence
of AHD among PLHIV associated with HC in our study. The trend
among PLHIV associated with IDU in our study was consistent with

the results of the Collaboration of Observational HIV Epidemiolog-
ical Research Europe (COHERE) study from 2010 to 2013.”

Stigma, discrimination, and criminalization remain obstacles for
early diagnosis in key populations.! A previous review showed
that the criminalization of sex work increased the risk of sex-
ual/physical violence, HIV/sexually transmitted infections (STIs),
and unprotected sex among sex workers.32 Moreover, an ecological
linear regression analysis suggested that the legalization of some
aspects of sex work might help reduce the HIV prevalence in sex
workers.!> The criminalization of sex work can force sex workers
to work in isolation, disrupt peer support networks, increase their
marginalization, and reduce their access to HIV services due to a
fear of prosecution and moral judgement,'?-32 ultimately increas-
ing the risk of AHD. Therefore, more efforts should be made to
improve the health of sex workers and access to HIV services. Pre-
vious studies revealed that the compulsory treatment for drug de-
pendence was not related to improved outcomes as a whole, with
some studies revealing potential harms.'#>3 In the context of crim-
inal justice to CCC, drug users might fail to seek care due to the
threat of detainment within compulsory drug detention centres
and the fear of being targeted by police,'* potentially contribut-
ing to a late HIV diagnosis. Another systematic review showed that
criminalization of drug use including forced detention as addiction
treatment, had a negative effect on HIV prevention and treatment
such as HIV testing and counselling programs in 85 of the 106 el-
igible studies, which could result in AHD.>* Accordingly, UNAIDS
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has been advocating for the global adoption of public health alter-
natives to the criminalization and imprisonment to IDU.?>

The sensitivity analysis and subgroup analyses showed the sta-
ble rankings among the three transmission routes, which suggested
the robustness of the network results. No publication bias was ob-
served, which revealed the validity of our results. The sensitiv-
ity analyses also highlighted the stability of ecological linear re-
gression when the analyses were conducted using PPP of different
years and were restricted to studies with larger sample size.

There were several limitations in the current study. First, we
used the crude number of individuals with AHD and the number
of PLHIV from observational studies instead of randomized con-
trolled trials, which were usually used for network meta-analysis.
Confounding factors could impact the results of the network meta-
analysis, as the adjusted risk estimates were not used for the
pooled data.*® Second, no study conducted in Africa was included
in the current study, which should be considered when interpret-
ing our results. Third, the median year of study period3’ was used
to present the temporal trend of AHD prevalence, which could re-
sult in some biases. Fourth, ecological analyses of country/region-
level data to explore the relationships between criminalization and
AHD among key populations could result in ecological fallacies.”
In addition, sex workers were not equivalent to PLHIV associated
with HC, although we examined the relationships between the
criminalization of sex work and AHD among PLHIV associated with
HC. The exclusion of studies without known legislation policies
and specified time lag in the ecological linear regression and the
change in sex work and CCC criminal justice over time could lead
to biases and restrict the extrapolation of our results. Neverthe-
less, the effects of criminalizing sex work and CCC criminal justice
on the prevalence of AHD remain an important topic of future re-
search.

In conclusion, our findings indicated that the prevalence of AHD
among PLHIV was high, and PLHIV associated with HC had the
highest risk of AHD, followed by individuals who engaged in IDU,
and MSM. The temporal trend of the prevalence of AHD justified
the need to expand prevention campaigns and to maintain efforts
to increase HIV testing in the heterosexual population. The positive
association between criminalization and AHD suggest that more ef-
forts should be made to improve access to HIV services, and atten-
tion should be focused on reducing structural inequalities, stigma,
discrimination, and the exclusion on sex workers and drug users.
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