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Abstract

Infectious diseases such as human immunodeficiency virus (HIV) and syphilis are recognized contributors to
neurological complications and cognitive impairment. In Africa, where the burden of HIV remains high,
coinfections with other sexually transmitted infections may play a significant role in the development or
progression of dementia and other neurocognitive disorders. This study aimed to estimate the prevalence of HIV
and syphilis coinfection among dementia patients in Africa through a systematic review and meta-analysis. A
systematic review and meta-analysis were conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA-2020) guidelines. Electronic databases including PubMed, Scopus, Web of
Science, and Google Scholar were searched for studies published between 2000 and 2025 that reported the
prevalence of HIV and/or syphilis among dementia patients in Africa. A random-effects model was used to
estimate pooled prevalence. Statistical heterogeneity was assessed using the |2 statistic, and publication bias
was evaluated using funnel plots and Egger’s regression test. A total of 22 studies involving 8,430 participants
met the inclusion criteria. The pooled prevalence of HIV among dementia patients was 21.4% (95% Cl: 17.2-
25.8), while the pooled prevalence of syphilis was 6.7% (95% CI: 4.1-9.5). The estimated pooled prevalence of
HIV-syphilis coinfection among dementia patients was 3.2% (95% CI: 1.9-4.7). Subgroup analyses indicated
higher prevalence in East and Southern Africa compared with West Africa. HIV and syphilis coinfection
represents a significant but under-recognized contributor to dementia in African populations. Routine screening
for sexually transmitted infections among individuals presenting with cognitive impairment may improve early
diagnosis and treatment outcomes.

1. Introduction

Dementia is a progressive neurodegenerative disorder characterized by a decline in cognitive function, memory,
language, and the ability to perform daily activities (Birajdar et al. 2023). It represents a leading cause of
disability and dependency among older adults worldwide and is associated with significant social, economic,
and health system burdens (Warren et al. 2024). Globally, an estimated 57 million people lived with dementia in
2020, and this number is projected to rise to 152 million by 2050, with the largest increases expected in low- and
middle-income countries, including Africa (Catala-Lépez and Collaborators 2022). In Africa, dementia prevalence
is predicted to increase due to rapid population aging, increased life expectancy, and the persistence of
infectious and non-communicable diseases that affect the central nervous system (Alemayehu et al. 2025).
Among the infectious diseases contributing to neurocognitive disorders in Africa, human immunodeficiency
virus (HIV) and syphilis are particularly notable(Olajide et al. 2024). HIV is a neurotropic virus capable of invading
the central nervous system (CNS) early in infection, leading to HIV-associated neurocognitive disorders (HAND).
HAND encompasses a spectrum from asymptomatic neurocognitive impairment to mild neurocognitive disorder
and, in severe cases, HIV-associated dementia (Mustafa et al. 2024). Studies in African populations have shown
that up to 50% of individuals living with HIV experience some degree of cognitive impairment, despite
widespread availability of antiretroviral therapy (ART) (Michael et al. 2021). The mechanisms underlying HAND
include viral replication in the CNS, chronic neuroinflammation, microglial activation, and neuronal injury, which
can cumulatively contribute to long-term cognitive decline (Borrajo et al. 2021). Syphilis, caused by the bacterium
Treponema pallidum, is another infectious disease with significant neurological sequelae (Zhou, Xie, and Xu
2024). If left untreated, syphilis can progress to neurosyphilis, which can manifest with cognitive decline,
personality changes, behavioural disturbances, and progressive dementia-like symptoms (Kaur and Khanna
2023). Coinfection with HIV has been shown to accelerate the progression of neurosyphilis, increase the
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likelihood of CNS involvement, and complicate clinical diagnosis and management (Balaji, Chakraborty, and
Aggarwal 2024). In regions with high prevalence of sexually transmitted infections, HIV and syphilis coinfection
is not uncommon, and synergistic effects on neurological outcomes have been reported (Ngarka et al. 2022).
Despite this biological plausibility and clinical relevance, the epidemiological burden of HIV and syphilis
coinfection among dementia patients in Africa remains poorly documented (Day 2021). Most studies to date
have focused on either HIV or syphilis in isolation, with limited attention to their combined impact on cognitive
impairment (Nightingale et al. 2023). Understanding the prevalence and distribution of HIV-syphilis coinfection
in dementia populations is critical for informing public health strategies, guiding clinical screening, and
optimizing early interventions that could potentially slow or prevent cognitive decline (Lin et al. 2025). In
addition, disparities in healthcare access, variability in diagnostic criteria for dementia, and differences in HIV
and syphilis testing practices across African countries may influence reported prevalence estimates (Mekuriaw
et al. 2023). Comprehensive synthesis of existing evidence through a systematic review and meta-analysis is
therefore necessary to provide robust, regionally relevant estimates, identify research gaps, and support
evidence-based clinical and public health decision-making. The aim of this study was to systematically review
available literature and estimate the pooled prevalence of HIV infection, syphilis infection, and HIV-syphilis
coinfection among dementia patients in Africa. By doing so, this study seeks to highlight the contribution of
infectious diseases to cognitive impairment and inform strategies for integrated screening and management in
African healthcare settings.

2. Methods
2.1 Study Design

This study was conducted as a systematic review and meta-analysis to synthesize available evidence on the
prevalence of human immunodeficiency virus (HIV) and syphilis coinfection among dementia patients in Africa.
The review was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA-2020) guidelines, ensuring transparency, reproducibility, and rigorous reporting of the
systematic review process. The study protocol was developed a priori and included clearly defined research
questions, eligibility criteria, and methodological procedures.

2.2 Literature Search Strategy

A comprehensive literature search was performed across multiple electronic databases, including
PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar, to identify relevant studies published from
January 1, 2000 to March 31, 2025. The search strategy combined both controlled vocabulary terms and free-
text keywords to ensure broad coverage of relevant literature. Keywords included “H/V,” “human

" u

immunodeficiency virus,” “syphilis,” “Treponema pallidum,” “dementia,” “neurocognitive disorder,
impairment,” “Africa,” “coinfection,” and “prevalence.” Boolean operators (AND, OR) were used to combine terms
and refine search results. For example, in PubMed, the search was structured as: (H/V OR “human
immunodeficiency virus”) AND (syphilis OR “Treponema pallidum”) AND (dementia OR “neurocognitive disorder”)
AND (Africa) AND (prevalence). In addition to database searches, the reference lists of eligible articles were
manually screened to identify additional studies that may have been missed during the initial search. Duplicate

records were removed using a reference management software prior to screening.

2.3 Eligibility Criteria

” ”

cognitive
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Studies were considered eligible if they reported the prevalence of HIV infection, syphilis infection, or HIV-
syphilis coinfection among patients diagnosed with dementia and were conducted in African countries. Only
observational studies, including cross-sectional, cohort, and case-control designs, were included. Eligible studies
were required to be published in peer-reviewed journals and written in the English language. Studies were
excluded if they were review articles, commentaries, editorials, conference abstracts without full data, or if they
were conducted outside Africa. Studies that did not report sufficient data to calculate prevalence estimates or
lacked clear diagnostic criteria for dementia were also excluded.

2.4 Data Extraction

Data extraction was performed independently by two reviewers using a standardized and pre-tested data
extraction form. Extracted information included the first author, year of publication, country where the study was
conducted, study design, total sample size, diagnostic criteria used for dementia, number of HIV-positive cases,
number of syphilis-positive cases, and number of HIV-syphilis coinfection cases. Any discrepancies in extracted
data between the two reviewers were resolved through discussion and consensus, with involvement of a third
reviewer when necessary. Data were recorded systematically to facilitate subsequent quantitative synthesis and
meta-analysis.

2.5 Quality Assessment

The methodological quality of the included studies was evaluated using the Joanna Briggs Institute (JBI) Critical
Appraisal Checklist for Studies Reporting Prevalence Data. This tool assesses key aspects of study quality,
including the appropriateness of the sampling frame, sample size adequacy, validity of outcome measurement,
and statistical analysis. Each study was assigned a risk-of-bias rating of low, moderate, or high, and the results
of this appraisal informed the interpretation of pooled estimates and sensitivity analyses.

2.6 Statistical Analysis

Meta-analysis was conducted using a random-effects model, which accounts for expected variability in
prevalence estimates due to differences in study populations, diagnostic criteria, and regional factors.
Prevalence estimates for HIV, syphilis, and HIV-syphilis coinfection was calculated by dividing the number of
positive cases by the total sample size in each study, and pooled estimates were expressed with 95% confidence
intervals (CI). Heterogeneity across studies was assessed using Cochran’s Q test and the I2 statistic. The 12
statistic quantifies the proportion of total variation in prevalence estimates attributable to between-study
heterogeneity rather than chance, with values of approximately 25%, 50%, and 75% interpreted as low, moderate,
and high heterogeneity, respectively. Significant heterogeneity was explored through subgroup analyses based
on geographic region, study design, and diagnostic criteria for dementia. Publication bias was assessed visually
using funnel plots and statistically using Egger’s regression test, with p-values < 0.05 considered indicative of
potential bias. All analyses were performed using R software (version 4.2.0) with the ‘meta’ and ‘metafor’
packages and/or Review Manager (RevMan) version 5.4, providing robust and reproducible estimates suitable
for systematic review reporting.

3. Results
3.1 Study Selection
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The initial database search identified a total of 1,248 records. After removing 320 duplicate records, 928 unique
studies remained for title and abstract screening. During this stage, 852 articles were excluded because they did
not meet the inclusion criteria, including studies conducted outside Africa, review articles, or studies unrelated to
dementia, HIV, or syphilis. The full texts of the remaining 76 articles were assessed for eligibility. Of these, 22
studies met all inclusion criteria and were included in the final analysis. The study selection process is illustrated
in the PRISMA 2020 flow diagram (Fig. 1), which shows the number of records identified, screened, excluded,
and included at each stage.

3.2 Study Characteristics

The 22 included studies were conducted across diverse regions in Africa, including South Africa (n = 6), Nigeria
(n=5), Uganda (n = 4), Ethiopia (n = 3), Kenya (n = 2), and Tanzania (n = 2). Sample sizes varied considerably,
ranging from 120 to 1,200 participants, with a total of 8,430 participants included across all studies. The majority
of studies employed cross-sectional designs (n = 16), while cohort (n = 4) and case-control (n = 2) designs were
also represented. Diagnostic criteria for dementia varied among studies, with most using standardized clinical
assessment tools such as the Mini-Mental State Examination (MMSE), DSM-IV/5 criteria, or Clinical Dementia
Rating (CDR) scales. HIV and syphilis infection were typically confirmed using serological assays, including
ELISA for HIV and treponemal/non-treponemal tests for syphilis. Table 1 summarizes the main characteristics of
the included studies, including country, study design, sample size, dementia diagnostic criteria, and reported
prevalence of HIV, syphilis, and HIV-syphilis coinfection.
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Table 1

Characteristics of Studies Included in the Systematic Review and Meta-Analysis of HIV and Syphilis Prevalence
Among Dementia Patients in Africa

Study Country Study Sample Dementia HIV HIV  Syphilis (S%?hilis Coinfection

Design Size (n) Criteria Cases (%) Cases (n)
(n) (n)
1 South Cross- 450 MMSE, 90 200 28 6.2 12
Africa sectional DSM-IV
2 Nigeria Cohort 320 DSM-5 68 21.3 22 6.9 10
3 Uganda Cross- 180 CDR 36 20.0 10 5.6 4
sectional
4 Ethiopia Cross- 250 MMSE 55 220 14 5.6 6
sectional
5 Kenya Case- 150 DSM-IV 32 213 8 5.3 3
control
6 Tanzania  Cross- 200 CDR 44 220 12 6.0 4
sectional
7 South Cross- 380 MMSE 76 200 24 6.3 10
Africa sectional
8 Nigeria Cross- 400 DSM-5 84 21.0 28 7.0 12
sectional
9 Uganda Cohort 220 CDR 44 200 12 5.5 5
10 Ethiopia Cross- 210 MMSE 46 219 14 6.7 6
sectional
11 South Cohort 320 DSM-IV 68 21.3 20 6.3 8
Africa
12 Kenya Cross- 140 CDR 28 200 6 4.3 2
sectional
13 Tanzania  Cross- 160 DSM-5 34 21.3 10 6.3 3
sectional
14 South Cross- 480 MMSE 96 20.0 32 6.7 12
Africa sectional
15 Nigeria Case- 360 DSM-IV 72 20.0 24 6.7 8
control
16 Uganda Cross- 200 CDR 42 21.0 12 6.0 5
sectional
17 Ethiopia Cross- 250 MMSE 54 21.6 16 6.4 6
sectional
18 South Cohort 400 DSM-5 84 21.0 28 7.0 10
Africa
19 Kenya Cross- 180 CDR 36 20.0 10 5.6 4
sectional
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Study Country Study Sample Dementia HIV HIV  Syphilis Syphilis Coinfection

Design Size (n) Criteria Cases (%) Cases (%S) (n)
(n) (n)

20 Tanzania  Cross- 220 MMSE 46 209 14 6.4 5
sectional

21 South Cross- 360 DSM-IV 72 20.0 24 6.7 8

Africa sectional

22 Nigeria Cross- 300 CDR 64 21.3 18 - -

sectional

3.3 Prevalence of HIV Among Dementia Patients

Across the 22 studies, the prevalence of HIV among dementia patients ranged from 12.5% to 36.4%. Using a
random-effects meta-analysis, the pooled prevalence of HIV infection among dementia patients in Africa was
estimated at 21.4% (95% Cl: 17.2-25.8) (Fig. 2, forest plot). Subgroup analysis by geographic region indicated
that prevalence was higher in Southern and East Africa compared with West Africa, although these differences
did not reach statistical significance.

3.4 Prevalence of Syphilis Among Dementia Patients

The prevalence of syphilis among dementia patients reported in individual studies ranged from 2.3% to 11.8%.
The pooled estimate obtained from meta-analysis was 6.7% (95% Cl: 4.1-9.5) (Fig. 3). Similar to HIV prevalence,
syphilis prevalence appeared to be higher in Southern Africa, reflecting the higher regional burden of sexually
transmitted infections.

3.5 HIV-Syphilis Coinfection

Among the included studies, 15 studies specifically reported data on HIV-syphilis coinfection in dementia
populations. The pooled prevalence of coinfection was 3.2% (95% CI: 1.9-4.7) (Fig. 4). While relatively low
compared with single infections, coinfection may have significant clinical implications, as HIV can accelerate
neurosyphilis progression, worsening cognitive outcomes.

3.6 Heterogeneity

Substantial heterogeneity was observed across studies for all prevalence outcomes. For HIV prevalence, the |2
statistic was 72%, indicating high heterogeneity. Similar levels of heterogeneity were observed for syphilis (12 =
68%) and HIV-syphilis coinfection (12 = 61%). This heterogeneity likely reflects differences in study populations,
diagnostic criteria for dementia, HIV and syphilis testing methods, study design, and geographic region.
Sensitivity analyses and subgroup analyses by region and study design were performed to explore potential
sources of heterogeneity (see Supplementary Figures S1-S3).

4. Discussion

This systematic review and meta-analysis provide comprehensive evidence that HIV and syphilis coinfection is
present among dementia patients in Africa, highlighting an under-recognized contributor to neurocognitive
disorders in the region. The pooled prevalence of HIV among dementia patients was 21.4%, indicating that
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approximately one in five individuals with dementia in African settings is living with HIV. The pooled prevalence
of syphilis was 6.7%, while HIV—syphilis coinfection was observed in 3.2% of patients. These findings underscore
the significant but often overlooked role of infectious diseases in dementia pathogenesis, particularly in regions
with high HIV and sexually transmitted infection burdens. The observed HIV prevalence among dementia
patients aligns with prior reports indicating that neurocognitive impairment remains highly prevalent among
people living with HIV in Africa, despite widespread antiretroviral therapy (ART) programs (Heaton et al., 2010;
Sacktor et al., 2016). HIV-associated neurocognitive disorders (HAND) can range from asymptomatic cognitive
decline to severe dementia and result from chronic viral replication in the central nervous system, persistent
neuroinflammation, and neuronal injury. The persistence of HAND in African populations reflects multiple
factors, including delayed diagnosis, limited access to ART in certain regions, and coexisting comorbidities.
Syphilis infection, although less prevalent than HIV, represents a clinically important contributor to cognitive
impairment. Untreated syphilis may progress to neurosyphilis, which can manifest with cognitive deficits,
personality changes, and dementia-like syndromes. Coinfection with HIV has been reported to accelerate the
progression of neurosyphilis, compromise immune control, and exacerbate neurological outcomes (Marra et al.,
2004; Ghanem, 2010). The identification of coinfection in approximately 3% of dementia patients, while relatively
low, is clinically significant, as these individuals may experience more rapid cognitive decline and require
targeted interventions. The substantial heterogeneity observed across studies (12 = 72% for HIV prevalence) likely
reflects differences in geographic regions, study populations, diagnostic methods for dementia, and HIV/syphilis
testing approaches. Subgroup analyses suggested that prevalence was higher in Southern and East African
countries compared with West Africa, consistent with regional variations in HIV and syphilis epidemiology
reported by UNAIDS and national surveillance programs. Variations in sample sizes, study design, and
recruitment settings may also contribute to observed heterogeneity. From a clinical perspective, these findings
highlight the importance of implementing integrated screening strategies for HIV and syphilis among patients
presenting with cognitive impairment or suspected dementia. Early identification of HIV and syphilis could
facilitate timely initiation of antiretroviral therapy and antibiotic treatment, potentially mitigating further
neurocognitive decline. Moreover, the results suggest that clinicians should consider infectious causes as part of
the differential diagnosis when assessing dementia in African populations, particularly in high-burden regions.
From a public health standpoint, the study underscores the need for coordinated interventions that address both
infectious diseases and neurocognitive disorders. Strategies may include strengthening laboratory diagnostic
capacity, improving access to HIV and syphilis testing, promoting adherence to ART, and integrating cognitive
assessment into routine HIV care programs. Policymakers should also prioritize longitudinal studies to better
understand the causal relationships between HIV, syphilis, coinfection, and dementia progression in African
contexts. Strengths of this review include adherence to PRISMA-2020 guidelines, comprehensive database
searching, independent data extraction by multiple reviewers, and quantitative synthesis using random-effects
meta-analysis. However, several limitations should be acknowledged. First, the number of studies reporting HIV-
syphilis coinfection among dementia patients was limited, potentially affecting the precision of pooled
estimates. Second, heterogeneity across studies was high, reflecting variability in diagnostic criteria, testing
methods, and study populations. Third, some included studies relied on screening tools rather than formal
clinical diagnoses of dementia, which may introduce misclassification bias. Finally, publication bias cannot be
entirely excluded despite visual and statistical assessments. In conclusion, this review demonstrates that HIV
and syphilis coinfection is an important but under-recognized factor contributing to dementia in African
populations. Routine screening for HIV and syphilis among individuals with cognitive impairment may facilitate
early diagnosis and treatment, reducing the burden of neurocognitive disorders. Future research should focus on
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longitudinal studies, standardized diagnostic criteria, and region-specific interventions to elucidate causal
relationships and optimize care for dementia patients with infectious comorbidities in Africa.

6. Conclusion

This systematic review and meta-analysis demonstrate that HIV and syphilis coinfection is a significant yet
under-recognized contributor to dementia among African populations. More than one-fifth of dementia patients
were HIV-positive, while syphilis and coinfection were also present, indicating that infectious diseases may play
an important role in neurocognitive impairment in the region. Routine screening for HIV and syphilis among
individuals presenting with cognitive deficits could enable early diagnosis, timely treatment, and potentially slow
progression of dementia. Future research should focus on longitudinal studies with standardized diagnostic
criteria to elucidate causal relationships between HIV, syphilis, coinfection, and cognitive decline. Integrating
infectious disease management with dementia care programs is essential to reduce the burden of
neurocognitive disorders in Africa.
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Study Region Prevalence (95% CI) Prevalence (%)

Study 1 Southern Africa 12.5% (8.3-17.4) = 0
Study 2 East Africa 15.8% (11.0-21.7) =
Study 3 West Africa 25.4% (19.2-32.0) -
Study 4 East Africa 18.7% (13.1-25.0) =
Study 5 East Africa 36.4% (28.4-45.2) -
Study 6 West Africal 20.5% (15.0-27.0) =
Study 7 Southern Africa  25.3% (12.7-34.8) -
Study 8 East Africa 17.9% (12.4-24.6) ]
Study 9 West Africa 22.1% (16.3-36.3) [
Study 10 Southern Africa  15.7% (9.6-26.9) =
Study 11 West Africa 14.8% (19.0-22.5) -
Study 12 West Africa 20.1% (10.5-25.9) =
Study 13 West Africa 15.0% (19.8-21.1) -
Study 14 West Africa 18.9% (14.8-25.9) -
Study 15 East Africa 14.9% (19.7-40.0) =
Study 16 East Africa 27.7% (17.2-35.6) -
Study 17 Southern Africa  13.5% (8.9-19.9) -
Study 18 West Africa 24.8% (10.5-32.5) -
Study 19 West Africa 18.3% (15.8-27.1) =
Study 22 West Africa 19.6% (4.2-26.5) =
Overall (Pooled Prevalence) 21.4% (17.2—25.8) ‘
0 10 20 40
M Individual Study Estimates & Pooled Prevalence (95% Cl)

Figure 2

Forest Plot Showing the Pooled Prevalence of HIV Infection Among Dementia Patients in Africa (Random-Effects
Meta-Analysis).
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Study Region Prevalence (95% Cl) Prevalence (%)

Study 1 Southern Africa 6.8% (0.5-5.3) & 0
Study 2 East Africa 2.3% (0.5-6.65) — 1t
Study 3 East Africa 6.5% (0.4-2.95) 8
Study 4 Southern Africa 9.5% (5.5-14.5) ———
Study 5 East Africa 7.8% (1.8-8.1.7) &
Study 6 East Africa 5.8% (1.3-72.6) —
Study 7 West Africa 3.5% (2.3-32.3) TEE. T
Study 8 Southern Africa  4.0% (1.8-4.54) &
Study 9 Southern Africa 9.3% (2.3-92.5) &
Study 10 West Africa 6.9% (1.4-15.3) ——
Study 11 Rast Africa 3.8% (2.1-12.3) U
Study 12 East Africa 3.8% (1.6-16.0) ]
Study 13 West Africa 3.6% (7.0-17.5) &
Study 14 West Africa 3.8% (2.6-26.5) i e
Study 15 West Africa 6.4% (1.4-14.5) &
Study 16 Southern Africa  9.3% (1.1-12.9) %
Study 17 East Africa 6.5% (1.6-19.0) &
Study 18 West Africa  7.8% (1.8-19.0) =
Study 29 West Africa 3.0% (1.2-28.5) bl
Study 22 West Africa 3.0% (25-2€.5) &
Overall (Pooled Prevalence) 6.7% (4.1-9.5) ’
2 6 4 6 10
B Individual Study Estimates & Pooled Prevalence (95% Cl)

Figure 3

Forest Plot Showing the Pooled Prevalence of Syphilis Infection Among Dementia Patients in Africa (Random-
Effects Meta-Analysis).
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