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Background: Coronary artery disease (CAD) is a leading cause of mortality among
people living with HIV (PLWH). Risk stratification remains inconsistent due to
geographic disparities, ART-related metabolic effects, and overreliance on strength
of association. This review synthesizes global evidence to classify CAD risk factors
in PLWH, aiming to improve predictive models and preventative strategies.
Methods: Following the PRISMA 2020 guidelines, a systematic review was conducted
across six databases: PubMed, Scopus, Web of Science, Medline, CINAHL, and African
Journals (SABINET). Two independent reviewers screened studies and extracted data.
Narrative synthesis and meta-analysis were conducted. Risk factors were classified
using Rw, causality index (Cl), and public health priority (PHP).

Findings: Twenty-two studies involving 103,370 participants were included. First-
class risk factors (Cl: 7-10) included hypertension (OR: 4.9; p<0.05; Rw: 4.5),
advanced age (>50 years) (OR: 4.96, p<0.05, Rw: 3.58), dyslipidemia (OR: 2.15,
p <0.04, Rw: 2.15), and overweight/obesity (OR: 1.81, p <0.05, Rw: 1.36). Second-
class risk factors (Cl: 5-6) included family history of CVD (OR: 3.25, p <0.05; Rw:
2. 24). Third-class risk factors (Cl <4) included diabetes (OR: 2.64, p <0.05, Rw:
1.32), antiretroviral therapy exposure (OR: 1.68, p<0.05 Rw: 0.63), and
homosexuality (OR: 1.82, p<0.05, Rw: 0.62). Critical thresholds (cumulative Rw:
14.8 and 8.0) were set at 75th and 50th percentiles of cumulative Rw. At GTT
value of 0.50, the parsimonious global clinical prediction model for HIV-related
CAD included age, hypertension, dyslipidemia, family history of CVD, diabetes,
and overweight/obesity (Rw: 15.5, GTT: 4.05). For primary prevention, the optimal
model comprised hypertension, dyslipidemia, and obesity (Rw: 8.01, GTT: 2.07).
Advanced age and hypertension were “necessary causes” of CAD among PLWH.
Conclusion: Association strength alone cannot determine CAD risk. Cumulative
risk indexing and responsiveness provide a robust framework. Prevention should
prioritize hypertension and dyslipidemia management, with interventions for
obesity, smoking, and virological failure. Age and hypertension should prompt
cardiovascular screening. Standardized risk definitions, accounting for the role
of protective factors and integrating evidence with domain knowledge are vital
for improved CAD risk stratification and prediction in PLWH. Routine
cardiovascular screening in HIV care remains essential.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD42024524494, PROSPERO CRD42024524494.
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1 Introduction

Antiretroviral therapy (ART) has transformed human
immunodeficiency virus (HIV) from a fatal disease to a chronic
condition, markedly improving life expectancy (1). This shift has
increased the burden of non-communicable diseases, including
cardiovascular disease (CVD), among people living with HIV
(PLWH) (2). Coronary artery disease (CAD) is a leading cause of
morbidity and mortality in PLWH, with higher incidence rates
than in HIV-negative individuals (3). Despite extensive research,
gaps persist in our understanding of CAD-specific risk factors,
their causal interactions, and geographic variability.

CAD in PLWH arises from a complex interplay between
and HIV-specific

mechanisms. Traditional risk factors, such as hypertension,

traditional  cardiovascular risk factors
diabetes, dyslipidemia, smoking, obesity, and physical inactivity,
contribute to atherosclerosis and cardiovascular complications in
both HIV-positive and HIV-negative populations. However,
PLWH also experience chronic systemic inflammation, immune
ART-induced (e.g.
dyslipidemia and insulin resistance), and direct viral effects on
endothelial function (4, 5). While
emphasize immune dysregulation in CAD pathogenesis, others
highlight ART-related metabolic
prolonged exposure (6, 7). These divergent findings indicate the

activation, metabolic  disturbances

vascular some studies

disturbances, particularly
need for a comprehensive synthesis of the traditional and HIV-
specific risk factors across diverse populations.

Most research has been conducted in high-income settings,
despite low- and middle-income countries (LMICs) having the
highest HIV burden (8, 9). Geographic disparities in ART
regimens, healthcare access, and socio-economic conditions
influence CAD risk profiles (10, 11). In high-income countries,
research often centers on ART-induced metabolic changes,
whereas studies from LMICs highlight untreated hypertension,
lifestyle-related factors, and limited access to health care (12, 13).
Additionally, methodological inconsistencies, such as variation in
cohort characteristics, statistical modeling, and CAD endpoint
definitions, complicate direct comparisons across studies (14, 15).
Addressing these limitations requires a global,
synthesis using structured epidemiological
enhance CAD risk stratification in PLWH.

This review applied four complementary epidemiological

systematic
frameworks to

frameworks to provide a structured, theory-informed evaluation
of CAD risk factors in PLWH. The epidemiological triangle
contextualizes disease as an interaction between the agent (HIV
and ART), host (genetics, comorbidities), and environment
(socioeconomic determinants, healthcare access) (16). Bradford
Hill's criteria assess the strength and consistency of causal
associations (17), while Rothman’s causal pie model identifies
necessary, component, and sufficient causes also known as
primary risk factors, contributory risk factors and causal path,
cumulative risk index refines

respectively (18). Nweke’s

traditional risk stratification approaches by incorporating
predictive consistency, irreversibility, and temporality (19).
While each model has limitations, such as the subjectivity of

Bradford Hill’s criteria (17) and Rothman’s limited incorporation
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of social determinants, integrating them offers a robust
framework for stratifying CAD risk in PLWH.

Through the systematic classification of CAD risk factors based
on predictive strength and causal relevance, this review aims to
risk  prediction allocation,

improve resource

particularly in LMICs. A structured risk stratification approach

and guide

enables clinicians and public health professionals to identify
causal pathways and optimize preventive strategies. To guide this
review, we posed the following research question: What are the
key cardiovascular, HIV-related, intrinsic, and extrinsic risk
factors for CAD in PLWH, and how can epidemiological models
be applied to classify and stratify these risks for improved
prediction and prevention?

To address this, the study was guided by the following objectives.

1. Identify and classify the primary risk factors associated with
CAD in PLWH, HIV-related,
intrinsic, and extrinsic factors.

including cardiovascular,

2. Stratify the risk factors based on their predictive strength; they
were categorized into “necessary causes” (e.g., smoking, viral
load, HCV) (e.g.
socioeconomic factors, ART use) using a causality index (CI).

3. Stratify risk factors based on public health priority (PHP)
Determine the implications of CAD risk stratification for

« - »
and “synergistic component causes

developing predictive and preventive models tailored to
PLWH, enabling more accurate clinical risk assessment and
targeted public health interventions.

2 Methods
2.1 Study design

This systematic review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines to
ensure methodological rigor, transparency, and reproducibility (20).
The review was registered with PROSPERO (CRD42024524494).

2.2 Conceptual and theoretical
underpinning

To address the complexity of CAD risk among PLWH, we
applied four theoretical frameworks: epidemiological triangle,
Bradford Hill’s criteria, Rothman’s causal pie model, and
Nweke’s cumulative risk index. These models were selected for
their strengths in capturing multifactorial disease causation and
addressing the limitations of individual theories. The specific
applications and limitations are detailed in Supplementary File 1.

These epidemiological models guided both data the extraction
and risk stratification in this systematic review. Specifically:

i. The epidemiological triangle informs the broad sampling of risk
factors, ensuring that the agent (HIV/ART), host (individual
factors), and environmental influences (socioeconomic factors
and healthcare access) are captured holistically.
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ii. Bradford Hill’s criteria informed the assessment of causality.

ifi. Rothman’s causal pie model allowed the classification of
necessary, component, and sufficient risk “causes.”

iv. Nweke’s cumulative risk index refines the estimation of
cumulative risk based on Hill’s criteria, CI, critical risk
threshold, and PHP.

2.3 PECOT criteria

We used the Population, Exposure, Comparison, Outcome, and
Timeframe (PECOT) framework to define our inclusion criteria.
Population (P): PLWH of any age, sex, or geographic location,
with or without CAD.
Exposure (E):
1. Agent-related factors: HIV duration, ART type, ART duration,
CD4 count, and viral load.

diabetes,
dyslipidemia, obesity, smoking, and prior cardiovascular events.

2. Cardiovascular risk factors: Hypertension,
3. Sociodemographic factors: Age, sex, income, education level,
healthcare access, and lifestyle factors such as diet and

physical activity.

Comparison (C): PLWH with and without CAD. Studies that
provided risk estimates comparing different exposure levels (e.g.,
ART-exposed vs. ART-naive) were also included.

Outcome (O): Clinically confirmed CAD, defined as any of the
following:

i. Acute myocardial infarction
iil. Angina (stable or unstable)
iii. Coronary atherosclerosis confirmed by imaging or
clinical diagnosis

iv. Ischemic heart disease-related mortality

Timeframe (T): Longitudinal studies, case-control studies, and
meta-analyses conducted from database inception to January
2024. Only studies with clearly defined follow-up periods were
included to robust associations between

ensure temporal

exposure and CAD risk.

2.4 Inclusion and exclusion criteria

2.4.1 Inclusion criteria

Population: PLWH with or without CAD; all ages, sexes, and
geographical locations.

Study design: Cohort studies (prospective and retrospective),
case-control studies, meta-analyses and systematic reviews that
provided pooled risk estimates, and nested cross-sectional studies.

Exposure and risk factors: Studies assessing traditional
cardiovascular risk factors (hypertension, diabetes, dyslipidemia,
obesity, smoking, and physical inactivity). Studies examining
HIV-related factors (ART use, HIV duration, immune function
[CD4 count, viral load], and inflaimmation. Studies analyzing
influences  (income,

sociodemographic and environmental

education, healthcare access, and air pollution).
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Outcomes: Studies reporting clinically confirmed CAD (acute
heart
atherosclerosis). Studies that include risk estimates (odds ratio,

myocardial infarction, angina, ischemic disease, or
hazard ratio, or relative risk) or data are sufficient to compute
risk estimates.

Timeframe: Studies published up to January 2024.

Language: Irrespective of the language. Articles published in
languages  other than translated

English  were using

Google Translate.

2.4.2 Exclusion criteria

Study design: Simple cross-sectional studies, qualitative
studies, editorials, case reports, conference abstracts,
and commentaries.

Population: Studies that combined HIV-positive and HIV-
negative populations and did not separately report CAD risk
for PLWH.

Outcomes: Studies reporting only the prevalence or frequency
of CAD risk factors did not include a measure of association (e.g.,
odds ratio or hazard ratio). Studies that assessed general CVD
outcomes but presented no specific report on CAD.

Bias and data quality: Studies with a high risk of bias [assessed
using the Joanna Briggs Institute (JBI) risk-of-bias tool]. Studies

with incomplete or non-reproducible data.

2.5 Outcome definitions and measurements

2.5.1 Primary outcomes

The primary outcomes included the risk factors associated with
CAD
four domains.

HIV-specific risk factors: HIV duration, ART type and
duration of ART, and CD4 count and viral load.

Cardiovascular risk factors: hypertension (systolic blood
>140 mmHg
>90 mmHg), diabetes mellitus (fasting glucose >126 mg/dl or
HbAlc>6.5%), dyslipidemia (LDL cholesterol >130 mg/dl or
total >200 mg/dl),
(BMI) > 30 kg/mz], smoking [current or past tobacco use (self-

in PLWH. The risk factors were categorized into

pressure and/or  diastolic blood  pressure

cholesterol obesity [body mass index

reported or biochemical validation)], and a

cardiovascular events (e.g., acute myocardial infarction and

history of

ischemic heart disease). CAD was diagnosed on the basis of

electrocardiographic ~ abnormalities, ~ imaging  confirmed
atherosclerosis, and clinically confirmed ischemic heart disease.
Sociodemographic factors: age, sex, genetic predispositions,
level of education, income and employment status, healthcare
environmental factors

accessibility, and (e.g, diet and

air pollution).

2.5.2 Secondary outcomes

From the above data, we calculated the temporality of
exposure-outcome relationships (assessed whether CAD risk
preceded disease onset (21, 22).
associations across studies (evaluated using Nweke’s cumulative
risk index) (21-24). CI was estimated based on Bradford Hill’s

factors Consistency of
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criteria, Rothman’s causal pie model, and an emerging hypothesis
(22). Nature/stage of factors in terms of bio-behavioral status (22).
We also assessed PHP (22).

2.6 Search strategy

We searched multiple electronic databases to ensure broad
coverage of the relevant studies. The databases searched included
PubMed/MEDLINE, SCOPUS, EMBASE, Cochrane Library, Web

of Science, Cumulative Index for Nursing and Allied
Health Literature (CINAHL), and African Journals Online
(AJOL)/SABINET.

The reference lists of the included studies and relevant
systematic reviews were manually searched for additional articles.
Gray literature sources, including conference proceedings and
preprint repositories, were considered to minimize publication bias.

This search strategy was developed in collaboration with an
experienced information specialist. The search terms were based
on Medical Subject Headings (MeSH) and free-text keywords.
The search strategy was initially tested in PubMed and adapted
for each database using appropriate Boolean operators (AND,
OR, NOT) and truncation symbols, where applicable.

2.7 Study selection

Search results were exported to EndNote 20 for deduplication
and reference management. Two independent reviewers screened
the titles and abstracts by considering the predefined inclusion
and exclusion criteria. If the studies were selected for full-text
screening, full texts were retrieved and assessed for inclusion.
Two independent reviewers conducted the selection process and
resolved any disagreements through discussion or consultation
with a third reviewer.

Reasons for exclusion were systematically documented. The
selection process was represented using the PRISMA flow
diagram (Figure 1).

2.8 Data extraction

Data were extracted using a standardized data extraction
template to capture study characteristics, exposure variables, and
outcome measures. Two reviewers independently extracted the
data, and discrepancies were resolved through discussion or
third-party arbitration.

2.9 Quiality control and data validation

Quality control measures were applied throughout the
extraction process to minimize bias and enhance data reliability.
The extracted data were crosschecked to ensure consistency and
accuracy. When multiple studies reported overlapping populations,
they were carefully evaluated to ensure nonredundant data
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extraction. This structured data extraction approach ensures data
integrity, comparability, and reproducibility in accordance with
PRISMA recommendations.

2.10 Risk of bias assessment

The methodological quality of the included studies was
assessed using the JBI risk-of-bias assessment tool for case-
control and cohort studies (25). This tool systematically evaluates
the study design, sampling, measurement, and analytical
approaches to determine the potential risk of bias in each study.
Two independent reviewers conducted assessments to ensure
reliability and minimize subjectivity. Discrepancies were resolved
by discussion or consultation with a third reviewer. Based on the
JBI criteria, each study was classified as having a low, moderate,
or high risk of bias (Supplementary File 3).

Studies with a high risk of bias were interpreted with caution
and considered for sensitivity analysis. Studies with critical
methodological flaws that could not be adjusted for were

excluded from the final analysis.

2.11 Data analysis

We present the study characteristics using an evidence table
(Table 1). The strength of association between risk each factor
and CAD in PLWH was quantified using odds ratios (ORs),
relative risks (RRs), and hazard ratios (HRs). These effect sizes
were extracted from the included studies to assess the magnitude
of the CAD risk associated with different exposures. Where
possible, 95% confidence intervals (Cls) were used to estimate
the precision of each measure. To consistent
interpretation of the risk estimates, OR/RR/HR >1.0 indicated a
positive association between exposure and CAD risk; OR/RR/HR
<1.0 suggested a protective effect, and OR/RR/HR = 1.0, implying

ensure

no association between exposure and CAD.

To evaluate the clinical and epidemiological relevance of the
findings, the thresholds established by Chen et al. (26) were
applied, where OR/RR/HR= 1.0-1.5 indicated a minimal or
small association, OR/RR/HR ~1.5-3.0 indicated a moderate
association, OR/RR/HR >3.0-4.0 indicated a strong association,
and OR/RR/HR >10 indicated a very strong association.

To enhance comparability, risk estimates were transformed
into standardized effect sizes where possible. Additionally,
Nweke’s CI was employed to integrate both statistical significance
(strength of association) and predictive consistency, refining the
ranking of CAD risk factors in PLWH (19). The summarized
effect sizes and their confidence intervals are presented in
Table 2 and categorized by risk factor type.

To assess the certainty of the synthesized findings, the Grading
of Recommendations, Assessment, Development, and Evaluation
(GRADE) system was applied (27-30). The quality of evidence
was graded using the JBI risk-of-bias tool, considering
inconsistency (variability in reported effect sizes), indirectness
(applicability  of real-world

study findings to settings),
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[¥]
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)
\4
3 Studies included in review
b (n=22)
= Reports of included studies
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FIGURE 1
PRISMA flow diagram showing the selection process

imprecision (wide confidence intervals affecting reliability), and
publication bias (selective reporting or overrepresentation of
positive findings). Studies that met all the five criteria were
classified as high-certainty evidence, whereas those with multiple
concerns were downgraded to moderate, low, or very low certainty.

Narrative synthesis was conducted using a structured stepwise
approach designed to uncover and evaluate the relationships
between CAD and its associated risk factors in PLWH. This
approach was chosen because of the heterogeneity in study

Frontiers in Cardiovascular Medicine

methodologies, exposure definitions, and outcome measures
across the included studies. Where quantitative synthesis was
feasible, the effect sizes were standardized, and the overall
associations were quantified.

A combination of descriptive statistics, data visualization,
predictive modeling, and advanced statistical tests was applied to
achieve the research objectives. Bar charts were used to illustrate
the composition of the risk classes, which showed the dominance
of first- and third-class factors. Risk estimates (HR, OR, and HR)
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TABLE 1 Study and demographic characteristics.

Author Definition of coronary artery Sex (% Race/ Design Methods | Sample size Follow- Setting Country
(year) disease (CAD) female) | Ethnicity up (continent)
Berquist et al. Self-reported angina, myocardial infarction, or 52.0 36.1 - Case-control Retrospective | 70 (24 cases, 46 - Alfred Hospital, Melbourne Australia
(38) coronary revascularization (43.0- controls) (Australia)
60.0)
Bucher et al. (45) | Myocardial infarction, unstable angina, coronary >16 214 93.3 Case-control Prospective | 490 (98 cases, - Laboratory of the Institute for | Germany (Europe)
artery bypass grafting, angioplasty/stenting, or 392 controls) Lipid Metabolism
fatal coronary event
Chammartin Myocardial infarction, coronary angioplasty/ <50 >65 28.1 - Cohort Prospective | 9,259 (199 cases, 11.1 (52— | Clinics Switzerland
et al. (42) stenting, or coronary artery bypass grafting 8,960 controls) 18.1) (Europe)
Dale et al. (34) | Coronary heart disease (Framingham Risk Scores) | 48.3 (8.9) 100 5.7 Cohort Prospective | 53 1-17 Community USA (North
America)
Egana-Gorrono | Acute myocardial infarction or related hospital 44 (12) 11.1 94.4 Case-control Retrospective | 72 (18 cases, 54 - Hospital Clinical of Barcelona | Spain (Europe)
et al. (46) events in HIV patients controls)
Engel et al. (43) | History of myocardial infarction, angina, or 54 (-) 13.8 - Case-control Prospective 1,078 (333 cases, - Clinics Switzerland
coronary revascularization 745 controls) (Europe)
Escaut et al. (47) | Angina pectoris, unstable angina, or acute 44.3 (7.65) 21.4 93.3 Cohort Prospective | 840 (17 cases, 7.0 Clinics France (Europe)
myocardial infarction in HIV-infected patients. 823 controls)
Kaplan et al. (33) | 10-year risk of myocardial infarction, CAD death, = 43.5 (9.7) 50.0 36.8 Nested cross- Prospective 208 - Community USA (North
unstable angina, or chronic angina sectional America)
Lai et al. (36) Silent CAD (>50% coronary stenosis) 44.0 35.8 90.9 Cohort Prospective 165 (24 cases, - HIV clinic USA (North
(39.9- 141 controls) America)
46.8)
Freiberg et al. Myocardial infarction, coronary artery bypass 47.8 (10/7) 0.0 47.5 Cohort Retrospective | 2,425 (738 cases, 7.3 Database/registry USA (North
(35) grafting, and percutaneous coronary intervention 1,687 controls) America)
Fuchs et al. (48) | Myocardial infarction, angina, or coronary 39.0 (9.9) 40.9 66.0 Nested cross- Prospective | 3,829 - Public outpatient centers Brazil (South
intervention sectional America)
Hadigan et al. CAD defined via coronary artery calcium scoring = 43.5 (0.7) - - Cohort Prospective | 364 (91 cases, - Clinical Research Center of USA (North
(37) as a marker of subclinical atherosclerosis in HIV- 273 controls) the Massachusetts Institute of | America)
infected women. Technology
Longenecker CAD was defined as Segment involvement score | 57 (53.0- 63.0 - Cohort Prospective | 200 (100 cases, 2 The Joint Clinical Research Uganda (Africa)
et al. (49) (SIS) > 0; severe CAD (SSS >3). 62.0) 100 controls) Centre in Kampala
Lui et al. (50) CAD confirmed by clinical or imaging 53.7 (9.5) 113 - Cohort Prospective | 115 cases, 71 - The Prince of Wales Hospital | Hong Kong (Asia)
controls Infectious Diseases Clinic
May et al. (44) | Myocardial infarction and angina, coronary 50.0 0 - Secondary Retrospective | 13,100 8.7 - Switzerland
revascularization (46.0- analysis of cohort (Europe)
56.0) studies
Mushin et al. Mycardial infarction, ischemic heart disease, 53 (46.0- - - Case-control Retrospective | 477 (160 cases, - The Alfred Hospital, Australia
(39) angiogram-confirmed CAD or coronary artery 60.0) 317 controls) Melbourne (Australia)
bypass grafting.
Pullinger et al. CHD risk estimated using Framingham Risk Score | 45.3 (8.3) 26.7 42.6 Nested cross- Prospective 267 (80 cases, - Clinical Research Center USA (North
(51) sectional 187 controls) America)
(Continued)
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were standardized to ORs for comparison using 1/OR for OR <1 to
standardize the effect direction and the confidence intervals were
adjusted as follows [1/OR?] (21-24, 31). The aggregated ORs and
heterogeneity (I*) were estimated using a random-effects meta-
analysis model. The critical risk threshold (CRT) was identified at the
75th percentile of the cumulative Rw. Meta-analyses were conducted
using R version 4.4.3 and ChatGPT-Python (version 3x) interface,
with a significance level of a=0.05. We examined the impacts of
variability in the mode of analysis (adjusted vs. unadjusted), and
effect size type (OR, HR, and RR) on the distribution of significance.
Furthermore, we undertook epidemiological synthesis and computed
geotemporal trends per risk, risk responsiveness, predictive
consistency (Rw), CI, and PHP per factor. Details of the
epidemiological synthesis are provided in Supplementary File 2.

3 Results
3.1 Study selection

A total of 17,074 articles were retrieved, and 210 duplicates were
removed. The remaining 16,864 articles were screened by title and
abstract; 16,817 ineligible articles were excluded. Full-text screening
was performed in 47 studies, of which 22 met the inclusion criteria
(Figure 1). Fifteen risk factors, reported in at least two studies, were
included in the narrative synthesis. Eleven risk factors, reported in
three or more studies, were eligible for meta-analysis.

3.2 Study characteristics

The 22 studies (11 cohort, seven case-control, and four nested
cross-sectional studies) included 103,370 participants. The studies
were conducted across six continents: Europe (n=7), North
America (n=6), Australia (n=4), South America (n=2), Asia
(n=1), and Africa (n=1). One study (32) included participants
from Europe, North America, and Australia. Five studies (33-37)
were conducted in the United States, four studies (38-41) were
conducted in Australia, and three studies (42-44) were
conducted in Switzerland (Table 1).

3.3 Risk of bias

Fourteen studies (64%) were rated as having a low risk of bias;
eight (36%) as moderate. All the studies recruited comparable
exposed and unexposed groups. However, variations in the
measurement  tools, follow-up duration, and reporting
completeness were noted (Supplementary File 3).

3.4 Risk factor associations
3.4.1 Age, education, and race/ethnicity

Eleven studies examined the association between age and CAD.
Of these, eight studies reported significant associations between age
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TABLE 2 Result of individual studies showing factors associated with CAD in PLWH.

Ref category Effect Lower | Upper @ Effect Adjusted Study Country | Continent
size limit limit size (yes/no) design
type
ART exposure
Use of protease inhibitors
Berquist et al., 2017 (38) | Yes 19.95* 1.01 383.28 OR Yes Case-control | Australia Australia
Lai et al. 2008 (36) Yes 2.84* 1.11 7.27 OR No Cohort Europe, Europe &
Australia, US | America
Worm et al., 2009 (32) Yes 2.00% 1.55 2.59 OR No Cohort Switzerland Europe
Chammartin et al., 2022 | Yes 1.57* 1.14 2.16 HR Yes Case-control | Barcelona Europe
(42)
Egana-Gorrono et al., Yes 8.68 0.46 12.87 OR No Case-control | Switzerland Europe
2012 (46)
Escaut et al., 2003 (47) Yes 1.53* 0.56 4173 OR No Cohort France Europe
Kaplan et al,, 2007 (33) Yes 1.35* 0.97 1.84 OR No Cohort USA North America
Trevillyan et al. 2013 (41) | Yes 0.94 0.50 1.76 OR No Matched Australia Australia
case-control
Trevillyan et al. 2017 (40) | Yes 0.81 0.34 2.0 OR No Matched Australia Australia
case-control
Abacavir use/exposure
Berquist et al., 2017 (38) | Yes 5.12% 1.70 15.39 OR No Case-control | Australia Australia
Bucher et al. 2012 (45) - 1.19* 1.05 135 OR No Case-control | Switzerland Europe
Chammartin et al. 2022 | Yes 1.83* 1.31 2.55 HR Yes Cohort Switzerland | Europe
(42)
Engel et al. 2021 (43) Yes 1.82% 1.27 2.59 OR Yes Case-control | Switzerland Europe
Mushin et al. 2023 (39) Yes 1.87% 1.14 3.07 OR No Case-control | Australia Australia
Troseid et al. 2024 (53) Yes 0.8149 0.394 1.6854 OR No Nested cross- | Norway Europe
sectional
Trevillyan et al. 2013 (41) | Yes 2.10 0.056 1.608 OR No Matched Australia Australia
case-control
NRTI exposure
Lai et al. 2008 (36) Yes (>6 months) 2.20 0.82 5.85 OR No Cohort USA North America
Worm et al., 2009 (32) Yes 2.51% 1.79% 3.52% OR No Cohort Europe, Europe &
Australia, US | America
NNRTI exposure
Lai et al. 2008 (36) Yes (>6 months) 3.42% 1.03 10.6 OR No Cohort USA North America
Worm et al. 2009 (32) Yes 1.80% 143 2.26 OR No Cohort Europe, Europe &
Australia, US | America
Duration of protease inhibitor use
Engel et al,, 2021 (43) >1yr 2.4% 1.53 3.63 OR No Case-control | Switzerland | Europe
Lai et al., 2008 (36) >6 months 2.51 0.95 6.69 OR No Cohort USA North America
Worm et al., 2009 (32) Per 3 months 219.30% 79.79 762.57 OR No Cohort Europe, North America &
increase Australia, US | Europe
Bucher et al., 2012 (45) Per 3 months 1.02 0.93 1.12 OR No Case-control | Switzerland | Europe
mcrease
Viral load
Berquist et al., 2017 (38) | - 3.18* 1.12 9.08 OR No Case-control | Australia Australia
Bucher et al. 2012 (45) - 1.44* 1.27 1.89 OR No Case-control | Switzerland Europe
Lai et al. 2008 (36) >400 copies/ml 1.40 0.38 5.35 OR No Cohort USA North America
Worm et al., 2009 (32) continuous 0.18* 0.14 0.22 OR No Cohort Europe, Europe & North
Australia, US | America
Egana-Gorrono et al,, - 1.204 0.15 1.97 OR No Case-control | Barcelona Europe
2012 (46)
Escaut et al., 2003 (47) Unsuppressed 0.77 0.27 221 OR No Cohort France Europe
(>1000 copies)
Troseid et al,, 2024 (53) | Suppressed (<50 8.44 0.47 150.38 OR No Nested cross- | Norway Europe
copies) sectional
Urina-Jassir et al., 2023 | Unsuppressed VL 0.49* 0.28 0.86 OR No Cohort Colombia South America
(52)
Trevillyan et al. (2013) - 0.85 0.45 1.61 OR No Matched Australia Australia
(41) case-control
(Continued)
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Trevillyan et al. (2017) - 3.05% 1.05 8.84 OR No Matched Australia Australia
(40) case-control
LDL
Bucher et al. 2012 (45) - 1.04 0.99 1.10 OR No Case-control | Switzerland Europe
Escaut et al. 2003 (47) - 5.84* 2.44 14.01 OR No Cohort France Europe
Lai et al. 2008 (36) >100 mg/dl 6.10% 1.69 25.2 OR No Cohort USA North America
Trevillyan et al. (2013) - 0.31* 0.15 0.645 OR No Matched Australia Australia
(41) case-control
Trevillyan et al. (2017) - 1.00 0.41 2.45 OR No Matched Australia Australia
(40) case-control
Total cholesterol
Bucher et al. 2012 (45) Per 10 mg/dl 1.08 1.00 1.17 OR No Case-control | Switzerland | Europe
Escaut et al. 2003 (47) 3.19% 133 7.64 OR No Cohort France Europe
Lai et al. 2008 (36) >160 mg/dl 4.60* 1.55 16.70 OR No Cohort USA North America
May et al. 2007 (44) - 1.31* 1.22 1.40 HR No Systematic Switzerland Europe
review
Trevillyan et al. 2017 (40) | - 1.22 0.50 2.99 OR No Matched Australia Australia
case-control
Triglycerides
Bucher et al. 2012 (45) - 0.99 0.97 1.01 OR No Case-control | Switzerland Europe
Escaut et al. 2003 (47) - 4.56* 1.90 10.92 OR No Cohort France Europe
Lai et al. 2008 (36) >130 mg/dl 2.65% 1.01 7.11 OR No Cohort USA North America
May et al. 2007 (44) - 1.00 0.85 1.18 HR No Systematic Switzerland | Europe
review
Trevillyan et al. (2013) - 2.67* 1.29 5.50 OR No Matched Australia Australia
(41) case-control
Trevillyan et al. (2017) - 2.50% 1.01 6.19 OR No Matched Australia Australia
(40) case-control
HDL
Bucher et al. 2012 (45) - 0.96* 0.93 0.99 OR No Case-control | Switzerland Europe
Escaut et al. 2003 (47) - 0.70* 0.29 1.66 OR No Cohort France Europe
Lai et al. 2008 (36) >50 mg/dl 0.68 0.25 1.76 OR No Cohort USA North America
May et al. 2007 (44) - 0.46* 0.34 0.61 HR No Systematic Switzerland | Europe
review
Trevillyan et al. (2013) - 2.02 0.82 497 OR No Matched Australia Australia
(41) case-control
Family history of CVD
Bucher et al. 2012 (45) Yes 2.06* 1.01 4.19 OR No Case-control | Switzerland Europe
Berquist et al. 2017 (38) | Yes 4.1* 1.39 12.13 OR No Case-control | Australia Australia
Trevillyan et al. (2013) Yes 6.22% 3.07 12.6 OR No Matched Australia Australia
(41) case-control
Engel et al. 2021 (43) Yes 1.4 0.8 2.0 OR No Case-control | Switzerland | Europe
Worm et al. 2009 (32) Yes 4.07* 3.08 5.37 OR No Cohort Europe, Europe & North
Australia, US | America
Lai et al. 2008 (36) Yes 1.77 0.60 4.89 OR No Cohort USA North America
Egana-Gorrono et al. Yes 6.91% 0.83 5.76 OR Yes Case-control | Barcelona Europe
2012 (46)
Dyslipidemia
Chammartin et al. 2022 | Yes (lagged 36 2.29% 1.63 321 HR Yes Cohort Switzerland | Europe
(42) month)
Engel et al. 2021 (43) Yes 1.92 * 141 2.63 OR Yes Case-control | Switzerland Europe
Lui et al. 2023 (50) Yes 3.30* 141 7.77 OR No Cohort Hong kong Asia
Weight/BMI
Urina-Jassir et al. 2023 >30 kg/m 2.95* 1.69 5.10 OR Yes Cohort Colombia South America
(52)
Fuchs et al. 2013 (48) >25kg 1.80% 1.20 2.60 RR Yes Nested cross- | Brazil South America
sectional
(Continued)
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Kaplan et al. 2007 (33) >25kg 1.70* 1.20 241 OR Yes Cohort USA North America
Lai et al. 2008 (36) >24kg 0.74 0.27 1.92 OR No Cohort USA North America
Escaut et al. 2003 (47) - 0.53 0.22 1.27 OR No Cohort France Europe
May et al. 2007 (44) - 1.11 0.98 1.25 HR No Systematic Switzerland | Europe
review
Troseid et al. 2024 (53) - 1.00 0.57 1.76 OR No Nested cross- | Norway Europe
sectional
Berquist et al., 2017 (38) | - 0.23% 0.092 0.59 OR No Case-control | Australia Australia
History of AIDS
Berquist et al., 2017 (38) | Yes 0.78 0.28 2.19 OR Yes Case-control | Australia Australia
Egana-Gorrono et al. Yes 0.60 0.11 3.45 OR Yes Case-control | Barcelona Europe
2012 (46)
Kaplan et al. 2007 (33) Yes 1.66* 1.22 227 OR No Cohort USA North America
Troseid et al. 2024 (53) Yes 256.60* 13.09 157 OR No Nested cross- | Norway Europe
sectional
Urina-Jassir et al. 2023 Yes 1.83% 1.07 3.12 OR Yes Cohort Colombia South America
(52)
Education
Chammartin et al. 2022 | (Vocational edu/ 1.03 0.63 1.70 HR Yes Cohort Switzerland | Europe
(42) high edu)
Kaplan et al. 2007 (33) At least high 1.08 0.77 1.52 OR No Cohort USA North America
school
Race
Kaplan et al. 2007 (33) (Non-white vs. 1.37 0.76 2.74 OR No Cohort USA North America
white)
Fuchs et al. 2013 (48) (Non-white vs. 1.1 0.8 1.4 RR Yes Nested cross- | Brazil South
white) sectional
Alcohol use
Kaplan et al. 2007 (33) Yes (Heavy use) 0.36* 0.13 0.95 OR No Cohort USA North America
Fuchs et al. 2013 (48) Yes (Binge 0.6* 0.4 1.0 RR Yes Nested cross- | Brazil South America
drinking) sectional
Lai et al. 2008 (36) Yes 0.65 0.16 391 OR No Cohort USA North America
Kaplan et al. 2007 (33) Yes (Light to 1.18 0.87 1.60 OR No Cohort USA North America
moderate use)
Hypertension
Berquist et al., 2017 (38) | Yes 12.41% 3.37 45.65 OR Yes Case-control | Australia Australia
Worm et al. 2009 (32) Yes 30.85* 24.36 39.06 OR No Cohort Europe, Europe, Australia,
Australia, US | North America
Chammartin et al,, 2022 | Yes (lagged 36 1.85* 1.33 257 HR Yes Cohort Switzerland | Europe
(42) months)
Egana-Gorrono et al., Yes 3.58* 2.52 3.96 OR Yes Case-control | Barcelona Europe
2012 (46)
Engel et al,, 2021 (43) Yes 1.2 0.8 1.8 OR No Case-control | Switzerland Europe
Fuchs et al.,, 2013 (48) Yes 4.6* 2.7 7.9 RR Yes Nested cross- | Brazil South America
sectional
Lui et al,, 2023 (50) Yes 2.56* 1.09 6.04 OR No Cohort Hong Kong | Asia
Mushin et al., 2023 (39) | Yes 10.3% 525 20.20 OR No Case-control | Australia Australia
Troseid et al., 2024 (53) | Yes 2.96* 1.54 5.69 OR No Nested cross- | Norway Europe
sectional
Trevillyan et al. (2013) Yes 5.46* 2.38 12.74 OR No Matched Australia Australia
(41) case-control
Trevillyan et al. (2017) Yes 9.69* 2.84* 33.07 OR No Matched Australia Australia
(40) case-control
Antiplatelet use
Worm et al. 2009 (32) Yes 111.57* 86.40 144.06 OR No Cohort Europe, Europe, Australia,
Australia, US | North America
Trevillyan et al. (2013) Yes 9.43% 3.11 33.84 OR No Matched Australia Australia
(41) case-control
(Continued)
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Trevillyan et al. (2017) Yes 32.14% 3.78 273.56 OR No Matched Australia Australia
(40) case-control
Diabetes
Berquist et al., 2017 (38) | Yes 2.87 0.59 14.03 OR No Case-control | Australia Australia
Bucher et al,, 2012 (45) Yes 1.84 0.82 4.14 OR Yes Case-control | Switzerland Europe
Egana-Gorrono et al., Yes 2.44* 2.3 5.78 OR Yes Case-control | Barcelona Europe
2012 (46)
Fuchs et al., 2013 (48) Yes 4.7* 34 6.5 RR Yes Nested cross- | Brazil South America
sectional
May et al., 2007 (44) Yes 1.67 0.75 4.03 HR No Systematic Switzerland Europe
review
Urina-Jassir et al., 2023 Yes 2.50* 1.25 4.97 OR Yes Cohort Colombia South America
(52)
Trevillyan et al. (2013) Yes 1.82 0.69 4.71 OR No Matched Australia Australia
(41) case-control
Trevillyan et al. (2017) Yes 2.87* 0.59 14.03 OR No Matched Australia Australia
(40) case-control
Cocaine use
Fuchs et al., 2013 (48) Yes 0.60 0.30 1.20 RR Yes Nested cross- | Brazil South America
(past or current) sectional
Lai et al., 2008 (36) Yes (=15 yrs) 7.75% 2.26 31.20 OR No Cohort USA North America
(Duration of cocaine use)
Mode of transmission Yes
(Intravenous drug users)
Worm et al., 2009 (32) Yes 0.34% 0.22 0.54 OR No Cohort Europe, Europe, Australia,
Australia, US | North America
Kaplan et al,, 2007 (33) Yes 0.94 0.67 1.32 OR Yes Cohort USA North America
Lipid lowering drugs
Troseid et al., 2024 (53) | Yes 11.74* 4.14 33.26 OR No Nested cross- | Norway Europe
sectional
Worm et al., 2009 (32) Yes 18.84* 14.81 23.96 OR No Cohort Europe, Europe, Australia,
Australia, US | North America
CD4
Bucher et al., 2012 (45) Per 35 decreases 1.33% 1.11 1.59 OR Yes Case-control | Switzerland | Europe
Berquist et al., 2017 (38) | Decrease 0.17 0.065 0.42 OR No Case-control | Australia Australia
Egana-Gorrono et al., Per 105 decreases 1.22% 1.06 1.05 OR Yes Case-control | Barcelona Europe
2012 (46)
Engel et al,, 2021 (43) <50 cells/ul 1.50* 0.95 2.5 OR No Case-control | Switzerland Europe
Escaut et al., 2003 (47) Decrease by 164 3.60* 1.50 8.62 OR No Cohort France Europe
cells/mm?
Lai et al., 2008 (36) >350 cells/mm 1.25 0.36 4.35 OR No Cohort USA North America
Worm et al., 2009 (32) Per 26 decrease 0.08* 0.13 0.58 OR No Cohort Europe, Europe, Australia,
Australia, US | North America
Trevillyan et al. (2013) Per 55 decrease 0.48 1 500.00 OR Yes Matched Australia Australia
(41) case-control
Trevillyan et al. (2017) Decrease in CD4 0.99 0.48 1.50 OR No Matched Australia Australia
(40) count by 75 case-control
Nadir CD4
Trevillyan et al. (2013) Decrease by 14 0.16 1.04 0.35 OR No Matched Australia Australia
(41) (nadir) case-control
Trevillyan et al. (2017) Decrease by 16 6.11 2.38 15.70 OR No Matched Australia Australia
(40) (nadir) case-control
Berquist et al., 2017 (38) | - 1.72 0.70 424 OR No Case-control | Australia Australia
(nadir)
Troseid et al., 2024 (53) | <200 cells/ul 2.8758 1.5046 5.4968 OR No Nested cross- | Norway Europe
(nadir) sectional
Age -
Longenecker et al,, 2022 | - 1.089 0.948 1.250 OR No Cohort Uganda Africa
(49)
(Continued)
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Berquist et al., 2017 (38) | - 1.00 0.41 244 OR No Case-control | Australia Australia
Engel et al,, 2021 (43) - 1.26 1.14 1.39 OR Yes Case-control | Switzerland | Europe
Escaut et al., 2003 (47) - 1.656 0.693 3.958 OR No Cohort France Europe
Chammartin et al., 2022 | >50 6.97 4.40 11.05 HR Yes Cohort Switzerland Europe
(42)
Fuchs et al., 2013 (48) >50 yr 29.85 19.65 45.35 RR Yes Nested cross- | Brazil South America
sectional
Lai et al., 2008 (36) >50 yr 3.89 1.05 133 OR No Cohort USA North America
Lui et al., 2023 (50) >55yr 7.39 2.28 24.01 HR No Cohort Hong Kong | Asia
Troeseid et al., 2024 (53) >12.4 yr increase 1,556.006 596.95 4,055.89 | OR No Nested cross- | Norway Europe
(older) sectional
Worm et al., 2009 (32) Per 13 yrs increase | 5,168.047 | 4,156.43 6,424.706 | OR No Cohort Europe, Europe, Australia,
Australia, US | North America
Urina-Jassir et al., 2023 >50 4.96 3.29 7.45 OR Yes Cohort Colombia South America
(52)
Sex
Chammartin et al.,, 2022 | Female 0.30 0.17 0.53 HR Yes Cohort Switzerland | Europe
(42)
Berquist et al., 2017 (38) | Female 1.64 0.34 8.00 OR No Case-control | Australia Australia
Fuchs et al.,, 2013 (48) Female 3.0 2.1 4.2 RR Yes Nested cross- | Brazil South America
sectional
Kaplan et al,, 2007 (33) Female 0.42 0.27 0.65 OR Yes Cohort USA North America
Lai et al., 2008 (36) (male) | Female 0.218 0.040 0.781 OR Yes Cohort USA North America
Longenecker et al., 2022 | Female 4.144 0.383 44.855 | OR No Cohort Uganda Africa
(49) (Female)
Pullinger et al., 2010 (51) | Female 0.5556 0.2942 0.817 Cohen D Yes Nested cross- | USA North America
sectional
Troseid et al., 2024 (53) | Female 2.2 0.78 6.22 OR No Nested cross- | Norway Europe
sectional
Trevillyan et al. (2017) Female 1.5 0.31 7.33 OR No Matched Australia Australia
(40) case-control
Sexual orientation
Worm et al., 2009 (32) Homosexuals 1.9475 1.5426 2.4587 OR No Cohort Europe, Europe, Australia,
(transmission Australia, US | North America
homosexual)
Egana-Gorrono et al. Homosexual 0.82 0.23 2.90 OR No Cohort Europe, Europe, Australia,
2012 (46) Australia, US | North America
Troseid et al., 2024 (53) | Homosexuals 1.64 0.80 3.35 OR No Nested cross- | Norway Europe
sectional
Smoking
Berquist et al., 2017 (38) | Yes (Current 1.64, 0.9 0.34, 0.33 8.00, 2.46 | OR No Case-control | Australia Australia
smoker, ever
smoked)
Chammartin et al,, 2022 | Yes (lagged 36 171 1.22 238 HR Yes Case-control | Switzerland | Europe
(42) months)
Engel et al,, 2021 (43) Yes 1.5 1.95 22 OR No Case-control | Switzerland Europe
(past)
Engel et al,, 2021 (43) Yes 1.9 14 3.0 OR No Case-control | Switzerland Europe
(current)
Fuchs et al., 2013 (48) Yes 2.20 1.6 3.0 RR Yes Nested cross- | Brazil South America
(lifetime smoking) sectional
Lai et al., 2008 (36) (ever | Yes 1.92 0.42 18.1 OR No Cohort USA North America
smoked)
Troseid et al., 2024 (53) | Yes 1.9291 0.9744 3.8192 OR No Nested cross- | Norway Europe
(current) sectional
Trevillyan et al. (2017) Yes 14211 0.5857 3.8333 OR No Matched Australia Australia
(40) current case-control
Mushin et al., 2023 (39) | Yes 1.23 0.65 2.31 OR No Case-control | Australia Australia
(past)
(Continued)
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Mushin et al., 2023 (39) | Yes 2.31 132 4.04 OR No Case-control | Australia Australia
(current)
Egana-Gorrono et al., Yes 2.044 0.563 7.424 OR Yes Case-control | Barcelona Europe
2012 (46)
Escaut et al., 2003 (47) Yes 1.58 0.57 442 OR No Cohort France Europe
(current)
May et al., 2007 (44) Yes 1.04 0.81 1.35 HR No Systematic Switzerland | Europe
(past) review
May et al., 2007 (44) Yes 2.04 1.61 2.57 HR No Systematic Switzerland Europe
(current) review
May et al., 2007 (44) 1.45 1.06 1.98 HR No Systematic Switzerland Europe
review
Worm et al., 2009 (32) Yes 2.4085 1.8849 3.0776 OR No Cohort Europe, Europe, Australia,
(past smoker) Australia, US | North America
Worm et al., 2009 (32) Yes 1.1025 0.8692 1.3984 OR No Cohort Europe, Europe, Australia,
(current) Australia, US | North America
Duration of HIV infection
Treseid et al,, 2024 (53) | High yrs with HIV | 3,861.35 1,369.480 | 10,885.399 | OR No Nested cross- | Norway Europe
(in yrs) sectional
Berquist et al., 2017 (38) | - 1.00 0.41 2.45 OR No Case-control | Australia Australia
Trevillyan et al. (2013) A 9 yr increase 1.9272 1.1323 3.28 OR No Matched Australia Australia
(41) case-control
Trevillyan et al. (2017) Increase by 2.8 yrs 8.074 3.092 21.079 OR No Matched Australia Australia
(40) case-control
Fuchs et al., 2013 (48) >8 yrs 0.8 0.4 1.4 RR Yes Nested cross- | Brazil South America
sectional

*Statistically significant at o= 0.05.

and CAD. Five were cohort studies (32, 36, 42, 50, 52), one was a
case-control study (43), and two were nested cross-sectional
studies (48, 53).
associations between education and CAD (41, 42). No significant

Two studies reported non-significant
associations were reported between race/ethnicity and CAD (33,

48) (Table 2).

3.4.2 Sex and sexual orientation

Of nine studies, five reported that sex was significantly
associated with CAD (33, 36, 42, 48, 51). Three studies examined
sexual orientation and CAD; (36)  showed

one a

significant association.

3.4.3 Smoking, alcohol, intravenous drug use,
and cocaine

Among 12 studies on smoking, three reported significant
associations with CAD (42, 43, 48). Of the three studies on
alcohol, no significant associations were reported (36, 48). Of the
two cohorts examining intravenous drug use, one reported that
drug use was associated with a higher risk of CAD (36). One of
the two studies reported that cocaine use was associated with an
increased risk of CAD (40).

3.4.4 CD4 count and viral load

Ten studies examined CD4 count, and six (32, 41, 45, 46,
47, 53) reported significant associations with CAD. Of the ten
studies examining viral load, five reported significant associations
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with CAD (32, 38, 40, 45, 52). In two cohorts (32, 52), a higher
viral load was reported to be protective against CAD (Table 2).

3.4.5 Duration of HIV and history of AIDS-defining
illness

Among the five studies on HIV duration and CAD, three
(40, 41, 53) reported significant associations. Of five the studies
on AIDS-defining illnesses, three (33, 52, 53) reported significant
associations (Table 2).

3.4.6 BMI, hypertension, and diabetes

Of eight studies on BMI, four reported significant associations
with CAD (33, 38, 48, 52). Eleven studies examined the association
between hypertension and CAD, but only one study did not find a
significant association (43). Eight studies examined diabetes, of
which three reported associations with CAD (46, 48, 52) (Table 2).

3.4.7 Dyslipidemia and lipid profile

Three studies (42, 43, 50) reported that dyslipidemia was
significantly associated with CAD. Of the five studies on LDL,
three (36, 41, 47) reported significant associations. Five studies
examined associations with total cholesterol, and four reported
significant associations (36, 44, 45, 47). Four studies reported
significant associations between triglycerides and CAD (36, 40,
41, 47). Among the five studies on HDL, two (44, 45) reported
significant associations (Table 2).
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3.4.8 Family history of CVD

Among the seven studies investigating family history, four (32,
38, 41, 45) reported significant associations with CAD (Table 2).

3.4.9 Use of antiplatelet and lipid-lowering
medications

Three studies (32, 40, 41) reported significant associations
between antiplatelet use and CAD. Two studies (32, 53) reported
that the use of lipid-lowering drugs was associated with an
increased risk of CAD (Table 2).

3.4.10 Exposure to ART

Of the nine studies on protease inhibitors, four (32, 36, 38, 42)
reported significant associations. Seven studies investigated the use
of abacavir, of which five (38, 39, 42, 43, 45) reported significance.
One of the two studies on NRTIs (36) and both studies on NNRTTs
(32, 36) reported significant associations. Two of four studies on
the duration of protease inhibitor use (32, 43) reported a
significant association with increased risk of CAD (Table 2).

3.5 Meta-analysis of factors associated with
CAD in PLWH

Sixteen factors met the eligibility criteria for the meta-analysis.
Eleven factors [hypertension, advanced age (>50 years), family
history of CVD, dyslipidemia, diabetes, history of AIDS-defining
illness, smoking, overweight/obesity, viral load, sexual orientation,
and use of ART] were significantly associated with an increased
risk of CAD (p <0.05). Variations in the type of effect size (OR,
HR, and RR) did not significantly affect the distribution of
significance (p >0.05). Likewise, for each of the factors,
variability in the mode of analysis (adjusted vs. non-adjusted)
did not impact the distribution of significance (p >0.05). Among
the significant factors, ORs ranged from 1.42 (95% CI: 1.06-8.85)
for viral load to 4.96 (95% CI: 3.30-7.47) for advanced age. Of
the 16 factors, meta-syntheses were associated with substantial

heterogeneity (I 2>50%) (Table 3).

3.6 Epidemiologic synthesis

3.6.1 Risk responsiveness and geotemporal trend

Hypertension (Ri=0.91) and dyslipidemia (Ri=1.00) showed
the highest risk responsiveness. Age (Ri=0.73), overweight/
obesity (Ri=0.75), and family history of CVD (Ri=0.71) showed
good risk responsiveness.

Five factors (age, hypertension, smoking, history of AIDS-
defining illness, and viral load) had a broad geographical
coverage (4/6 continents). Sexual orientation, obesity, diabetes,
and dyslipidemia showed an average coverage (3/6 continents).
Nine risk factors were consistently reported across all three
periods (2000-2010, 2011-2020, and >2021).

Age (GTT =1.00) and hypertension (GTT =0.83) showed the
strongest geotemporal trends. Smoking (GTT =0.67), history of
AIDS-defining illness (GTT =0.67), viral load (GTT =0.67),
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diabetes (GTT =0.5), and a family history of CVD (GTT =0.5)
showed average or above average geotemporal coverage (Table 3).

3.6.2 Risk factor stratification, critical risk
threshold and modelling CAD in PLWH

The Rw was used to classify risk factors. Hypertension
(Rw=4.5), age (Rw=3.58), family history of CVD (Rw =2.24),
and dyslipidemia (Rw =2.15) belonged to the high-risk group.
Diabetes (Rw=1.32) and obesity (Rw=1.36) belonged to the
middle risk group, whereas the rest belonged to the lower-risk
group (Table 4, Supplementary File 2-Figure S1).

The critical risk threshold was 14.8 (75th percentile of
cumulative Rw). Two “necessary causes” of CAD in PLWH
emerged: advanced age (Ri=0.73; GTT =0.87) and hypertension
(Ri=0.91, GTT =0.87). Component causes included any of the
remaining factors, prioritized by Rw, GTT, and intervention
feasibility. We assumed that HIV-related CAD is imminent in
individuals whose risk factor combination equals the CRT. In
addition, factors with a minimum GTT of 0.5 were preferred to
improve the global utility of the model. A GTT of 0.5 signifies
fair geographical (3/6 continents) and temporal coverage (2/3
periods). Clinically, the most parsimonic prediction model for
HIV-related CAD
hypertension, dyslipidemia, family history of CVD, diabetes, and

includes the following factors: age,
overweight/obesity. The primary prevention model included

hypertension, dyslipidemia, and overweight/obesity

(Supplementary File 2).

3.6.3 Necessary vs. synergistic “causes”

In determining the path/model for HIV-related CAD, we asked
the question “in how many ways can these eleven factors combine
to produce the critical risk threshold (Rw > 14.8)?” Following the
principle of permutation and combination, there are over 130
ways in which these eleven risk factors could interact to produce
an Rw of 14.8 (Supplementary File 2). There are over 130 ways
in which these 11 factors can combine to meet the CRT, and in
all these combinations, the two irreplaceable factors were age
and hypertension.

3.6.4 Causality index and public health priority

We further classified the 11 risk factors using CI and PHP.
Similar to Rw, first-class factors included dyslipidemia,
hypertension, advanced age, and obesity. In terms of PHP,
hypertension, dyslipidemia, and overweight/obesity were critical
contributors to HIV-related CAD, followed by diabetes, smoking,
and viral load.

A mass prevention threshold of 8.0 was set, integrating both
Rw and PHP to identify actionable causal paths for primary
model  details  are

prevention.  Full provided in

Supplementary File 2.

3.7 Certainty of evidence

The certainty of evidence was moderate to high for 10 of the 11
significant variables, suggesting that further research is unlikely to
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TABLE 3 Meta-analysis of potential risk factors of coronary artery disease (CAD) in people living with HIV (PLWH).

Factors

Reference

Odds
ratio

95% ClI

1> p-value
(%)

Variance in
effect size type
(p-value)

Risk
responsiveness
(Ri)

Risk
weight
(Rw)

Crw

Geo-
coverage

Temporalcoverage Geo-temporal

trend (GTT)

Age (years) >50 4.96 3.30-7.47 99.7 <0.001 0.461 0.73 3.58Y 3.58 6/6 3/3 1.00 (Adj: 0.87)
Sex Female 0.90 0.45-1.79 87.19 <0.001 0.186 NS - - 5/6 3/3 0.83
Sexual orientation | Homosexuals 1.87 1.50-2.32 0.00 0.392 1.000 0.33 0.62' 4.20 3/6 2/3 0.33 (Adj: 0.33)
Smoking Currently/ever 1.59 1.35-1.87 70.34 <0.001 0.260 0.53 0.84" 5.04 4/6 3/3 0.67 (Adj: 0.59)
smoked
Alcohol use Yes 0.71 0.41-1.25 67.52 0.024 1.000 NS - - 2/6 2/3 0.22
Duration of HIV | Living longer 8.51 0.39-184.73 98.78 <0.001 0.819 NS - - 3/6 2/3 0.33
with HIV
History of AID- Yes 1.61 1.24-2.08 0.00 0.097 1.000 0.60 0.97% 6.01 4/6 3/3 0.67 (Adj: 0.64)
defining illness
CD4 count Lower values 0.78 0.35-1.75 96.83 <0.001 1.000 NS - - 3/6 3/3 0.5
Nadir CD4 count | Lower values 1.68 0.42-6.67 88.19 <0.001 1.000 NS - - 2/6 2/3 0.22
Viral load High values 1.42 1.06-8.85 15.94% 0.212 1.000 0.38 0.53! 6.54 4/6 3/3 0.67 (Adj: 0.60)
Overweight/ >24 Kg/m2 1.81 1.33-2.48 38.67 0.097 >0.05 0.75 1.36M 7.90 2/6 3/3 0.33 (Adj: 0.53)
obesity
Hypertension Yes 4.90 2.71-8.86 94.54 <0.001 0.885 091 4.50Y 12.4 5/6 3/3 0.83 (Adj: 0.87)
Diabetes Yes 2.64 1.86-3.74 45.73 0.082 0.368 0.50 1.32M 13.72 3/6 3/3 0.50 (Adj: 0.5)
Dyslipidemia Yes 2.15 1.41-7.75 0.00 0.448 1.000 1.00 2.15Y 15.87 3/6 2/3 0.33 (Adj: 0.67)
Family history of | Yes 3.15 1.95-5.08 74.25 <0.001 1.000 0.71 2249 18.11 3/6 3/3 0.50 (Adj: 0.61)
CVD
ART exposure Yes 1.68 1.43-1.97 58.81 <0.01 1.000 0.63 1.06' 19.17 2/6 3/3 0.33 (Adj: 0.48)
PI exposure Yes 1.60 1.26-2.02 35.99 0.029 1.000 0.56 0.90' - 4/6 3/3 0.67 (Adj:0.62)
Duration of PI High values 5.82 0.56-60.37 98.98 <0.001 1.000 NS - - 2/6 3/3 0.33
exposure
Abacavir exposure | Yes 1.60 1.21-2.11 64.38 0.004 1.000 0.71 1.14! - 2/6 2/3 0.22 (Adj: 0.47)

CRT (clinical): 14.8

CRT (community): 8.0
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TABLE 4 The causality framework for deducing causality from the exposure-outcome association.
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Risk factor Strength of association  Temporality (value  Consistency value | Irreversibility among significant | Causality | Risk class | Nature of Public
(value & rating) & rating) (rating) findings (value & rating) index risk factor health
priority
Advanced age (>50) 4.96 (3) 0.64 (2) 0.73 (1) Yes (1) 7/10 First class 1 8/15'
Sexual orientation 1.87 (1) 0.67 (2) 0.33 (0) Yes (1) 4/10 Third class 1 5/15!
(Homosexual)
Smoking 1.59 (1) 0.23 (1) 0.53 (0) Yes (1) 3/10 Third class 5 8/18™
History of AID- 1.61 (1) 0.4 (1) 0.60 (1) Yes (1) 4/10 Third class 1 5/15!
defining illness
Viral load 1.4 (1) 0.25 (1) 0.38 (0) No (0) 2/10 Third class 5 7/15!
Overweight/obesity 1.8 (1) 0.75 (3) 0.75 (2) Yes (1) 7/10 First class 5 12/157
Hypertension 4.90 (3) 0.27 (1) 091 (2) Yes (1) 7/10 First class 5 12/157
Diabetes 2.64 (2) 0.13 (1) 0.50 (0) Yes (1) 4/10 Third class 5 9/15M
Dyslipidemia 2.15 (2) 0.67 (2) 1.00 (3) Yes (1) 8/10 First class 5 13/157
Total cholesterol 1.56 (1) 0.40 (1) 0.80 (2) Yes (1) 5/10 Second class 5 10/15"
Triglycerides 1.84 (1) 0.33 (1) 0.67 (1) Yes (1) 4/10 Third class 5 10/15"
Family history of 3.15 (2) 0.29 (1) 0.71 (1) Yes (1) 5/10 Second class 1 6/15'
CVD
ART exposure 1.68 (1) 0.45 (1) 0.63 (1) Yes (1) 4/10 Third class 1 5/15'
Abacavir exposure 1.60 (1) 0.14 (1) 0.71 (1) Yes (1) 4/10 Third class 1 5/15
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alter the conclusions. Evidence supporting viral load as a risk factor
for HIV-related CAD was rated low. Three factors were upgraded
owing to large effect sizes. Heterogeneity and imprecision were
the primary reasons for downgrading (Table 5).

3.8 Comparison of classification systems

Two scoring systems were compared: an empirical model
(based on effect size and meta-analysis results, maximum
score=10) and an integrated model, that included PHP. The
goal was to classify the
categories (Figure 2).

risk factors into relevant

10.3389/fcvm.2025.1586019

i. High CAD risk: hypertension (CI/PHP), age (CI), dyslipidemia
(CI/PHP), obesity (CI/PHP), and viral load (PHP)

ii. Moderate CAD risk: diabetes (PHP), smoking (PHP), and
family history (CI)

ili. Low CAD risk: remaining factors

4 Discussion

This systematic review and meta-analysis synthesized evidence
on the risk factors for CAD among PLWH, integrating
epidemiological models to enhance risk classification and
prediction. The findings identified both traditional and HIV-
specific factors with varying levels of predictive strength, causal
relevance, and PHP. Advanced age and hypertension emerged as

TABLE 5 Certainty of evidence for each risk factor underscoring the review findings.

Domains
Factors

Limitation

Indirectness

Imprecision

Inconsistency = Publication
bias

Strength of
association (OR)

Certainty of
evidence

Advanced age (>50) Not serious Not serious Not serious serious Unlikely Large High | 111
Sexual orientation Not serious Not serious Not serious Not serious Likely Moderate Moderate |1
(Homosexual)

Smoking Not serious Not serious Not serious Serious Unlikely Moderate Moderate |1
History of AIDS- Not serious Not serious Serious Not serious Unlikely Moderate Moderate |1
defining illness

Viral load Not serious Not serious Serious Not serious Unlikely Small Moderate |1
Body mass index Not serious Not serious Serious Not serious Unlikely Moderate Moderate |1
Hypertension Not serious Not serious Serious Serious Unlikely Large Moderate |211
Diabetes Not serious Not serious Serious Not serious Unlikely Moderate Moderate |1
Dyslipidemia Not serious Not serious Serious Not serious Unlikely Moderate Moderate |1
Family history of Not serious Not serious Serious Serious Unlikely Large Moderate |211
cardiovascular disease

Antiretroviral exposure | Not serious Serious Not serious Serious Unlikely Moderate Low | 2

0.8

Score

0.0

FIGURE 2

Comparison of the causality index score and public health priority score.

mmm Causality Index
B Public Health Priority
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consistent and necessary causes, whereas dyslipidemia, diabetes,
obesity, smoking, and viral load contributed as component or
synergistic factors. By applying structured metrics—such as CI,
risk responsiveness, and geotemporal coverage—this study offers
a refined framework for understanding CAD risk in PLWH, with
implications for clinical decision-making, public health policy,
and future research.

4.1 Advanced age and hypertension

Advanced age and hypertension are well-known risk factors
for CAD among PLWH, with high CI values and geotemporal
coverage. While previous models included these factors in CVD
prediction among PLWH (58), this is the first review to isolate
their specific association with CAD in this population.

Contrary to prior hypotheses suggesting a higher CAD risk at
younger ages (<55 years) (55), our findings affirm that advanced
age (=50 years) significantly increases CAD risk in PLWH. The
biological mechanisms, vascular aging, endothelial dysfunction,
and arterial stiffness, are well documented (56). Similarly, the
pathophysiological role of hypertension in atherosclerosis and its
universal inclusion in CVD risk models underscores its
importance (54).

Both age and hypertension received high weights in prior
models (54) owing to strong geotemporal coverage, predictive
consistency, and low cost of assessment. The certainty of
evidence for both is strong, indicating that future research is
unlikely to change their classification. Althoug age is critical for
risk prediction, its non-modifiable nature limits its relevance in

primary prevention.

4.2 Family history of CVD, dyslipidemia, and
diabetes mellitus

A family history of CVD, dyslipidemia, and diabetes also
emerged as first-class CAD risk factors. PLWH with a family
history of CVD had a threefold increased risk of developing
CAD, consistent with general population studies (57-60).
Bachmann et al. reported a 50% increase in lifetime mortality
among patients with a history of premature CVD (55).

Dyslipidemia in PLWH was associated with a twofold increased
risk of CAD, aligning with previous findings in ART-treated patients
(61-63). Diabetes showed a threefold increase in CAD risk,
corroborating the findings of Gupta et al (64). and supporting
type 2 diabetes as a CAD risk equivalent (65). Mechanistically,
chronic hyperglycemia, insulin resistance, and oxidative stress
drive endothelial dysfunction and atherosclerosis (66).

Despite its predictive value, family history is non-modifiable
and often excluded from clinical tools (50, 67-69). Dyslipidemia
and diabetes are included more consistently; however, the
moderate-to-high cost of dyslipidemia testing limits its use in
LMICs. Our analysis suggests that, in the absence of age and
hypertension, dyslipidemia or diabetes alone may be insufficient
to indicate CAD risk in PLWH.
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4.3 Obesity

Obesity ranked fifth the among risk factors, with obese PLWH
experiencing approximately double the risk of CAD. This finding
mirrors the general-population meta-analysis of 21 cohorts (70).
Obesity contributes to CAD through increased blood volume,
cardiac output, heart rate, and sodium retention, all promoting
(71).
correlates with plaque formation and vulnerability (72), whereas

hypertension Visceral and pericardial fat deposition
elevated fibrinogen, PAI-1, and coagulation factors increase
thrombotic risk (73). The multifactorial effects of obesity
reinforce hypertension as a “necessary cause” of HIV-related
CAD. The moderate certainty of this evidence suggests that
future findings may refine, but not reverse this association.

4.4 Smoking

Current or past smoking doubled HIV-related CAD risk,
consistent with previous studies (74, 75). Smoking promotes
vascular injury via oxidative stress, cytokine release, and endothelial
dysfunction (76-78). Carbon monoxide and renal dysfunction
further increase cardiovascular strain (79, 80). Smoking is relatively
inexpensive to assess, supporting its inclusion in most CAD
prediction models (54). The moderate certainty of evidence implies
potential refinement, but not invalidation, of smoking risk status.

4.5 Viral load

Viral load has emerged as a third-class CAD risk factor, a novel
finding for PLWH. Viral load has a low predictive value, explaining
its omission from key models (e.g, D:A:D, SMART) (54).
Mechanistically, viral proteins (Tat, gpl120) trigger monocyte
activation and endothelial apoptosis (81, 82). Early ART and
sustained suppression mitigate these effects (83, 84). A high viral
load likely acts as a potentiating factor, and is not a direct cause.
Given its central role in HIV management, viral load qualifies as a
PHP, despite a lower PHP score. The moderate certainty of evidence
suggests that this association may evolve with further research.

4.6 History of AIDS-defining illness

A history of AIDS-defining illness doubled the CAD risk,
consistent with the findings of the MACS cohort study (33).
Chronic inflammation, activated T cells, and upregulated
procoagulants drive atherosclerosis and thrombosis (85-87).
Despite its biological plausibility, its non-modifiable nature and

low predictive weight limit its value as a primary prevention target.

4.7 ART exposure
ART use was associated with a 1.7-fold increased in CAD risk,

albeit inconsistently, —aligning with earlier data on subclinical
atherosclerosis (88). Protease inhibitors disrupt lipid metabolism,
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impair glucose uptake, and induce mitochondrial toxicity (89-92).
As a third-class factor, ART exposure gains predictive value only
when combined with first-class risk factors, explaining its
exclusion from some existing models (50, 54).

4.8 Sexual orientation (homosexual)

Homosexual orientation was associated with a twofold increase
in CAD risk among PLWH, reflecting broader disparities in sexual
minority populations (93). Though not universally applicable,
regional prevalence and behavioral profiles may enhance its
contextual relevance (94-97). This association is unlikely to be
overturned, although its Rw may vary by setting.

4.8.1 Antiplatelet and lipid lowering medications
One of the most important, although, accidental finding in this
review is the fact that lipid lowering and antiplatelet medication
constituted protective factors. Individuals on antiplatelet and
lipid lowering medications were 36— 18 —times,
respectively, likely to have CAD compare to their
counterparts on no such medications. The efficacy of antiplatelet

and
less

medication for secondary prevention of CAD is well-established
(98). Low-dose aspirin is recommended for secondary prevention
in patients with-established CAD, including those with a history
of a heart attack, stroke, or angina. It works by inhibiting platelet
aggregation, which helps prevent blood clots from forming in
narrowed arteries. This can reduce the risk of future heart attack,
stroke, and other cardiovascular events. Aspirin is often used in
combination with other antiplatelet medications such as
clopidogrel (98). Although effective, long-term aspirin use can
increase the risk of bleeding, particularly in the stomach and
intestines. Although its use in secondary prevention of CAD is
justifiable, its benefits for primary prevention are a subject of
debate. Similarly, the use of lipid-lowering medications (e.g.,
statins) for individuals at risk of CAD or established CAD is
common practice (99). The goal of this practice is to significantly
thereby

increasing the risk or progression of CAD (100). Therefore, there

lower low-density lipoprotein cholesterol levels,

is a need to account for the role of protective factors, such as the
use of antiplatelet and lipid-lowering medications, when
modelling HV-related CAD,
performance by reducing the false positives.

as this will enhance model

4.9 Clinical relevance

This review confirms that Rw and CI are useful for stratifying
CAD risk among PLWH (101). A CI >7 indicates high PHP risk
factors that require targeted screening. PLWH older than 50
years with hypertension constitute a core surveillance group. This
is especially true in the presence of additional factors such as a
family history of CVD and/or dyslipidemia. Emphasizing
modifiable
dyslipidemia, diabetes, obesity, smoking, and viral load aligns

behaviors risk factors such as hypertension,

with existing prevention frameworks (102, 103).
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4.10 Public health implications

A PHP threshold >8 supports community level interventions
targeting high-CI modifiable risks (104, 105). Mass media,
educational initiatives, and counseling have demonstrated efficacy
in promoting behavioral change, particularly in resource-limited
settings. In low- and middle-income countries (LMICs), where
health
workforce challenges, cost-effective, population-based strategies

systems frequently encounter infrastructural and
are increasingly vital. For instance, mass media campaigns can
enhance awareness of cardiovascular risk factors, while programs
based in schools and workplaces can encourage healthy lifestyles
and facilitate early detection. Surveillance should monitor
established and emerging risks such as alcohol use and ART-
induced metabolic syndromes (106). Incorporating CAD risk
surveillance into existing primary healthcare systems and
national health surveys in LMICs could improve early detection
and prevention on a large scale. Enhancing data systems and
training community health workers to screen for risk factors can
mitigate access to care disparities. Ultimately, translating these
findings into national guidelines and policies could guide
targeted resource allocation and reduce the long-term burden of

coronary artery disease among vulnerable populations.

4.11 Policy implications

A CI: >7 threshold offers policymakers a quantitative tool for
resource allocation and guideline development. Emphasizing
behavioral determinants in planning, such as smoking cessation
and viral-load monitoring, can curb CAD morbidity and
mortality in HIV populations (107).

4.12 Recommendations

Based on the analyses conducted in this study, the following
recommendations are proposed to enhance the understanding,
prediction, and management of CAD risk in HIV-infected
individuals living with HIV.

1. Validation of the epidemiologic metrics

Geotemporal coverage, causality index, risk responsiveness,
and public health priority. Although the new metrics provide
deeper insights for assessing exposure-outcome association,
there is a need to ascertain their definitive cut-off and
compare them with the current practice of the sole use of
statistical significance in ranking their importance and in the
construction of predictive models for diseases.
Development of clinical decision tools

Upon validation, the optimum critical risk threshold can
serve as a critical cutoff for distinguishing individual at
various risk levels. This knowledge can be used to develop
simple clinical tools to assist healthcare professionals in risk
stratification. Interactive calculators or dashboards can aid in

frontiersin.org


https://doi.org/10.3389/fcvm.2025.1586019
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Nweke et al.

identifying patients at higher risk and prioritizing preventive
interventions accordingly.
3. Expanding the dataset for greater statistical power
The dataset analyzed in this study contained only 11 risk
factors, with 3-11 studies, which may limit the performance
of the model and the generalizability of the findings. Future
research should focus on collecting larger and more diverse
datasets  (using  the  epidemiological  triangle  or
biopsychosocial model to inform variable sampling) to ensure
that the identified relationships are consistent across a
broader population. Expanding the dataset would provide
more reliable estimates of the influence of the causality index
on CAD risk and improve the ability of the model to
discriminate between various level of CAD risk.
4. Incorporating additional predictors
The current analysis relies primarily on the causality index
and the risk Additional

inflammatory biomarkers, treatment adherence data, alcohol

class. predictors, such as
use, substance use, air pollution and social determinants, may
improve model performance. Such variables could provide a
more nuanced understanding of risk dynamics and improve
classification accuracy.
5. Standard definition of CAD and use of epidemiological model
Future primary studies should employ standard diagnostic
criteria for CAD to ensure a good degree of consistency in future
syntheses. Owing to the irregular sampling of behavioural and
socioeconomic determinants, future research examining factors
associated with HIV-related CAD should employ relevant
theoretical models such as the epidemiological triangle or
biopsychosocial model to ensure exhaustive sampling of exposure
variables, including social and environmental determinant. As a
rule of thumb,
disease) association should sample at least one each of biological,

an exposure-outcome (non-communicable

behavioural, social and environmental variables.
6. Implementation of ongoing monitoring and validation
CAD risk profiles may evolve as HIV treatment improves and
metabolic complication rates change. Ongoing data collection,
monitoring, and model revalidation are essential to ensure that
predictions remain accurate and actionable over time.
7. Conduct population-specific sub-analyses
HIV is a heterogeneous condition that affects individuals
differently depending on their age, sex, treatment history, and
comorbidities. Conducting sub-analyses within specific
demographic and clinical subgroups may uncover differential
CAD risk patterns and inform more personalized and
effective intervention strategies.
8. Accounting for protective factors in construction of global
prediction model for CAD
Failure to account for protective factors when constructing a
global prediction model for HIV-related CAD could affect
model performance by increasing the number of false positives.
Therefore, a methodological innovation is required to include

these factors in clinical prediction models for CAD in PLWH.

Addressing the model’s limitations and expanding the data sources
could significantly improve predictive performance and contribute
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to more effective CAD prevention efforts in this

vulnerable population.

4.13 Limitations

Despite its methodological rigor, this study has some
limitations. Internal metrics Rw, CI, and PHP require external
validation. Inconsistent definitions of CAD may have affected the
outcomes of the studies included in this review. Moreover, the
strict criteria were impractical because of the limited number of
eligible studies. Most factors lack representation from multiple
continents, thus impacting their global applicability. Subjectivity
in assessing the critical risk thresholds may affect the robustness
of the model. However, a modest effort was made to account for
this disparity by computing the geotemporal trends. Nevertheless,
the validated framework may be applied differently to LMICs. In
addition, the inability to account for protective factors such as
the use of lipid-lowering and antiplatelet medication represents a
limitation for which a methodological innovation is warranted.
These findings should be validated in independent cohort studies.

5 Conclusion

This review identified advanced age and hypertension as
primary risk factors for CAD in PLWH. Additional significant
factors include dyslipidemia, obesity, diabetes, smoking, viral load,
and ART exposure. The most parsimonic clinical prediction model
included age, hypertension, dyslipidemia, family history of CVD,
diabetes, and obesity as risk factors for HIV-related CAD. The
most efficient models for primary prevention include
hypertension, dyslipidemia, and obesity. These findings highlight
the importance of risk stratification by integrating biological
plausibility, PHP, and causality into risk assessments. The use of
antiplatelet or lipid-lowering medications is protective against
CAD in PLWH. Therefore, a methodological innovation that
accounts for the use of antiplatelet and lipid-lowering medications
in prediction models is essential to reduce false positives.
Behavioral and socioeconomic factors were poorly sampled in
eligible studies. Future primary studies should be guided by
relevant epidemiological models to ensure exhaustive sampling of
the exposure variables. Future studies should employ stricter

assessment criteria to improve homogeneity and external validity.
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