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Abstract

This study examines the trends, impacts, and challenges of HIV in Bangladesh from 2000
to 2024, with a focus on its epidemiology, demographic distribution, and socioeconomic
determinants. Despite maintaining one of the lowest HIV prevalence rates globally (<0.1%),
Bangladesh faces a concentrated epidemic among high-risk populations, including people
who inject drugs (PWID), men who have sex with men (MSM), sex workers, transgender
individuals, and migrant workers. Analysis reveals a steady increase in reported infec-
tions, attributed to enhanced diagnostic capacities and public awareness. The 2549 year
age group remains the most affected, accounting for over 65% of cases, underscoring
the vulnerability of the economically active population. Gender disparities persist, with
males representing the majority of infections but lower ART coverage among females and
transgender individuals. While interventions such as PMTCT programs, ART expansion,
and targeted awareness campaigns have contributed to improved outcomes, barriers such
as stigma, healthcare inequities, and limited rural access hinder progress. The study also
evaluates Bangladesh’s progress toward the 95-95-95 targets, highlighting significant strides
in treatment and viral suppression but gaps in diagnosis. Future research must address
behavioral trends, stigma reduction, and integration of HIV services for marginalized pop-
ulations. This paper emphasizes the need for evidence-based strategies to ensure equitable
healthcare delivery and sustainable progress in combating HIV.

Keywords: HIV in Bangladesh; epidemiological trends; socioeconomic indicators and
impacts; urban-rural health disparities; healthcare accessibility; poverty and public health

1. Introduction

Acquired Immunodeficiency Syndrome (AIDS), caused by the Human Immunode-
ficiency Virus (HIV), has evolved from a mysterious illness first identified in the early
1980s into a global epidemic that reshaped public health policies, highlighting humanity’s
ongoing battle against one of the most profound medical and social challenges of modern
times [1]. However, the origins of HIV date back much earlier, with the earliest known
case identified in 1959 from a blood sample of a man in Kinshasa, Democratic Republic
of Congo [2]. Phylogenetic studies suggest that HIV likely crossed into humans from
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non-human primates in the early 20th century, with the virus circulating undetected for
decades before doctors began to understand its devastating impact [3,4]. Despite advances
in tracing its origins, pinpointing ‘patient zero’ remains elusive, highlighting the complexity
of this global health crisis.

HIV, the causative agent of AIDS, is primarily transmitted through specific pathways
involving the exchange of bodily fluids, making it a highly preventable but persistently
challenging public health issue. The most common mode of transmission is unprotected
sexual contact, accounting for the majority of cases globally. During sexual intercourse, the
virus is transmitted via semen, vaginal fluids, or rectal fluids, particularly when mucosal
surfaces are compromised. Another significant route is the sharing of contaminated needles
and syringes, particularly among individuals who inject drugs, which facilitates direct
entry of the virus into the bloodstream [5]. HIV can also spread through transfusion
of infected blood products, although this has been largely mitigated in many countries
through rigorous blood screening protocols [1]. Vertical transmission from mother to child
during pregnancy, childbirth, or breastfeeding represents another critical pathway. Without
medical intervention, the risk of transmission in such cases ranges from 15% to 45%, but
ART significantly reduces this risk to below 5% [6]. Other, less common modes include
occupational exposure among healthcare workers through needle-stick injuries and, rarely,
through deep kissing if both parties have open sores or bleeding gums [7,8]. HIV is not
transmitted through casual contact, air, water, or by sharing food or utensils, reflecting
the specificity of its transmission routes. These mechanisms underscore the importance of
targeted prevention strategies such as promoting condom use, harm reduction programs,
safe blood transfusion practices, and ensuring access to ART for pregnant women to curb
the spread of HIV.

The first documented cases of HIV in Bangladesh emerged in the mid-1980s, marking
the country’s initial encounter with the global epidemic. The first officially reported case
was in 1989, involving a Bangladeshi migrant worker who had returned from a Middle
Eastern country [9]. This case underscored the role of international migration in the early
spread of the disease within Bangladesh, particularly among returning expatriates. By the
early 1990s, the number of reported cases remained relatively low, largely due to limited
diagnostic capacity and the low prevalence within the general population. However, stigma,
a lack of awareness, and an insufficient healthcare infrastructure posed significant barriers
to early containment efforts [10]. Early government responses, supported by international
organizations such as UNAIDS and WHO, focused on surveillance, raising awareness, and
targeting high-risk groups, including migrant workers, sex workers, and intravenous drug
users [11]. These initial interventions laid the foundation for subsequent strategies aimed
at managing the epidemic in Bangladesh.

From 2000 to 2023, Bangladesh made significant progress in combating the HIV
epidemic, characterized by one of the lowest HIV prevalence rates globally, remaining
consistently below 0.1% [1]. Vulnerable populations, including sex workers, men who have
sex with men (MSM), transgender individuals, and intravenous drug users (IDUs), have
shown higher infection rates, reflecting disparities in risk and healthcare access [12]. Addi-
tionally, the influx of Rohingya refugees since 2017 has posed new challenges to the national
response, as inadequate healthcare provisions and high-risk behaviors among displaced
populations have increased the risk of localized outbreaks [9]. In 2024, Bangladesh reported
a cumulative 1438 confirmed HIV cases and approximately 200 HIV-related deaths, with
concentrated outbreaks among high-risk groups [13].

HIV remains a significant public health concern in Bangladesh, particularly among vul-
nerable and marginalized populations. Despite numerous awareness campaigns, the level
of knowledge about HIV remains low, with married women often holding misconceptions
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about its transmission [14,15]. Furthermore, internal stigma significantly affects people liv-
ing with HIV, reducing their likelihood of accessing timely care and support [16]. High-risk
populations, such as injecting drug users and commercial sex workers, contribute dispro-
portionately to the spread of the epidemic, necessitating targeted interventions [17,18]. The
dual burden of tuberculosis and HIV further complicates prevention and treatment efforts,
highlighting the need for integrated health strategies [19].

Despite significant progress, challenges persist in Bangladesh’s efforts to control the
HIV epidemic. Urbanization, international migration, and limited healthcare coverage for
rural populations continue to complicate prevention and treatment efforts. Social stigma
and discrimination remain significant barriers, deterring individuals from seeking timely
diagnosis and care. Furthermore, gaps in healthcare infrastructure and funding hinder the
sustainability of comprehensive responses [1].

This study presents a unique perspective by providing a comprehensive analysis of
HIV outbreak trends in Bangladesh over a 24-year period, making it one of the most detailed
examinations of the epidemic in the country to date. While previous studies have explored
individual aspects such as prevalence among high-risk populations or the effectiveness of
specific interventions, this research synthesizes infection, death, and demographic data
to reveal broader trends and insights. By integrating socioeconomic indicators such as
Gross Domestic Product (GDP), Gross National Income (GNI), Human Development Index
(HDI), and urbanization, the study also examines how macro-level factors influence the
epidemic’s progression, offering a novel intersectional approach to understanding HIV
in Bangladesh. A significant research gap exists in the longitudinal analysis of HIV in
Bangladesh. While much attention has been paid to high-prevalence regions globally,
studies focusing on low-prevalence countries like Bangladesh remain sparse. This gap
is further accentuated by limited data on the relationship between socioeconomic shifts,
demographic transitions, and HIV trends in the Bangladeshi context. Addressing this gap
is crucial for tailoring interventions to the unique epidemiological profile of the country
and ensuring that prevention strategies are data-driven and locally relevant.

The aim of this research is to study the outbreak trends of HIV in Bangladesh from 2000
to 2024 by analyzing infection and death data, with the ultimate objective of understanding
how the virus’s impact on the population has evolved over time. The two main outcomes
examined in this study are the number of individuals infected with HIV and the number of
HIV-related deaths, aggregated by year and division. Since the first documentation of HIV
in Bangladesh back in 1989, the country has experienced annual outbreaks, with steady
infection and death rates, case fatality ratios, and regional spread. This study seeks to
uncover the key factors that have influenced the transmission dynamics and severity of HIV
outbreaks, as well as the effectiveness of public health interventions. This study is of critical
importance as it addresses the dual challenges of underreporting and underdiagnosis,
which have historically skewed perceptions of the epidemic in Bangladesh. By leveraging
improved diagnostic capabilities and enhanced datasets, it provides a clearer picture of
the epidemic’s trajectory. Furthermore, the study’s findings can guide policymakers in
designing targeted interventions to achieve the 95-95-95 goals, ensuring that resources are
efficiently allocated to high-risk groups and underserved regions. In doing so, this research
not only contributes to the academic understanding of HIV in Bangladesh but also serves
as a practical tool for public health planning and intervention design.

2. Methods
2.1. Data Description

The data for this study was gathered from various publicly available sources, includ-
ing the National AIDS/STD Control (https:/ /asp.portal.gov.bd/, accessed on 12 December
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2024), which falls under the Institute of Epidemiology, Disease Control, and Research
(IEDCR, https:/ /www.iedcr.org/, accessed on 12 December 2024); the World Health Orga-
nization (WHO) (https:/ /www.who.int/, accessed on 12 December 2024); and others. The
dataset covers the period from 2000 to 2024 and includes key variables such as the number
of infected cases, deaths, and social factors like GDP/GNI (https:/ /www.worldbank.org/
en/country/bangladesh, https://www.imf.org/external /datamapper/profile/BGD, ac-
cessed on 12 December 2024), HDI (https://data.undp.org/countries-and-territories /BGD,
accessed on 12 December 2024), and poverty rate (https://www.adb.org/where-we-work/
bangladesh/poverty, accessed on 12 December 2024). The dataset also includes population
dynamics such as urbanization and population density, sourced from the Bangladesh
Bureau of Statistics (https://bbs.gov.bd/, accessed on 12 December 2024) and Worl-
dometer, Bangladesh (https:/ /www.worldometers.info/world-population/bangladesh-
population/, accessed on 12 December 2024).

2.2. Limitations of the Data

HIV-related data in Bangladesh faces significant limitations, which affect the accuracy
and comprehensiveness of epidemiological assessments and public health interventions.
One major issue is underreporting and limited surveillance. Many HIV cases remain
undiagnosed or unreported due to the lack of robust surveillance systems, particularly
in rural and hard-to-reach areas [20]. Another significant challenge is the inadequate
availability of testing and diagnostic facilities. Many rural areas in Bangladesh lack access
to affordable and reliable testing centers, leaving numerous cases undiagnosed [11]. The
social stigma surrounding HIV further exacerbates this problem, discouraging individuals
from seeking testing or treatment, which creates gaps in data collection and reporting [21].
These issues hinder the ability to accurately estimate the true prevalence of the epidemic
and plan targeted interventions.

Furthermore, data on high-risk populations such as sex workers, men who have sex
with men (MSM), and people who inject drugs (PWID) are often incomplete or missing.
This gap stems from the legal and social barriers that impede outreach and data collection
efforts within these marginalized groups [21]. These groups are critical to understanding
the dynamics of HIV transmission and require focused attention to improve data quality.

Resource constraints further contribute to the limitations of HIV-related data. Insuffi-
cient funding and human resources dedicated to HIV research and data collection hamper
efforts to maintain accurate and up-to-date records. This lack of resources often leads to
incomplete datasets and reduced capacity for advanced statistical analyses, such as those
incorporating regional and socio-environmental factors [20]. Addressing these limitations
will require strengthening the surveillance infrastructure, increasing testing accessibility,
and allocating sufficient financial and human resources to HIV programs in Bangladesh.
Such measures will improve data accuracy and support evidence-based policymaking to
combat the epidemic effectively.

2.3. Data Analysis

Our study’s response variables are the discrete count variables of HIV infection and
mortality cases. We aim to explore the role of environmental and demographic factors in
these responses. To analyze these relationships, we employed statistical methods such as
correlation analysis and seasonal decomposition and explored key metrics like the CFR and
mortality rate. This paper primarily focuses on the statistical analysis of the available data,
with descriptive statistics used to provide insights into the overall structure of the dataset.
The limited availability of HIV-related data in Bangladesh restricted our ability to perform
more advanced analyses incorporating socioeconomic factors. For our study, we utilized
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Python v3.13 for data preprocessing, matplotlib and seaborn for visualizations, geopandas
for mapping, and the StatsModels library for conducting seasonal decomposition.

3. Socioeconomic and Health Trends in Bangladesh (2000-2024)

Over the years, Bangladesh’s socioeconomic and health trends have highlighted the
nation’s progress and ongoing challenges. These trends reflect the impact of economic
growth, urbanization, healthcare improvements, and targeted policy interventions [22-27].

3.1. HIV Infections and Deaths

The prevalence of HIV in Bangladesh has shown significant variability over the years,
with infection rates peaking sporadically. Despite a relatively low prevalence rate among
the population, the number of HIV cases has increased in specific periods, reflecting gaps in
prevention efforts. However, deaths from HIV have remained comparatively low, indicating
progress in medical interventions and awareness campaigns. Programs focusing on early
detection, treatment availability, and public health awareness may have contributed to
this outcome. Nevertheless, periodic infection surges suggest challenges in outreach and
maintaining consistent preventive measures [28].

3.2. Population Trends

Bangladesh’s population has grown steadily, with urbanization accelerating rapidly.
The urban population has expanded faster than the rural population, driven by migration to
cities for industrial jobs, better infrastructure, and improved living standards. However, this
rapid urbanization has created challenges, such as increased urban poverty and inequality.
By 2030, it is projected that the majority of poor households will reside in urban areas,
emphasizing the need for targeted urban poverty alleviation programs [29]. Moreover,
Rahman [30] highlighted significant spatial inequalities within Bangladesh, indicating the
need for development strategies that address these imbalances.

3.3. Economic Trends

Bangladesh has experienced robust GDP growth, reflecting its economic transfor-
mation and industrialization. GDP per capita has consistently increased, showcasing
improvements in national productivity and living standards. However, economic growth
has not fully translated into proportional reductions in poverty. Urban areas, particularly,
have witnessed slower progress in poverty reduction, with growing income disparities [31].
The economic divide within the country remains a critical issue, as highlighted by the
World Bank’s [32] analysis of the East-West development disparity. Addressing these
gaps requires inclusive policies to ensure equitable economic benefits across regions and
socioeconomic groups.

3.4. Human Development Index (HDI)

The steady improvement in Bangladesh’s HDI reflects advancements in healthcare,
education, and living standards. Initiatives to improve access to education, reduce mater-
nal and child mortality, and increase life expectancy have significantly contributed to this
upward trend. However, rural areas often lag behind urban centers regarding healthcare
access, infrastructure, and educational opportunities [31]. Rahman [30] also noted that re-
gional disparities in human development persist, underscoring the importance of equitable
policy interventions. Sustained improvements will require reducing these inequalities and
ensuring long-term regional growth.

Bangladesh’s health, population, and economic development trends reflect a dynamic
interplay between progress and challenges. While significant strides have been made in
combating HIV, urbanization, and economic growth, the country faces persistent gaps in
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equitable resource distribution, urban poverty alleviation, and public health outreach. A
holistic approach—integrating health, urban planning, and inclusive economic policies—is
essential for sustaining Bangladesh’s developmental momentum and addressing its social
challenges effectively.

4. Findings and Discussion

The geographic distribution of HIV in Bangladesh from 1989 to 2023, as depicted in the
map in Figure 1, highlights significant regional disparities. The axes in Figure 1 represent
geographic coordinates (longitude and latitude) of Bangladesh. The map is a geospatial
visualization based on administrative boundaries (ADM1 level) of the eight divisions.
It represents the spatial placement of regions on a map of Bangladesh. Dhaka Division
accounts for the highest proportion of cases, with 35.44% of the total infections. This is likely
due to Dhaka’s position as the nation’s capital and economic hub, characterized by high
population density, urbanization, and the presence of migrant workers. The concentration
of healthcare facilities and advanced diagnostic capabilities in Dhaka also contributes to
higher reporting rates compared to other regions. The Chittagong Division follows with
27.51% of cases, driven by its role as a major port city and economic zone, which attracts
high-risk populations, including migrant laborers and urban settlers. Sylhet Division, with
14.20% of reported cases, has a disproportionately high share relative to its population size.
This can largely be attributed to the significant number of migrant workers originating
from Sylhet, many of whom work in high-risk environments abroad and may transmit
the virus upon returning. Khulna (10.70%) and Barisal (3.65%) contribute smaller shares
to the national total, with Khulna reflecting the effects of urbanization, while Barisal’s
relatively low figures may indicate underreporting due to limited healthcare infrastructure
and connectivity. The northern divisions, Rajshahi, Rangpur, and Mymensingh, report
lower cumulative proportions of cases at 5.12%, 1.51%, and 1.85%, respectively. These
predominantly rural regions are characterized by less mobility and weaker healthcare
access. However, the low numbers might also reflect underdiagnosis due to stigma and
limited HIV testing services.

Table 1 below summarizes the current state of HIV infection in Bangladesh, providing
key indicators that highlight both progress and ongoing challenges in managing the epi-
demic. As of 2024, an estimated 16,069 people are living with HIV (PLHIV), with 1438 new
cases reported and 195 HIV-related deaths recorded in the same year. Despite these chal-
lenges, significant strides have been made in raising awareness and providing treatment.
Approximately 77% of PLHIV are aware of their HIV status, 78% of diagnosed individ-
uals are on antiretroviral therapy (ART), and 91% of those on treatment have achieved
viral suppression.

The dataset used in this study is shown in Table 2. It contains yearly records of HIV
infection and death counts, which serve as two key response variables for this analysis.
These variables provide insights into the trends and severity of the epidemic over time.
Additionally, the dataset includes population dynamics to evaluate whether densely popu-
lated areas are more susceptible to infection, potentially uncovering regional disparities in
HIV spread and management.

Socioeconomic indicator variables such as Gross Domestic Product (GDP) per capita,
Gross National Income (GNI) per capita, Human Development Index (HDI), and poverty
rate (PR) are also included. These variables allow for the exploration of the relationship
between economic development, living standards, and HIV outcomes. For instance, GDP
and GNI serve as proxies for economic prosperity, while HDI captures broader aspects
of development, including education and health. The poverty rate highlights disparities
in resource access that may exacerbate vulnerabilities to HIV infection. Together, these
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indicators provide a comprehensive view of the demographic, economic, and social factors
influencing the HIV epidemic in Bangladesh.
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Figure 1. Division-wise cumulative HIV infection rates in Bangladesh (1989-2023) [33].
Table 1. Current state of HIV in Bangladesh [13].
Indicator Value Remarks
Total people living with HIV (PLHIV) 16,069 Estimated number, including undiagnosed cases
New HIV cases in 2024 1438 Reported new infections in the most recent year
HIV-related deaths in 2024 195 Deaths attributed to HIV-related illnesses in 2024
Percentage of PLHIV aware of status 77% Proportion of PLHIV who know their HIV status
Percentage on ART 78% Proportion of diagnosed individuals receiving ART
Percentage achieving viral 919 Proportion of individuals on ART with viral
suppression ’ suppression

Statistical summary of the study data.
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Table 2. Dataset used for the study [32-34].

Year  Infected Death  Total PoP Upop Rpop GDP (USD) GNI(USD) HDI PR (%)
2000 31 1 129,200,000 26,226,927 102,973,073 620 430 0.485 48.9
2001 31 3 136,578,600 32,505,706 104,072,893 641 430 0.492 35
2002 60 16 138,612,896 33,960,159 104,652,737 655 430 0.499 49.8
2003 115 10 140,647,193 35,443,092 105,204,100 677 460 0.505 14.4
2004 102 14 142,681,489 36,954,505 105,726,983 702 500 0.511 48.9
2005 193 30 144,715,786 38,494,399 106,221,386 739 540 0.518 40
2006 216 35 146,213,025 40,033,126 106,179,898 779 570 0.524 41.5
2007 333 14 147,710,264 41,595,210 106,115,053 825 600 0.527 35
2008 288 42 149,207,503 43,180,651 106,026,851 866 660 0.53 35
2009 250 39 150,704,742 44,789,449 105,915,292 901 720 0.541 315
2010 343 37 152,201,981 46,421,604 105,780,376 943 800 0.553 315
2011 445 84 153,638,220 48,150,218 105,488,002 995 890 0.561 14.3
2012 338 65 155,074,460 49,902,961 105,171,498 1050 970 0.572 15
2013 370 82 156,510,699 51,679,833 104,830,866 1103 1030 0.574 24.3
2014 433 91 157,946,939 53,480,833 104,466,105 1159 1100 0.583 243
2015 469 95 159,383,179 55,305,963 104,077,215 1224 1210 0.602 243
2016 578 141 160,766,148 57,168,442 103,597,705 1299 1410 0.612 24.3
2017 865 125 162,149,117 59,054,708 103,094,408 1373 1650 0.622 24.3
2018 869 148 163,532,086 60,964,761 102,567,324 1462 2020 0.635 21.8
2019 919 170 164,915,055 62,898,601 102,016,453 1564 2210 0.644 20.5
2020 658 141 166,298,024 64,856,229 101,441,794 1604 2300 0.655 18.7
2021 729 205 167,841,460 66,800,901 101,040,559 1701 2570 0.661 1292
2022 947 232 169,384,897 68,770,268 100,614,628 1804 2820 0.67 18.7
2023 1276 266 171,466,990 70,815,866 100,651,123 2529 2860 0.67 6.1
2024 1438 195 174,701,211 69,999,802 104,701,409 2624 2784 0.67 18.7

Note: PoP: population, Upop: urban population, Rpop: rural population.

4.1. Descriptive Statistics

The descriptive statistics presented in Table 3 provide a detailed summary of key
variables related to HIV infection and associated socioeconomic indicators in Bangladesh
from 2000 to 2024. The average yearly number of HIV-infected individuals (mean) was
492, with a standard deviation of 383.80, reflecting notable variability in infection counts
across the years. HIV-related deaths averaged 91 annually, with a standard deviation of
77.88, indicating a similarly wide range of death counts. The highest recorded infections
and deaths in a single year were 1438 and 266, respectively, while the minimum recorded
counts were 31 and 1.

Population dynamics are also captured in the dataset, with an average total population
(PoP) of 154.48 million, comprising an urban population (Upop) mean of 50.38 million
and a rural population (Rpop) mean of 104.11 million. The standard deviations for Upop
and Rpop, 12.99 million and 1.83 million, respectively, highlight the steady growth in
urbanization over the study period. The largest Upop recorded was 70.82 million, reflecting
the increasing urbanization trend in Bangladesh.
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Table 3. Descriptive statistics of HIV-related variables and socioeconomic indicators in Bangladesh

(2000-2024).

Statistics Mean SD 1\:[5e (;iojsn Perzcsetnhtile Pe1:7csetnhti1e Min Max
Infected 492 383.80 370.00 216.00 729.00 31.00 1438.00
Death 91 77.88 82.00 30.00 141.00 1.00 266.00
PoP 154,483,278 11,844,164 155,074,460 146,213,025 163,532,086 129,200,000 174,701,211
Upop 50,378,168 12,991,832 49,902,961 40,033,126 60,964,761 26,226,927 70,815,866
Rpop 104,105,109 1,833,572 104,652,737 102,973,073 105,726,983 100,614,628 106,221,386
GDP/Capita 1193.56 545.97 1050.00 779.00 1462.00 620.00 2624.00
GNI/Capita 1278.56 857.31 970.00 570.00 2020.00 430.00 2860.00
HDI 0.58 0.06 0.57 0.52 0.64 0.48 0.67
PR 27.19 12.08 24.30 18.70 35.00 6.10 49.80

Economic indicators such as GDP per capita and GNI per capita averaged USD 1193.56
and USD 1278.56, respectively, with significant variability as indicated by their standard
deviations. The minimum GDP per capita was USD 620, while the maximum reached
USD 2624. The HDI averaged 0.58, with the highest value of 0.67, showcasing progress in
development metrics over the years. Poverty rate averaged 27.19%, with a minimum of
6.10% and a maximum of 49.80%, underscoring the socioeconomic disparities prevalent
during this period.

4.2. Trends and Severity of HIV Outbreaks

Figure 2 consists of two panels illustrating trends in HIV infections, deaths, and the
case fatality rate (CFR) in Bangladesh from 2000 to 2024. The left panel shows the annual
counts of HIV-infected individuals and HIV-related deaths. The number of infections
demonstrates a consistent upward trend, with a significant surge in recent years, reaching
its peak in 2024. In contrast, deaths remained relatively stable over time, showing only
moderate fluctuations. This supports the fact that people can survive for a longer period of
time, even being HIV-positive, provided they have a strong immune system and/or are
under prescribed medications.

The right panel highlights CFR, calculated as the ratio of HIV-related deaths to new
infections annually. The CFR demonstrates considerable variability over the years, with
noticeable spikes and declines. While the CFR shows a general decline in recent years,
reflecting improvements in treatment accessibility and survival rates, the earlier variability
points to challenges in managing the epidemic during its initial phases. The CFR for HIV is
distinct from mortality rates, as it does not account for the time period between disease
onset and death. The CFR, calculated based on the available data, reveals that HIV deaths
constituted 0.08% of total deaths in Bangladesh. Additionally, the age-adjusted death rate
is 0.36 per 100,000 people, placing Bangladesh 130th globally in HIV-related mortality [35].
Globally, the CFR for HIV was reported to be approximately 90% in 2008, though more
recent estimates around the year 2021 suggest it may be as high as 80% [36], highlighting
the persistent severity of the epidemic.
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Figure 2. Trends in infections, deaths, and CFR of HIV in Bangladesh (2000-2024).

Figure 3 illustrates four key socioeconomic indicators of Bangladesh from 2000 to
2024: GDP per capita, GNI per capita, poverty rate, and HDI. These metrics highlight the
country’s economic progress, developmental achievements, and ongoing challenges during
this period. The top-left and top-right panels show the trends in GDP and GNI per capita.
Over the 24-year period, both metrics exhibit consistent growth, reflecting substantial
economic progress. GDP per capita starts at approximately USD 620 in 2000 and rises to
over USD 2500 by 2024, showing a more than fourfold increase. Similarly, GNI per capita
follows a similar trajectory, starting below USD 500 in 2000 and peaking at nearly USD 2860
around 2021 before slightly stabilizing in subsequent years. This rapid economic growth
underscores Bangladesh’s transition from a low-income to a middle-income country, driven
by export-oriented industries, remittances, and improved macroeconomic management.

The bottom-left panel depicts the poverty rate, which demonstrates a significant de-
cline over the study period. The poverty rate was around 50% in 2000, reflecting widespread
economic challenges, but it has steadily decreased, dropping below 10% in recent years.
This remarkable reduction in poverty aligns with the improvements in GDP and GNI
per capita, suggesting that economic growth has translated into better living conditions
for a significant portion of the population. However, the graph also reveals intermittent
fluctuations, indicating that certain socioeconomic vulnerabilities persist, particularly dur-
ing global economic downturns or natural disasters. The bottom-right panel illustrates
the trend in HDI, which measures overall development through education, health, and
income dimensions. The HDI shows a steady upward trend, increasing from approximately
0.48 in 2000 to 0.67 in 2024. However, the HDI value remains below the global average
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(0.727 approx.), indicating that there is still room for improvement in achieving higher
levels of human development.

Socioeconomic Trends in Bangladesh (2000-2024)
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Figure 3. Key socioeconomic indicators of Bangladesh (2000-2024).

The decline in poverty rates, as shown in the bottom-left panel, directly impacts the
dynamics of HIV. Poverty is often associated with limited access to healthcare, education,
and resources, which increases vulnerability to HIV infection. The reduction in poverty
suggests that more individuals may now have better access to healthcare services, including
HIV testing and ART. However, marginalized groups, such as female sex workers, men who
have sex with men (MSM), and intravenous drug users (IDUs), may still face socioeconomic
barriers despite the overall progress.

The upward trend in HDI signifies improvements in education and healthcare, which
are critical for HIV awareness and prevention. Higher literacy rates and better health
outcomes empower individuals to make informed decisions about HIV prevention and
treatment. However, regional and urban-rural disparities in HDI remain a concern, as rural
areas often lack the healthcare infrastructure and awareness programs necessary to address
HIV effectively.

While the socioeconomic progress is promising, the persistent challenges of stigma,
gender inequality, and the concentration of HIV infections in high-risk groups must be
addressed to translate these gains into meaningful reductions in HIV prevalence. Policies
should leverage economic growth and poverty reduction to expand HIV services, improve
ART coverage, and increase public awareness campaigns. These efforts, combined with
targeted investments in healthcare and education, can further reduce the burden of HIV in
Bangladesh and ensure sustainable progress.
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4.3. Correlation Analysis

The correlation heatmap provides valuable insights into the relationships between HIV-
related variables and socioeconomic indicators in Bangladesh from 2000 to 2024 (Figure 4).
While socioeconomic improvements, such as increased GDP/capita, GNI/capita, and HDI,
are generally expected to reduce the overall burden of HIV, the data indicate a steadily
increasing trend in reported infections. This rise in infection cases may be attributed more to
enhanced diagnostic capabilities and increased social awareness than to an actual increase
in HIV prevalence [10]. Improved identification and reporting of HIV cases, combined with
reduced stigma and expanded access to testing facilities, likely contribute to this upward
trend in diagnoses [19].

Correlation Heatmap of Normalized Data
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Figure 4. Correlation heat map of the different variables and indicators.

The correlation heatmap highlights several strong positive correlations. For instance,
infection rates are highly correlated with GDP/capita (0.97), GNI/capita (0.94), and HDI
(0.93), suggesting that economically advanced regions and individuals with better access to
healthcare are more likely to be diagnosed, reflecting improved healthcare infrastructure
and diagnostic capabilities in wealthier areas [11]. Similarly, the urban population shows
a strong positive correlation with infection rates (0.92), underlining the concentration of
diagnoses in urban areas where healthcare facilities are better developed.

In contrast, the rural population exhibits moderate to strong negative correlations with
infection rates (—0.62), GDP per capita (—0.65), and HDI (—0.73). These findings highlight
disparities in healthcare access and awareness between urban and rural areas, suggesting
that HIV cases in rural populations might be underreported or undiagnosed [17]. Addi-
tionally, the poverty rate shows negative correlations with infection rates (—0.68) and HDI
(—0.75), indicating that poverty alleviation is generally associated with improved health
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outcomes. However, this may also reflect limited diagnostic capacity and healthcare access
in impoverished regions, potentially masking the true prevalence of HIV in these areas.

The steady increase in reported HIV cases, despite socioeconomic improvements,
underscores the role of underreporting and underdiagnosis in earlier years. With enhanced
diagnostic capacities and awareness, more cases are being identified, contributing to the
upward trend in infection numbers [10]. This trend is supported by the increasing urban
population and decreasing rural population, as urbanization provides better healthcare
access and infrastructure for diagnosis. Cultural factors may also play a role, as observed in
marital status trends, where HIV infections are steadily increasing among single individuals,
potentially due to changing social norms and behaviors [16].

4.4. Pair Plot

The pair plot in Figure 5 provides a detailed visualization of the relationships between
HIV prevalence and various socioeconomic indicators in Bangladesh. Each subplot illus-
trates either a scatterplot, showing pairwise relationships between variables, or a univariate
distribution, highlighting the individual distribution of each variable. These visualizations
reveal significant insights into how HIV-related outcomes interact with broader social and
economic factors.
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Figure 5. Pair plot of normalized data.

The scatterplots demonstrate positive correlations between HIV infections and indica-
tors such as GDP per capita and HDI. This pattern suggests that economically advanced
regions or periods with higher development indices report more cases of HIV. However,
this relationship likely reflects improved diagnostic capabilities and reporting mechanisms
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in these areas rather than a direct causation. Similar observations have been made globally,
where urbanized and developed regions often exhibit higher reported HIV cases due to
better access to healthcare and awareness campaigns [37]. Urbanization, another variable
depicted in the pair plot, shows a strong correlation with HIV prevalence. Urban areas,
characterized by dense populations and increased risky behaviors, often have better access
to healthcare services, leading to higher testing rates and improved reporting accuracy [17].

The univariate distributions along the diagonal provide additional context. The distri-
butions for HIV infections and deaths are right-skewed, indicating that while most regions
or time periods report relatively low numbers, a few instances exhibit disproportionately
high counts. This pattern aligns with localized outbreaks or the introduction of enhanced
diagnostic techniques during specific years. Conversely, the more normally distributed vari-
ables, such as GDP per capita and HDI, reflect Bangladesh’s diverse economic landscape
and its varying influence on health outcomes [10].

These relationships have significant implications for public health. The data under-
scores the need for equitable resource allocation, as economically disadvantaged and rural
areas with limited diagnostic capabilities may have underreported cases of HIV. Strategies
to address urban—rural disparities, such as mobile health clinics and targeted awareness pro-
grams, are crucial for an inclusive healthcare approach [38]. Additionally, understanding
the socioeconomic factors influencing HIV prevalence can aid in designing tailored inter-
ventions. For instance, regions with lower HDI may benefit from programs that integrate
economic development with health education, tackling the root causes of vulnerability to
HIV [39].

From a theoretical standpoint, the socioeconomic determinants included in our
analysis—such as GDP per capita, HDI, urban population ratio, and poverty rate—are
known to influence health outcomes through several mechanisms, as outlined by the
WHO Social Determinants of Health framework. Improved GDP and HDI generally re-
flect increased access to healthcare services, better education, and awareness, all of which
are critical for early HIV diagnosis. Therefore, the observed strong positive correlations
between HIV case reporting and variables like GDP per capita and urbanization do not
necessarily indicate a higher disease burden, but rather an enhanced diagnostic capabil-
ity in more developed and urbanized regions. Conversely, the negative correlation with
poverty and rural population may reflect healthcare access limitations and underreporting
in these areas.

We acknowledge that correlation-based analyses, such as those presented in the
heatmap and pair plots, do not establish causality. These results are interpreted as associa-
tions that highlight important patterns but do not imply direct cause-and-effect relation-
ships. Importantly, the associations revealed through the correlation and scatter plots can
serve as the basis for a conceptual model linking socioeconomic progress to HIV-related
health outcomes. We now suggest that future studies could build on our findings by
developing and testing such theoretical models using more advanced statistical tools suited
for causal analysis. This may include integrating time-lag effects, mediating variables (e.g.,
stigma reduction, testing coverage), and spatial-temporal variations.

4.5. HIV Indicators for Testing

The data in Table 4 provides critical insights into HIV testing trends in Bangladesh
from 2018 to 2023, reflecting progress in targeted interventions and persistent gaps that
require attention. Testing among key populations (KPs), which include groups at high
risk such as sex workers, injecting drug users, and men who have sex with men, increased
significantly over the years, from 33,883 in 2018 to 82,825 in 2023. This upward trend
underscores the impact of enhanced outreach efforts and awareness campaigns targeting
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vulnerable populations. These interventions align with global best practices for addressing
HIV epidemics in concentrated populations, where early detection and treatment linkage
are vital to controlling transmission [17].

Table 4. HIV indicators for testing [33].

Year KPs TB-HIV Other Comorbidity SBTP PMTCT
2023 82,825 77,897 0 81,615
2022 78,460 57,689 0 74,491
2021 65,698 18,043 0 113,219
2020 60,428 16,087 0 81,299
2019 44,759 35,551 0 69,941
2018 33,883 24,609 0 45,622

Note: KPs: key populations, PMTCT: Prevention of Mother-To-Child Transmission, SBTP: safe blood transfusion
practices.

Testing for TB-HIV comorbidities showed a dramatic increase from 16,087 in 2020 to
77,897 in 2023. This rise reflects improved integration of HIV screening into tuberculosis
programs, an essential strategy in high-burden settings where co-infections are common.
The surge aligns with recommendations from global health organizations advocating for
the simultaneous management of TB and HIV to optimize early detection and patient
outcomes. The integration of services not only improves diagnostic capabilities but also
reduces barriers to accessing care for individuals who may otherwise go undiagnosed.

Efforts in the Prevention of Mother-To-Child Transmission (PMTCT) of HIV have also
been critical, with the number of tests peaking at 113,219 in 2021. This peak likely corre-
sponds to heightened global initiatives emphasizing the elimination of vertical transmission.
However, the decrease to 81,615 in 2023 indicates potential challenges in maintaining con-
sistent programmatic reach. These fluctuations emphasize the importance of sustained
investment in antenatal HIV screening and ensuring the availability of antiretroviral therapy
for pregnant women, as these are key components of successful PMTCT interventions [39].

Interestingly, there are no recorded figures for safe blood transfusion practices (SBTP)
across the years. While this might indicate a strong pre-screening mechanism that mini-
mizes the need for separate reporting, it raises questions about the completeness of data
collection in this area. Blood transfusion safety remains a cornerstone of HIV prevention,
and further investigation into the status of these practices in Bangladesh could provide
valuable insights.

The data highlights significant achievements, particularly in scaling up testing among
high-risk populations and integrating HIV-TB care. However, the observed variations
in PMTCT testing and the absence of SBTP data suggest areas where improvements are
needed. Strengthening program integration, ensuring sustained resources, and expanding
access to underserved populations will be crucial in addressing these gaps and maintaining
progress in HIV prevention and care.

4.6. HIV Impact and Gender

The data in Table 5 illustrates the gendered impact of HIV in Bangladesh from 2016
to 2023, revealing disparities that underscore the need for targeted interventions tailored
to different demographic groups. Across the years, males consistently account for the
majority of HIV cases, with proportions ranging from 65% in 2016 to 76% in 2021 and
2020. This trend highlights the ongoing vulnerabilities among men, particularly those in
high-risk groups such as injecting drug users, migrant workers, and men who have sex



Sexes 2025, 6, 34

16 of 28

with men [40]. The high proportion of male cases may reflect both behavioral risk factors
and greater access to testing services in comparison to other genders.

Table 5. HIV impact on gender [33].

Year Male (%) Female (%) Transgender (%)
2023 75 24 1

2022 70.5 28.6 0.8

2021 76 22 2

2020 76 21 3

2019 74 25 1

2018 71 28 1

2017 74 25 1

2016 65 33 2

The percentage of females affected by HIV has fluctuated, peaking at 33% in 2016
before declining to 24% in 2023. While this decrease could indicate progress in addressing
some of the factors contributing to HIV risk among women, such as mother-to-child
transmission and sexual violence, it also raises questions about potential underdiagnosis
or barriers to accessing healthcare services for women. Gender norms and stigma may
further deter women from seeking HIV testing or treatment, necessitating more inclusive
and empowering healthcare strategies to ensure equitable access [39].

Transgender individuals, while consistently representing a small proportion of cases,
face unique vulnerabilities and systemic barriers that exacerbate their risk of HIV. The
proportion of transgender individuals among HIV cases fluctuates slightly, with a peak
of 3% in 2020 before declining to 1% in 2023. These figures likely underrepresent the true
burden of HIV in transgender populations due to stigma, discrimination, and underre-
porting. Targeted interventions, including community-based outreach programs, inclusive
healthcare services, and anti-discrimination policies, are essential to address the unique
challenges faced by this group [38].

4.7. Trend in Marital Status and HIV Susceptibility in Bangladesh

Table 6 highlights the trends in marital status among individuals living with HIV in
Bangladesh from 2016 to 2023, showing a notable increase in the proportion of infections
among single individuals. In 2016, single individuals accounted for only 17.99% of reported
HIV cases, but by 2023, this percentage had risen to 31.50%, reflecting a steady upward
trend. On the other hand, the proportion of married individuals diagnosed with HIV has
relatively decreased in the years 2021 to 2023 compared to 2020 and before. Divorced and
widowed individuals have consistently accounted for smaller shares of HIV cases, though
their percentages have fluctuated slightly over the years.

The steady increase in HIV cases among single individuals can be attributed to multiple
factors. First, changing societal norms and attitudes toward sexual activity may play a
significant role. With urbanization and globalization, younger populations, particularly
those who are single, may be engaging in higher-risk behaviors, such as unprotected sex
or multiple sexual partnerships, which increases their susceptibility to HIV infection [17].
These behavioral changes may stem from evolving social dynamics where premarital
sexual activity is becoming more common, albeit often in a context lacking adequate sexual
education or access to preventive measures.
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Table 6. HIV susceptibility based on marital status [33].
Year Single (%)  Married (%)  Divorce/Separate (%)  Widowed (%)
2023 31.50 60.19 1.33 431
2022 29.04 63.46 222 3.70
2021 29.21 60.44 2.59 3.70
2020 23.16 70.06 2.64 2.64
2019 17.99 69.03 2.14 5.36
2018 19.97 70.63 3.67 3.67
2017 22.42 64.97 5.43 5.08
2016 17.99 69.03 6.74 3.29

The growing vulnerability of single individuals to HIV has critical implications for
public health policy in Bangladesh. This demographic may not perceive themselves to be at
high risk of infection, leading to lower engagement with prevention programs. Awareness
campaigns should, therefore, target single populations with messaging tailored to their
specific vulnerabilities and behaviors. Comprehensive sexual education programs, particu-
larly for youth and unmarried individuals, are essential to reducing risky behaviors and
encouraging safe practices such as condom use [38,40-42].

Additionally, the decreasing proportion of HIV cases among married individuals
suggests that prevention strategies targeting this group, such as programs promoting
antenatal HIV screening and PMTCT, have been relatively effective. However, divorced
and widowed individuals remain underrepresented in current data and prevention efforts.
These groups may also face significant stigma and barriers to accessing healthcare, requiring
targeted interventions to address their unique vulnerabilities [16].

4.8. Age Distribution Trends of HIV in Bangladesh (2016-2023)

Table 7 illustrates the age distribution of individuals living with HIV in Bangladesh
from 2016 to 2023, revealing critical patterns across different age groups. The youngest
age groups, particularly children aged 0-5 years, exhibit a relatively small percentage of
total cases, ranging from 1.00% to 3.20% over the years. These cases are most likely a result
of vertical transmission (mother-to-child), indicating gaps in PMTCT programs despite
some progress in antenatal HIV screening and interventions [43]. Irregular fluctuations
in diagnosis among children could reflect underreporting, limited testing, or varying
effectiveness of targeted interventions.

Table 7. Age distribution trends of HIV in Bangladesh (2016-2023) [33].

Oto5 6to9 10 to 18 19 to 24 25to 49

Year Years Years Years Years Years 50+ Years
2023 2.35 1.49 3.37 16.54 65.05 11.21
2022 3.06 0.84 2.01 16.47 66.74 10.88
2021 1.00 1.00 3.00 16.00 67.00 13.00
2020 1.88 0.75 2.07 8.85 74.20 12.24
2019 3.20 1.23 2.09 8.98 74.42 10.09
2018 2.35 0.73 2.35 7.34 77.39 9.84
2017 1.85 0.92 2.54 7.98 76.65 10.06

2016 225 1.90 3.11 6.75 74.57 11.42
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A concerning trend is observed in the 19-24 year age group, which shows a steady
increase in the proportion of HIV cases, rising from 6.75% in 2016 to 16.54% in 2023. This
age group is typically the target of social awareness programs and education campaigns
aimed at promoting safe sexual practices and reducing risky behaviors. The consistent rise
in infections within this demographic suggests that these programs may not be achieving
their intended impact, particularly in effectively reaching young adults. Factors such as
inconsistent messaging, stigma, and lack of access to preventive resources may hinder their
effectiveness [17].

The majority of HIV cases are concentrated in the 25-49 year age group, which con-
sistently accounts for the highest proportion of infections, ranging from 65.05% to 77.39%
over the years. This age group represents the economically active population, many of
whom are migrant workers, sex workers, or individuals engaging in high-risk behaviors.
The prevalence in this group underscores the need for sustained interventions, includ-
ing targeted testing, access to ART, and community-based education programs to reduce
transmission [40].

The 50+ year age group has shown a slight but steady increase in cases, rising from
9.84% in 2018 to 13.00% in 2021, before stabilizing around 11% in 2023. This trend high-
lights the necessity of addressing misconceptions that HIV predominantly affects younger
populations. Older adults may face unique barriers to diagnosis and treatment, such as
stigma and lack of targeted healthcare services, requiring tailored interventions to ensure
comprehensive HIV care for all age groups [16].

The data indicates that while PMTCT programs are helping reduce vertical transmis-
sion among younger children, further efforts are needed to ensure complete elimination of
this preventable mode of HIV transmission. Expanding access to antenatal HIV screening
and ART for pregnant women can significantly mitigate infections in the 0-5 year age
group [44,45].

For the 19-24 year age group, the steady increase in HIV cases highlights the need
to strengthen social awareness campaigns and education initiatives. Campaigns should
be modernized and tailored to effectively reach younger populations through platforms
they engage with, such as social media. Additionally, comprehensive sexual education in
schools and universities should be prioritized to address misconceptions about HIV and
promote safe practices [41].

The high prevalence in the 2549 year age group necessitates targeted interventions
for high-risk populations, particularly migrant workers and individuals engaging in un-
protected sex. Mobile clinics, workplace awareness programs, and expanded access to
HIV testing in urban and peri-urban areas could help reduce the burden in this demo-
graphic [46,47].

For the 50+ year age group, greater emphasis should be placed on reducing stigma
and ensuring access to diagnosis and treatment. Awareness campaigns should also address
misconceptions that older adults are not at risk for HIV, fostering a culture of inclusivity in
prevention and care [48-50].

The age distribution trends of HIV in Bangladesh reveal both successes and challenges
in addressing the epidemic across different demographics. While progress is evident in
reducing mother-to-child transmission, the increasing susceptibility of younger adults to
HIV and the consistent prevalence in the 2549 year age group demand renewed focus on
targeted interventions. A multi-pronged approach that includes strengthened prevention
programs, expanded testing facilities, and tailored community outreach efforts is critical to
reducing the burden of HIV across all age groups [10,38,51].
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4.9. Gender Based ART Coverage (Antiretroviral Therapy)

The data in Table 8 highlights the gender-based antiretroviral therapy (ART) coverage
trends in Bangladesh from 2018 to 2023, reflecting both progress and persistent gaps in
addressing the HIV epidemic across different gender groups. ART coverage among males
has shown a steady increase, rising from 47.99% in 2018 to 66.61% in 2023. This trend
suggests improvements in the availability and accessibility of treatment services for men,
who constitute the majority of reported HIV cases in Bangladesh [40]. However, the
consistent disparity between male and female coverage raises concerns about gender equity
in HIV treatment access.

Table 8. Gender-based ART coverage [33].

ART Coverage (%)
Year Male Female Transgender
2023 66.61 21.79 0.71
2022 61.35 25.03 0.84
2021 57.61 28.81 1.65
2020 57.90 28.27 1.98
2019 59.85 24.81 0.87
2018 47.99 27.96 0.58

Females, accounting for a smaller proportion of HIV cases, exhibit fluctuating ART
coverage, with a peak of 28.81% in 2021, followed by a decline to 21.79% in 2023. The
observed variations may reflect systemic barriers, including stigma, limited healthcare
access, and gender norms that deter women from seeking treatment [39]. The data for
transgender individuals, while consistently low, shows some improvement, increasing from
0.58% in 2018 to 1.98% in 2020 before declining to 0.71% in 2023. The low ART coverage
among transgender individuals highlights their unique vulnerabilities, often exacerbated by
social exclusion, discrimination, and inadequate representation in healthcare programs [38].

4.10. Prevention of Mother-to-Child Transmission (PMTCT) Performance

The data in Table 9 provides an overview of the performance of Prevention of Mother-
to-Child Transmission (PMTCT) programs in Bangladesh from 2018 to 2023. These pro-
grams aim to eliminate vertical transmission of HIV by ensuring early detection and
treatment for HIV-positive pregnant women and monitoring the health outcomes of
their newborns.

Table 9. PMTCT performance [33].

New HIV- HIV-Positive

HIV  Positive  Pregnant Total HIV- HIV-
Year . Live . op
Testing Pregnant Women on Birth Negative  Positive
Women ART
2023 81,615 21 35 30 29 1
2022 74,491 22 22 25 24 1
2021 109,087 21 72 53 43 0
2020 81,299 20 35 39 38 0
2019 69,941 25 51 47 50 2
2018 66,701 147 138 120 107 2
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The total number of pregnant women tested for HIV has shown fluctuations over the
years, with the highest number of tests conducted in 2021 (109,087) and lower figures in
2019 (69,941) and 2018 (66,701). This variability may reflect shifts in resource allocation,
outreach efforts, and healthcare system priorities. However, the consistent inclusion of HIV
testing in antenatal care underscores progress in integrating PMTCT strategies into routine
maternal health services [39]. The number of new HIV-positive pregnant women identified
annually has decreased significantly, from 147 in 2018 to 21 in 2023. This decline could
be attributed to targeted interventions, such as enhanced antenatal screening and public
health campaigns, aimed at high-risk groups. The data also reveals that the proportion
of HIV-positive pregnant women receiving ART has improved over time. For instance,
in 2023, 35 out of 21 newly identified HIV-positive pregnant women were on ART. This
coverage rate suggests strengthened efforts to ensure timely treatment, which is critical
to reducing the risk of mother-to-child transmission. The health outcomes for live births
among HIV-positive mothers indicate promising progress. Most newborns tested were
HIV-negative, with no reported positive cases in 2020 and 2021. These results demonstrate
the effectiveness of ART in preventing vertical transmission. However, the occasional
HIV-positive cases, such as in 2019 (two cases) and 2018 (two cases), highlight the need
for sustained vigilance and continuous improvement in PMTCT program coverage and
quality [40]. The trends in PMTCT performance suggest that while significant progress has
been made, consistent testing, treatment coverage, and resource allocation remain critical
to achieving the goal of zero mother-to-child transmission of HIV. Addressing gaps in rural
and underserved regions, where healthcare access may be limited, will further strengthen
the national PMTCT strategy.

4.11. Population Category Among Newly Diagnosis People Living with HIV (PLHIV)

The data in Table 10 highlights the distribution of newly diagnosed people living with
HIV (PLHIV) across various population categories in Bangladesh from 2019 to 2023. This
breakdown reveals important trends in how the epidemic is concentrated among high-risk
and general populations, shedding light on the effectiveness of targeted interventions and
the shifting dynamics of the HIV burden.

Table 10. Population category among newly diagnosed people living with HIV (PLHIV) [33].

Year PWID (%) FSW (%) MSM (%) MSW (%) TG (%) Migrant(%) GPoP (%) FDMN (%)
2023 13.1 0.4 18.2 9.5 1.3 17.6 27.7 124
2022 11.0 1.0 14.0 9.0 1.0 18.0 35.0 13.0
2021 8.0 2.0 9.0 7.0 2.0 20.0 26.0 26.0
2020 20.0 1.0 5.0 5.0 2.0 15.0 33.0 19.0
2019 24.0 2.0 3.0 3.0 1.0 19.0 37.0 11.0

Note: PWID: people who inject drugs, FSW: female sex workers, MSM: men who have sex with men, MSW: male
sex workers, TG: transgender individuals, FDMN: Forcibly Displaced Myanmar Nationals (Rohingya refugees in
Bangladesh), GPoP: general population.

The proportion of newly diagnosed cases among people who inject drugs (PWID)
fluctuates significantly, peaking at 24% in 2019 before declining to 13.1% in 2023. This
decline suggests some success in harm reduction initiatives, such as needle exchange
programs and education campaigns, aimed at reducing transmission within this high-
risk group [37]. However, the persistently high proportions indicate that more efforts
are needed to sustain progress, particularly in providing access to HIV testing and ART
for PWID.
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Men who have sex with men (MSM) consistently account for a significant proportion
of newly diagnosed cases, rising from 5% in 2020 to 18.2% in 2023. This upward trend
underscores the need for targeted outreach programs and de-stigmatized healthcare access
for MSM, as stigma and discrimination often prevent individuals in this group from seeking
timely diagnosis and treatment [40]. Similarly, the proportion of male sex workers (MSW)
has increased slightly, highlighting the ongoing vulnerability of this subgroup, which may
face compounded risks due to social and economic barriers.

The proportion of transgender (TG) individuals diagnosed with HIV remains low but
relatively stable, ranging between 1% and 2% over the years. Despite their smaller represen-
tation, TG individuals often face systemic barriers to healthcare access and social support,
making targeted and inclusive interventions essential to reducing their vulnerability [39].

Migrant workers consistently represent a significant portion of new diagnoses, with
their share ranging from 15% in 2020 to 17.6% in 2023. Migration-related vulnerabilities,
such as lack of access to healthcare, social disconnection, and exploitation, contribute to
this high representation. This underscores the need for pre-departure and post-arrival HIV
prevention and testing programs tailored to this population [10].

The general population (GPoP) accounts for the largest proportion of new diagnoses,
peaking at 37% in 2019 before decreasing to 27.7% in 2023. While this indicates a broader
spread of HIV outside traditionally high-risk groups, it also emphasizes the importance
of continued public awareness campaigns and expanded access to testing and treatment
services for the general population.

The data also captures the significant representation of Forcibly Displaced Myanmar
Nationals (FDMN), or Rohingya refugees, who account for 12.4% of new diagnoses in 2023,
down from a peak of 26% in 2021. The high initial burden among FDMN likely reflects
vulnerabilities related to displacement, lack of healthcare access, and poor living conditions
in refugee camps. Targeted humanitarian responses and the integration of HIV services into
refugee healthcare systems remain critical for managing this group’s vulnerabilities [52].

4.12. Bangladesh and the 95-95-95 HIV Targets

The 90-90-90 targets, set by UNAIDS in 2014, aimed to ensure that by 2020, 90% of all
people living with HIV (PLHIV) would know their status, 90% of those diagnosed would
receive antiretroviral therapy (ART), and 90% of those on treatment would achieve viral
suppression. While globally these targets have accelerated the response to HIV, Bangladesh
has faced unique challenges in meeting them due to its low prevalence of HIV and the
disproportionate impact on high-risk groups such as injecting drug users, sex workers, and
migrant workers [53-55].

In recent years, Bangladesh has transitioned to adopting the 95-95-95 targets for
2030, which aim to further enhance progress by increasing each threshold to 95% [56].
According to the National AIDS/STD Program [11], significant strides have been made,
particularly in diagnosing PLHIV and expanding ART coverage. By 2024, Bangladesh
reported that approximately 77% of PLHIV were aware of their status, 78% of those
diagnosed were receiving ART, and 91% of individuals on treatment had achieved viral
suppression [13]. These figures indicate notable progress but also highlight gaps in early
diagnosis and linkage to care. Factors such as stigma, limited healthcare infrastructure, and
underreporting in rural areas remain barriers to achieving the targets fully. The following
table shows the stats regarding 95-95-95 HIV targets.

The proportion of PLHIV aware of their status has increased steadily from 50% in
2018 to 73% in 2023, as presented in Table 11. This improvement reflects enhanced public
awareness campaigns, expanded access to HIV testing, and reductions in stigma associated
with diagnosis. However, the figure remains far below the 95% target, indicating that many



Sexes 2025, 6, 34

22 of 28

individuals, particularly in marginalized or hard-to-reach populations, are still unaware of
their status. To address this gap, targeted outreach and community-based interventions
are crucial. Similarly, the percentage of diagnosed individuals receiving ART improved
from 60% in 2018 to 75% in 2023, as presented in Table 11. Despite this progress, the
rate of improvement has slowed in recent years, with only marginal increases since 2020.
Structural barriers such as limited healthcare access, stigma, and logistical challenges in
ensuring consistent ART availability contribute to this plateau. Addressing these barriers
is critical to scaling up ART coverage and ensuring uninterrupted treatment for those
diagnosed. The most consistent success has been observed in the proportion of individuals
achieving viral suppression once on ART. This metric increased from 85% in 2019 to 93% in
2021, stabilizing at 90% in subsequent years.

Table 11. 95-95-95 HIV targets [33].

Year Aware of Their On HIV Treatment Virally Suppressed
HIV Status (%) (%) (%)

2024 77 78 91

2023 73 75 90

2022 67 77 90

2021 63 77 93

2020 57 76 88

2019 52 65 85

2018 50 60 0

To achieve the ambitious 95-95-95 targets, Bangladesh must focus on expanding HIV
testing, improving ART coverage, and strengthening targeted outreach to marginalized
populations while reducing stigma. Sustained investments in public awareness campaigns
and healthcare infrastructure, particularly in rural and underserved areas, are essential.
Community-driven programs, stronger healthcare systems, and adequate funding will be
critical to addressing structural barriers and ensuring equitable access to HIV prevention
and treatment services. By enhancing efforts to reach high-risk populations and ensuring
consistent support for those in care, Bangladesh can make significant progress toward
ending the HIV epidemic and achieving the 95-95-95 targets by 2030.

5. Awareness and Mitigation Strategy

HIV prevention and mitigation efforts in Bangladesh have evolved significantly over
the past two decades. While the country has maintained one of the lowest HIV prevalence
rates globally, the epidemic remains concentrated among high-risk and marginalized popu-
lations. Taking on these challenges head-on requires a multifaceted approach that combines
public awareness, targeted interventions, and strengthened healthcare systems [56]. The
success of any strategy hinges on its ability to address both the structural and individual
barriers that perpetuate vulnerabilities.

Throughout this period, targeted interventions played a critical role in containing the
epidemic. These included needle exchange programs for IDUs, condom promotion cam-
paigns for sex workers, and ART to prevent mother-to-child transmission [57,58]. Efforts to
raise awareness among marginalized populations have also improved, particularly follow-
ing studies emphasizing the importance of education and positive attitudes toward HIV
prevention among women [12]. Despite these successes, ongoing vulnerabilities remain,
particularly for underserved groups like female street child laborers who face compounded
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socioeconomic and healthcare barriers, making them more susceptible to risks such as HIV
infection [59].

Moreover, gender disparities in knowledge and empowerment underscore the impor-
tance of enhancing women'’s agency in combating HIV [60]. Dealing with these challenges
requires a comprehensive, evidence-based approach to strengthen public health responses
and reduce the burden of HIV in Bangladesh [10].

Research highlights significant gaps in HIV knowledge across different population
groups. For instance, a study among primary school teachers in Bangladesh revealed
that while awareness about HIV was relatively high, misconceptions about transmission
persisted, demonstrating the need for comprehensive training programs to address these
gaps [61]. Similarly, adolescents represent a critical demographic for awareness campaigns,
as they often have incomplete or incorrect knowledge about HIV. A cross-sectional study
found that while many adolescents had heard of HIV, their understanding of transmis-
sion and prevention was limited, underscoring the need for age-appropriate education
programs [62].

Secondary school students are another key target group for educational interventions.
Training teachers to deliver HIV education has proven effective in improving knowledge
among students. Sarma et al. [63] demonstrated that teacher training programs significantly
enhanced students’ understanding of HIV, suggesting that well-trained educators can
act as catalysts for spreading accurate information. Similarly, a study by Sarma and
Oliveras [64] emphasized that integrating HIV education into school curricula not only
increases awareness but also reduces stigma and misconceptions among students.

The role of higher education institutions in promoting awareness is also crucial. A
study among tertiary students found that while many had a basic understanding of HIV,
deeper knowledge about preventive practices and the social implications of HIV was
lacking [65]. Incorporating comprehensive HIV modules into university curricula can help
bridge this gap and prepare young adults to make informed decisions.

Community-based interventions and gender-sensitive programs are vital for address-
ing disparities in knowledge. Women, particularly those in rural areas, often face restricted
access to health information due to cultural norms and limited autonomy. Programs
designed to empower women through education and community engagement can signif-
icantly improve their awareness and reduce vulnerability [66]. Furthermore, a study by
Hosain and Islam [67] highlighted the importance of targeting marginalized populations,
such as sex workers and transgender individuals, with tailored educational initiatives to
ensure equitable access to information.

Educational awareness initiatives in Bangladesh must address the unique cultural, so-
cial, and economic contexts of its population. By leveraging trained educators, community
engagement, and digital tools, such programs can empower individuals with the knowl-
edge and resources necessary to prevent HIV transmission and promote health-seeking
behaviors [68].

Gender disparities in knowledge about HIV also highlight the importance of targeted
interventions for women. Female populations in Bangladesh often face restricted access
to health information due to cultural norms and limited autonomy, leading to higher vul-
nerabilities [51]. Campaigns designed specifically for women, emphasizing empowerment
and access to healthcare services, can address these disparities. For instance, programs
encouraging dialogue about HIV prevention within families and communities have proven
effective in enhancing awareness and reducing stigma for women and their families [69].

Digital media and technology also offer new opportunities to expand awareness. Social
media platforms and mobile health applications can deliver tailored messaging to younger
audiences, addressing misconceptions and promoting preventive behaviors [70]. These
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tools can complement traditional methods by reaching broader audiences and engaging
individuals in more interactive and accessible ways.

Moving forward, Bangladesh must address these key challenges by strengthening
healthcare delivery systems, enhancing public awareness, and tackling urban-rural in-
equities [71]. Furthermore, tackling the underlying social determinants of health and
enhancing the resilience of marginalized and high-risk populations are critical for achiev-
ing sustained progress in managing and reducing the impact of the HIV epidemic [72].

6. Future Research Directions

Based on the review of current literature and data, we have been able to single out
several areas of interest for future research:

e It was seen that the dynamics of HIV infection have changed in several ways in recent
years. The relationship between cultural changes and the steady increase in HIV in
youth and single populations warrants further investigation.

e  Based on our review of the current state of HIV and the study data, we found that the
number of infected among the age group of 19 to 24 years has steadily increased from
2016 to 2023. Further research is required to pinpoint the social, economic, and other
viable reasons behind this steady increase, as this group is generally the most targeted
group for social awareness and education campaigns.

e Single people showed a steady increase in HIV-positive counts. Further focused
research is required to explore the reasons behind this increase and whether this
increase is due to underreporting or if this group poses a high risk for HIV infection.

e  Not enough research or data were found that studied the difference in urban and rural
disparities in the transmission of HIV.

e Bangladesh is a very socially conservative country. Future studies can be carried
out to assess the impact of social stigma on healthcare-seeking behavior and develop
interventions to reduce discrimination against people living with HIV.

o  The effectiveness of digital health tools in increasing awareness, testing, and treatment
adherence requires further evaluation, particularly in underserved regions.

e  The influence of socioeconomic factors, including poverty, gender inequality, and
education levels, on HIV transmission and prevention should be examined further for
trends and patterns.

e Sustained monitoring and research on the long-term effectiveness of antiretroviral
therapy (ART) in improving quality of life and reducing transmission rates among
different demographic groups are required.

e  More extensive research on PMTCT programs is required, focusing on factors con-
tributing to incomplete ART coverage for pregnant women in rural areas and
risk populations.

e  We must analyze gaps in the existing healthcare system to propose scalable models
for HIV care and prevention. This is particularly relevant in terms of the differences
between healthcare infrastructure in rural and urban regions and how healthcare
facilities and policies can be improved to address high-risk populations.

e Investigating the role of cross-border migration in HIV transmission dynamics and
developing strategies to address regional challenges.

These points provide a framework for advancing research to address gaps and improve
HIV prevention and care in Bangladesh.

7. Conclusions

The HIV epidemic in Bangladesh remains low in prevalence but presents significant
challenges. Between 2000 and 2024, testing, treatment access, and awareness have im-
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proved, especially among high-risk populations. Furthermore, certain groups, such as
individuals aged 19 to 24 and those who are single, show a steady increase in HIV-positive
cases, warranting further investigation. However, disparities in healthcare access, stigma,
and underdiagnosis persist, particularly in rural and marginalized groups. Key popu-
lations, including people who inject drugs, men who have sex with men, sex workers,
transgender individuals, and migrant workers, are the most affected. Tailored interven-
tions are necessary to address their needs. While socioeconomic improvements have
strengthened healthcare infrastructure and diagnostic capacity, they have not been evenly
distributed, leaving rural and underserved populations vulnerable. Programs like PMTCT
and ART show promise in reducing transmission and improving survival, but gaps in
implementation require urgent attention. To meet the 95-95-95 targets by 2030, investments
in public health, education, and healthcare accessibility, alongside efforts to reduce stigma
and address social determinants of health, are essential. A collaborative, inclusive approach
will be vital to sustaining progress and addressing emerging challenges.
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