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Abstract

Purpose of the review: To synthesize current evidence on the impact of cardiovascular 

disease among women living with HIV (WLWH) with a particular focus on disease prevalence, 

mechanisms and prevention.

Recent Findings: HIV-related cardiovascular disease risk is 1.5 to 2-fold higher for women 

than for men. Mechanisms of enhanced risk are multifactorial and include reinforcing pathways 

between traditional risk factors, metabolic dysregulation, early reproductive aging and chronic 

immune activation. These pathways influence both the presentation of overt syndromes of 

myocardial infarction, stroke and heart failure, as well as subclinical pathology such as 

microvascular dysfunction and cardiac fibrosis. Cardiovascular disease therefore remains a 

consistent threat to healthy aging among WLWH.

Summary: While no specific prevention strategies exist, patient-centered risk mitigation 

approaches that are adaptable to the needs of aging individuals are essential to combat disparities 

in cardiovascular outcomes among WLWH. Further research into the optimal prevention approach 

for CVD among WLWH, particularly for women living in under-resourced health systems, is 

needed.
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1. Introduction

The role of HIV as a unique driver of cardiovascular disease (CVD) has been a subject of 

ongoing inquiry over the past three decades. Early research demonstrated that HIV infection 

was an independent risk factor for incident CVD, and that risk could be partially mitigated 

with antiretroviral therapy (ART) (1–4). Yet, despite expanding access to ART, people living 
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with HIV (PLWH) continue to face an increased burden of CVD driven by traditional 

cardiometabolic risk factors and persistent immune activation and inflammation (5,6).

Understanding CVD risk is especially important among subgroups with historic disparities 

in cardiovascular care, including women living with HIV (WLWH). Available data suggests 

that the risk of CVD is increased in WLWH, with WLWH having double the hazard of CVD 

compared to women without infection (7). This review will address evidence for differential 

risk among WLWH with regards to specific diagnoses and will explore pathophysiologic 

pathways that contribute to this risk. We will additionally address opportunities for improved 

preventive care specific to this unique population.

2. Epidemiology of Cardiovascular Disease in Women with HIV

Relative risk (RR) of CVD is increased in WLWH across a range of disease phenotypes 

relative to women without HIV. The relative risks of myocardial infarction, stroke, and 

heart failure in landmark studies which compared PLWH with HIV-negative controls and 

which reported sex-stratified HIV effects are shown in Figure 1. Across these studies, 

the magnitude of risk is 1.5 to 2-fold higher among WLWH, excluding one study (8) in 

which the HIV-associated risk was similar. The following sections will summarize existing 

epidemiologic data among subtypes of cardiovascular disease by sex and HIV serostatus.

Myocardial infarction

Multiple studies have established evidence for a differential risk of myocardial infarction 

(MI) among WLWH as compared to women without HIV. Triant et al demonstrated a 

relative risk for MI of 2.98 (95% CI 2.33 to 3.75) among WLWH in comparison to women 

in the general population after adjusting for traditional risk factors in a large US cohort 

followed from 1996 to 2004. The RR of MLWH in comparison to men without HIV was 

1.40 (95% CI 1.16 to 1.67) in the same cohort (9). Similar documentation of increased risk 

of MI among WLWH in comparison to women in the general population were obtained in 

a national sample from France (10), a population-based study in northern Italy (8) and in 

women from the Veterans Aging Cohort Study in the US (11).

In contrast, the risk of MI in WLWH as directly compared to MLWH varies by time period 

and population studied (12) and has shown additional interaction by race in at least one 

study (13). Additional data on adjudicated MI from the Centers for AIDS Research Network 

of Integrated Clinical Systems (CNICS) suggests that MI subtypes differ by sex. Crane et 

al evaluated incident MI among 28,741 PLWH between 2000 and 2019 at 6 clinical sites 

in CNICS and demonstrated WLWH represented 27% of PLWH presenting with type II 

MI in comparison to only 15% of PLWH presenting with type I MI (p=0.001) (14*). It 

should be noted that these data utilized the third universal definition of MI, and therefore 

some cases may be re-classified as “myocardial injury” under the fourth universal definition 

currently in use (15). Despite this limitation, this analysis suggests that different approaches 

to risk management may be warranted among WLWH to account for differences in MI 

pathophysiology.
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More recently, there has been interest in whether the differential risk of MI may be 

changing for PLWH, particularly as CVD mortality in the general population appears to be 

declining (16). A recent analysis of two large cohorts in Massachusetts and California (US) 

demonstrated that, even as MI incidence rates have declined overall, they have remained 

stable in PLWH (17) such that the RR for PLWH is actually increasing. While this analysis 

did not evaluate the trend specifically in WLWH, such a trend has the potential to widen an 

already-existing disparity.

Stroke

Initial data for an increased risk of stroke among WLWH comes from a 2012 study in 

Boston, US comparing stroke rates in 4,308 PLWH with over 32,000 controls matched on 

age, sex and race. In a subgroup analysis by sex, the association between HIV and stroke 

was insignificant for men, but strongly significant for WLWH compared to women without 

HIV (adjusted incident rate ratio [IRR]1.76, 95% CI 1.24 – 2.52). Notably, stroke risk was 

attenuated by a longer duration on ART and increased with increasing HIV viral load (18).

An age-sex interaction was noted in a separate cohort of treatment-naïve PLWH comparing 

WLWH to MLWH between 1998 and 2011. The overall HR for stroke was 1.96 (95% CI 

1.04 – 3.67) in a model adjusted for clinical characteristics. WLWH had a comparatively 

higher risk of stroke at younger ages (<50 years) whereas older age conferred a higher risk 

in MLWH (19).

Heart Failure

Multiple studies have corroborated an increased risk of heart failure, defined broadly, among 

PLWH relative to the general population (7). A recent metanalysis, including data from 

over 8 million participants, found a RR for heart failure of 1.81 (95% CI 1.51 −2.15) 

among PLWH compared to those without infection, robust to both fixed and random effects 

models. The RR specifically in WLWH compared to HIV-negative women was 3.67 (95% 

CI 1.66 – 8.07) (20**). These results were corroborated in a recent large cohort from Kaiser 

Healthcare (US) where the adjusted hazard ratio for heart failure was 1.57 (95% CI 1.41 – 

1.75) among MLWH but 2.48 (95% CI 1.92 – 3.03) among WLWH compared to uninfected 

controls. In the overall cohort, the association between HIV and heart failure was only 

partially attenuated after adjusting for interim acute coronary events, suggesting that the 

mechanism of heart failure is not entirely driven by an increased rate of coronary disease 

(21*).

Studies directly comparing WLWH to MLWH have been restricted to single centers, but 

have demonstrated a similar prevalence of heart failure overall (22,23).

With regards to heart failure subtypes, the Veterans Aging Cohort Study demonstrated a 61% 

increased risk for heart failure with reduced ejection fraction (HFrEF) and a 21% increased 

risk of heart failure with preserved ejection fraction (HFpEF) among a predominantly male 

cohort of PLWH compared to controls (24). A single-center study from Boston, US found 

WLWH had a four-fold increased incidence rate of heart failure compared to women without 

infection, but no statistically significant difference in the breakdown of heart failure by 

subtype. Heart failure with preserved ejection fraction was more common in both groups 
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(71% of WLWH vs 63% of women without HIV, p=0.44). WLWH had an increased hazard 

for heart failure hospitalization, higher rates of cumulative and cardiovascular mortality, and 

a lower likelihood of optimal therapy for heart failure with reduced ejection fraction (40% vs 

83%, p=0.01) (25).

3. Mechanisms of Cardiovascular Disease

Mechanisms of CVD among WLWH span two categories – those that are related to the 

pathophysiology of chronic HIV and those that are related to sex-specific risk (Figure 

2). In this section, we explore how these mechanisms, including traditional cardiovascular 

risk factors, HIV-associated metabolic dysregulation, early reproductive aging, and chronic 

inflammation, each constitute specific pathways that drive CVD among WLWH. We then 

discuss how they result in subclinical disease, particularly atherosclerosis and microvascular 

dysfunction, citing evidence from imaging and functional studies.

Traditional risk factor burden

Traditional risk factor burden is expected to increase overall as PLWH age. An appreciation 

of the unique contributions to risk among WLWH is therefore essential for prevention 

of adverse outcomes. This issue was recently addressed in a sample of 3086 persons 

enrolled in the HIV Outpatient Study at a variety of sites in the US between 2010 and 

2017. Cardiometabolic risk factors were used to calculate “excess heart age,” a summary 

measurement of accumulated risk factors representing the increased risk for adverse 

cardiovascular events over the lifetime. The highest excess heart age was calculated among 

WLWH aged 50–59 years (excess heart age 16.1 years, 95% CI 14.8 – 18.0) which exceeded 

the excess risk for MLWH in all age groups. The overall estimate of excess heart age was 

also increased in WLWH across all ages (13.1 years) in comparison to estimates for the 

general US female population obtained from the Behavioral Risk Factor Surveillance Survey 

(5.4 years) (26*).

In a nationally representative sample from the US followed between 2009 and 2012, WLWH 

aged 50–64 were more likely than MWLH to have obesity, hypertension and high total 

cholesterol. WLWH over the age of 65 were also more likely to have diabetes. WLWH 

across the age spectrum were less likely than MLWH to have completed high school, have 

private insurance or live above the federal poverty line (27). These data raise concern for 

sociodemographic disparities among WLWH relative to MLWH as a driver for increased 

cardiovascular risk among women in the US.

These trends may not be specific to countries with well-resourced health systems. Several 

studies from multiple countries in sub-Saharan Africa have also identified a higher 

prevalence of obesity, high cholesterol and the metabolic syndrome among WLWH relative 

to MLWH (28–32) though the distribution of most risk factors (particularly smoking) varies 

by population (33). Taken together, these studies highlight the necessity of population-

specific risk factor assessments so that appropriate prevention strategies may be developed at 

the local level.
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Metabolic Dysregulation

The accumulation of data from multiple regions documenting a heightened prevalence of 

obesity, weight change and associated markers of cardiovascular risk has spurred research 

on metabolic dysregulation in WLWH. The pathophysiology is likely mediated by multiple 

pathways, including immune activation, interaction with sex hormones and ART-induced 

metabolic changes (34). Obesity has been linked to higher levels of inflammatory markers 

associated with CVD among PLWH (35). WLWH with a high visceral fat burden have 

also been shown to have higher systolic blood pressure and hemoglobin A1c, as well as 

higher 24-hour urinary aldosterone secretion (36). These findings suggest an inappropriate 

activation of the renin-angiotensin-aldosterone system related to HIV infection, which has 

been tied to cardiac fibrosis and remodeling of the coronary vasculature in physiologic 

studies (37).

Large-scale data on the role of ART in promoting obesity and weight gain comes from both 

the ACCORD study and the Women’s Interagency Health Study, which both demonstrated 

a shift into higher weight categories among WLWH after several years of treatment with 

ART (38,39). The REPRIEVE study linked higher rates of obesity and increased BMI to 

integrase inhibitor use, with positive interaction by female sex (40). Additional studies have 

linked tenofovir alafenamide (TAF) to obesity (41) and adverse changes in lipid profile (42). 

The role of ART-induced changes in subsequent CVD risk will remain a source of ongoing 

investigation.

Early reproductive aging

Changes in metabolic function and overall cardiovascular health may be additionally 

influenced by a phenomenon of early reproductive aging in WLWH. In the general 

population, earlier age at menopause has been correlated with an increase in cardiovascular 

risk, including the risk for MI, stroke and heart failure (43–45). Studies of early menopause 

have been facilitated by the widespread adoption of anti-Müllerian hormone (AMH), which 

declines steadily prior to menopause onset, allowing reliable assessment of gonadal age in 

WLWH (46). Analysis of the Women’s Interagency Health Study found that age-adjusted 

AMH levels were 16% lower in WLWH with well-controlled disease in comparison to 

uninfected controls, and 26% lower in WLWH with detectable viremia, suggesting both 

that HIV is related to early menopause and that inadequate treatment may further drive the 

process of early reproductive aging. Interestingly, AMH levels were correlated with CD4+ 

lymphocyte count regardless of actual HIV serostatus, suggesting that CD4 cells may play a 

role in the granulosa cells of the ovarian follicle that produce AMH (47).

With regards to CVD risk, WLWH with undetectable AMH levels have been shown to 

have a higher burden of coronary plaque on coronary artery computed tomography than 

WLWH with normal AMH levels even after adjustment for age, cardiovascular risk factors 

and markers of immune activation (48). Among 1449 WLWH enrolled in the REPRIEVE 

trial, progressive increases in waist circumference were associated with a spectrum of 

menopausal age – from premenopausal with detectable AMH to pre-menopausal with 

undetectable AMH to post-menopausal. These data support a connection between early 

reproductive aging, impaired metabolic function and subsequent risk for CVD (49*). Early 
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reproductive aging was additionally correlated with residence in sub-Saharan Africa and 

Latin America, making this the first study to describe geographic disparities in reduced 

ovarian reserve. In high-resourced settings, WLWH have been shown to receive hormonal 

therapy for early menopause at inappropriately low rates, suggesting that this condition may 

be underrecognized and its subsequent risks undertreated regardless of world region (50).

Chronic inflammation and immune dysregulation

Chronic HIV is characterized by dysregulated immune activity even after treatment with 

ART. Markers of inflammation (e.g., interleukin [IL]-6, IL-4, IL-1ß, CRP, tumor necrosis 

factor-α1 [TNF-α1], TNF-α2) and monocyte activation (e.g., soluble CD163 [sCD163] 

and sCD14) are frequently elevated in virally suppressed PWH and are independently 

associated with atherosclerosis, cardiovascular events and mortality (51–56) Increases in 

systemic levels of monocyte activation and expression of blood IL-32 isoforms have been 

correlated with coronary plaque, carotid atherosclerosis and myocardial fibrosis in WLWH 

relative to women without HIV infection (57–59). In addition, elevated tissue factor-positive 

microparticle (MP-TF) activity, a marker of potential clotting risk, was associated with 

coronary plaque specifically in WLWH in the Women’s Interagency HIV Study (60). 

Relative increases in inflammatory markers have been tied to obesity in a recent Kenyan 

cohort, suggesting that there may be additive risk associated with an abnormal body weight 

among WLWH (61).

Studies have also suggested that inflammatory markers may be elevated in WLWH relative 

to MLWH, though the exact patterns depend on the population and biomarkers studied (62–

64). Females generally mount a more robust initial immune response to HIV with lower viral 

loads (65) but then demonstrate accelerated disease progression compared with men (66). 

Persistent maladaptive patterns of immune activation have therefore been postulated as one 

potential contributor to the increased susceptibility to CVD identified in WLWH (67,68).

Immunological differences between sexes may arise from combined effects of genetic 

differences, sex hormone balance and environmental influences. For example, although one 

of the two copies of the X-chromosome are usually inactivated, X-linked genes such as 

Toll-like receptor 7 (TLR7), which senses viral RNA and elicits strong type-1 interferon 

production by dendritic cells, can escape from inactivation in some proportion of cells 

(69). Estrogen and androgens also alter the immune response via critical regulation of gene 

expression in macrophages, monocytes, dendritic cells and lymphocytes. Early reproductive 

aging may therefore trigger immune system changes as one mechanism for modulating 

CVD risk among older WLWH (70,71). Likewise, sex hormone fluctuations also have 

an impact in the microbiome composition of the gut, which could have consequences 

for gut permeability, microbial translocation and inflammation as women age (72,73). 

In a cross-sectional analysis of US women, there was an overall difference in the gut 

microbiome composition between pre- and post-menopausal women with HIV, but not in 

women without HIV (74). Further research is warranted to determine potential mechanisms 

of these microbiome changes and their implications for CVD among WLWH.
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Subclinical atherosclerosis

The recognized mechanistic differences in CVD pathogenesis have led to a substantial 

literature on subclinical atherosclerosis among PLWH over the past decade. Investigators 

have used non-invasive imaging modalities—particularly carotid ultrasound and coronary 

CT angiography (CCTA)—to investigate HIV effects and explore potential mechanisms of 

disease. Recent meta-analyses have synthesized the data on coronary artery disease (75) and 

carotid artery disease (76) in studies comparing PLWH with HIV-negative persons.

Soares et al demonstrated a similar prevalence of coronary artery calcification and total 

coronary plaque among PLWH compared to people without HIV despite younger age and 

fewer traditional risk factors. Notably, PLWH had higher non-calcified coronary plaque 

burden. In meta-regressions, coronary plaque prevalence was lower in studies with higher 

percentage of women, but the association between male sex and disease appeared weaker 

when specifically assessing the relationship among PLWH (75). In a study that directly 

compared ART-treated men and women (77), male sex was strongly associated with total 

and high-risk plaque features. Additionally, sex was not a significant predictor of peri-

coronary fat attenuation index, a marker of tissue inflammation and subsequent coronary 

events (78).

Subclinical carotid artery disease appears to be modestly higher in PLWH, with an absolute 

estimated difference of +0.27mm (95% CI 0.04–0.49) higher carotid intima-media thickness 

(CIMT)] compared to HIV-negative persons in a meta-analysis of 17 cross-sectional studies 

(76). CIMT was generally higher in males, although there was substantial heterogeneity 

making the validity of the meta-regression uncertain.

Two recent studies from sub-Saharan Africa, where >2/3 of all WLWH reside, provide a 

broader picture of subclinical atherosclerosis in PLWH outside of high-income countries 

(79,80). In these studies, neither HIV nor sex was a predictor of CIMT progression over 

4 years in Uganda (80). In a CCTA study of coronary disease in Uganda, WLWH had 4x 

higher odds of plaque compared to MLWH, while men without HIV had 3x higher odds of 

plaque than women without HIV in models that adjusted for ASCVD risk and age (p for 

interaction 0.02) (79*). Why sex effects may vary across different countries and contexts has 

not been studied in detail.

Microvascular dysfunction and reduced coronary flow reserve

Disease in the coronary microcirculation has been linked both to abnormalities in cardiac 

structure and function, and to an increased risk of cardiovascular mortality in the general 

population (81,82). Preliminary studies among PLWH suggest that excess risk may be 

conferred by HIV infection. A pair of studies published by Iantoro et al utilized cardiac 

MRI with isometric handgrip exercise to assess two parameters of cardiac endothelial 

function (coronary blood flow and coronary artery surface area change) among PLWH in 

comparison to HIV-negative controls matched by cardiovascular risk factors. PLWH had 

marked reductions in cardiac endothelial function as compared to HIV negative controls. 

These studies additionally demonstrated that both IL-6 levels and epicardial adipose 

tissue were inversely related to cardiac endothelial function among PLWH, suggesting 
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that local inflammation and fat deposition may contribute to the pathophysiology of this 

condition (83,84). A similar study, also utilizing cardiac MRI and isometric handgrip 

exercise, additionally demonstrated PLWH have a higher level of circulating PCSK-9 levels 

despite matching with controls on LDL level, additionally highlighting the association with 

deranged lipid metabolism in HIV infection (85). These findings have not yet been assessed 

in studies designed to evaluate interactions by sex.

In contrast to the above findings, Knudsen et al did not find a difference between PLWH and 

HIV-negative controls using rubidium PET-CT with adenosine stress to assess myocardial 

blood flow, an alternative method for assessing microvascular dysfunction (86). However, a 

follow up analysis of 94 PLWH with an analogous protocol demonstrated significantly lower 

myocardial flow reserve among WLWH as compared to MLWH (>45% women vs 23% 

men) despite younger age and a lower overall burden of traditional ASCVD risk factors (87). 

Taken together, these findings suggest that microvascular dysfunction may play an important 

role in the pathophysiology of cardiac disease among WLWH, and highlight the importance 

of ongoing sex-stratified investigations to clarify optimal treatment strategies.

4. Primary Prevention Strategies

Disparities in the prevalence of cardiovascular disease have led to a growing 

interest in appropriate prevention strategies for WLWH. To date, consensus statements 

have largely followed guidelines for the general population. There are currently no 

firm recommendations for the use of HIV-specific risk calculators, nor are there 

recommendations for advanced imaging in PLWH to refine risk prediction tools. However, 

recently updated guidelines from the European AIDS Clinical Society recommend new, 

strict targets for LDL lowering, including reducing LDL level to <55mg/dL (1.4 mmol/L), 

among PLWH in the highest risk category for ASCVD (88). For prevention in WLWH, US 

guidelines specifically recommend close attention to risk-modifying factors including early 

menopause and adverse pregnancy outcomes such as pre-eclampsia (89).

Concerns regarding underestimation of CVD risk and under-prescribing of cardiovascular 

therapies in WLWH (90,91) need to be balanced with the risk of progressive frailty as 

WLWH age (92). Female sex has been associated with an increased risk of frailty across 

world regions among PLWH in the REPREIVE trial (93*). The optimal approach to 

intensive risk factor management when risk is most modifiable, followed by appropriate 

de-escalation in response to age, has not been evaluated among WLWH.

5. Conclusions and Future Directions

Cardiovascular disease represents a modifiable threat to the long-term health of women 

aging with HIV. While current management mirrors the general population, ongoing 

research is investigating therapies specifically targeted to PLWH. These include the 

REPREIVE trial – Randomized Trial to Prevent Vascular Events in HIV – an ongoing study 

of pitavastatin to reduce cardiovascular risk among PLWH (94) and the CANA trial – Effect 

of IL-1ß inhibition on Inflammation and Cardiovascular risk – a study of the monoclonal 

antibody canakinumab to reduced inflammatory markers in PLWH at risk for cardiovascular 
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disease (ClinicalTrials.gov, https://clinicaltrials.gov/ct2/show/NCT02272946). Insights from 

this ongoing work will continue to shed light on CVD management among PLWH and will 

provide opportunity to further improve care for WLWH.
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Key points:

• Cardiovascular disease represents a modifiable threat to the long-term health 

of women aging with HIV.

• Available data suggest that WLWH face a unique burden of multiple 

cardiovascular outcomes, including myocardial infarction, stroke and heart 

failure.

• Pathophysiologic pathways for the development of cardiovascular disease 

intersect along the axes of sex- and HIV-specific risks and include the overlap 

of traditional risk factor burden, metabolic derangement, early reproductive 

aging and chronic immune dysregulation.

• Current prevention strategies build predominantly on risk factor modification 

tailored to an individual’s age and comorbidities.

• Research focused on the development of new risk-mitigation tools is 

needed and should intentionally enroll WLWH with a specific focus on the 

interaction between sex and CVD.
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Figure 1: Sex-stratified HIV-associated risks of myocardial infarction, stroke, and heart failure 
from epidemiologic studies.
Relative risk of adverse cardiovascular outcomes stratified by sex as published in large-scale 

epidemiologic studies. Men living with HIV as compared to men without HIV infection are 

represented in the green bars, women living with HIV as compared to women without HIV 

infection are represented in purple bars.
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Figure 2: Intersecting Risk Pathways for Cardiovascular Disease Among Women Living with 
HIV
Women living with HIV have two axes on which cardiovascular risk is built – risk according 

to sex and risk according to HIV serostatus. Along these two axes, specific risk categories 

intersect to inform the overt presentation of cardiovascular disease. Abbreviations: cART = 

combination antiretroviral therapy.
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