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ABSTRACT 

Advances in the treatment of HIV have led to a demographic shift, with increasing numbers of 
people living with HIV reaching older age. Age-related comorbid conditions, such as 
cardiovascular disease (CVD) are therefore of increasing importance in HIV clinical practice. Over 
half the global population of people living with HIV are female.  We present a narrative literature 
review of 39 studies exploring CVD in women living with HIV (WLHIV), with particular reference 
to coronary heart disease and focusing on: (1) epidemiology, (2) pathophysiology (3) risk factors 
(including traditional risk factors and HIV-related risk factors), and (4) management. Although we 
found significant gaps in the literature on CVD in WLHIV, data suggest that HIV increases the risk 
of CVD in women even more than it does in men, that certain cardiometabolic risk factors (such 
as obesity and metabolic syndrome) are more prevalent in WLHIV than their male counterparts, 
and that risk factors such as hyperlipidaemia and hypertension are not optimally managed in this 
population. Clinicians working with WLHIV therefore need to be aware that this is a patient group 
at elevated cardiovascular risk, and should be familiar with relevant guidelines. 
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1. INTRODUCTION 

Of the estimated 34.5 million adults living with HIV globally, over half are female.[1] In the United 
Kingdom (UK), women represent a quarter of all newly diagnosed HIV infections, with 31,600 
women estimated to be living with HIV.[2] Advances in antiretroviral therapy (ART) have resulted 
in HIV no longer being a life-limiting condition, but one in which those who are well-controlled 
on treatment can expect a near normal life expectancy.[3] This shift towards long-term survival 
has resulted in a significant change in the demographic profile of people living with HIV (PLWH), 
with increasing numbers of PLWH living into older age. In 2016 nearly 25,100 people aged 50 and 
over attended clinical services for HIV-related care in the UK, a five-fold increase over the past 
ten years; 8523 (24.5%) were female (Zheng Yin, Public Health England, personal communication, 
05/10/17). 

Cardiovascular disease (CVD) is an important cause of morbidity and mortality in PLWH. The 
association between HIV and CVD has long been documented, with studies reporting a 1.5 to 2.0-
fold increase in the risk in PLWH, even in the context of virological suppression.[4,5] Furthermore, 
there is evidence to suggest that intervention rates in acute myocardial infarction are lower in 
those living with HIV when compared with their seronegative counterparts, and that mortality is 
higher.[6] The pathophysiology of CVD in HIV is complex, and is driven by a number of factors. 
These include differences in the prevalence of traditional risk factors (such as smoking, diabetes 
mellitus and hypertension) when compared to the general population, chronic immune 
activation and inflammation, effects of ART on lipid metabolism and coagulation, and the direct 
effects of the virus on the coronary vascular wall.[4] 

The prevalence of CVD in women in Great Britain is estimated to be 9.1%, with coronary heart 
disease (CHD) responsible for 9% of deaths in women in the UK, three times that caused by breast 
cancer[7]. Oestrogen is cardioprotective, promoting vascular remodelling and having important 
immune-modulating activity[8]. The menopause, with its consequent oestrogen depletion, 
therefore significantly attenuates the gender difference in CVD rates.[9] Furthermore, early 
menopause is an independent predicator of CHD,[10] which may be of particular relevance in HIV 
given some data suggesting earlier menopause in this patient population.[11] In addition, WLHIV 
are known to have higher levels of systemic immune activation and inflammation when 
compared to men living with HIV. This is thought to be due to a combination of behavioural 
factors (such as cigarette smoking and recreational drug use) and biological factors (such as sex 
differences in both the immune response to HIV and immunomodulatory effects of ART).[12] This 
may offer further insight into potential sex differences in CVD among people living with HIV. 
Given these gender differences, it is therefore important to remember that conclusions drawn 
from work conducted in predominantly male study populations may not necessarily reflect the 
outcomes experienced by women living with HIV (WLHIV). 

We present a narrative review of literature on CVD in WLHIV, with a particular focus on CHD.  Our 
specific objectives are to summarise data on CVD in WLHIV, focusing on the following: (1) 
epidemiology, (2) pathophysiology, (3) risk factors (including traditional risk factors and HIV-
related risk factors), and (4) management. By synthesising existing literature we aim to identify 



gaps in evidence and highlight research priorities, whilst also discussing implications for clinical 
practice. 

2. METHODS 

2.1 Data extraction 

Two authors (DS and ST) undertook a systematic search of the following electronic library 
databases in July 2017: PubMed, Embase, and CINAHL. Our aim was to identify original research 
papers that examined CVD in WLHIV. The search strategy was developed by all authors. The 
search was restricted to publications in English from 2000 onwards, corresponding to the modern 
combination active antiretroviral therapy (cART) era and therefore more likely to yield data 
relevant to contemporary clinical practice. Search terms used to identify literature included: 
cardiovascular, atherosclero*, heart, angina, coronary, “ischemic heart”, “ischaemic heart”, 
myocardial infarction, AMI, MI and ACS, all in combination with HIV or AIDS. We applied these 
search terms to titles in all databases, and restricted all searches to studies in human adults only. 

We selected studies conducted in women where at least one of the study populations was HIV-
positive, or studies in HIV-positive populations in which sex-disaggregated data were presented. 
We attempted to restrict this review to cis-gender women in view of the important differences 
in sex hormone profile and healthcare access amongst transgender WLHIV, however many 
studies did not discuss the gender identity of their study populations. All study designs were 
eligible for inclusion but we excluded studies whose sole focus was novel biomarkers due to 
limited relevance to current clinical practice. Final selection was discussed by DS and ST until 
consensus was reached. 

Our initial database search identified 1818 documents, reduced to 972 after removing duplicates. 
On reviewing these abstracts, 70 were selected for full text review, of which 39 presented data 
on CVD in WLHIV and are included in this review.  

3. RESULTS 

3.1 Epidemiology of CVD in women living with HIV 

Numerous studies have reported a link between HIV infection and CVD, however many papers 

do not disaggregate data by gender. Among those that do, the effect of gender on the 

epidemiology of CVD is complex, and dependent on the outcome being measured (Table 1).  

One study, a 2014 subgroup analysis of the US Veteran’s Aging Cohort Study, compared CVD 

prevalence in WLHIV and HIV-negative women. The study found that HIV infection was associated 

with a higher incidence of cardiovascular events (acute MI, unstable angina, heart failure or 

ischemic stroke), and that WLHIV experienced these events earlier within the follow-up 

period.[13] Seven studies investigating CVD incidence and prevalence in mixed-sex cohorts, all 

found increased cardiovascular events in HIV-positive men when compared to WLHIV.[14–20]  



However, the three that compared these data to data from HIV-negative populations (one using 

an HIV-negative comparison group, the other two referring to general population data) found 

that the increased prevalence of cardiovascular events seen among PLWH was more pronounced 

in female study participants, suggesting that the increased risk of CVD conferred by HIV may be 

even higher in women.[15,17,19] 

3.2 Pathogenesis of CVD in women living with HIV 

In studies directly comparing HIV-positive men and women, men have been found to be at 

greater risk of increased carotid intimal thickness (cIMT) and coronary artery stenosis (Table 

2).[21,22] Data on the association between HIV and markers of pre-clinical atherosclerosis in 

WLHIV are somewhat conflicting.  One study found an association between HIV infection and 

increased coronary plaque,[23] while three others report the opposite [24–26], with one analysis 

of South-African data finding carotid intimal media thickness to be associated with traditional, 

rather than HIV-related, risk factors.[25] An analysis of a US mixed cohort (comparing HIV-

positive people to HIV-negative controls) found HIV to be associated with similarly increased 

rates of plaque formation in men and women.[27] In addition, a subgroup analysis of the US 

Women’s Interagency HIV Study (WIHS)—an ongoing, twenty-year, prospective cohort analysis 

of nearly four thousand HIV-positive women and HIV-negative ‘at risk’ women — found the 

association between hyperlipidemia and atherosclerosis to be strongest in women taking 

cART.[28] Although few data exist on microvascular disease in WLHIV, a 2013 study found higher 

levels of microvascular endothelial dysfunction and microvascular tension in WLHIV compared to 

age- and ethnicity-matched HIV-negative controls. [29]  

Circulating markers of inflammation have been reported to be higher in WLHIV than in their HIV-

negative counterparts (as is also the case in HIV-positive men), potentially indicating a 

mechanism for the observed increase in cardiovascular risk [23,30,31]. Looking specifically at sex 

steroid hormone profile, a subgroup analysis of WIHS found pre-menopausal WLHIV to have 

significantly lower levels of serum testosterone and oestradiol than HIV-negative women, both 

correlating with markers of arterial disease.[32] However, a more recent US study reports 

comparable oestradiol and anti-Mullerian hormone levels in HIV-negative and HIV-positive 

women.[33] There were no studies that linked any of these biological markers to clinical 

endpoints in women living with HIV. 

3.3 Traditional risk factors for CVD 

Eleven studies assessed the prevalence of traditional CVD risk factors (such as hypertension, 

diabetes mellitus and obesity) among WLHIV (Table 3).[16,34–41] Studies conducted in a variety 

of geographical regions found that WLHIV were significantly more likely to have a raised body 

mass index when compared to HIV-positive men,[37,39,41] or HIV-negative women.[30] 

Metabolic syndrome (MS) also appears to be more prevalent in WLHIV, with studies from Uganda 

and France finding an association between female gender and MS. [35,39]  



Seven studies investigated the Framingham Risk Score (FRS) scores of people living with HIV, with 

differing results. Two studies comparing HIV-positive men and women found FRS to be 

significantly higher among HIV-positive men.[42,43] Similarly, analyses of the international D:A:D 

(Data Collection on Adverse Effects of Anti HIV Drugs) Study cohort report a higher FRS in HIV-

positive men,[43] and that the increase in prevalence of CVD risk factors amongst D:A:D 

participants between 1999 and 2006 (seen in both men and women) was significantly greater in 

men.[44] In contrast, data from Brazil found female sex to be highly predictive of intermediate 

to high FRS,[36] while analysis of a US cohort found no difference in cardiovascular risk between 

genders.[45] A 2012 cross-sectional study amongst African-American WLHIV report a 10-year 

Framingham risk score comparable to previously published scores for HIV-negative African-

American women,[46] however a comparison of postmenopausal HIV-positive and HIV-negative 

female cohorts found that HIV had no effect on FRS. [47] 

3.4 HIV-related factors and CVD risk 

Five studies focused on the contribution of HIV-related factors to CVD risk in WLHIV (Table 
4).[27,41,47–49] Three explored the association between CVD risk and CD4 count (a marker of 
immunosuppression in HIV), reporting conflicting findings.[27,41,48] Investigation of a gender 
mixed Kenyan cohort, found CD4 count>200 cells/mm3 to be associated with an increase in 
cardiovascular risk [41], while two US cohort studies, both combined analyses of the WIHS and 
MACS (a thirty-year, prospective cohort analysis of nearly seven thousand HIV-positive men and 
HIV-negative ‘at risk’ men) cohort studies found higher CVD risk in people with a CD4 count of 
<200 cells/mm3.[27,48] No studies report HIV-related factors impacting on CVD risk differentially 
in WLHIV and HIV-positive men, although older age at HIV diagnosis has been found to be 
associated with increased CVD risk in post-menopausal WLHIV.[47] Only one study has 
specifically investigated the association of ART regimen with CVD risk factors in WLHIV.  A 
multicentre cohort study in WLHIV in Sub-Saharan Africa found that nevirapine-based ART was 
associated with an increase in high density lipoprotein (HDL) cholesterol and triglycerides —both 
of which increase CVD risk — while lopinavir/ritonavir-based ART was associated with an increase 
in diastolic blood pressure.[49] 

3.5 Management of CVD in WLHIV 

There are very little data on the management of CVD in women living with HIV (Table 5).  Two 
studies that compared WLHIV with HIV-positive men concluded that women are undertreated 
for CVD risk factors such as dyslipidaemia and hypertension, [44,47] despite one study finding 
that understanding of CVD risk among people living with HIV did not differ by gender.[50] This 
under-treatment includes lower rates of invasive cardiovascular procedures, and decreased 
initiation of lipid-lowering drugs and anti-hypertensives.[44,47] When comparing WLHIV with 
HIV-negative women, a 2016 analysis of the WIHS cohort found that hypertensive and glycaemic 
control were better among WLHIV but that improvements in prevention were needed in both 
groups, particularly for behavioural factors such as smoking cessation (which did not differ by 
serostatus).[51] 



CONCLUSION 

Improvements in the treatment of HIV, and consequently life expectancy, mean that people living 
with HIV are now living into middle and older age. The future of HIV care will therefore 
increasingly involve the management of age-related comorbidities such as cardiovascular 
disease.   

In the general population, cardiovascular disease is often under-recognised and under-treated in 
women. This is of particular concern for women ageing with HIV, given the recognised association 
of HIV with cardiovascular disease. Although the existing body of evidence is somewhat 
conflicting, data suggest that HIV increases the risk of CVD in women even more than it does in 
men, that certain cardiometabolic risk factors (such as obesity and metabolic syndrome) are 
more prevalent in women living with HIV than their male counterparts, and that risk factors such 
as dyslipidaemia and hypertension are not optimally managed in women living with HIV (as is 
often also the case in HIV-negative women). It is also important to note that the presentation of 
CVD may be up to a decade later in women than men.[52] This may artificially inflate differences 
in reported prevalence and perceived risk of CVD between men and women, particularly when 
examining cohorts of PLWH who tend to be younger than the general population. 

This review highlights the paucity of data on the pathogenesis, risk factors and management of 
CVD in women living with HIV. The data that exist are predominantly from the US, raising 
questions about their applicability to other settings (including resource-rich settings such as the 
UK where the ethnicity of WLHIV, and access to healthcare are different).  Furthermore, few 
studies have been conducted in populations over the age of 50, in whom CVD risk and prevalence 
would be expected to be greatest. Therefore, it is clear that research priorities in HIV in women 
include identifying appropriate CVD screening, understanding the sex-specific drivers of CVD risk 
in HIV, and the development of interventions that address and modify CVD risk in WLHIV. 
Potential future directions of research in WLHIV include the identification of biomarkers that 
predict CVD risk in WLHIV, investigation of the role of menopausal hormone therapy as primary 
prophylaxis for CVD, and the development of behavioural interventions to modify CVD risk in 
WLHIV.  Furthermore we call for longitudinal studies of women ageing with HIV, and more data 
from non-US populations including sub-Saharan Africa.   

Three of this review’s authors (AW, CS, and ST) lead large UK multicentre studies exploring HIV 
and ageing that include women.  The POPPY Study (Pharmacokinetic and Clinical Observations in 
People Over Fifty, https://clinicaltrials.gov/ct2/show/NCT01737047) has recruited 699 HIV-
positive people aged ≥50 years (12.0% WLHIV), 374 HIV-positive people aged <50 years (19.3% 
WLHIV), and 304 lifestyle and demographically similar HIV-negative people aged ≥50 years 
(36.0% women).  The study is the first large-scale study to assess the clinical outcomes and 
healthcare needs of both men and women living with HIV over the age of 50 in England and 
Ireland.  The PRIME Study (Positive Transitions Through the Menopause) has recruited 970 
WLHIV aged 45-60 years to explore the impact of the menopause transition on the health and 
well-being of WLHIV (www.ucl.ac.uk/prime-study). We hope that both studies will contribute to 
a greater understanding of HIV and ageing in women, including comorbid conditions such as CVD, 

http://www.ucl.ac.uk/prime-study


and to the development and implementation of evidence-based recommendations for the 
optimal management and clinical monitoring of WLHIV. 

Clinicians working with WLHIV need to be aware that this patient group may be at elevated 

cardiovascular risk. European HIV guidelines advise two-yearly screening for CVD risk in PLWH 

aged >50 years.[53] Current British HIV Association (BHIVA) guidelines recommend annual 

measurement of lipids and HbA1c in patients who are over the age of 40 years, smokers, and/or 

have a body mass index >30.  For those with established CVD or at increased risk of CVD (10 year 

CVD risk >10%), BHIVA advises annual screening for hypertension, diabetes, dyslipidaemia and 

chronic kidney disease, and annual review of BMI, smoking status and ART regimen.[54] 

Cardiovascular risk factors and disease in WLHIV should be appropriately and pro-actively 

managed, with close liaison between HIV physicians, cardiologists and primary care.    

 

Contributors 

ST and DS designed the literature search and drafted the first version of this article. Both ST and 
DS selected the final studies to be included in this review. All authors critically reviewed the first 
version of the article and approved the final draft for publication. 

Conflicts of interest 

ST has previously received a travel bursary funded by Janssen-Cilag through the British HIV 
Association, and speaker honoraria and funding for preparation of educational materials from 
Gilead Sciences. ST and CS are members of the steering group of SWIFT, a networking group for 
people involved in research in HIV and women, funded by Bristol Myers Squibb.  CS has 
received funding for membership of Data Safety and Monitoring Boards, Advisory Boards, 
speaker panels and for preparation of educational materials from Gilead Sciences, ViiV 
Healthcare and Janssen-Cilag. PWGM has received funding for Advisory Boards, speaker panels, 
preparation of educational materials and/or research grants to his institution from Gilead 
Sciences, ViiV Healthcare, BMS, MSD, Abbvie and Janssen-Cilag. 

Funding 

ST is funded by the National Institute for Health Research (NIHR) in the form of a postdoctoral 
fellowship (PDF-2014-07-071). DS is funded by the NIHR in the form of an academic clinical 
fellowship. The research was also supported by the NIHR HPRU in Blood Borne and Sexually 
Transmitted Infections at UCL, in partnership with Public Health England and in collaboration 
with the London School of Hygiene and Tropical Medicine. Any views expressed in this paper 
are those of the authors, and not necessarily those of the NHS, the National Institute for Health 
Research or the Department of Health.



References 

[1] UNAIDS, UNAIDS DATA 2017, 2017. 
http://www.unaids.org/en/resources/documents/2017/2017_data_book (accessed 
October 18, 2017). 

[2] A. Aghaizu, A. Bhattacharya, F. Brizzi, G. Codere, S. Conti, N. Cooper, S. Croxford, D. De 
Angelis, S. Desai, C. Farey, A. Ghataure, M. Hibbert, F. Hickson, M. Kall, C. Kelly, J. 
Khawam, M. Lalor, M. Mccall, J. Morgan, G. Murphy, S. Okala, A. Presanis, R. Raghu, A. 
Skingsley, L. Thomas, C. Thorne, J. Tosswill, A. Tostevin, L. Wallace, J. Winter, Z. Yin, HIV 
in the UK 2016 report, (2016). www.gov.uk/phe (accessed October 18, 2017). 

[3] A. Mocroft, J.D. Lundgren, M.L. Sabin, A. d’Arminio Monforte, N. Brockmeyer, J. 
Casabona, A. Castagna, D. Costagliola, F. Dabis, S. De Wit, G. Fätkenheuer, H. Furrer, A.M. 
Johnson, M.K. Lazanas, C. Leport, S. Moreno, N. Obel, F.A. Post, J. Reekie, P. Reiss, C. 
Sabin, A. Skaletz-Rorowski, I. Suarez-Lozano, C. Torti, J. Warszawski, R. Zangerle, C. Fabre-
Colin, J. Kjaer, G. Chene, J. Grarup, O. Kirk, Risk Factors and Outcomes for Late 
Presentation for HIV-Positive Persons in Europe: Results from the Collaboration of 
Observational HIV Epidemiological Research Europe Study (COHERE), PLoS Med. 10 
(2013) e1001510. doi:10.1371/journal.pmed.1001510. 

[4] A. Vachiat, K. McCutcheon, N. Tsabedze, D. Zachariah, P. Manga, HIV and Ischemic Heart 
Disease, J. Am. Coll. Cardiol. 69 (2017) 73–82. doi:10.1016/j.jacc.2016.09.979. 

[5] R.C. Kaplan, D.B. Hanna, J.R. Kizer, Recent Insights Into Cardiovascular Disease (CVD) Risk 
Among HIV-Infected Adults, Curr. HIV/AIDS Rep. 13 (2016) 44–52. doi:10.1007/s11904-
016-0301-4. 

[6] D. Pearce, C. Ani, Y. Espinosa-Silva, R. Clark, K. Fatima, M. Rahman, E. Diebolt, B. 
Ovbiagele, Comparison of In-Hospital Mortality from Acute Myocardial Infarction in HIV 
Sero-Positive Versus Sero-Negative Individuals, Am. J. Cardiol. 110 (2012) 1078–1084. 
doi:10.1016/j.amjcard.2012.05.045. 

[7] British Heart Foundation, Cardiovascular Disease Statistics 2017, (n.d.). 
https://www.bhf.org.uk/research/heart-statistics/heart-statistics-
publications/cardiovascular-disease-statistics-2017 (accessed September 28, 2017). 

[8] S.R. Davis, I. Lambrinoudaki, M. Lumsden, G.D. Mishra, L. Pal, M. Rees, N. Santoro, T. 
Simoncini, Menopause, Nat. Rev. Dis. Prim. 1 (2015) 15004. doi:10.1038/nrdp.2015.4. 

[9] W.B. Kannel, P.W. Wilson, Risk factors that attenuate the female coronary disease 
advantage., Arch. Intern. Med. 155 (1995) 57–61. 
http://www.ncbi.nlm.nih.gov/pubmed/7802521 (accessed September 23, 2017). 

[10] M. Wellons, P. Ouyang, P.J. Schreiner, D.M. Herrington, D. Vaidya, Early menopause 
predicts future coronary heart disease and stroke: the Multi-Ethnic Study of 
Atherosclerosis., Menopause. 19 (2012) 1081–7. doi:10.1097/gme.0b013e3182517bd0. 



[11] S. Tariq, V. Delpech, J. Anderson, The impact of the menopause transition on the health 
and wellbeing of women living with HIV: A narrative review, Maturitas. 88 (2016) 76–83. 
doi:10.1016/j.maturitas.2016.03.015. 

[12] A. Raghavan, D.E. Rimmelin, K. V. Fitch, M. V. Zanni, Sex Differences in Select Non-
communicable HIV-Associated Comorbidities: Exploring the Role of Systemic Immune 
Activation/Inflammation, Curr. HIV/AIDS Rep. (2017) 1–9. doi:10.1007/s11904-017-0366-
8. 

[13] J.A. Womack, C.-C.H. Chang, K.A. So-Armah, C. Alcorn, J. V. Baker, S.T. Brown, M. Budoff, 
A.A. Butt, C. Gibert, M.B. Goetz, J. Gottdiener, S. Gottlieb, A.C. Justice, D. Leaf, K. 
McGinnis, D. Rimland, M.C. Rodriguez-Barradas, J. Sico, M. Skanderson, H. Tindle, R.P. 
Tracy, A. Warner, M.S. Freiberg, HIV Infection and Cardiovascular Disease in Women, J. 
Am. Heart Assoc. 3 (2014) e001035–e001035. doi:10.1161/JAHA.114.001035. 

[14] N. Friis-Møller, R. Thiébaut, P. Reiss, R. Weber, A.D. Monforte, S. De Wit, W. El-Sadr, E. 
Fontas, S. Worm, O. Kirk, A. Phillips, C.A. Sabin, J.D. Lundgren, M.G. Law, DAD study 
group, Predicting the risk of cardiovascular disease in HIV-infected patients: the Data 
collection on Adverse Effects of Anti-HIV Drugs Study, Eur. J. Cardiovasc. Prev. Rehabil. 17 
(2010) 491–501. doi:10.1097/HJR.0b013e328336a150. 

[15] E. Quiros-Roldan, E. Raffetti, E. Foca, N. Brianese, A. Ferraresi, G. Paraninfo, M.C. Pezzoli, 
A. Bonito, M. Magoni, C. Scarcella, F. Castelli, Incidence of cardiovascular events in HIV-
positive patients compared to general population over the last decade: a population-
based study from 2000 to 2012, AIDS Care. 28 (2016) 1551–1558. 
doi:10.1080/09540121.2016.1198750. 

[16] A.L. Willig, A.O. Westfall, E.T. Overton, M.J. Mugavero, G.A. Burkholder, D. Kim, E. 
Chamot, J.L. Raper, H.M. Crane, M.S. Saag, J.H. Willig, Obesity is associated with race/sex 
disparities in diabetes and hypertension prevalence, but not cardiovascular disease, 
among HIV-infected adults., AIDS Res. Hum. Retroviruses. 31 (2015) 898–904. 
doi:10.1089/AID.2015.0062. 

[17] S. Lang, M. Mary-Krause, L. Cotte, J. Gilquin, M. Partisani, A. Simon, F. Boccara, A. 
Bingham, D. Costagliola,  for the F.H.D. on H.-A. CO4, Increased risk of myocardial 
infarction in HIV-infected patients in France, relative to the general population, Aids. 24 
(2010) 1228–1230. doi:10.1097/QAD.0b013e328339192f. 

[18] M.J. Feinstein, E. Bahiru, C. Achenbach, C.T. Longenecker, P. Hsue, K. So-Armah, M.S. 
Freiberg, D.M. Lloyd-Jones, Patterns of Cardiovascular Mortality for HIV-Infected Adults 
in the United States: 1999 to 2013, Am J Cardiol. 117 (2016) 214–220. 
doi:10.1016/j.amjcard.2015.10.030. 

[19] V.A. Triant, H. Lee, C. Hadigan, S.K. Grinspoon, Increased acute myocardial infarction 
rates and cardiovascular risk factors among patients with human immunodeficiency virus 
disease, J Clin Endocrinol Metab. 92 (2007) 2506–2512. doi:10.1210/jc.2006-2190. 

[20] C.M. Diaz, E.R. Segura, P.M. Luz, J.L. Clark, S.R. Ribeiro, R. De Boni, L. Eksterman, R. 



Moreira, J.S. Currier, V.G. Veloso, B. Grinsztejn, J.E. Lake, Traditional and HIV-specific risk 
factors for cardiovascular morbidity and mortality among HIV-infected adults in Brazil: a 
retrospective cohort study, BMC Infect Dis. 16 (2016) 376. doi:10.1186/s12879-016-
1735-4. 

[21] S. Lai, E. Fishman, G. Gerstenblith, J. Brinker, H. Tai, S. Chen, J. Li, W. Tong, B. Detrick, H. 
Lai, Vitamin D deficiency is associated with coronary artery calcification in 
cardiovascularly asymptomatic African Americans with HIV infection, Vasc. Health Risk 
Manag. 9 (2013) 493. doi:10.2147/VHRM.S48388. 

[22] A. Mangili, J. Gerrior, A.M. Tang, D.H. O’Leary, J.K. Polak, E.J. Schaefer, S.L. Gorbach, C.A. 
Wanke, Risk of cardiovascular disease in a cohort of HIV-infected adults: a study using 
carotid intima-media thickness and coronary artery calcium score, Clin Infect Dis. 43 
(2006) 1482–1489. doi:10.1086/509575. 

[23] K. V. Fitch, S. Srinivasa, S. Abbara, T.H. Burdo, K.C. Williams, P. Eneh, J. Lo, S.K. Grinspoon, 
Noncalcified Coronary Atherosclerotic Plaque and Immune Activation in HIV-Infected 
Women, J. Infect. Dis. 208 (2013) 1737–1746. doi:10.1093/infdis/jit508. 

[24] P.C. Tien, M.F. Schneider, S.R. Cole, M.H. Cohen, M.J. Glesby, J. Lazar, M. Young, W. 
Mack, H.N. Hodis, R.C. Kaplan, Association of hepatitis C virus and HIV infection with 
subclinical atherosclerosis in the women’s interagency HIV study, Aids. 23 (2009) 1781. 

[25] A.F. Schoffelen, E. de Groot, H.A. Tempelman, F.L.J. Visseren, A.I.M. Hoepelman, R.E. 
Barth, Carotid Intima Media Thickness in Mainly Female HIV-Infected Subjects in Rural 
South Africa: Association With Cardiovascular but Not HIV-Related Factors, Clin. Infect. 
Dis. 61 (2015) 1606–1614. doi:10.1093/cid/civ586. 

[26] M. Jung, C.M. Parrinello, X. Xue, W.J. Mack, K. Anastos, J.M. Lazar, R.H. Selzer, A.M. 
Shircore, M. Plankey, P. Tien, M. Cohen, S.J. Gange, H.N. Hodis, R.C. Kaplan, Echolucency 
of the Carotid Artery Intima-Media Complex and Intima-Media Thickness Have Different 
Cardiovascular Risk Factor Relationships: The Women’s Interagency HIV Study, J. Am. 
Heart Assoc. 4 (2015) e001405–e001405. doi:10.1161/JAHA.114.001405. 

[27] D.B. Hanna, W.S. Post, J.A. Deal, H.N. Hodis, L.P. Jacobson, W.J. Mack, K. Anastos, S.J. 
Gange, A.L. Landay, J.M. Lazar, F.J. Palella, P.C. Tien, M.D. Witt, X. Xue, M.A. Young, R.C. 
Kaplan, L.A. Kingsley, HIV Infection Is Associated With Progression of Subclinical Carotid 
Atherosclerosis, Clin. Infect. Dis. 61 (2015) 640–650. doi:10.1093/cid/civ325. 

[28] C.M. Parrinello, A.L. Landay, H.N. Hodis, S.J. Gange, P.J. Norris, M. Young, K. Anastos, P.C. 
Tien, X. Xue, J. Lazar, L. Benning, R.P. Tracy, R.C. Kaplan, Association of subclinical 
atherosclerosis with lipid levels amongst antiretroviral-treated and untreated HIV-
infected women in the Women’s Interagency HIV study, Atherosclerosis. 225 (2012) 408–
411. doi:10.1016/j.atherosclerosis.2012.09.035. 

[29] D. Wang, J.K. Melancon, J. Verbesey, H. Hu, C. Liu, S. Aslam, M. Young, C.S. Wilcox, 
Microvascular Endothelial Dysfunction and Enhanced Thromboxane and Endothelial 
Contractility in Patients with HIV., J. AIDS Clin. Res. 4 (2013) 267. doi:10.4172/2155-



6113.1000267. 

[30] S.E. Dolan, C. Hadigan, K.M. Killilea, M.P. Sullivan, L. Hemphill, R.S. Lees, D. Schoenfeld, S. 
Grinspoon, Increased cardiovascular disease risk indices in HIV-infected women, J Acquir 
Immune Defic Syndr. 39 (2005) 44–54. 
http://ovidsp.tx.ovid.com/ovftpdfs/FPDDNCFBECILAI00/fs046/ovft/live/gv023/00126334
/00126334-200505010-00007.pdf. 

[31] R.C. Kaplan, A.L. Landay, H.N. Hodis, S.J. Gange, P.J. Norris, M. Young, K. Anastos, P.C. 
Tien, X. Xue, J. Lazar, C.M. Parrinello, L. Benning, R.P. Tracy, Potential Cardiovascular 
Disease Risk Markers Among HIV-Infected Women Initiating Antiretroviral Treatment, 
JAIDS J. Acquir. Immune Defic. Syndr. 60 (2012) 359–368. 
doi:10.1097/QAI.0b013e31825b03be. 

[32] R. Karim, W.J. Mack, N. Kono, P.C. Tien, K. Anastos, J. Lazar, M. Young, M. Cohen, E. 
Golub, R.M. Greenblatt, R.C. Kaplan, H.N. Hodis, Gonadotropin and Sex Steroid Levels in 
HIV-Infected Premenopausal Women and Their Association With Subclinical 
Atherosclerosis in HIV-Infected and -Uninfected Women in the Women’s Interagency HIV 
Study (WIHS), J. Clin. Endocrinol. Metab. 98 (2013) E610–E618. doi:10.1210/jc.2012-
3195. 

[33] S.E. Looby, K. V Fitch, S. Srinivasa, J. Lo, D. Rafferty, A. Martin, J.C. Currier, S. Grinspoon, 
M. V Zanni, Reduced ovarian reserve relates to monocyte activation and subclinical 
coronary atherosclerotic plaque in women with HIV, Aids. 30 (2016) 383–393. 
doi:10.1097/qad.0000000000000902. 

[34] S.K. Dale, K.M. Weber, M.H. Cohen, L.R. Brody, Abuse, nocturnal stress hormones, and 
coronary heart disease risk among women with HIV, AIDS Care. 29 (2017) 598–602. 
doi:10.1080/09540121.2016.1241378. 

[35] S.P. Eholié, K. Lacombe, A. Krain, Z. Diallo, M. Ouiminga, P. Campa, O. Bouchaud, E. 
Bissagnene, P.-M. Girard, Metabolic disorders and cardiovascular risk in treatment-naive 
HIV-infected patients of Sub-Saharan origin starting antiretrovirals: impact of 
Westernized lifestyle., AIDS Res. Hum. Retroviruses. 31 (2015) 384–92. 
doi:10.1089/AID.2014.0164. 

[36] S.C. Fuchs, P.R. Alencastro, M.L.R. Ikeda, N.T. Barcellos, F.H. Wolff, A.B.M. Brandão, 
R.A.A. Ximenes, D. de B. Miranda-Filho, H.R. Lacerda, M. de F.P.M. de Albuquerque, U.R. 
Montarroyos, M.W. Nery, M.D. Turchi, Risk of Coronary Heart Disease among HIV-
Infected Patients: A Multicenter Study in Brazil, Sci. World J. 2013 (2013) 1–8. 
doi:10.1155/2013/163418. 

[37] A.F. Kroll, E. Sprinz, S.C. Leal, G. Labrea Mda, S. Setubal, Prevalence of obesity and 
cardiovascular risk in patients with HIV/AIDS in Porto Alegre, Brazil, Arq Bras Endocrinol 
Metab. 56 (2012) 137–141. http://www.scielo.br/pdf/abem/v56n2/07.pdf. 

[38] K. Luzi, A.R. Eckard, A. Lattanzi, S. Zona, M.G. Modena, F. Facchinetti, G. Guaraldi, Effects 
of pregnancy on endothelial function and cardiovascular disease risk in HIV-infected 



women, Pregnancy Hypertens. 3 (2013) 105–110. doi:10.1016/j.preghy.2013.01.003. 

[39] D. Muyanja, C. Muzoora, A. Muyingo, W. Muyindike, M.J. Siedner, High Prevalence of 
Metabolic Syndrome and Cardiovascular Disease Risk Among People with HIV on Stable 
ART in Southwestern Uganda, AIDS Patient Care STDS. 30 (2016) 4–10. 
doi:10.1089/apc.2015.0213. 

[40] R.M. Schwartz, A. Mansoor, T.E. Wilson, K. Anastos, S.A. Everson-Rose, E.T. Golub, L. 
Goparaju, N.A. Hessol, W.J. Mack, J. Lazar, Chronic depressive symptoms and 
Framingham coronary risk in HIV-infected and HIV-uninfected women, AIDS Care. 24 
(2012) 394–403. doi:10.1080/09540121.2011.608791. 

[41] G.S. Bloomfield, J.W. Hogan, A. Keter, E. Sang, E.J. Carter, E.J. Velazquez, S. Kimaiyo, 
Hypertension and obesity as cardiovascular risk factors among HIV seropositive patients 
in Western Kenya, PLoS One. 6 (2011) e22288. doi:10.1371/journal.pone.0022288. 

[42] M. Aboud, A. Elgalib, L. Pomeroy, G. Panayiotakopoulos, E. Skopelitis, R. Kulasegaram, C. 
Dimian, C.L. F, A. Duncan, A.S. Wierzbicki, B.S. Peters, Cardiovascular risk evaluation and 
antiretroviral therapy effects in an HIV cohort: implications for clinical management: the 
CREATE 1 study, Int J Clin Pr. 64 (2010) 1252–1259. doi:10.1111/j.1742-
1241.2010.02424.x. 

[43] M. Law, N. Friis-Moller, R. Weber, P. Reiss, R. Thiebaut, O. Kirk, A. d’Arminio Monforte, C. 
Pradier, L. Morfeldt, G. Calvo, W. El-Sadr, S. De Wit, C.A. Sabin, J.D. Lundgren, Modelling 
the 3-year risk of myocardial infarction among participants in the Data Collection on 
Adverse Events of Anti-HIV Drugs (DAD) study, HIV Med. 4 (2003) 1–10. 
http://onlinelibrary.wiley.com/store/10.1046/j.1468-1293.2003.00138.x/asset/j.1468-
1293.2003.00138.x.pdf?v=1&t=j652mgi3&s=fc5abea9196e7da34e6ce6acba029fc81db1ff
c7. 

[44] Data Collection on Adverse Events of Anti HIV Drugs Study Group, C.A. Sabin, A. 
d’Arminio Monforte, N. Friis-Moller, R. Weber, W.M. El-Sadr, P. Reiss, O. Kirk, P. Mercie, 
M.G. Law, S. De Wit, C. Pradier, A.N. Phillips, J.D. Lundgren, Changes over time in risk 
factors for cardiovascular disease and use of lipid-lowering drugs in HIV-infected 
individuals and impact on myocardial infarction, Clin Infect Dis. 46 (2008) 1101–1110. 
doi:10.1086/528862. 

[45] R.C. Kaplan, L.A. Kingsley, A.R. Sharrett, X. Li, J. Lazar, P.C. Tien, W.J. Mack, M.H. Cohen, L. 
Jacobson, S.J. Gange, Ten-year predicted coronary heart disease risk in HIV-infected men 
and women, Clin Infect Dis. 45 (2007) 1074–1081. doi:10.1086/521935. 

[46] D. Zachary, F.S. Gillani, N. Najfi, R. Casarella, K. Tashima, Cardiovascular Health of HIV-
infected African-American Women at the Miriam Hospital immunology Center in 
Providence, RI, Med Heal. R I. 95 (2012) 179. 

[47] Y.I. Cortés, N. Reame, C. Zeana, H. Jia, D.C. Ferris, E. Shane, M.T. Yin, Cardiovascular Risk 
in HIV-Infected and Uninfected Postmenopausal Minority Women: Use of the 
Framingham Risk Score, J. Women’s Heal. 26 (2017) 241–248. 



doi:10.1089/jwh.2015.5736. 

[48] R.C. Kaplan, L.A. Kingsley, S.J. Gange, L. Benning, L.P. Jacobson, J. Lazar, K. Anastos, P.C. 
Tien, A.R. Sharrett, H.N. Hodis, Low CD4+ T-cell count as a major atherosclerosis risk 
factor in HIV-infected women and men, AIDS. 22 (2008) 1615–1624. 
doi:10.1097/QAD.0b013e328300581d. 

[49] D. Shaffer, M.D. Hughes, F. Sawe, Y. Bao, A. Moses, E. Hogg, S. Lockman, J. Currier, 
Cardiovascular Disease Risk Factors in HIV-Infected Women Following Initiation of 
Lopinavir/ritonavir- and Nevirapine-based Antiretroviral Therapy in Sub-Saharan Africa, 
JAIDS J. Acquir. Immune Defic. Syndr. 66 (2014) 1. doi:10.1097/QAI.0000000000000131. 

[50] P.A. Cioe, S.L. Crawford, M.D. Stein, Cardiovascular Risk-Factor Knowledge and Risk 
Perception Among HIV-Infected Adults, J. Assoc. Nurses AIDS Care. 25 (2014) 60–69. 
doi:10.1016/j.jana.2013.07.006. 

[51] D.B. Hanna, M. Jung, X. Xue, K. Anastos, J.M. Cocohoba, M.H. Cohen, E.T. Golub, N.A. 
Hessol, A.M. Levine, T.E. Wilson, M.A. Young, R.C. Kaplan, Trends in Nonlipid 
Cardiovascular Disease Risk Factor Management in the Women’s Interagency HIV Study 
and Association with Adherence to Antiretroviral Therapy, AIDS Patient Care STDS. 30 
(2016) 445–454. doi:10.1089/apc.2016.0143. 

[52] A.H.E.M. Maas, Y.E.A. Appelman, Gender differences in coronary heart disease., Neth. 
Heart J. 18 (2010) 598–602. http://www.ncbi.nlm.nih.gov/pubmed/21301622 (accessed 
September 5, 2017). 

[53] J.D. Lundgren, M. Battegay, G. Behrens, S. De Wit, G. Guaraldi, C. Katlama, E. Martinez, D. 
Nair, W.G. Powderly, P. Reiss, J. Sutinen, A. Vigano, European AIDS Clinical Society (EACS) 
guidelines on the prevention and management of metabolic diseases in HIV *, HIV Med. 
9 (2008) 72–81. 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emed11
&AN=351232645. 

[54] BHIVA, Guidelines for the routine investigation and monitoring of adult HIV-1-positive 
individuals (2016), 2016. http://www.bhiva.org/monitoring-guidelines.aspx (accessed 
January 23, 2017). 

 

  



Table 1: Epidemiology of cardiovascular disease in women living with HIV 

Reference Aims Sample Design Outcomes measured Findings 
[13] To assess HIV as an 

independent risk factor for 
CVD in women by comparing 
CVD incidence in HIV-positive 
and HIV-negative women 

USA 
HIV-negative and HIV-
positive 
All female 
Mean age: HIV-positive 
43.2, HIV-negative 44.0 
 

Subgroup analysis of 
Veteran’s Aging Cohort 
Study 

CVD (Acute MI, unstable angina, 
ischemic stroke, or congestive heart 
failure) 

 Higher incidence of CVD in 
HIV-positive women when 
compared to HIV-negative 
women. 

 Shorter time to 
cardiovascular event in HIV- 
positive women. 

[14] To predict CVD risk within HIV-
positive cohort using D:A:D 
model 

20 countries (Europe and 
Australia) 
All HIV-positive 
28% female 
Median age: 39  

Prospective cohort 
 

CVD events (MI, stroke, invasive 
procedures) 

 Male gender associated with 
increased CVD events. 

[15] To assess MI risk among an 
HIV-positive cohort 

Italy  
HIV-positive (comparing 
with general population 
data) 
29% female 
Mean age: 38.1 

Retrospective cohort 
Review of notes within 
local health authority 

CVD events (coronary artery disease 
including coronary bypass and 
angioplasty, MI, congestive heart 
failure, and cerebrovascular accident or 
stroke) 

 HIV conferred higher risk of 
cardiovascular events in 
women. 

[16] To assess the effect of obesity 
on demographic differences in 
risk among HIV-positive 
patients 

USA 
HIV-positive 
33% female 
Median age: 44.3  
 

Observational cross-
sectional study nested in 
clinic cohort  
Disaggregate race and 
gender analyses 

Measurement of demographic and 
physiological factors and clinical 
recording of dyslipidaemia, diabetes 
mellitus, hypertension, chronic kidney 
disease, cardiovascular disease 

 Being white and male 
associated with increased 
incidence of MI. 

[17] To assess incidence of 
myocardial infarction in French 
HIV-positive population 

France 
HIV-positive (comparing 
with general population 
data) 
10% female 

Nested case-control study 
French Hospital Database 
on HIV 

MI   HIV-positive serostatus 
associated with increased 
risk of MI 

 HIV confers higher risk of MI 
in women. 

[18] To assess the pattern of CVD 
mortality within an HIV-
positive cohort over 14 years 

USA 
HIV-positive 
50% female 

Epidemiologic study 
Population analysis using 
CDC Wide-Ranging Online 
Data for Epidemiologic 
Research (WONDER) 
database 

“Diseases of the circulatory system” 
(International Classification of Diseases 
(ICD)10 codes I00 to I99) as underlying 
cause of death 

 Increase in proportionate 
CVD mortality between 1999 
and 2013 in both men and 
women, but greater in men 
(β = 0.0022 in men, 
compared to β = 0.011 in 
women). 

 



Table 1: Epidemiology of cardiovascular disease in women living with HIV continued 

Reference Aims Sample Design Outcomes measured Findings 

[19] To determine MI rates and 
CVD risk in HIV-positive 
patients, in comparison to 
non-HIV-positive patients 

USA 
HIV-negative and HIV-
positive 
30% female 
Median age 38  

Observational cohort Acute MI   HIV conferred higher risk of 
acute MI in women. 

 

[20] To determine risk factors for 
CVD-related morbidity and 
mortality in HIV-positive 
cohort 

Brazil 
All HIV-positive  
35% female  
Median age 37 

Longitudinal 
Retrospective analysis of 
hospital notes 

Hospitalisation or death related to 
cardiovascular disease 

 Male gender associated with 
increased CVD-related 
morbidity and mortality. 

CVD, cardiovascular disease; MI, myocardial infarction. 

  



Table 2: Pathogenesis of cardiovascular disease in women living with HIV 

Reference Aims Sample Design Outcomes measured Findings 
[21] To characterise traditional and 

novel risk factors for coronary 
artery disease in HIV-positive 
African Americans 

USA 
All HIV-positive  
African American  
37% female 
Mean age 46 

Cross-sectional study Coronary artery stenosis (measured 
using coronary CT angiography) 

 Male gender associated with 
coronary artery stenosis. 

 

[22] To describe prevalence of 
markers for subclinical 
atherosclerosis in HIV-positive 
adults. 

Uganda 
All HIV-positive  
26% female 
Mean age 45 (male) 42 
(female) 
 
 

Cross sectional study  c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 

 Higher c-IMT in HIV-positive 
men. 

 In HIV-positive women, 
predictors of higher c-IMT 
were age, systolic blood 
pressure, and diastolic blood 
pressure. 

[23] To assess the variation in 
coronary plaque between HIV-
positive and negative women  

USA 
HIV-negative and HIV-
positive 
All female  
 
 

Cohort study with CT 
angiography, 
measurement of 
metabolic, biochemical, 
immunologic and body 
composition parameters, 
flow cytometry 

Coronary plaque (measured using 
coronary CT angiography), CD4+ and 
CD8+ T-cell counts, markers of immune 
activation 

 HIV associated with 
increased non-calcified 
coronary plaque and immune 
activation. 

[24] To assess association between 
HIV/ HCV coinfection and c-
IMT 

USA 
HIV-negative and HIV-
positive 
All female 
Mean age 48 (co-
infected), 49 (HCV mono-
infected), 39 (HIV mono-
infected), 36 (uninfected) 

Cohort study – sub-study 
of WIHS 
 

c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 

 No association between HCV 
infection and greater c-IMT, 
regardless of HIV status. 

[25] To investigate the association 
between subclinical 
atherosclerosis and HIV-
related and traditional 
cardiovascular risk factors in 
HIV-positive people 

South Africa 
All HIV-positive  
69% female 
Mean age 40.7  
 
 

Cross sectional study c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 

 Traditional CVD risk factors 
associated with increased c-
IMT, rather than HIV-related 
factors. 

[26] To characterise risk factors for 
atherosclerosis in HIV-positive 
women 

USA 
HIV-negative and HIV-
positive 
All female 
Mean age 42 

Cohort study – sub-study 
of WIHS 

c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 

 HIV not associated with c-
IMT. 

 



Table 2: Pathogenesis of cardiovascular disease in women living with HIV continued 

Reference Aims Sample Design Outcomes measured Findings 
[27] To assess the association 

between HIV infection and 
markers of subclinical 
atherosclerosis 

US  
HIV-negative and HIV-
positive 
Combined sub-study of  
55% female 
Mean age 40 (women) 49 
(men) 

Seven-year cross-
sectional analysis of two 
cohort studies 

c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 
 
New plaque formation (defined as an 
area with localized IMT >1.5mm) 

 HIV associated with 
increased risk of plaque 
formation in both women 
and men. 

[28] To measure associations 
between serum lipids and sub-
clinical markers of 
atherosclerosis in HIV-positive 
and negative women 

USA 
HIV-negative and HIV-
positive 
All female  
Mean age 38.0 (HIV-
negative) 40.4 (HIV-
positive, untreated) 42.2 
(HIV-positive, treated) 

Cohort study – sub-study 
of WIHS 
 

c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 

 Among HIV-positive women, 
hyperlipidaemia has the 
strongest association with 
subclinical atherosclerosis in 
those on ART, especially 
earlier in the disease course. 

[29] To compare microvascular 
relaxation and endothelial 
damage between HIV-positive 
and negative pre-menopausal 
African-American women  

USA 
HIV-negative and HIV-
positive 
All female  
Mean age 39 (HIV-
negative) 41 (HIV-positive) 
 

Cohort study – sub-study 
of Metropolitan 
Washington Women's 
HIV Study Group (WHIS) 

Small vessel contraction and relaxation 
– measured using small-vessel 
myography of samples from gluteal 
biopsy 

 HIV was associated with 
increased endothelial 
damage and microvascular 
contraction. 

[30] To investigate CVD risk indices 
in HIV- positive women 

USA 
HIV-negative and HIV-
positive 
All female 
Mean age 41 (HIV-
positive), 40 (HIV 
negative)  

Cohort study C-reactive protein (CRP), IL-6, 
adiponectin, LDL (low-density 
lipoprotein), HDL (high-density 
lipoprotein), total cholesterol and 
glucose 

 HIV associated with elevated 
CRP, IL-6, triglyceride, 2-hour 
glucose, fasting insulin, and 
2-hour insulin 
concentrations.  

 

[31] To assess the association 
between HIV infection and 
markers of subclinical 
atherosclerosis in women  

USA 
HIV-negative and HIV-
positive 
All female 
Median age 37 
 
 

Cross-sectional study – 
sub-study of WIHS 
 

c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 

 Inflammatory markers higher 
in pre-HAART women when 
compared to HIV-negative 
women. 

 Greater c-IMT associated 
with higher levels of IL-2, IL-
6, D-dimer and MCP-1 after 
ART initiation, but other 
inflammatory markers 
normalise with treatment. 



Table 2: Pathogenesis of cardiovascular disease in women living with HIV continued 

Reference Aims Sample Design Outcomes measured Findings 
[32] To compare serum 

gonadotropin and sex steroid 
levels between HIV-positive 
and negative women 

USA 
HIV-negative and HIV-
positive 
All female 
Mean age (HIV-positive) 
38, (HIV negative) 39 
Premenopausal women 
 

Cohort study – sub-study 
of WIHS 

c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 
and arterial distensibility (calculated 
using distensibility index with IMT as 
primary variable)  
 
 

 Lower E2, T, and DHEAS 
levels and higher SHBG levels 
among the HIV-positive 
women.  

 Higher T level associated 
with greater arterial 
distensibility. 

 Higher E2 level associated 
with greater distensibility 
among 
immunocompromised 
women. 

[33] To investigate the correlation 
between subclinical coronary 
atherosclerotic plaque and 
degree of ovarian reserve and 
menopause status  

USA 
HIV-negative and HIV-
positive 
All female 
Mean age: 40 
(premenopausal), 47 
(premenopausal, reduced 
ovarian reserve), 52 
(postmenopausal) 

Cohort study 

 

Subclinical atherosclerosis (measured 
using contrast-enhanced coronary 
computed tomography angiography) 
 

 HIV not associated with 
AMH, E2, and FSH levels. 

 Decreased AMH associated 
with increased immune 
markers and subclinical 
coronary atherosclerotic 
plaque regardless of HIV 
status. 

CVD, cardiovascular disease; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglycerides; c-IMT, coronary intimal media 

thickness; IL-6, interleukin-6; HCV, Hepatitis C virus; WIHS, Women's Interagency HIV Study; MACS, Multicenter AIDS Cohort Study; ART, antiretroviral therapy; E2, 

oestradiol; T, testosterone; DHEAS, dehydroepiandrotestosterone; SHBG, sex hormone binding globulin; AMH, anti-Müllerian hormone  



Table 3: Traditional risk factors for cardiovascular disease in women living with HIV 

Reference Aims Sample Design Outcomes measured Findings 
[16] To assess the effect of obesity 

on demographic differences in 
risk among HIV-positive 
patients 

USA 
All HIV-positive  
33% female 
Median age 44.3  
 

Observational cross-
sectional study nested in 
a clinic cohort study 

Measurement of demographic and 
physiological factors and clinical 
recording of dyslipidaemia, diabetes 
mellitus, hypertension, chronic kidney 
disease, cardiovascular disease 

 Highest prevalence of 
dyslipidaemia in white men. 

 Highest prevalence of 
hypertension and diabetes in 
Black women. 

[30] To investigate CVD risk indices 
in HIV-positive women 

USA 
HIV-negative and HIV-
positive 
All female 
Mean age 41 (HIV-
positive), 40 (HIV 
negative) 
  

Cohort study C-reactive protein (CRP), IL-6, 
adiponectin, LDL (low-density 
lipoprotein), HDL (high-density 
lipoprotein), total cholesterol and 
glucose 

 HIV associated with elevated 
C-reactive protein (CRP), 
interleukin-6, triglyceride, 
glucose and insulin 
concentrations. 

 HIV associated with lower 
total body fat, extremity fat, 
subcutaneous abdominal fat 
area, and hip circumference. 

 HIV associated with higher 
abdominal visceral fat area. 

[34] To investigate the relationship 
between abuse, nocturnal 
cortisol/norepinephrine and 
CVD risk in HIV-positive 
women 

USA 
All HIV-positive 
All female 
Mean age  48  
 

Cross-sectional analysis – 
sub-study of WIHS 

CVD risk (using FRS), and urinary NE and 
cortisol 

 Higher CVD risk associated 
with history of abuse. 

 Higher CVD risk associated 
with lower cortisol and 
higher NE/cortisol ratio. 

[35] To assess the impact of 
treatment and Western 
lifestyle on incidence of 
metabolic syndrome in HIV-
positive patients 

France/Cote D’Ivoire 
All HIV-positive  
61.4% female (CI), 50.7% 
female (France) 
Mean age 35.7 (CI) 36 
(France) 
 

Cohort study  Incidence of metabolic syndrome, 
insulin resistance, and lipodystrophy 
(via measurement of demographic and 
physiological factors including blood 
pressure, weight, height, and 
anthropometric measurements,  protein 
electrophoresis, amylase, lactate and 
fasting glucose) 

 Female gender highly 
predictive of metabolic 
syndrome regardless of 
country of residence. 

[36] To investigate CVD risk among 
HIV-positive cohort 

Brazil 
All HIV-positive 
39.9% female 
Mean age 39.0 

Ten-year cross-sectional 
analysis of three cohort 
studies 

CVD risk (using FRS)  Female sex predicts 
intermediate or high FRS. 

 

  



Table 3: Traditional risk factors for cardiovascular disease in women living with HIV continued 

Reference Aims Sample Design Outcomes measured Findings 
[37] To investigate the prevalence 

of CVD risk in HIV-positive 
population 

Brazil 
All HIV-positive 
43% female 
Mean age: 43.05 (NNRTI), 
42.22 (PI), 38.66 
(untreated)  

Cross-sectional study BMI, waist circumference, CVD risk 
measured using waist circumference, as 
per WHO guidelines 

 Female gender associated 
with obesity (BMI >30). 

 77.5% of women had 
increased CVD risk (33% of 
men). 

 51.4% of women had very 
high CVD risk (9.4% of men). 

[38] To investigate the effect of 
pregnancy on CVD in HIV-
positive women 

Italy 
HIV-negative and HIV-
positive 
All female 
Median age: 32.5 (HIV-
positive), 33 (HIV 
negative) 

Longitudinal cohort study Brachial artery diameter and  flow-
mediated vasodilation 

 Pregnancy did not affect 
flow-mediated vasodilation 
or brachial artery diameter 
in women, regardless of HIV 
status. 

[39] To investigate the distribution 
of CVD within HIV-positive 
population 

Uganda  
All HIV-positive  
68% female 
Median age: 36 
 

 

Cross-sectional study CVD risk (using FRS)  Metabolic syndrome 
associated with female 
gender. 

 Obesity more prevalent in 
women than men (16.6% vs 
2.4%). 

 CVD risk > 5% more 
prevalent in men than 
women (26% vs 13%). 

[40] To investigate the relationship 
between CVD, depression and 
HIV 

US 
HIV-negative and HIV-
positive 
All female 
Mean age: HIV-positive 
35.8, HIV-negative 34.6 

Cross-sectional analysis – 
sub-study of WIHS  

 

CVD risk (using FRS) 
 

 Chronic depressive 
symptoms associated with 
higher FRS, regardless of HIV 
status. 

[41] To assess prevalence of CVD 
risk factors within HIV-positive 
population 

Kenya 
All HIV-positive  
65% female 
Mean age 43 (men) 40 
(women) 

Cross-sectional study  

 

Record of traditional CVD risk factors 
(diastolic blood pressure>90 mmHg, 
systolic blood pressure>140 mmHg, 
BMI)  

 Women more likely to have 
raised BMI but less likely to 
be hypertensive. 

 

  



Table 3: Traditional risk factors for cardiovascular disease in women living with HIV continued 

Reference Aims Sample Design Outcomes measured Findings 
[42] 

 

To determine CVD risk within 
HIV-positive population and 
assess role of HAART 

UK 
All HIV-positive  
34% female 
Mean age 41 years 
 

Cross sectional 
Measurement of 
anthropometric, 
physiological and 
biochemical parameters 

CVD risk (using FRS)  CVD risk > 20% in 1% of 
women and 6% of men.   

 CVD risk > 10% in 4% of 
women and 12% of men. 

[43] To model 3-year myocardial 
infarction risk within HIV-
positive population 

International 
All HIV-positive  
25% female 
Mean age 39 

Subgroup analysis of the 
D:A:D cohort 

MI risk (using risk equations based on 
FRS) 

 MI risk greater for men than 
women (0.92% vs. 0.07%). 

[44] To evaluate changes in risk 
factors for CVD in HIV-positive 
individuals between December 
1999 and February 2006 

International  
All HIV-positive  
25% female 
Median age 36 – 43 (six 
distinct calendar periods) 
 

Large observational study 
combining 11 cohorts of 
HIV-positive patients 
across Europe, US and 
Australia 

CVD risk factors (based on the American  
National Cholesterol Education Program 
guidelines) 

 Increase in CVD risk factors 
over time in both men and 
women. 

 Increase more pronounced 
in men (40.1% to 47.8% in 
men; 20.4% to 22.9% in 
women). 

[45] To investigate CVD risk among 
HIV-positive cohort 

 

US 
HIV-negative and HIV-
positive 
50% female 
Mean age: HIV-positive 
women 42, HIV-negative 
women 37.8 

Cross-sectional analysis of 
two cohort studies 

CVD risk (using FRS)  Proportion with medium and 
high risk for CVD similar in 
women and men (2% and 
12% for women; 2% and 
17% for men). 

 CVD risk factor profile similar 
in women and men. 

[46] To assess CVD risk in female 
African-American HIV-positive 
population 

USA 
All HIV-positive  
All female  
Average age 42 
 

Cross-sectional study 
Notes review 

CVD risk (using FRS)  Average 10 year CVD risk = 
7.6 (comparable to 
previously published scores 
for HIV-negative African-
American women). 

[47] To compare CVD risk in HIV-
positive and negative 
postmenopausal minority 
women 

US 
HIV-negative and HIV-
positive 
All female 
Mean age 56 (HIV-
positive) 60 (HIV negative) 

Cross-sectional analysis of 
cohort study 

 

CVD risk (using FRS)  HIV status did not affect FRS 
score. 

 10% of HIV-positive women 
and 8% of HIV-negative 
women with an established 
history of CVD had FRS of 
<10%. 

CVD, cardiovascular disease; FRS, Framingham Risk Score; BMI, body mass index; NE, norepinephrine; MS, metabolic syndrome; PI, protease inhibitor; NNRTI, 

non-nucleoside reverse transcriptase inhibitor; WIHS, Women's Interagency HIV Study; MACS, Multicenter AIDS Cohort Study   



Table 4: HIV-related factors and cardiovascular risk in women living with HIV 

Reference Aims Sample Design Outcomes measured Findings 
[27] To assess the association 

between HIV infection and 
markers of subclinical 
atherosclerosis 

US  
HIV-negative and HIV-
positive 
55% female 
Mean age 40 (women) 49 
(men) 

Seven-year cross-
sectional analysis of two 
cohort studies 

c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 
 
New plaque formation during the study 
period (defined as an area with localized 
IMT >1.5mm) 

 Baseline CD4<200 associated 
with higher risk of new focal 
plaque formation.  

[41] To assess prevalence of CVD 
risk factors within an HIV-
positive population 

Kenya 
All HIV-positive 
64.8% female 
Mean age 43 (men) 40 
(women) 

Cross-sectional study  
 

Record of traditional CVD risk factors 
(diastolic blood pressure>90 mmHg, 
systolic blood pressure>140 mmHg, 
BMI)  

 CD4>200 associated with 
increased CVD risk in both 
women and men. 

[47] To compare CVD risk in HIV-
positive and HIV-negative 
postmenopausal minority 
women 

US 
HIV-negative and HIV-
positive 
All female 
Mean age 56.2 (HIV-
positive) 60.0 (HIV 
negative) 

Cross-sectional study 

 

CVD risk (using FRS)  Older age at HIV diagnosis 
and higher CD4 count 
associated with increased 
CVD risk. 

[48] To assess relationship 
between CD4 count/viral load 
and atherosclerosis risk 

US 
HIV-negative and HIV-
positive 
67% female 
No median/mean age 
available 
 

Cross-sectional analysis of 
two cohort studies 

c-IMT (measured using high-resolution 
B-mode carotid artery ultrasound) 

 CD4<200 associated with 
increased prevalence of 
carotid lesions in women 
and men. 

 No association between 
duration of PI use and 
carotid lesions in women. 

[49] To assess CVD risk in HIV-
positive cohort after initiation 
of antiretroviral therapy 

7 African countries 
All HIV-positive  
All female 
Mean age 33.5 
 
 

Cohort study nested 
within open-label ART 
trial 

TC, HDL-C, LDL-C, TG, systolic and 
diastolic blood pressures and BMI 

 Nevirapine-based ART 
associated with increase in 
HDL and TG. 

 Lopinavir/ritonavir-based 
ART associated with increase 
in diastolic blood pressure. 

CVD, cardiovascular disease; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglycerides; c-IMT, coronary intimal media 

thickness; TC, total cholesterol; WIHS, Women's Interagency HIV Study; MACS, Multicenter AIDS Cohort Study; SBP, systolic blood pressure; DBP, diastolic blood 

pressure  



Table 5: Management of cardiovascular disease in women living with HIV 

Reference Aims Sample Design Outcomes measured Findings 
[44] To evaluate changes in risk 

factors for CVD in HIV-positive 
individuals between December 
1999 and February 2006 

International  
All HIV-positive  
25% female 
Median age 36 – 43 (six 
distinct calendar periods) 

Large observational study 
combining 11 cohorts of 
HIV-positive patients 
across Europe, US and 
Australia 

CVD risk factors (based on the American  
National Cholesterol Education Program 
guidelines) 

 Male sex associated with 
more rapid initiation of lipid-
lowering therapy. 

[47] To compare CVD risk in HIV-
positive and HIV-negative 
postmenopausal minority 
women 

US 
HIV-negative and HIV-
positive 
All female 
Mean age 56 (HIV-
positive) 60 (HIV negative) 
 

Cross-sectional study 

 

CVD risk (using FRS)  Low prescription rate for 
statin therapy in both HIV-
positive and HIV- negative 
women who met diagnostic 
criteria (statins prescribed in 
52% of HIV-positive women 
with dyslipidaemia vs. 67% 
of HIV-negative women with 
dyslipidaemia). 

[50] To assess knowledge of CVD 
risk factors and risk perception 
within HIV-positive population 

US 
All HIV-positive  
38% female 
Average age 48 years 
(type of average not 
specified) 

Cross-sectional study 

 

Estimated risk of CVD (using FRS), CVD 
risk perception, CVD risk factor 
knowledge 

 No significant difference in 
perceived risk or risk factor 
knowledge by gender. 

[51] To evaluate non-lipid CVD risk 
factor management and 
relationship to ART adherence 
in HIV-positive women 

US 
HIV-negative and HIV-
positive 
All female 
Median age 49 
 

Cross-sectional analysis – 
sub-study of WIHS 

 

Hypertensive sub-group: hypertensive 
treatment (use of antihypertension 
medications within the past 6months), 
and hypertension control (SBP 
<140mmHg or DBP <90mmHg)  
 
Diabetic sub-group: diabetes treatment 
(use of antidiabetic medications with 
the past 6 months) and diabetes control 
(fasting glucose level <130mg/dL) 

 Antihypertensive treatment 
higher in HIV-positive 
women (77% vs 67%). 

 Fasting glucose better in 
HIV-positive women (73% vs 
64% within recommended 
range). 

 No difference in smoking 
cessation rate by HIV 
serostatus. 

CVD, cardiovascular disease; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglycerides; c-IMT, coronary intimal media 

thickness; TC, total cholesterol; WIHS, Women's Interagency HIV Study; MACS, Multicenter AIDS Cohort Study; SBP, systolic blood pressure; DBP, diastolic blood 

pressure 


