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ABSTRACT

Background: TB is the leading cause of death among people living with HIV. In 2020, an estimated
214,000 people living with HIV died from TB. People with AIDS have a severely damaged immune
system. They are increasingly suffering from severe diseases, called opportunistic infections (OI).
This study aims to analyze and estimate the influence of gender, TB Coinfection, Opportunistic
Infection on mortality in ODHIV with Antiretroviral Therapy.

Subjects and Method: Systematic review and meta-analysis using PRISMA flowchart and the
PICO model. Population: ODHIV with ART. Intervention: Women, Co-infected TB, Opportunistic
Infections. Comparison: Male, no co-infected TB, no Opportunistic Infection. Outcome: Mortality
Article search using Google Scholar, PubMed and Science Direct databases. The keywods used
include "HAART" or "HIV" or "HIV/AIDS" and "Gender" and "TB Coinfections" or "TB" and "Oppor-
tunistic Infections" and "Mortality" and "Antiretroviral Treatment". The 17 included articles are
fulltext in English with a cohort design study from 2008 to 2023 and report on the Hazard Ratio in a
multivariate analysis. Data analysis using the RevMan 5.3 application.

Results: A total of 17 cohort studies involving 23,651 research subjects from Vietnam, China, Japan,
Ethiopia, and South Africa. The data collected showed that female ODHIV had a mortality risk of 0.7
times compared to male ODHIV (aHR= 0.70; CI 95%=0.60 to 0.79; p<0.001). In ODHIV with
coinfected TB has a mortality risk of 1.86 times compared to ODHIV without coinfected TB (aHR=
1.89; CI 95%=1.36 to 2.61; p<0.001). ODHIV with Opportunistic Infection has a 1.90-fold risk of
mortality compared to ODHIV without Opportunistic Infection (aHR= 1.90; CI 95%=1.50 to 2.42;
P<0.001).

Conclusion: Female gender decreases the risk of mortality, while TB coinfection and Opportunistic
infection increase the risk of mortality in ODHIV with Antiretroviral Therapy.
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BACKGROUND 2022. In 2022, a total of 630,000 (480,000
An estimated 39 million (33.1—45.7 million) to 880,000) people died from HIV-related
people were living with HIV by the end of diseases globally. The global HIV epidemic
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claimed 69% more lives in 2022 since its
peak in 2004. HIV continues to be a major
global public health problem, claiming 40.4
million (32.9-51.3 million) lives so far.
Globally, 29.8 million people living with HIV
receive antiretroviral therapy. Of the total
number of people living with HIV in 2022,
86% (73—98) were aware of their status,
76% (65—89%) received treatment and 71%
(60—83%) had successfully suppressed viral
load (UNAIDS, 2023).

In most countries in the world, such as
the United States, gay and bisexual men are
the largest populations infected with HIV.
According to data from the Centers for
Disease Control and Prevention (CDC), gay,
bisexual adults and adolescents who have
sex with men report that male sex accounts
for 71% of new HIV cases in the world (CDC,
2021b).

Every day, more than 4,100 people die
from tuberculosis (TB) and nearly 30,000
people fall ill from TB disease, although the
disease is preventable and treatable. TB can
attack anyone and anywhere. However, the
chances of developing TB disease are 18
times higher in people living with HIV. Ever-
yone living with HIV should get TB preven-
tive treatment. Nearly 7.5 million people
living with HIV received TB preventive
treatment in 2018-2020, surpassing the
global target of 6 million in 2018 and 2022
previously. TB is the leading cause of death
among people living with HIV and accounts
for about a third of AIDS-related deaths
globally. In 2020, an estimated 214,000
people living with HIV died from TB. TB is
one of the single predictors of HIV exacer-
bation (Damtew, 2015). The global target to
reduce TB deaths in people with HIV by 75%
by 2020 has only been reached 62%
(UNAIDS, 2022).

Opportunistic infection (OI) is a
disease that causes infection in individuals
with weakened immune systems, especially
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in people with Human Immunodeficiency
Virus (ODHIV). Everyone living with HIV is
susceptible to various forms of OI, although
the prevalence and incidence of HIV-related
OI vary widely. Despite advances in HIV
diagnosis and treatment, opportunistic
infections (OIs) remain a significant leading
cause of illness and death among HIV/AIDS
patients in low- and middle-income coun-
tries. Ol is classified according to its severity
as WHO clinical stage I to IV. More severe
infections are thought to be associated with
a poor disease prognosis, and their severity
depends on the condition of pathogen
exposure, pathogen virulence, and immune
system status (Sutini., et al, 2022). HIV
weakens the immune system and causes the
risk of developing opportunistic infections
that can accelerate the development and
transmission of HIV. The most frequent
occurrence of OI differs between low-income
countries. Common OIs include: Candi-
diasis, Cervical Cancer, Sarcoma, Pneumo-
cystis Pneumonia (PCP), and Coccidioido-
mycosis (CDC, 2021a).

This study aims to analyze and esti-
mate the influence of gender, TB Coinfec-
tion, and Opportunistic Infection on morta-
lity in ODHIV with Antiretroviral Therapy.

SUBJECTS AND METHOD

1. Study Design

This study is a systematic review and meta-
analysis study. Article searches are collected
from Google Scholar, PubMed and Science
Direct. The keywords used are "HIV" AND
"ART" AND "TB Co-Infection" AND "Oppor-
tunistic Infection" AND "Mortality" OR
"death" AND "Cohort" AND "aHR". There
were 17 primary studies that met the in-
clusion criteria of this study.

2. Step of Meta-Analysis

Meta-analysis is carried out in 5 stages as
follows:
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1) Formulate research questions using the
PICO model (Population, Intervention,
Comparison, Outcomes).

2) Searching for articles on electronic data-
bases used includes Google Scholar,
PubMed, and ScienceDirect.

3) Conducting screening and assessing pri-
mary studies using the critical assessment
checklist for cross-sectional studies.

4) Extract data and incorporate the effect
size of each major study into the RevMan
5.3 application

5) Interpreting results and concluding.
3. Inclusion Criteria
Full paper articles use a kohor design. The
analysis used is multivariate with Adjusted
Hazards Ratio (aHR). The study subjects
were people with HIV on ARV therapy. The
research interventions were gender, TB,
opportunistic infections. The result of the re-
search was death. And the exclusion criteria
are non-English language articles and arti-
cles published before 2008.
4. Exclusion Criteria
The exclusion criteria in this study are RCT
(randomized controlled trials) studies,
quasi-experiments, research protocols, preli-
minary studies, and non-full text articles.
5. Operational Definition of Variable
Mortality: The permanent disappearance
of all signs of life, which can occur at any
time after a living birth
Gender: Socially constructed characteris-
tics of women, men, girls, and boys. It in-
cludes the norms, behaviors, and roles
associated with the existence of a woman,
man, woman, or man, as well as their influ-
ence on each other.

Co-infection TB: A disease caused by

infection with the bacterium Mycobacte-

rium tuberculosis, which a person suffers
while experiencing other infections at the
same time.
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Opportunistic Infections: The more
common and more severe disease in people
with HIV has a severely damaged immune
system (other than TB)

6. Study Instruments

The assessment of the quality of the main
article in this study uses a checklist of
critical appraisal assessment of cohort
studies for meta-analysis research (Murti,
2023).

7. Data Analysis

The articles in this study were collected
using PRISMA diagrams and analyzed using
the Review Manager 5.3 application by
calculating the effect size and heterogenity
(I2) of the selected research results. The
results of data analysis are presented in the
form of forest plots and funnel plots.

RESULTS

The process of searching for primary articles
involved exploring studies that focused on
the influence of gender, TB coinfection, and
opportunistic infections on mortality in
individuals living with HIV (ODHIV) who
were undergoing Antiretroviral Therapy
(ART). This comprehensive meta-analysis
was conducted by systematically searching
four widely recognized journal databases, in-
cluding PubMed, Google Scholar, Science-
Direct, and other relevant repositories.
Through this rigorous process, a total of 17
relevant articles were identified. The review
process for these articles, following esta-
blished systematic review protocols, is illus-
trated in Figure 1, which presents the
PRISMA Diagram summarizing the selec-
tion steps. These 17 articles encompass a
diverse geographical range, with studies
conducted across both the African and Asian
continents, as highlighted in Figure 2.
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Articles identified from database

Eliminate duplicate data (n=874)
searches (n=1,345)

v

Irrelevant title= 329

Filtered articles (n= 471) Non-observational studies = 49

No full text= 34

Related articles outside the criteria (n=412)

A 4

Eligible full text articles (n= 59)

A 4

Non-Cohort analysis data = 20

Article does not contain aHR= 15
v Outcome not death= 7

Full-text article outside the criteria (n= 42)

Articles included in the synthesis
for meta-analysis (n=17)

Figure 1. PRISMA flowchart article factors affecting mortality
in people living with HIV with antiretroviral therapy
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Figure 2. Location map of research factors affecting mortality
in people living with HIV with antiretroviral therapy

4 articles in

Table 1. Critical appraisal for cohort study of the effect of condom use, anal
bleeding, and group sex on the risk of HIV infection in men sexually engaged

Criteria

Authors (Year) 1a 1b 1c 1d 2a 2b 3a 3b g4a 4b 5 6a 6b 7 Total
Aemro et al. (2021) 2 2 2 2 2 2 2 1 2 2 1 2 2 1 25
Andarge et al. (2022) 2 2 2 2 2 2 2 1 2 2 2 2 2 2 27
Chen et al. (2022) 2 2 2 2 0 2 2 1 2 2 2 2 2 1 24
Cuong et al. (2012) 2 2 2 2 2 2 2 1 1 2 2 2 2 1 25
Damteu et al. (2015) 2 2 2 2 2 2 2 2 2 2 2 2 2 0 26
Fekade et al. (2017) 2 2 2 2 2 1 2 1 1 2 2 2 2 2 25
Girma et al. (2022) 2 2 2 2 2 0 2 2 2 2 2 2 2 0 24
Nigussie et al. (2020) 2 2 2 2 0 2 2 2 92 2 2 2 2 0 24
www.jepublichealth.com 483
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Criteria

Authors (Year) 1a 1b 1c 1d 2a 2b 3a 3b 4a 4b 5 6a 6b 7 Total
Nishijima et al. (2020) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 28
Niu et al. (2023) 2 2 2 2 0 2 2 2 2 2 2 2 2 1 25
Ojikutu et al. (2008) 2 2 2 2 2 1 2 2 1 2 2 2 2 1 25
Setegn et al. (2015) 2 2 2 2 2 2 2 1 2 2 2 2 2 2 26
Seyoum et al. (2017) 2 2 2 2 2 0 2 2 2 2 2 2 2 0 24
Siraj et al. (2022) 2 2 2 2 0 2 2 i 2 2 2 2 2 1 24
Tachbele et al. (2016) 2 2 2 2 2 2 2 2 2 2 1 2 2 1 26
Tadesse et al., (2024) 2 2 2 2 o0 2 2 2 1 2 2 2 2 1 24
Teshale et al., (2022) 2 2 2 2 2 2 2 1 2 2 1 2 2 1 25
Description of the question criteria: b. Have primary studyused the right
1. Formulation of research questions in the methods to control the effects of con-

acronym PICO. fusion?
a. Is the population in the primary study the 6. Statistical analysis methods
same as the population in the PICO meta- a. In cohort studies, is a multivariate ana-
analysis? lysis performed? Multivariate analysis
b. Is the operational definition of exposure/ includes multiple linear regression ana-
intervention in the primary study the lysis, multiple logistic regression analysis,
same as the definition intended in the and Cox regression analysis.
meta-analysis? b. Do primary studies report effect mea-
c. Are the comparisons used in the primary sures or relationships of multivariate ana-
study the same as those planned in the lysis outcomes? (for example, adjusted
meta-analysis? OR, adjusted regression coefficient).
d. Are the outcome variables studied in the 7. Conflict of Interest
primary study the same as those planned a. Is there a conflict of interest with the re-
in the meta-analysis? search sponsor?
2. Methods for selecting research subjects. b. If there is a conflict of interest, give it a
a. Descriptive cohort studies (prevalence): value of "0".
Were the samples randomly selected? c. If there is no conflict of interest, give it a
b. Cohort analytical studies: Are the samples grade of "2".
randomly selected or purposive? d. When in doubt, give it a "1".
3. Methods for measuring interventions and The assessment instructions:
outcome variables 1. The total answer score for each question
a. Are exposures/interventions and out- is "2".
come variables measured with the same 2. If in one question all answer items are
instruments in all primary studies? "Yes", then give a score of "2" to the
b. If the variables are measured on a cate- question.
gorical scale, are the cutoffs or categorical 3. If there is one item in one question whose
used the same between primary studies? answer is "No", then give the question a
4. Design-related bias score of "1".
a. What is the Response Rate? 4. If in one question all the answer items are
b. Is non-response related to outcome? "No", then give the question a score of
5. Methods to control confounding "o".
a. Is there any confusion in the results/ 5. If the total score = 14 then the primary

conclusions of the primary study?
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study can be used in the meta-analysis.
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6. If the total score is <14 then the primary study cannot be used in the meta-analysis
Table 4. PICO cohort study articles on gender influence, TB Coinfection and
Opportunistic Infection with mortality in ODHIV with Antiretroviral Therapy
with sample number (n=23,651)

Author (year) Country Sample P I C o
Andarge et al. Ethiopia 323 ODHIV with Women, Co- Male, without Co-  Mortality
(2022) ART Infected TB, Infected TB, and

Opportunistic without Opportu-
Infections nistic Infection
Chen et al. (2022) China 5,557 PLHIV/AIDS PLHIV/AIDS Male Mortality
on ART on ART
Cuong et al. (2012) Vietnam 640 PLHIV on ART PLHIVon ART Male, without TB  Mortality
co-infection, and
without opportu-
nistic infections
Fekade et al. (2017) Ethiopia 594 PLHIV adults  PLHIV adults Male Mortality
on ART on ART
Girma et al. (2022) Ethiopia 419 PLHIV on ART PLHIVonART Male Mortality
Nishijima et al. Japan 165 PLHIV adults  PLHIV adults Male Mortality
(2020) on HAART on HAART
Niu et al. (2023) China 11,468 Adult HIV Adult HIV Male, without TB  Mortality
patients on patients on co-infection, and
ART ART without opportu-
nistic infections
Setegn et al. (2015) Ethiopia 120 PLHIV on ART PLHIVon ART Male, without TB  Mortality
co-infection, and
without opportu-
nistic infections
Seyoum et al. (2017)  Ethiopia 456 PLHIV on ART PLHIVon ART Male, and Mortality
without TB co-
infection
Tadesse et al. Ethiopia 520 PLHIV adults  PLHIV adults Male and Mortality
(2014) on HAART on HAART without opportu-
nistic infections
Teshale et al. Ethiopia 475 Adult HIV Adult HIV No TB co-infec- Mortality
(2022) patients on patients on tion
ART ART
Aemro et al. (2021) Ethiopia 514 PLHIV on ART PLHIVon ART No TB co-infec- Mortality
tion
Damtew et al. Ethiopia 784 PLHIV on ART PLHIVon ART No TB co-infec- Mortality
(2015) tion and no
opportunistic
infections
Nigussie et al., Ethiopia 447 PLHIV on ART PLHIVonART No TB co- Mortality
(2020) infection
Tachbele et al Ethiopia 350 PLHIV/AIDS  PLHIV/AIDS No opportunistic = Mortality
(2016) on ART on ART infections
Ojikutu et al. South 309 PLHIVon ART PLHIVon ART No opportunistic =~ Mortality
(2008) Africa infections
Siraj et al. (2022) Ethiopia 510 PLHIV on ART PLHIVonART Male Mortality
Andarge et al. Ethiopia 323 ODHIV with Women, Co- Male, without Co-  Mortality
(2022) ART Infected TB, Infected TB, and
Opportunistic ~ without opportu-
Infections nistic Infection
Chen et al. (2022) China 5,557 PLHIV/AIDS PLHIV/AIDS Male Mortality
on ART on ART
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Table 3. Data on adjusted hazard ratio (aHR) and 95% (95% CI) confidence
interval of gender effect on mortality in ODHIV with antiretroviral therapy with
sample size (n=20,737)

CI 95%
Author r R ] r—
uthor (Year) aH Lower Limit Upper Limit
Andarge et al. (2022) 0.79 0.22 2.85
Chen et al. (2022) 0.77 0.59 0.99
Cuong et al. (2012) 1.90 0.70 5.30
Fekade et al. (2017) 1.01 0.65 1.56
Girma et al. (2022) 0.83 0.62 1.12
Nishijima et al. (2020) 0.43 0.20 0.93
Niu et al. (2023) 0.62 0.47 0.83
Setegn et al. (2015) 0.37 0.24 0.57
Seyoum et al. (2017) 0.70 0.40 1.23
Tadesse et al. (2024) 0.53 0.28 1.00
Teshale et al. (2022) 0.73 0.30 1.75
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Andarge 2022 -0.2357 06523 1.0% 0.79[0.22, 2.84] —
Chen 2022 -0.2614 01359 23.6% 0.77[0.59,1.00] -
Cuong 2012 06419 05095 1.7% 1.90(0.70,5.16] o
Fekade 2017 0.01 02243 8.6% 1.01[0.65, 1.57] —1=
Girma 2022 -0.1863 01488 19.7% 0.83[0.62, 1.11] e
Nishijima 2020 -0.844 03906 2.9% 0.43[0.20,0.92] —
Niu 2023 -0.478 01413 21.9% 062[0.47,0.82) -
Setegn 2015 -0.9943 02209 8.9% 0.37[0.24,0.57] =
Seyoum 2017 -0.3567 0.2855 5.4% 0.70[0.40,1.22] T
Tadesse 2014 -0.6349 03256 4.1% 0.53[0.28,1.00] —
Teshale 2021 -0.3147 04537 21% 0.73[0.30,1.78] —
Total (95% Cl) 100.0% 0.70 [0.61, 0.79] ¢
Heterogeneity: Chi*=19.70, df= 10 (P = 0.03); I*= 49% ; f f |
Test for averall effect. Z=5.43 (P < 0.00001) £ i Female1 Male oo Ak
Figure 3. Forest plot of gender influence on mortality
in ODHIV with antiretroviral therapy
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Figure 4. Plot funnel of gender influence with mortality
in ODHIV with antiretroviral therapy
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Table 3 presents the adjusted hazard ratio
(aHR) and 95% (95%CI) confidence inter-
val of gender influence with mortality from
each primary study conducted meta-ana-
lysis. Sample size from this meta-analysis
(n)= 20,737 in ODHIV with antiretroviral
therapy.

The forest plot in Figure 3 shows that
there is an influence of gender on the risk of
mortality in people with HIV who receive
antiretroviral therapy and is statistically
significant. In ODHIV the female sex has a

mortality risk of 0.7 times compared to the
male ODHIV (aHR = 0.70; CI 95%=0.61 to
0.79; p<0.001). The forest plot also showed
low heterogeneity (I2= 49%). Thus, the
average calculation of effect estimation uses
the fixed effect model approach.

The funnel plot in Figure 4 shows that
the distribution of the estimated effect is
the same between the section on the right
and the left of the vertical line of the
average estimate. Thus, the plot funnel does
not indicate publication bias.

Table 4. Data on adjusted hazard ratio (aHR) and 95% (95%CI) confidence interval
of the effect of TB coinfection with mortality in ODHIV with antiretroviral therapy

with sample size (n=4.154)

CI 95%
Author (Year) aHR Lower Limit Upper Limit
Aemro et al. (2021) 1.73 0.66 4.55
Andarge et al. (2022) 3.07 0.76 12.36
Cuong et al. (2012) 0.70 0.30 1.70
Damteu et al. (2015) 1.81 1.24 2.65
Nigussie et al. (2020) 1.65 0.85 3.19
Setegn et al. (2015) 4.51 2.86 7.11
Seyoum et al. (2017) 1.28 0.74 2.15
Tachbele et al. (2016) 1.82 1.41 3.51
Tadesse et al. (2014) 2.62 0.91 7.50
Hazard Ratio Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Agrnro 2021 05481 04917  TA4% 1,73 [0.66, 4.53] —
Andarge 2022 11217 07123 43%  3.07 [0.76,12.40] -
Cuong 2012 -0.3567 04323  86% 0.70[0.30, 1.63] —
Darmtew 2015 05933 0193 161% 1.81[1.24, 2.64] ——
Migussie 2020 05008 03384 111% 1,65 [0.85, 3.20] T
Setegn 2015 15083 02324 147% 4,51 [2.86,7.11] —
Seyourm 2017 0.2469 03796 13.0% 1.28[0.74, 2.21] T
Tachbele 2018 05988 041302 18.3% 1.82[1.41, 2.35] -
Tadesse 2014 09632 05395 G£.5% 262[0.91, 7.54] —
Total {95% CI) 100.0%  1.89[1.36, 2.61] &
Heterogeneity: Tau’:. 0.13; Chif=22.32, df= 8 (P = 0.004); F= 6d4% IIZI.IZI1 DH 1=IZI 1DEI=
Test far averall effect: £= 3.81 (F= 00001} MoTE TB

Figure 5. Forest plot of the effect of TB coinfection
on mortality in ODHIV with antiretroviral therapy
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Figure 6. Funnel plot of the effect of TB coinfection
on mortality in ODHIV with antiretroviral therapy

Table 4 presents the adjusted hazard ratio
(aHR) and the 95% confidence interval of
the effect of TB coinfection with mortality
from each primary study conducted meta-
analysis. Sample size from this meta-ana-
lysis (n)= 4,154 in ODHIV with antiretro-
viral therapy.

The forest plot in Figure 5 shows that
there is an effect of TB co-infection on the
risk of mortality in ODHIV receiving anti-
retroviral therapy and is statistically signi-
ficant. ODHIV with coinfected TB has a
mortality risk of 1.86 times compared to
ODHIV without coinfected TB (aHR= 1.89;
CI 95%=1.36 to 2.61; p<0.001). The forest

plot also shows high heterogeneity (I2
64%). Therefore, the model used is a
random effect model.

The funnel plot in Figure 6 shows that
the distribution of the estimated effect is not
equal between the right and left parts with
more left parts. Thus the plot funnel indi-
cates publication bias. Because the distri-
bution of the effect estimate in the plot
funnel is more on the left which is different
from the location of the diamond shape
which is to the right of the zero hypotheses
vertical line in the forest plot image, the
publication bias tends to over estimate the
actual effect.

Table 5. Data on adjusted hazard ratio (aHR) and 95% confidence interval (95%CI)
of the effect of opportunistic infection with mortality in ODHIV with antiretroviral

therapy with sample size (n=3,280)

CI 95%

Author (Year) aHR Lower Limit Upper Limit
Andarge et al. (2022) 4.59 1.17 18.07
Cuong et al. (2012) 1.30 0.70 2.40
Nigussie et al. (2020) 1.86 1.05 3.33
Ojikutu et al. (2008) 2.58 1.37 4.88
Setegn et al. (2015) 2.51 1.46 4.31
Seyoum et al. (2017) 1.38 0.78 2.43
Siraj et al. (2022) 4.58 1.20 5.65
Teshale et al. (2022) 1.25 0.54 1.86

www.jepublichealth.com
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Hazard Ratio

Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Anderge 2022 1.5239 0.6974 3.1% 4.59[1.17, 18.01]

Cuong 2012 0.2624 0.3158 15.2% 1.30[0.70, 2.41] -

Nigussie 2020 0.6206 0.2917 17.8% 1.86[1.05, 3.29] =

Qjikutu 2008 0.9478 0.323 14.5% 2.58[1.37, 4.86] —

Setegn 2015 0.9203 0.2765 19.8% 2.51[1.46, 4.32] -

Seyoum 2017 0.3221 0.2911 17.9% 1.38[0.78, 2.44] R

Siraj 2022 1.5217 0.6834 3.2% 4.58[1.20, 17.48]

Teshale 2021 0.2231 0.4282 8.3% 1.25[0.54, 2.89] -

Total (95% Cl) 100.0%  1.90 [1.50, 2.42] ¢4

Heterogeneity: Chi? = 8.78, df = 7 (P = 0.27); I* = 20% f l l l
Test for overall effect: Z = 5.23 (P < 0.00001) 0.01 0.1 No 0|1 ol 10 100

Figure 7. Forest plot of the effect of opportunistic infection
with mortality in ODHIV with antiretroviral therapy
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Figure 8. Funnel plot of the effect of Opportunistic infection
with mortality in ODHIV with antiretroviral therapy

Table 6 presents the adjusted hazard
ratio (aHR) and 95% (95%CI) confidence
interval of gender influence with mortality
from each primary study conducted meta-
analysis. Sample size from this meta-ana-
lysis (n)= 3,280 in ODHIV with antiretro-
viral therapy.

The forest plot in Figure 7 shows that
there is an effect of opportunistic infection
on the risk of mortality in people with HIV
who receive antiretroviral therapy and is sta-
tistically significant. ODHIV with opportu-
nistic infection has a risk of mortality 1.9

www.jepublichealth.com

times compared to ODHIV without opportu-
nistic infection (aHR= 1.90; CI 95%=1.50 to
2.42; p<0.001). The forest plot shows low
heterogeneity (I2= 20%). Thus, the average
calculation of effect estimation uses the fixed
effect model approach.

The funnel plot in Figure 8 shows that
the distribution of the estimated effect is
evenly distributed to the right and left of the
vertical line of the average estimate. Thus,
the plot funnel does not indicate publication
bias.
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DISCUSSION

1. Effect of gender on mortality in
ODHIV with antiretroviral therapy

The results of the meta-analysis of these 11

primary studies revealed that female ODHIV

had an increased risk of mortality by 0.7

times compared to male ODHIV (aHR=

0.70; CI95%=0.61 to 0.79; p<0.001).

Women lower the risk of mortality in

ODHIV with antiretroviral therapy.

The largest contributor to HIV is men
because each year accounts for around 66%
of HIV infection cases in gay and bisexual
ODHIV (CDCb, 2021). Men have higher
mobility than women, so they are more at
risk of getting HIV even after taking anti-
retroviral therapy. Antiretroviral therapy
works by stopping the reproduction of the
HIV. However, if HIV levels are still detected
due to non-compliance with therapy carried
out by gays and bisexuals, then antiretro-
viral therapy does not work optimally,
resulting in mortality (Cleveland, 2024).

In countries on the African continent,
patients who have received ART, although
through the treatment can suppress the
spread of the virus, there is still a higher risk
of mortality, especially in the male sex. This
is also related to the amount of CD4 in the
body of men less than women (Maskew et al,
2013).

2. Effect of TB coinfection on morta-
lity in ODHIV with antiretroviral
therapy

Through analysis of meta-results from 9

primary studies, it was found that in ODHIV

with co-infected TB, the risk of mortality in-
creased by 1.86 times compared to ODHIV
without co-infected TB (aHR= 1.89; CIg5%=

1.36 to 2.61; p<0.001). Reduced access to TB

diagnosis and treatment has resulted in an

increase in TB deaths. The forecast for 2020

is 214,000 deaths in people with HIV (up

from 209,000 in 2019). Of the TB deaths
among people living with HIV, 50% were

www.jepublichealth.com

men, 40% were women, and 9.8% were
children. Among all episodes of TB inci-
dence, 8% of them are people living with
HIV (WHO, 2022). The highest proportion
of TB episodes of HIV co-infection occurs in
countries in the African region included in
the WHO, exceeding 50% in some parts of
southern Africa. Nearly 12 million TB-
related HIV deaths could have been prevent-
ed in the 2000-2020 period thanks to
TB/HIV-related interventions  (Goletti,
2023).

Global HIV testing coverage in people
diagnosed with TB remained high in 2020 at
73% (up from 70% in 2019). However, the
absolute number of people diagnosed with
TB who know their HIV status fell from 4.8
million in 2019 to 4.2 million in 2020 (a
decrease of 15%). In 87 countries and
regions, at least 90% of people diagnosed
with TB are aware of their HIV status
(Shapiro et al, 2012)

Antiretroviral Therapy coverage in
people diagnosed with TB and known to be
HIV positive was 88% in 2020, the same as
in 2019. The success rate of treatment in
people with HIV is still lower (77% globally
in 2019), although there has been a steady
improvement over time. The global number
of people living with HIV annually receiving
TB preventive treatment increased from less
than 30,000 in 2005 to 3.0 million in 2019,
with a decrease of 23% between 2019 and
2020, to 2.7 million (Nyasulu et al, 2022).

At least 6 million people living with
HIV have received TB preventive treatment
by 2022. The future target is to ensure that
90% of people living with HIV receive TB
preventive treatment by 2025 and reduce
TB-related deaths among people living with
HIV by 80% by 2025 (compared to baseline
data in 2010). Everyone living with HIV
should be tested for TB and everyone with
TB should be screened for HIV. This is key
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to preventing TB-related deaths in people

living with HIV (WHO, 2023).

3. Effect of opportunistic Infection on
Mortality in ODHIV with antiretro-
viral therapy

Through the analysis of meta-results data

from these 8 primary studies, it was revealed

that in ODHIV with opportunistic infection,
the risk of mortality increased by 1.9 times
compared to ODHIV without opportunistic

infection (aHR= 1.90; CI 95%=1.50 to 2.42;

Pp<0.001). People with AIDS have a severely

damaged immune system. They are increa-

singly suffering from severe diseases, called
opportunistic infections (OI). Causes of
people with HIV suffering from IO include

WHO clinical, CD4 count, and compliance

with the use of ART drugs. Malnutrition is

also a determining factor in the findings of

IO in adults (Woldegeorgis et al, 2023).

Diagnosis and treatment related to
opportunistic infections have been widely
carried out, but opportunistic infections re-
quire a thorough understanding of the
environment and determinants, especially in
young people because clinical detection
alone is not enough (Wondifraw., et al,
2022).

Some of the reasons why ODHIV still
experience opportunistic infections are
because they do not know that they have
HIV so they do not undergo treatment, they
know that they are ODHIV but do not
regularly use ART therapy, and they have
had HIV for a long time before being diag-
nosed so that their immunity has weakened
and the ART used has not reached viral
suppression (HIV.gov, 2024).

AUTHOR CONTRIBUTION
Fauziah Shinta Anindita and Fenita Indriani
are researchers who choose topics, search
and collect articles, analyze data and write
scripts. Bhisma Murti and Nindita Arum

www.jepublichealth.com

Veibiani helped analyze the data and review
the research documents.

ACKNOWLEDGMENT
The researcher would like to thank all
parties who participated in the preparation
of this article.

FUNDING AND SPONSORSHIP
This study is self-funded.

CONFLICT OF INTEREST
There are no conflicts of interest.

REFERENCE

Aemro A, Wassie M, Chekol B (2021). Inci-
dence and predictors of mortality
within the first year of antiretroviral
therapy initiation at Debre-Markos
Referral Hospital, Northwest Ethiopia:
A retrospective follow-up study. Plos
One. 16(5): 1—17. doi: 10.1371/journal.-
pone.0251648

Andarge DE, Ewnetu H, Id H, Menna T
(2022). Incidence, survival time and
associated factors of virological failure
among adult HIV / AIDS patients on
first line antiretroviral therapy in St .
Paul ’ s Hospital Millennium Medical
College — A retrospective cohort study.
Plos One. 17(10): 1-12. doi: 10.1371/-
journal.pone.0275204

CDCa (2021) AIDS and oportunistic infec-
tions. Centers for Disease Control and
Prevention.

CDCb (2021). HIV affect Gay and bisexual
men. Centers for Disease Control and
Prevention

Chen Q, Liu J, Fu X, Yang F, Liu Q, Li J, Tan
Z, et al. (2022). Effect of late testing
and antiretroviral treatment on morta-
lity among people living with HIV in
the era of treat-all in Guangdong pro-
vince, china, 1992-2018: a cohort
study. Frontiers in Public Health,

491



Anindita et al./ Factors Affecting Mortality in People Living with HIV with Antiretroviral Therapy

10(7): 1—11. doi: 10.3389/fpubh.2022.-
851117

Cleveland (2024). Antiretroviral Therapy.
AIDS Taskforce of Greater Cleveland

Cuong DODUY, Thorson A, Nnerborg ASO,
Larsson M (2012). Survival and causes
of death among HIV-infected patients
starting antiretroviral therapy in
north-eastern Vietnam. Scand J Infect
Dis. 9: 201—208. doi: 10.3109/00365-
548.2011.631937

Damtew B, Mengistie B, Alemayehu T
(2015). Survival and determinants of
mortality in adult HIV/Aids patients
initiating antiretroviral therapy in
Somali Region, Eastern Ethiopia. Pan
Afr Med J. 8688: 1—8. doi: 10.11604/-
pamj.2015.22.138.4352

Fekade D, Weldegebreal T, Teklu AM,
Damen M, Baraki N, Belayhun B,
Berhan E, et al. (2017). Predictors of
survival among adult Ethiopian pati-
ents in the national ART program at
Seven University Teaching Hospitals :
A prospective cohort study. Ethiop J
Health Sci. 27(si1): 63-71. doi: 10.431-
4/ejhs.v27i1.78S.

Girma D, Dejene H, Geleta LA, Tesema M,
Bati F (2022). Time to occurrence, pre-
dictors, and patterns of opportunistic
infections incidence among HIV-posi-
tive patients attending Antiretroviral
Therapy Clinic of Salale University
Comprehensive Specialized Hospital:
A retrospective cohort study. Medi-
cine. 9(1): 72. doi:10.1097/00019616-
199901000-00020

Goletti D, Pisapia R, Fusco FM, Aiello A, Van
Crevel R (2023). Epidemiology, patho-
genesis, clinical presentation and
management of TB in patients with
HIV and diabetes. Jurnal Int Tuberc
Lung Dis. 27(4): 284-290. doi: 10.558-
8/ijtld.22.0685

www.jepublichealth.com

HIV.gov (2024). Opportunistic Infections.
Minority HIV/AIDS Fund.

Ojikutu BO, Zheng H, Walensky RP, Lu Z,
Losina E, Giddy J, Freeberg KA
(2008). Predictors of mortality in pati-
ents initiating antiretroviral therapy in
Durban, South Africa Afr Med J. 98
(3):204-8. PMID: 18350223; PMCID:
PMC2408889.

Maskew M. Brennan AT, Westreich D,
McNamara L, Macphail AP, & Fox MP.
(2013). Gender Differences in Morta-
lity and CD4 Count Response Among
Virally Suppressed HIV-Positive Pati-
ents. J Womens Health. 22(2): 113-
120. do0i:10.1089/jwh.2012.3585

Murti B (2023). Penilaian Kritis (Critical
Appraisal) Studi Kohor untuk Peneliti-
an Meta-Analisis. Universitas Sebelas
Maret

Nigussie F, Alamer A, Mengistu Z, Tachbele
E (2020). Survival and predictors of
mortality among adult HIV / AIDS
patients initiating highly active Anti-
retroviral Therapy in Debre-Berhan
Referral Hospital, Amhara, Ethiopia: A
retrospective study. HIV/AIDS -
(Auckl). (12): 757—768. doi: 10.2147-
/HIV.S274747

Nishijima T, Inaba Y, Kawasaki Y, Tsukada
K, Teruya K, Kikuchi Y, Gatanaga H, et
al (2020). Mortality and causes of
death in people living with HIV in the
era of combination antiretroviral
therapy compared with the general
population in Japan. Jour Aids, 34(6):
913—921.d0i:10.1097/QAD.0000000-
000002498

Niu D, Xiao T, Chen Y, Tang H, Chen F, Cai
C, Qin Q, et al (2023). Excess mortality
and associated factors among people
living with HIV initiating highly active
antiretroviral therapy in Luzhou,
China 2006-2020. Bmc Infect Dis.

492



Anindita et al./ Factors Affecting Mortality in People Living with HIV with Antiretroviral Therapy

23(1): 1—10. doi: 10.1186/512879-023-
08165-4

Nyasulu PS, Ngasama E, Tamuzi JL, Sigwa-
dhi LN, Ozougwu LU, Nhandara RBC,
Ayele BT, et al. (2022). Effect of HIV
status and antiretroviral treatment on
treatment outcomes of tuberculosis
patients in a rural primary healthcare
clinic in South Africa. PloS One.
17(10). E0274549. doi: 10.1371/journ-
al.pone.0274549

Setegn T, Takele A, Gizaw T, Nigatu D, Haile
D (2015). Predictors of Mortality
among Adult Antiretroviral Therapy
Users in Southeastern Ethiopia: Retro-
spective Cohort Study. AIDS Res Treat.
1-8. doi: 10.1155/2015/148769

Seyoum D, Degryse J, Kifle YG, Taye A
(2017). Risk Factors for Mortality
among Adult HIV / AIDS Patients
Following Antiretroviral Therapy in
Southwestern Ethiopia: An Assess-
ment through Survival Models. Int J
Environ Res Public Health. 14: 1—12.
doi:10.3390/ijerph14030296

Shapiro AE, Variava E, Rakgokong M,
Moodle N, Luke B, Salimi S, Chaisson
RE, et al. (2012). Community-based
targeted case finding for tuberculosis
and HIV in household contacts of pati-
ents with tuberculosis in South Africa.
J Am Respir Crit Care Med. 185(10).
1110-1116.doi: 10.1164%2Frccm.20111-
1-19410C

Siraj M, Gedamu S (2022). Predictors of
Survival Time Among HIV-Infected
Adults After Initiating Anti-Retroviral
Therapy in Kombolcha Town: A 5-
Year Retrospective Cohort Study.
HIV/AIDS-(Auckl). 4: 181—194.

Sutini R, Saefurohim MZ, Al Ayubi M,
Wijayanti H, Wandastuti AD, Miarso
D, Susilawati MS. (2022). Prevalence
and Determinants of Opportunistic
Infections in HIV Patients: A Cross-

www.jepublichealth.com

Sectional Study in the City of
Semarang. Ethiopian J Health Sci.
32(4), 809—-816. doi: 10.4314/ejhs.v3-
2i4.18

Tachbele E, Ameni G (2016). Survival and
predictors of mortality among human
immunodeficiency virus patients on
anti-retroviral treatment at Jinka
Hospital , South Omo, Ethiopia: a six
years retrospective cohort study. Epid
and Health, 38: 1-10. doi: 10.4178/e-
pih.e20160491-10.

Tadesse K, Haile F, Hiruy N (2014). Predic-
tors of Mortality among Patients
Enrolled on Antiretroviral Therapy in
Aksum Hospital, Northern Ethiopia: A
Retrospective Cohort Study. Plos One,
9(1): 1-6. doi: 10.1371/journal.pone-
.0087392

Teshale AB, Tsegaye AT, Wolde HF (2021).
Incidence of mortality and its pre-
dictors among hiv positive adults on
antiretroviral therapy in University of
gondar comprehensive specialized
Hospital, northwest Ethiopia. HIV/
AIDS — (Auckl). 13: 31—39. doi: 10.214-
7/HIV.S289794

UNAIDS (2023) Global HIV & AIDS sta-
tistics — Fact sheet. UNAIDS (Joint
United Nations Programme on
HIV/AIDS)

UNAIDS (2022) Tuberculosis and HIV.
UNAIDS (Joint United Nations
Programme on HIV/AIDS).

WHO. (2022). Tuberkulosis. World Health
Organization

WHO. (2023). HIV and AIDS. World Health
Organization

Woldegeorgis BZ, Zekarias Z, Adem BG,
Obsa MS, Kerbo AA. (2023). Preva-
lence and determinants of opportu-
nistic infections among HIV-infected
adults receiving antiretroviral therapy
in Ethiopia: A systematic review and

493



Anindita et al./ Factors Affecting Mortality in People Living with HIV with Antiretroviral Therapy

meta-analysis. Med Front. 10. doi: 10- infected children attending antiretro-
.3389/fmed.2023.1087086 viral treatment clinic at Northeast
Wondifraw EB, Chanie ES, Gebreeyesus FA, Ethiopia, public hospitals 2022: A
Biset G, Tefera BD, Zeleke M. (2022). multicenter retrospective follow-up
Incidence and predictors of common study. Annals Med Surgery. 84(2). doi:
opportunistic infection among HIV - 10.1016/j.amsu.2022.104910.

www.jepublichealth.com 494



