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[bookmark: _GoBack]Supplementary File 1 (S1): Theoretical frameworks for risk stratification of CAD among PLWH
This appendix elaborates on the theoretical frameworks underpinning the review’s methodology for analyzing coronary artery disease (CAD) risk factors in people living with HIV (PLWH). Four models informed the conceptual approach (S1 Figure 1), each contributing strengths for stratifying multifactorial and context-dependent risk relationships.
Principle 1: Broad-spectrum sampling of risk factors
This study comprehensively sampled all risk factors of HIV-related stroke, irrespective of time, setting, or age. Six major databases were searched to ensure that all potential risk factors of HIV-related stroke were included. The epidemiological triangle [1] guided this process allowing for the identification of HIV-specific (e.g., (cluster of differentiation-4 (CD4) count, viral load, use of antiretroviral therapy [ART]), cardiovascular (hypertension, diabetes, smoking, dyslipidemia, obesity etc.), intrinsic (age, sex, education), and extrinsic (income, employment status, access to healthcare) variables. This framework allows for the structured categorization of exposures but does not assess causality. Additional models are needed for deeper analysis.
Principle 2: Non-communicable diseases (NCDs) result from multiple interacting causes 
The epidemiological triangle recognizes disease as an outcome of agent-host-environment interactions, but cannot quantify each factor’s contribution in polygenic NCDs. For effective prevention, contributing factors must be prioritized by clinical and public health relevance. This review applies Bradford Hill's criteria [2], Rothman’s causal pie [3], and Nweke’s hypotheses [4] to infer causality and stratify causative (risk) factors. While the strength of association is commonly used to stratify risk factors, it is insufficient alone [2]. Given the absence of robust quantitative models for estimating dimensions such as temporality, consistency, biological gradients, and specificity, this review incorporates emerging conceptual frameworks to address these limitations. 
Principle 3: Objective application of causal frameworks 
Hill's and Rothman's models are applied with methodological support from emerging hypotheses [5-8, 9], which challenge the adequacy of statistical significance (magnitude of association) alone for attributing causality. These hypotheses introduce the cumulative risk index and emphasize specificity in exposure-outcome associations. Nweke and colleagues extended these frameworks to develop a causality estimation model [6], integrating Bradford Hill’s and Rothman’s principles to assess complex exposure-outcome relationships.
Theoretical models
Epidemiological triangle
Conceptualizes disease, CAD, as an outcome of interactions between: 
· Agent: HIV and ART, particularly their inflammatory and metabolic effects.
· Host: Intrinsic characteristics such as age, genetics, immune status, and comorbidities such as hypertension or diabetes.
· Environment: Social determinants of health, healthcare access, geographic location, and lifestyle behaviors.
Bradford Hill’s criteria for causality
A heuristic for evaluating causal associations using nine principles: strength, consistency, specificity, temporality, biological gradient, plausibility, coherence, experiment, and analogy. 
· Strength: Larger associations are more likely to be causal.
· Consistency: Repeated observations in different settings and periods.
· Temporality: Cause precedes effect.
· Biological gradient: Dose-response relationship.
· Plausibility & coherence: Aligns with biological mechanisms.
Limitations include subjectivity and limited capacity to address confounding and complex interactions.
Rothman’s Causal Pie Model
Posits that disease arises from combinations of component causes forming a sufficient cause (complete pie). 
Necessary causes (must be present)
· Component causes (contribute but not sufficient alone)
· Sufficient cause combinations (complete causal paths)
This model supports hierarchical classification and the analysis of synergistic interactions. 
Nweke’s cumulative risk index (CRI) framework
Extends Rothman and Hill’s models with new stratification criteria:
· Predictive consistency (risk weight): Reproducible associations across contexts.
· Irreversibility: The risk factor induces permanent physiological or structural changes; it cannot be protective.
· Geotemporal trend: Measures global and temporal spread of risk factors; favors universally prevalent risk factors. 
· Scoring system: Causality index (CI) and risk weight (Rw) are assigned based on temporality, plausibility, and public health priority.
Categories: 
· Necessary causes: High CI and Rw (e.g., hypertension)
· Synergistic/component causes: Moderate CI and Rw (e.g., unsuppressed viral load)
· Low-priority/unstable predictors: Low CI and Rw, often context-specific
This framework enables evidence synthesis even in the absence of individual participant data and supports prioritization in resource-limited settings.
Conclusion
These models, used in a complementary manner, enhance the interpretive depth and contextual validity of this review. Their integration provides a robust conceptual foundation for evidence classification and CAD risk stratification in PLWH.
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S1 Figure 1: Flowchart illustrating the application of integrated theoretical models for CAD risk stratification in PLWH
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