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Abstract
Background: Currently, human immunodeficiency virus and acquired immunodeficiency syndrome (HIV/AIDS) has 
become one of the major health problems worldwide, including Indonesia. East Java is one of the provinces in Indonesia 
with the highest prevalence of HIV infection. One of the causes of HIV infection transmission is lesbian, gay, bisexual, 
and transgender (LGBT) practice. Furthermore, the treatment using antiretroviral (ARV) drugs in HIV-1 patients can fail 
due to the presence of HIV drug resistance.
Objective: The aim of this study is to identify the behavior at risk of HIV transmission among LGBT, patterns of genetic 
variation and antiretroviral (ARV) resistance.
Methods: A systematic review and meta-analysis based on the PRISMA guidelines was conducted. We searched three 
databases including PubMed, ScienceDirect, and Google scholar for studies investigating the non-heterosexual behavior 
as risk factor of HIV infection and antiretroviral resistance. Only studies published in English are considered. The 
adjusted estimates of the risk were carried out using best-adjusted OR with 95% confidence interval (CI) and significant 
p value < 0.05.
Results: In the quantitative analysis of HIV infection risk factors, a total of 13 studies were included, which 
investigated non-heterosexual behavior as a potential factor. The studies involved a total of 37,129 participants, 
comprising 10,449 individuals in the non-heterosexual behavior group (LGBTQ+) and 26,680 individuals in the 
heterosexual group. The majority of the participants in this study were from the USA, Japan, China, and Brazil, 
and the main HIV subgenotypes were B and CRF. Additionally, the antiretroviral resistance of HIV patients was 
examined, involving a total of 3062 individuals, with 1296 individuals in the non-heterosexual behavior group and 
1766 individuals in the heterosexual group. Our calculation showed that non-heterosexual behavior was significant 
as risk factor of HIV infection (OR = 2.17, 95% CI = 1.94–2.43, p < 0.001) and antiretroviral resistance (OR = 1.31, 
95% CI = 1.00–1.71, p = 0.05).
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Introduction

HIV/AIDS is a global problem in the world. More than 39 
million people worldwide die from HIV/AIDS and more 
than 36 million people live with HIV. HIV infection and 
AIDS are caused by HIV.1 There are two types of HIV 
virus, namely HIV type 1 (HIV-1) and HIV type 2 (HIV-2). 
HIV disease in the world is generally caused by HIV-1, 
while HIV-2 is found to be endemic in West Africa.2 HIV-1 
virus is divided into four groups, namely; M (major), O 
(outlying), N (new or non-M, non-O) and P (putative). 
Most HIV-1 infections in America, Europe, and Australia 
are from group M,3 which is divided into several subtypes, 
namely: (A [A1, A2, A3,A4], B, C, D, F [F1, F2], G, H, J, 
and K), as well as about 98 circulating recombinant forms 
(CRFs) and several unique recombinant forms (URFs) 
were found in group M. The number of people living with 
HIV in the world is also known to increase by 2 million 
people per year.4

Based on global data, HIV/AIDS remains a major 
health problem worldwide. According to the Joint United 
Nations Programme on HIV/AIDS (UNAIDS), approxi-
mately 38.4 million people were living with HIV in 2021.5 
Despite significant progress in reducing the number of 
new infections, HIV continues to spread at an alarming 
rate in certain regions, particularly in sub-Saharan Africa.6 
In addition to sexual transmission, HIV can also be trans-
mitted through blood transfusions, sharing of needles 
among intravenous drug users, and from mother to child 
during pregnancy, childbirth, or breastfeeding.7 The high 
prevalence of HIV/AIDS in certain regions is often linked 
to factors such as poverty, lack of education, and limited 
access to healthcare services8 Stigma and discrimination 
against people living with HIV can also contribute to the 
spread of the disease by discouraging individuals from 
seeking testing and treatment.

In Indonesia, HIV/AIDS is a significant health issue, 
with around 630,000 (540.000–740.000) people living 
with HIV. While the incidence of HIV infection in 
Southeast Asia is declining, it is increasing in Indonesia9 
The province of West Java has the highest number of 
cases, followed by DKI Jakarta, East Java, and Papua10 
East Java has one of the highest HIV infection rates, 
especially in the city of Surabaya, where there is a high 

population rate, numerous entertainment venues, and 
unsafe sex practices. The spread of HIV in the city of 
Surabaya is fast due to the fast population rate, lots of 
entertainment venues, and unsafe sex. There was an 
increase in the incidence of HIV in Surabaya from 501 in 
2013, to 572 in 2014.11 Furthermore, in 2018, 1.588 new 
cases of HIV and AIDS were found in Surabaya.12,13 The 
attraction to the same sex since the age of 15 has been 
identified as a contributing factor to the transmission of 
HIV infection. The Ministry of Health has reported that 
Surabaya, a city in East Java, has one of the highest HIV 
cases among the gay and transgender population, specifi-
cally 3936 gay individuals and 272 transgender individu-
als with HIV infections.13 Furthermore, data in 2021–2022 
was also reported that 1155 gay people are infected with 
HIV. Previous research also stated that the city of 
Surabaya at risk of having the highest HIV and AIDS 
cases was Sawahan sub-district, because it was found a 
group that behaved as gay or male sex men.11 This group 
is at increased risk of HIV, due to unsafe sex behavior by 
not using condoms.14

Efforts to combat the HIV/AIDS epidemic have focused 
on a combination of prevention, treatment, and care strate-
gies. Prevention measures include promoting safe sex 
practices, increasing access to testing and counseling ser-
vices, and implementing harm reduction programs for 
intravenous drug users.15 Treatment options for HIV/AIDS 
have expanded significantly in recent years, with antiretro-
viral therapy (ART) proving highly effective at reducing 
the progression of the disease and improving quality of life 
for those living with HIV. While progress has been made 
in addressing the HIV/AIDS epidemic, it remains a signifi-
cant global health challenge that requires ongoing atten-
tion and investment. Governments, international 
organizations, and civil society groups must continue to 
work together to promote prevention, increase access to 
testing and treatment, and reduce stigma and discrimina-
tion against people living with HIV/AIDS.16

Factors that cause at-risk groups such as LGBT people 
to engage in unsafe sex are not wearing condoms, besides, 
they are influenced by social, environmental and structural 
factors based on socioecological. This model is a model to 
predict the behavior of both individual, social, 

Conclusion: This study concludes that non heterosexual behavior is significant risk factor of HIV infection. A quite 
prevalent of antiretroviral resistance were found among non heterosexual behavior. The main subgenotype of HIV are 
B and CRF.
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environmental and policy levels. Structural factors consist 
of discrimination against the LGBT community and the 
lack of policies regarding the use of condoms. 
Environmental factors consist of not being able to access 
and unavailability of condoms as well as limited health 
service providers and also the cost of access to health ser-
vices. The social indicator is the absence of social capital 
to access condoms and the individual factor is low self-
efficacy.14 Model socioecological contains cognitive fac-
tors, especially knowledge.17 These factors influence 
LGBT to prevent risky behavior, especially unsafe sex 
behavior, there by increasing the prevalence of HIV 
incidence.

Previous studies also reported that mortality and mor-
bidity rate related to HIV could also decreased by antiret-
roviral therapy (ART). Biophysical and biochemical 
observations on the development of antiretroviral drugs 
used for HIV treatment were carried out in vitro using the 
B subtype and most of the data on the genetic mechanism 
of drug resistance were from the B subtype. Even so, the 
drug developed can still be used in patients with other HIV 
subtypes. The first line of treatment for HIV is a combina-
tion of zidovudine (AZT), lamivudine (3TC), and nevirap-
ine (NVP). AZT and NVP can be replaced by stavudine 
(d4T) and efavirenz (EFV) respectively.18 Treatment using 
antiretroviral drugs in HIV-1 patients can fail due to the 
presence of HIV drug resistance (HIVDR).19–21

This is in accordance with a previous study entitled 
“Prevalence of HIV Infection and Resistance Mutations in 
Patients Hospitalized for Febrile Illness in Indonesia.” The 
results of the analysis on 39 HIV cases with HIV RNA 
levels 100, sequencing examinations for genotyping anal-
ysis and resistance testing were successfully carried out in 
30 (77%) subjects. Five (17%) subjects had resistance 
mutations. The five subjects identified resistance muta-
tions to nucleoside reverse transcriptase inhibitors (NRTIs) 
and non-nucleoside reverse transcriptase inhibitors 
(NNRTIs). There is no evidence of drug resistance being 
transmitted to the 15 newly diagnosed HIV patients. 
Fifteen adults and two child subjects with HIV died. 
Overall mortality was 37% (17/46) among people living 
with HIV (PLHIV) subjects, compared with 5% (70/1406) 
among the non-HIV group (p 0.01) 3 months after hospi-
talization. The mortality rate for patients with previously 
diagnosed HIV and patients with previously unknown HIV 
status was similar (32.4% vs 33%).22 With the emergence 
of the problem of resistance to antiretroviral drugs (ARVs) 
in Indonesia, it will increase the failure of HIV/AIDS ther-
apy. People living with HIV/AIDS (PLWHA) will be more 
susceptible to severe, deadly infections, so that the mor-
bidity and mortality of HIV/AIDS will increase. Based on 
the above background, the purpose of this study was to 
identify the sexual behavior of HIV infection at risk of les-
bian, gay, bisexual, and transgender (LGBT), patterns of 
genetic variation and antiretroviral (ARV) resistance.

Methods

Data search

Searching protocol was carried out using several data-
bases, such as PubMed, ScienceDirect, and Google 
Scholar for articles up through the last February 2022. 
The formula search employed Boolean “AND” or “OR” 
with “homosexual,” “human immunodeficiency virus,” 
“HIV,” “antiretroviral resistance,” “lesbian,” “men sex 
men,” “transgender,” “non heterosexual behavior,” and 
“risk” keywords.

Selection criteria

Studies included must meet the following criteria such as: 
(1) The result reported association of non heterosexual 
behavior and HIV patients; (2) the research calculated the 
number of population into categories based on two vari-
ables (non heterosexual behavior and HIV status); (3) 
cross-sectional, cohort, and case-control study design; and 
(4) English-language studies. The study selection, quality 
evaluation, and data extraction were all done indepen-
dently by three reviewers. The issue between the three 
reviewers was settled by consensus among the fourth 
reviewers. This study was designed using the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
(PRISMA) guideline guidelines.

Outcome definition

The major outcomes of this study including non hetero-
sexual behavior as risk factor of HIV infection; and HIV 
patient with non heterosexual behavior with antiretroviral 
resistance in the form of odd ratio (OR; 95% CI). First, the 
reviewers retrieved the baseline characteristics, exposures, 
and outcomes of included studies independently including 
name of authors, publication year, design of research, the 
country location, study periods (yr), and the number of 
people that participated (HIV positive and total popula-
tion) were all collected.

We also assess the quality outcome of the included 
study using Modified Newcastle Ottawa Scale (NOS) 
which has three components: Patient selection (five 
points), group comparability (two point), and exposure 
determination (three points). Measurement in the selection 
components includes: Proper case definition, case repre-
sentativeness, control group selection, and definition. 
Measurement in the comparability components includes: 
Research controls for the most and extra factor. 
Measurement in the exposure domain includes: Exposure 
determination, method of cases and controls determina-
tion, and rate of non-response. The overall score varied 
from 0 (worst) to 10 (best). the overall quality was rated as 
good quality (3 or 4 stars in selection domain and 1 or 2 
stars in comparability domain and 2 or 3 stars in outcome/
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exposure domain); fair quality (2 stars in selection domain 
and 1 or 2 stars in comparability domain and 2 or 3 stars in 
outcome/exposure domain), and poor quality (0 or 1 star in 
selection domain or 0 stars in comparability domain or 0 or 
1 stars in outcome/exposure domain).

Data analysis

The adjusted estimates of the risk were carried out using 
best-adjusted OR with 95% confidence interval (CI) and 
significant p value < 0.05. The Q-test was used to measure 
heterogeneity with a significance set at p < 0.05.

Result

Search result

In the study search process, we collected 11,018 studies 
with 11,011 originating from online databases (PubMed, 
ScienceDirect, and Google scholar) and 8 study originat-
ing from data sources previously identified by the 
authors. A total of 9856 studies were obtained after 
removing duplicates using computer software (Citation 
Manager). In the title and abstract screening process, 
139 studies were obtained that could be assessed for eli-
gibility (eligibility). Furthermore, 111 studies were 

Figure 1. PRISMA flowchart.
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excluded cause by unmatched with the inclusion and 
exclusion criteria which resulting as qualitative analysis 
using 28 included studies (systematic study) and quanti-
tative analysis (meta-analysis) using 13 included stud-
ies. The entire literature search process follows the 
PRISMA Guideline and is summarized through a flow-
chart as follows (Figure 1)

Outcomes of studies

Data characteristics of all studies that meet the inclusion 
criteria are compiled in Table 1. All of the included studies 
are observational studies written in English. The study 
periods range from 1 to 7 years. Total participants were 
49,610 with 10,036 are HIV positive. The major study out-
comes were described in Table 2.

A total of 13 studies were included in the quantitative 
analysis of non heterosexual behavior as risk factor of HIV 
infection using a total of 37,129 people including 10,449 
in the non heterosexual behavior (LGBTQ+) group and 

26,680 in the heterosexual group. In other hand, the analy-
sis of HIV patient with non heterosexual behavior as risk 
factor of antiretroviral resistance using a total of 3062 
people including 1296 in the non heterosexual behavior 
(LGBTQ+) group and 1766 in the heterosexual group. 
The risk levels were assessed using the odd ratio (OR) 
approach using fixed model analysis. Our calculation 
showed (Figure 2) that non heterosexual behavior as risk 
factor of HIV infection was significant different in overall 
analysis (OR = 2.17, 95% CI = 1.94–2.43, p < 0.001). Our 
calculation also showed (Figure 3) that non heterosexual 
behavior as risk factor of antiretroviral resistance was sig-
nificant different in overall analysis (OR = 1.31, 95% 
CI = 1.00–1.71, p = 0.05).

Heterogeneity

Q-Test was used to evaluate evidence of heterogeneity. 
Our analysis showed that non heterosexual behavior 
(LGBTQ+) as risk factor of HIV infection (p < 0.001) 

Table 1. Data characteristics.

No. Author, year Study design Study periods Location (country)  Population Therapy/treatment 
for HIV patient

HIV positive* Total

1 Andersson, 2018 Cohort 2010–2016 Swedia 1713 1713 NRTI, NNRTI, PI
2 Biagetti, 2009 Cohort 2006–2007 Italy 81 81 NRTI, NNRTI, PI
3 Burrel, 2010 Cross sectional 2008 South Africa 56 537 ART
4 Cardoso, 2009 Cross sectional 2007–2008 Brazil 97 97 NRTI, NNRTI, PI
5 Chen, 2018 Cross sectional 2014 China 291 2828 N.A.
6 Chen, 2020 Cohort 2016–2018 Taiwan 462 462 NRTI, NNRTI, PI, 

STR, InSTI
7 DiazGranados, 2010 Cross sectional N.A Colombia 180 180 NRTI, NNRTI, PI
8 Flentje, 2017 Cohort 2008–2010 San Fransisco 252 300 N.A.
9 Gatanaga, 2007 Cross sectional 2003–2004 Japan 575 575 NRTI, NNRTI, PI
10 Hattori, 2010 Cohort 2003–2008 Japan 2573 2573 NRTI, NNRTI, PI
11 Huaman, 2011 Cohort 2006–2008 USA 133 133 NRTI, NNRTI, PI
12 Kojima, 2013 Cohort 2006–2011 Japan 133 266 N.A
13 Kumar, 2020 Cross sectional 2014–2015 India 786 23,081 N.A.
14 Murillo, 2010 Cohort 2004–2007 Honduras 200 200 NRTI, NNRTI, PI
15 Nebhinani, 2011 Cross sectional N.A India 100 140 Not given
16 Palma, 2007 Cross sectional 2003 Portugal 180 180 NRTI, NNRTI, PI
17 Pando, 2011 Cross sectional 2006–2008 Argentina 273 12,192 NRTI, NNRTI, PI
18 Politch, 2012 Cohort N.A USA 18 101 PI
19 Ristig, 2002 Cohort 1996–2001 USA 62 75 NRTI, NNRTI, PI
20 Sabino, 1996 Cross sectional 1993 Brazil 80 80 N.A.
21 Sanchez-Gomez, 2014 Cross sectional 2010–2011 Ekuador 50 369 ART
22 Sayan, 2013 Cohort 2009–2012 Turkey 117 117 NRTI, NNRTI, PI
23 Siegel, 2010 Cohort 2004–2007 USA 59 59 ART
24 Skoura, 2012 Cohort 2009–2011 Northern Greece 238 238 NRTI, NNRTI
25 Tanaka, 2019 Cross sectional 2011–2014 Brazil 150 190 NRTI, NNRTI, PI
26 Wensing, 2008 Cross sectional 2002–2003 16 European 

countries and Israel
1050 1050 NRTI, NNRTI, PI

27 Zhang, 2013 Cross sectional 2011 China 44 463 N.A.
28 Zheng, 2020 Cross sectional 2018 China 83 1330 ART

*HIV positive population across studies globally.
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was found to have no heterogeneity which was also sup-
ported by the I2 test value < 50%. In other hand, non 
heterosexual behavior (LGBTQ+) as risk factor of anti-
retroviral resistance (p = 0.05) was found to have het-
erogeneity which was also supported by the I2 test value 
>50%.

Discussion

Our study shows that non heterosexual behavior is a risk 
factor for HIV infection. A previous study by Skoura et al. 
stated that several risk factors for HIV infection are men 
who have sex with men, heterosexual behavior, and inject-
ing drug users.23 These results are also supported by a 
study conducted by Champion and Szlachta on 93 men 
who have had sexual relations with men or women. Fifty-
four people from the study were LGBT and 39 were het-
erosexual. The behaviors studied in this study included 
condom use, anal sex, oral sex with men, group sex, sex 
with men and women, sex with prostitutes, sex in bath-
house, use of sex toys, drug use, and sharing needles are 
associated with the incidence of HIV infection.24

Other studies have also shown that sexual orientation 
may be associated with HIV risk behaviors, especially in 
those who have sex with men and also have sex with 
women.25 The use of condoms and antiretroviral (ART) 
has been associated with a significant reduction in the risk 
of sexually transmitted HIV, in both homosexuals and het-
erosexuals. Better risk reduction can be achieved by com-
bining condom use and ART.26,27 Consistent condom use 
was found to lead to a better reduction in the risk of trans-
mitting HIV infection.28 The risk of disease transmission 
was also found to be lower in vaginal sex compared to anal 
sex.29 Another study of male-male relationships stated that 
receptive anal sex had a higher risk of transmission than 
insertive anal sex, however, the risk of transmission was 
also observed to be increased in women who had anal sex 
or in heterosexual intercourse.30 Early ART use was found 
to have a lower risk of disease transmission when com-
pared to delayed treatment. The risk of disease transmis-
sion was also found to be lower on ART than without 
ART.31

HIV-1 exhibits substantial genetic variation as a result 
of various factors, including the reverse transcriptase (RT) 

Figure 2. Non heterosexual behavior (LGBTQ+) as risk factor of HIV infection.

Figure 3. Non heterosexual behavior (LGBTQ+) as risk factor of antiretroviral resistance.
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lack of proofreading capabilities, the fast turnover of 
HIV-1 in vivo, host selection immunological forces, and 
recombination events during replication. Because of this 
variation, HIV-1 variations are divided into three primary 
phylogenetic groups: M (main), O (outlier), and N (non-M/
non-O). Initially, HIV-1 subtypes were classified based on 
the subgenomic regions of particular genes. The most 
common HIV-1 genetic forms in worldwide are subtypes 
A, B, and C, with subtype C accounting for over half of all 
HIV-1 infections. The ability of lymphoid cells located in 
vaginal and rectal tissues to transmit and replicate infor-
mation is an essential future concern.32 HIV-1 circulating 
strains in blood donors were predicted to help to compre-
hensive AIDS control and the establishment of appropriate 
HIV-1 diagnoses in China.33

Subtype B is prominent in Europe, the Americas, and 
Oceania. Meanwhile, subtype CRF01_AE is prevalent in 
Asia and CRF02_AG is prevalent in Western Africa. The 
dynamic shift in HIV subtype distribution poses new prob-
lems for HIV diagnosis, treatment, and vaccine design-
development in the future. The increased prevalence of 
recombinant viruses shows that coinfection and superin-
fection by divergent HIV strains has grown increasingly 
widespread, needing continual monitoring to track viral 
variety. Approaches to near full-length genome sequenc-
ing that are less expensive are crucial for improving HIV 
subtype estimates. However, missing subtype data and 
poor sequence sampling levels continue to be a problem in 
several geographical areas.34

According to a Surabaya research, the majority of inte-
grase genes were identified as CRF01_AE genes, and 40% 
of them contained an uncommon insertion in the integrase 
C-terminus.35 Most HIV-positive female commercial sex 
workers in Surabaya have HIV-1 CRF01_AE viral gene 
fragments. The main reason is that they were unaware of 
sexually transmitted illnesses and had unprotected inter-
course with their clients.36 Similar like Surabaya, an inves-
tigation in North Sulawaesi showed CRF01_AE gene is 
the major subtype of HIV-1 infection.30 The major sub-
types prevalent in another study in Papua and West Papua 
provinces are also CRF01_AE and subtype B.31 Previous 
study in Kepulauan Riau found that the most prevalent 
HIV-1 subtype was CRF01_AE, recombinant between 
CRF01_AE and subtype B, and subtype B.3

Drug resistance mutation is the major cause of anti-
retroviral medication failure, making AIDS treatment 
difficult. Drug resistance in HIV-1 is produced by 
mutations in the RT and protease enzymes, which are 
the molecular targets of antiretroviral treatment. With 
the emergence of HIV-1 medication resistance muta-
tions, the initial antiretroviral treatments are unable to 
suppress the resistant virus, and the viral load may sky-
rocket. Drug resistance mutations to NRTIs and 
NNRTIs were complicated and common, and were the 

most common cause of first-line antiretroviral treat-
ment failure. The prevalence of medication resistance 
mutations varied considerably amongst individuals 
according on their age, infection route, treatment dura-
tion, initial antiretroviral regimen, and viral load.37

Our study indicates LGBT may be one of the antiretro-
viral resistant. Transgender people are a disenfranchised 
population of people with low adherence to HIV therapy, 
and as a result, they are more prone to acquire resistance. 
There is also evidence that HIV positive transgender sex 
workers use condoms less than males who have sex with 
men, implying that men who have sex with transgender are 
more likely to get HIV.38 In Guangdong Province, drug 
resistance mutations were more common in NNRTIs 
among MSM with ART failure. A complicated transmis-
sion pattern was identified by transmission network analy-
sis, and greater attention should be paid to younger 
HIV-1-infected MSM with many linkages.39 Another eval-
uation of ARV effect in Bali reported that the patients who 
undergo more than12 months of NRTIs treatment show a 
decrease in the mtDNA:nDNA ratios.36 Study in Surabaya 
showed that transmitted drug resistance of RT inhibitors 
was detected in 4.3% of the samples.3

A study in Papua showed high prevalence of HIV-1 
patient because health behavior that associated with 
social culture.37 Another investigation in Papua showed 
the best predictor of viral suppression at 12 and 36 months 
is virological response 6 months after starting ART, 
which may aid in identifying individuals who require 
extra adherence treatment assistance. Patients’ immuno-
logical results are influenced favorably by higher base-
line CD4 levels.38 HBV infection was related with age 
over 25, receptive anal intercourse, MSM past sex with 
women, and a history of sexually transmitted illnesses 
(STIs).39 Another study in Sorong, West Papua reported 
that mutations for the RT inhibitors, A62V and E138A 
appeared in a few samples, indicating the possible emer-
gence of transmitted HIV-1 drug resistance.32 Another 
study of HIV-1-infected patients in Surabaya reported 
that major drug resistance mutations found in the RT 
genes, predominantly M184V, K103N, and thymidine 
analog mutations (TAMs).40 Major mutations including 
M184V and Y188L were found in participant of previous 
study in Kepulauan Riau.32

Conclusion

This study concludes that non heterosexual behavior is sig-
nificant risk factor of HIV infection. This study also found 
that there was a quite prevalent of antiretroviral resistance 
among non heterosexual behavior. The main subgenotype 
of HIV are B and CRF. Preventive measures through edu-
cation and outreach should be implemented so as to pre-
vent the transmission of HIV infection.
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