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Abstract

Introduction: Cardiovascular disease (CVD) is one of the leading causes of mortality in
virally suppressed people living with HIV (PLWH) and with an ageing population, is likely
to become one of the leading challenges in maintaining good health outcomes in HIV
infection. However, factors driving risk of CVD in PLWH are multiple and may be
different from those of the general population, raising challenges to predicting and

managing CVD risk in this population.

Areas covered: In this review, we examine the relevant data regarding CVD in HIV
infection including that on CVD prevalence, pathogenesis and contributing factors. We
review the data regarding CVD risk prediction in PLWH and summarise factors, both
general and HIV specific, that may influence CVD risk in this population. And finally we
discuss appropriate management of CVD risk in PLWH and explore potential therapeutic

pathways which may mitigate CVD risk in the future in this population.

Expert opinion: Following a comprehensive review of CVD risk in PLWH, we give our
opinion on the primary issues in risk prediction and management of CVD in HIV infected

individuals and discuss the future direction of CVD management in this population.

Keywords: Anti-retroviral therapy (ART), Cardiovascular disease, CVD Prevention, CVD

Management, HIV, Inflammation, Risk Prediction



1. Introduction
With the success of antiretroviral therapy (ART) in achieving HIV viral suppression and
arresting CD4+ T-cell decline with subsequently reduced AIDS-related morbidity and
mortality in the treated population of people living with HIV (PLWH), focus has turned to
non-AIDS-related illness as the major threat to the overall health of PLWH on effective ART.
Cardiovascular disease (CVD) is now a leading cause of death in people with treated HIV
infection and the incidence of this is likely to continue to increase as the global population
of PLWH ages. However, factors driving risk of cardiovascular disease in PLWH are multiple
and may be different from those of the general population, raising challenges to mitigating
CVD risk in this population. In this review we summarise the relevant data in the field and
describe the primary factors which should be considered when predicting and managing

CVD risk in PLWH.

2. The prevalence of CVD in PLWH
CVD has long been recognised as a significant contributor to morbidity and mortality in
PLWH, with early cohort studies reporting a higher prevalence and/or younger age at onset
of CVD in this group (1-4). A recent meta-analysis including 793,635 participants from 73
studies, of predominantly American and European populations, estimated a relative risk
(RR) of CVD in PLWH of 2.16 (95% confidence interval [Cl], 1.68-2.77) compared to people
without HIV; whilst high, this analysis did not fully adjust for important cofounders such as
smoking and HIV treatment status due to incomplete data (5). Other cohorts have reported
similar findings, including the Veterans Ageing Cohort Study (VACS) comprising over 82,000
participants with and without HIV, in which HIV infection was associated with an increased

risk of acute myocardial infarction (AMI), even after adjustment for traditional CVD risk



factors (hazard ratio [HR] 1.72 [95% CI 1.49-1.97]) (6). In a further analysis of this cohort,
stratified for the number of CVD risk factors present in each individual, PLWH had higher
rates of AMI than uninfected individuals at each level of stratification (3). However, fewer
than half of PLWH in this study had initiated ART and adjustment for viral suppression

somewhat weakened the association (HR 1.39 [1.17-1.66]).

Within the Kaiser Permanente healthcare database of over 22,000 PLWH, matched with
demographically-similar uninfected controls, AMI rates were again found to be higher in
PLWH (RR 1.4 [1.3-1.6]). In this analysis, lower nadir CD4+ T-cell count was the sole HIV-
specific factor associated with the increased risk, with PLWH with a recent CD4+ T-cell count
>500 cells/ml having a similar risk to that of their uninfected counterparts (4). Caution is
needed when interpreting results from cohort studies however as incomplete data may
limit adjustment for confounders, and definitions of CVD vary and may fail to capture
important subtleties of clinical diagnosis, such as the difference between type 1
(atherothrombotic event) and type 2 (ischemia secondary to increased demand or reduced

supply, often in absence of significant atherosclerotic disease) AMI.

Cross sectional studies examining surrogate markers of CVD such as carotid intima
thickness, pulse wave velocity, coronary artery calcium (CAC) score and CT coronary
angiography (CTCA), have attempted to compare subclinical CVD prevalence between PLWH
and the general population, with mixed results. In 2010, Lo et. Al. reported higher
prevalence of total coronary atherosclerotic disease, median plaque volume and Agatston
CAC score in asymptomatic men with HIV (median age: 46 years) compared to uninfected

controls with similar Framingham risk scores and smoking prevalence (7). In this relatively



small study (n=110), higher plaque burden correlated with increased Framingham risk score
(Spermans correlation coefficient (Rho)= 0.43, p<0.001), lipid concentrations (total
cholesterol; Rho=0.35, p=0.002, LDL; rho=0.32, p=0.005) and lower CD4+/CD8+ T-cell ratio
(rho=-0.25, p=0.03) with duration of HIV infection being associated with plague volume in

multivariate models.

The Multicenter AIDS Cohort Study (MACS) also examined CVD, including CTCA, in 759 men
with and without HIV. After excluding men with a prior history of percutaneous coronary
intervention or cardiac surgery, HIV infection was associated with a CAC score >0 but the
association was attenuated after adjustment for other CAD risk factors (8). However HIV
infection remained associated with presence of overall plague and non-calcified plaque

even after adjustment.

In contrast, Lai et. al. reported a non-significant association between HIV infection and
subclinical CVD in a large (n=1429) observational study of African American men and women
undergoing CTCA. Chronic cocaine use was most strongly associated with subclinical CVD,
the prevalence of which was over represented in the group without HIV infection (9). The
Swiss HIV Cohort study reported no difference in CAC score and presence of atherosclerotic
plague between asymptomatic PLWH (n=428) and HIV-negative controls (n=276) with
similar Framingham risk scores undergoing CTCA for clinical indications, although PLWH
were significantly younger than the HIV-negative controls. PLWH had less calcified plaque
and were less likely to have severe disease after adjustment for other CVD risk factors

including age, diabetes and dyslipidemia (10).



Whilst results from these studies were inconsistent, subclinical CVD may not be the best
predictor of clinical CVD events. Together the accumulated data from cohort studies would
suggest an increased risk of clinical CVD events in PLWH but the relative contributions of
traditional cardiovascular risk factors versus HIV- and ART-specific factors are, as yet,
unclear. This complicates both the prediction of CVD risk in PLWH and the development of
strategies to reduce risk in this group with further well-designed studies needed to fully

examine and explore the pathogenesis of CVD in PLWH.

3. Role of Antiretroviral therapy in CVD Risk
Our understanding of the role of ART in CVD risk has evolved over recent years. The Data
collection on Adverse events of anti-HIV Drugs (D:A:D) study first reported an increased risk
of Ml in those with longer exposure to ART in 2003, with a 26% relative increase in AMI per
additional year of exposure (11). The study population was heavily exposed to protease
inhibitors (PI) with further studies finding an association with specific Pl drugs, associations
which were only partially explained by worsening metabolic parameters on initiation of
these drugs (12). With the development of newer, more metabolically-neutral ART, the CVD
risk associated with treatment was thought to be reduced. However more recently,
darunavir, a member of the Pl drug class with considerably less impact on lipid parameters
than'its predecessors and a drug which is still widely used in clinical practice, has also been
associated with an increased risk of Ml (13). This association again persisted even after
adjustment for lipid concentrations, warranting further examination of the impact of Pls on

cardiovascular health and the mechanistic processes driving this association.



Abacavir, a nucleoside reverse transcriptase inhibitor (NRTI), has also been associated with
Ml risk in multiple observational studies, leading to the recommendation of alternative drug
options in individuals with established CVD or multiple CVD risk factors (14). However, an
association between ABC use and CVD was not observed in some randomised controlled
trials (RCTs) and meta-analyses. Despite consistent mechanistic data, including from
randomized trials, suggesting disruption of the platelet endothelial interface as an
explanation for how abacavir may reversibly alter risk of AMI (15,16), the association

remains a subject of continued debate (17).

Dyslipidemia has long been associated with HIV infection with both viral and treatment
effects on peripheral lipid concentrations. First generation Pls such as indinavir and
amprenavir, although not currently recommended in treatment guidelines, affect serum
lipid concentrations, with cumulative exposure associated with additional CVD risk (18). The
non-nucleoside reverse transcriptase inhibitor efavirenz (EFV) increases total cholesterol,
LDL and HDL levels when compared to a regimen containing an integrase strand transfer
inhibitor (INSTI), a new class of ART with seemingly less impact on overall lipid
concentrations (19,20). Conversely the NRTI tenofovir disoproxil fumarate (TDF), widely
used in clinical practice, appears to have beneficial effects on overall lipid concentrations.
However with tenofovir alafenamide (TAF) replacing TDF in many ART regimens resulting in
lower systemic exposure to tenofovir and subsequently its lipid-lowering effects, a
deterioration in lipid concentrations has been reported in some cohorts (21), the clinical

relevance of which has yet to be determined.



More recently significant weight gain has been reported in observational studies of people
initiating and, indeed, switching to regimens containing INSTI and TAF. In a recent pooled
analysis of 8 RCTs of around 5,000 people initiating ART between 2003 and 2019, those
commencing an INSTI-containing regimen were more likely to have significant weight gain at
96 weeks with the greatest weight gain associated with bictegravir and dolutegravir (DTG)
compared to elvitegravir (22). Among the NRTIs, TAF was associated most strongly with
weight gain with a mean increase of 4.25kg [95% Cl 3.94-4.56] compared to 2.07kg in those
receiving TDF [95% Cl 1.84-2.30]. Weight gain was seen most commonly among black
women, and although the study investigators did not see any significant difference between
drugs in metabolic parameters such as fasting glucose levels, the duration of follow-up (96
weeks) was likely too short to reasonably address this concern. Similarly in a recent RCT in a
South African population of ART-naive participants initiating treatment, the combination of
TAF/emtricitabine (FTC) and DTG was associated with significantly greater weight gain at 48
weeks compared to either or TDF/FTC/EFV or the combination of DTG with TDF/FTC (23).
The mechanism behind the weight gain associated with these agents is currently unclear but
deserves more attention, especially in the global setting where these agents are often
recommended as first-line ART options. Although direct links between obesity and
cardiovascular disease are inconsistent, as obesity is associated with development of
metabolic abnormalities such as insulin resistance and hypertension, these may indirectly

contribute to increased risk of CVD.

4. Overall benefit of ART and viral suppression on reducing CVD risk
While specific ART drugs/classes have been associated with CVD and deterioration in

metabolic parameters, these concerns are clearly outweighed by the beneficial effects of



ART and viral suppression on reducing inflammation and overall risk of CVD. Frieberg
demonstrated a reduction in risk of MI with suppression of HIV RNA to <500 copies/ml in
the VACS cohort, with the HR dropping from 1.48 [1.27-1.72] in the overall cohort to 1.39
[1.17-1.66] in a sensitivity analysis of those virally suppressed. The Strategies for
Management of AntiretRoviral Therapy (SMART) study reported an increased risk of CVD
events with interruption of antiretroviral therapy compared to continuous ART (24), while
the START (Strategic Timing of ART) trial, which examined immediate versus delayed ART
initiation (24), reported reduced CVD events in those who initiated ART immediately
compared to those who deferred ART (HR 0.84 [0.39-1.81]) (25). Although the early
termination of the START study limited the statistical power of this analysis, the overall
finding of a 39% reduction in serious non-AIDS events including CVD in the immediate ART
arm highlighted the benefit of ART, despite the risk and metabolic derangements associated

with some drugs.

Reports of increased CVD hospitalisations in HIV ‘elite’ controllers, individuals who maintain
persistently low or undetectable levels of HIV viremia in the absence of ART, have
qguestioned whether this minority of PLWH would also benefit from ART (26). Despite HIV
suppression in the absence of ART in this subgroup, studies have demonstrated increased
inflammation, particularly T cell activation in elite controllers, in addition to worse surrogate
measures of CVD compared to PLWH on ART (27-30). However, the limited clinical data
available is conflicting regarding the CVD risk in this small subgroup with potential
confounders such as Hepatitis C virus co-infection and limited access to healthcare

suggested as other possible explanations for these initial observations (31-33). Further



clinical studies in this group are needed and the role of ART in management of these

individuals remains controversial.

With the wider use of ART at all CD4+ T-cell counts, the introduction of newer ART classes
with less deleterious effects on metabolic indices and a move away from Pls as first-line
treatment, we appear to be seeing improvements in CVD mortality rates. The D:A:D study
reported an age standardised drop in CVD mortality from 2.0/1000 persons in 1999-2000 to
0.7/1000 in 2010-2011 (34), with other cohorts reporting similar findings (35,36). The
reduction in CVD events in the D:A:D analysis was not solely explained by improved viral
suppression rates, as an almost 50% reduction was also seen in the subgroup of those who
were virally suppressed in both time periods. Viral suppression and avoidance of
medications known to worsen traditional CVD risk factors are undoubtedly beneficial,
however a growing awareness of CVD risk among HIV clinicians, particularly with respect to
primary prevention and screening, is also likely contributing, with the reduction in CVD
mortality being mirrored by an increase in statin use (37). Whether this reduction will also
be seen in sub-Saharan Africa, a region estimated to have the highest burden of HIV-related
CVD and where -non-Pl based ART is currently being rolled-out but where primary

prevention strategies are less well developed, remains to be seen.

5. CVD Risk Prediction in HIV
5.1 CVD risk Algorithms
Estimation of CVD risk, using CVD risk equations based on traditional CVD risk factors, form
the basis of primary preventative strategies for CVD in the general population. However

their accuracy in predicting CVD in PLWH has been questioned. Numerous studies (table 2)



have reported an underestimation, and some an overestimation, of observed risk of
coronary heart disease (CHD) and CVD in PLWH using equations commonly used in the
general population, such as the Framingham and Atherosclerotic Cardiovascular Disease
(ASCVD) risk algorithms (38—41). The inadequacies of these scores and an awareness of
other potential factors driving CVD risk in HIV infection such as ART, led to the D:A:D study
developing their own risk prediction model (42). While the D:A:D score, which incorporates
traditional risk factors in addition to HIV specific factors such as exposure to historical Pls
and current use of abacavir, exhibited similar discriminatory ability to the Framingham
score, it displayed distinctly improved calibration (mean ratio of the predicted to-observed
number of events was 0.97, 0.96 and 0.95 for the MI, CHD and CVD endpoints, respectively,

compared with 1.14, 1.35 and 1.51, respectively, for the Framingham risk equation).

Due to the relatively low number of CVD events in younger populations of PLWH, numerous
cohort studies have also examined the utility of risk scores for prediction of subclinical CVD
such as carotid intima media thickness (CIMT), again with the only consistent result being an
underestimation of subclinical CVD in PLWH using these risk algorithms (43,44). However,
traditional risk factor scores were developed to predict clinical events rather than surrogate

markers of CVD, making their use in these studies questionable.

Although comparisons of the various available risk equations have yielded inconsistent
results with no single equation emerging as an optimal tool for the identification of PLWH at
risk of CVD (38,45-53), it is recommended that clinicians use one of these tools to assess
CVD risk in all PLWH (54). With the publication of more recent guidance on risk factor

management for CVD prevention with lowering of targets for LDL and blood pressure



reduction in those at risk,-there may be an increased need for specific guidance for PLWH in

the future.

5.2 HIV specific markers for CVD prediction

The CD4+:CD8+ T-cell ratio has emerged as a potential marker to identify treated PLWH at
increased risk of developing comorbidities including CVD. A significant proportion of PLWH
fail to normalize their CD4:CD8 ratio despite persistent viral suppression and adequate
peripheral CD4+ T-cell recovery. A persistently inverted CD4+:CD8 ratio has been associated
with an increased risk of comorbidities including CVD in numerous cohorts. In a
retrospective analysis of over 2000 PLWH who had experienced viral suppression on ART for
at least 12 months, a lower CD4+:CD8+ ratio was independently associated with CVD events
in participants less than 50 years of age (adjusted HR per 0.1 increase in ratio 0.83 [0.70-
0.97]) (55). In a cross-sectional study of 914 PLWH, a CD4+:CD8+ ratio <0.8 was
independently associated with CVD prevalence as defined by a CAC score >100 (56) . Other
studies have also demonstrated the ability of a lower CD4+:CD8+ ratio to predict
progression of atherosclerotic disease as measured by CIMT (57,58). However, as only a
minority of PLWH experience a normalization of their CD4+:CD8+ ratio after ART initiation,
further research is needed to clarify the predictive role of the CD4+:CD8+ ratio for

cardiovascular events in this population.

Inflammatory markers such as IL-6 have also been associated with subclinical
atherosclerosis and non-AIDS events, including CVD, in PLWH (25,59). More recently, in a
case control study in PLWH, pre-event markers of IL-1 activity were predictive of first AMI

(60). However whether the addition of inflammatory biomarkers to existing CVD risk



algorithms would improve their accuracy and utility in the population of PLWH has not yet
been examined and further work is needed to determine the clinical relevance of these

associations in risk reduction strategies.

6 Managing CVD risk in HIV

Current evidence suggest inconsistencies in assessing CVD risk in the clinical setting, with
numerous studies highlighting low levels of CVD risk assessment, with relatively low rates of
achieving risk reduction targets within populations of PLWH (61-65). This may be changing
however, with a move away from boosted regimens causing potential drug interactions that
may have made clinicians reluctant to start concurrent medications, in addition to a greater

awareness of CVD risk attributable to HIV infection.

6.1 Statin use to reduce CVD risk

Apart from the obvious beneficial effects of lowering lipids, the pleotropic effects of statins
on atherosclerotic plaque stability and their potential anti-inflammatory effects make them
an attractive option for the reduction of CVD burden in PLWH. Statins, as competitive HMG
Co Enzyme A‘inhibitors, reduce not only cholesterol synthesis through the mevalonate
pathway but also isoprenoid formation resulting in increased nitric oxide availability and
reduction in post-translational modification of proteins involved in numerous inflammatory
pathways (66). These anti-inflammatory and immunomodulatory effects have been
demonstrated in many ex vivo models ranging from inhibition of pro-inflammatory Th-17
differentiation to suppression of IL-6 mediated monocyte chemotaxis in aortic epithelial

cells (67-69). Simvastatin use reduced circulating pro-inflammatory cytokines IL-6, IL-8 and



MCP-1 after 6 weeks administration whereas Pitavastain, a synthetic statin, inhibits IL-2, IL-

6, INFG and TNFa expression in activated T-cells (70,71).

The potential beneficial effects of statins in secondary prevention have also been
demonstrated. Lo et. Al., in a study of PLWH showed a reduction in non-calcified plaque
volume and high risk features with statin therapy (72). In the SATURN-HIV RCT of
rosuvastatin 10mg versus placebo in PLWH with LDL concentrations <3.36mmol/L but high
inflammatory markers as measured by T-cell activation on flow cytometry and hsCRP,
rosuvastatin was associated with a significantly slower progression of atherosclerotic plaque
as measured by CIMT (73). Whilst there was no significant difference between the
inflammatory endpoint overall, significant reductions in T-cell activation with statin therapy
were noted in the subgroup of smokers (74). The REPREIVE trial (Evaluating the Use of
pitavastatin to Reduce the Risk of CVD in HIV Adults), a large randomized placebo-controlled
trial of pitavastatin on CVD endpoints in PLWH with low estimated CVD risk, is ongoing with
initial results (expected in 2020) eagerly awaited. The benefits of statin therapy in
preventing CVD events have been demonstrated in other chronic inflammatory conditions
such as rheumatoid arthritis, although whether the CVD risk reduction is greater in
inflammatory conditions than what is seen in the general population has not yet been

demonstrated (75).

6.2 Smoking Cessation to reduce risk of CVD
Smoking has consistently been shown to be more prevalent in PLWH with the benefits of
smoking cessation in this population demonstrated (76—-78). In 2011, using data from the

D:A:D study, Petoumenos et al. reported ex-smokers at three years had almost halved their



risk of CVD events compared to current smokers (79) whereas Helleberg, using data on
PLWH participating in the European and North American ART Cohort Collaboration,

reported that PLWH who smoke had twice the mortality risk compared to non-smokers (76).

With a move away from boosted ART regimens and consequent potential drug interactions,
use of smoking cessation medications such as varicycline and bupoprion, both effective in
the general population, can now be considered. However, success rates with current
smoking cessation strategies are at best modest, and the use of novel non-pharmacological
interventions, such as psychological programs, and use of cell phone-based technologies
remain interesting but often infeasible possibilities for most HIV specialist clinics (80,81).
However, by regularly reaffirming the benefits of smoking cessation and through the
provision of support to individuals who express a desire to stop smoking, HIV specialists may

lower CVD risk in this population (82).

7 Additional Considerations for predicting and managing risk

Additional factors that, whilst not specific to HIV infection, are more prevalent within the
population of PLWH and which may augment CVD risk include recreational drug use,
particularly cocaine and amphetamine use (83,83—87). People who inject drugs either
currently or historically are over-represented in the population of PLWH but this group may
not be adequately represented in research studies or clinical trials. In a large Danish
longitudinal study of over 7 years follow-up, injection drug use and use of prescribed
methadone was significantly associated with incident CVD (88) with Reece and Hulse
reporting that long term opiate use was associated with increased arterial stiffness as

measured by pulse wave velocity (89). Although current or historic drug use may not factor



significantly in general population studies, these data are important to incorporate in
studies examining CVD risk in PLWH. By failing to incorporate these potential contributors to
CVD risk in PLWH, we risk failing to adequately address the drivers behind excess CVD risk in
the population of PLWH, which may also limit development of appropriate strategies to

reduce this risk.

Another issue that is consistently associated with cardiovascular risk in epidemiological
research, but is rarely factored into clinical studies, is socioeconomic status. In a large
multicohort study/meta-analysis comprising over 1.7 million participants with a mean
follow-up of 13.3 years, ‘low’ socioeconomic status was independently associated with
cardiovascular mortality, even when adjusted for traditional risk factors (HR 1.29 [95% ClI
1.16-1.43]) (90). Clinicians thus need to be aware of the potential impact of socioeconomic
status on an individual’s cardiovascular risk over and above that of the traditional risk

factors.

Another population group that requires special consideration is transgender men and
women. The role of sex hormones on cardiovascular health is complex and conflicting,
differently-designed studies have contributed to uncertainty surrounding their role in
development of CVD in PLWH. However, it is known that oestrogen and progesterone
hormonal therapy is associated with cardiovascular events especially if used in combination,
therefore clinicians must be mindful of concurrent hormonal replacement therapy in

transgender individuals when estimating CVD risk (91-93).



The role of testosterone in CVD is somewhat more controversial. With the known male
predominance of CVD, the protective effect of estrogen in premenopausal women and
reports of Mls occurring with use of anabolic steroids, testosterone was believed to be
deleterious to cardiovascular health. However more recent evidence suggests a potential
benefit of testosterone replacement in hypogonadic males in preventing cardiovascular
events associated with testosterone deficiency (94-96). Studies examining CVD risk in
transgender men, although few in number with a younger age predominance, suggest no
additional risk of CVD events in the setting of testosterone replacement therapy, despite
deterioration of traditional risk factors such as hypertension and dyslipidemia (97,98).
However further studies are necessary in this population to fully elucidate the risk, if any,

attributable to hormone replacement therapy.

8. Conclusion

Current data point to an increased risk of CVD in PLWH, however the drivers behind this
remain multiple and current prediction models tend to underestimate actual risk of CVD in
PLWH. However given the prevalence of traditional risk factors in this population,
appropriate primary preventative measures such as lipid-lowering treatment and smoking
cessation may contribute to a substantial reduction in the burden of CVD in this population.
Continued vigilance of ART-induced metabolic derangements is necessary, with avoidance
of medications with known associations in individuals with high risk of CVD. Finally, further
well-designed studies are necessary, incorporating the many potential CVD risks, to

conclusively identify the major contributors to CVD risk in the population of PLWH.



9. Expert opinion

CVD pathogenesis in HIV infection is multifactorial with the relative contribution of
traditional risk factors such as smoking and dyslipidaemia, highly prevalent in treated PLWH,
versus HIV specific factors, not yet known. In addition to traditional CVD risk factors, other
factors such as chronic HIV viremia, ART, CMV co-infection, chronic inflammation, innate
immune activation, the microbiome and microbial translocation may be implicated in the
pathogenesis of CVD in PLWH making prediction of CVD risk difficult. Current risk prediction
models have been shown to be inadequate at identifying PLWH at risk of CVD but it is
unlikely that the large cohort data that would be required to examine these pathways in

PLWH with sufficient power would be feasible.

Chronic inflammation undoubtedly plays a role, and the benefit of persistent viral
suppression with appropriate ART is well documented. With the roll out of suppressive ART
regardless of CD4+ T-cell count, and avoidance of ART previously associated with CVD
events, we have seen an encouraging reduction in CVD mortality. However, we know that
low grade systemic inflammation together with other immune dysfunction such as innate
immune activation can persist in PLWH despite ART and whether these persistent
inflammatory changes contribute significantly to CVD pathogenesis in PLWH is less certain.
This information is rarely incorporated into risk factor algorithms due to the limited
availability of biochemical data within existing cohorts. Further well designed studies
examining the role of these inflammatory pathways and other HIV specific factors are

needed to fully elucidate the mechanisms behind the increased CVD risk in PLWH. Once



pathways are identified, we can then attempt to assess their CVD predicative utility in

cohort studies.

Targeting inflammatory pathways for CVD prevention in PLWH is an intriguing area for
future research. Although results to date have been disappointing (99), the Canakinumab
Antiinflammatory Thrombosis Outcome Study (CANTOS), demonstrating a reduction in
recurrent AMI, stroke or CVD death with IL-1 beta inhibition in patients with established
CVD and evidence of chronic inflammation, finally established inflammation, at least in

recurrent disease, as a driver of CVD events in the general population (100).

Statin therapy used successfully in primary prevention strategies, exert anti-inflammatory
effects which likely contributes to CVD reduction in those with chronic inflammation (101)
and may also prove an effective addition to standard HIV management to reduce CVD
morbidity. The REPREIVE trial examining the effect of Pitastatin, a synthetic HMG Co-
enzyme A inhibitor, on CVD risk in PLWH at low to moderate risk is the largest RCT of its kind
comprising of over 7500 participants with HIV. This important study will help answer many
of the questions surrounding the effects of statins on inflammation in PLWH and its impact
on CVD events. Further studies are ongoing and will likely influence the future direction of

primary preventative strategies in PLWH.

In the meantime, clinicians can still make positive impact in reducing CVD risk in PLWH
(figure 1). In order to identify PLWH at high risk of developing CVD we would recommend

the following:



Use a CVD risk algorithm, ideally one validated in a population of PLWH such as the
D:A:D 5 and 10 year risk scores, to initially assess CVD risk, bearing in mind the
potential inadequacies of these algorithms for accurately predicting CVD risk as
discussed above.

To consider initiating risk reduction strategies earlier in those with additional
biomarkers that have been associated with comorbidity and CVD risk such as a
persistently lowered CD4+:CD8+ ratio and raised hsCRP (>3mg/L) on consecutive
measurements in the absence of other inflammatory causes.

To consider additional factors in assessment of CVD risk in PLWH such as hormonal
therapy and long term recreational drug use associated with CVD events, for

example opiates, cocaine and amphetamine use.

In those deemed at high risk of CVD we suggest following international guidelines in

managing CVD risk in PLWH (102). We recommend:

To avoid initiation of NRTI, abacavir and Pl based ART in high risk individuals, with
the exception of atazanavir, which current evidence suggests is not associated with
CVD events. If ‘an at risk individual is already receiving these agents, consider a
switch away to alternative therapy

Consider trial of statin therapy in individuals with multiple CVD risk factors. We
would recommend using similar lipid reduction targets as recommended in the
general population given the absence of HIV specific data (103,104).

Consider other primary preventative strategies such as aspirin use as recommended

by international guidelines (105) and in accordance with those used in the general



population. Currently no consistent data suggests an additional benefit of earlier

intervention with anti-platelet agents in PLWH.

For all PLWH, consider every consultation an opportunity to re-enforce and emphasise the
benefit of appropriate lifestyle modification such as smoking cessation, dietary changes, and
increased exercise to reduce CVD risk in this population. In particular, the benefits of
smoking cessation have been demonstrated repeatedly, for both CVD and all-cause
mortality. Implementation of effective smoking cessation strategies in HIV clinics would be a
positive step towards reducing the burden of CVD events and although requiring additional
resourcing, the cost-effectiveness of such measures are likely to be worthwhile in the long

term.

Similarly, consideration of the metabolic effects of ART on both lipid parameters and CVD
risk should be made prior to initiation or switching ART. The recent observation of
significant weight gain with the use of TAF and some INSTI is noteworthy and deserves
further examination, especially given their recent recommendations for use as first line
therapy. Further work should examine the potential molecular and biochemical mechanisms
causing weight abnormalities in addition to the metabolic and clinical consequences of
these. These findings also highlight the importance of ongoing vigilance for adverse events

with HIV treatment.

The benefit of routine targeted screening for CVD in PLWH, other than what is
recommended in the general population, with cardiac specific or radiological investigations

such as treadmill monitoring and routine CTCA is questionable and to date has not been



routinely recommended. This may change as further data emerge, however, initial routine
assessments with CVD risk estimation as discussed above and electrocardiography are

appropriate and are recommended by international guidelines (102).

Whilst waiting for the findings from ongoing research to broaden our understanding of CVD
pathogenesis in HIV infection and potential novel risk reduction strategies, a positive impact
on the burden of CVD can be made by aggressively managing traditional CVD risk factors
and with the careful consideration of ART in PLWH. Simple consideration of the factors
contributing to CVD risk can help guide clinicians to direct resources at those who are likely
to benefit most from interventions to reduce CVD incidence and to continue to promote

and foster healthy ageing in PLWH.
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Figure 1: Factors to consider in managing CVD risk in PLWH
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Table 1: Studies examining CVD prevalence in PLWH

Year | Authors Study Setting Demographics CVD definition Observed CVD prevalence Reference
2003 Currier JS et al. California Medicaid Cohort, | 28,513 PLWH, 72% male, 42.8% | MI, angina pectoris, coronary | Overall incidence per 100 person-years (PY): PLWH 2.83; HIV | 2
USA aged 35-44 vyears, 52.7% ART | atherosclerosis, other IHD and | negative 3.64. CHD incidence significantly higher in younger
experienced CVD, unspecified (ICD-9 coding) PLWH: 18-24 years relative risk (RR) (95% confidence interval
(C1)) 6.76/(3.36, 13.58), 25-34 years RR 2.16 (1.81, 2.58).
2017 Drozd DR et al. NA-ACCORD Cohort, USA, | 29,169 PLWH, 36% aged 40-49 | Type 1 MI (retrospectively | Crude Incidence rate 2.57 (95% Cl 2.30, 2.86) per 1,000 PY. 106
Canada years, 83% male, 54.5% ART | health record coding and
exposed adjudicated by study team)
2011 Durand M et al. Canadian health registry | 7053 PLWH, Median age 37 | Acute Ml, retrospectively | Incidence rate per 1,000 PY (95% Cl): PLWH 3.88 (3.26, 4.58); HIV | 1
data; Cohort and nested | years, 78% male, 76.2% ART | identified by health record | negative 2.21(1.93, 2.52).
case control study experienced coding
2013 Freiberg MS et al. Veterans Ageing Cohort | 27,350 PLWH, mean (standard | Acute MI (adjudicated VA data, | Incidence rate per 1,000 PY (95% Cl): age group 30-39 years 2.19 | 6
Study, USA deviation (SD)) age 48.2 (9.5) | ICD-9 coding and  death | (0.89, 5.58): 40-49 years 1.34 (1.04, 1.72): 50-59 years 1.80 (1.47,
years, 97.3% male, 49.2% on | certification) 1.21): 60-69 years 1.53 (1.03, 2.26): 70-79 years 1.50 (0.86, 2.57):
ART 80-89 years 0.63 (0.12, 2.25).
2003 Friis-Mgller N et al. D:A:D Cohort study, | 23,468 PLWH, 75.9% male, | Prospectively collected MI as | Incidence rate per 1,000 PY 3.5; RR (95% Cl) per additional year | 33
multinational collaboration median (interquartile range) | reported to study team and | of ART exposure: 1.22 (1.09, 1.38).
age 39 (34-45) years, 80.8% | meeting predefined criteria as
ART exposed defined in study protocol. .
2003 Mary-Krause, M et | French Hospital Database | 34,976 PLWH, 100% male, | Fatal and non-fatal Ml | Incidence rate (95% CI) per 10,000 PY in patients exposed to Pl | 107
al. on HIV registry, France mean age 39.8 years, 72.15% | (retrospectively by ICD 9/10 | for: 18 months 8.2 (4.7, 11.7); 18-29 months 15.9 (7.9, 23.9);
on Pl based ART coding and study | >30 months 33.8 (15.4, 52.1).
questionnaires)
2015 Paisible AL et al. Veterans Ageing Cohort | 26,836 PLWH, mean (SD) age | Acute MI (adjudicated VA data, | Higher incidence rate of AMI in PLWH with the same CVD risk | 3
Study, USA 46 (10) vyears, 89.5% male, | ICD-9 coding and death | profile. In those with no major CVD risk, HIV infection was
50.75% on ART certification) associated with twice the risk of AMI [hazard ratio (HR) (95% CI)
2 (1.0, 3.9)].
2018 Shah ASV et al. Meta-analysis across 80 | 793,635 PLWH with a follow up | Fatal or non-fatal Ml or stroke Crude incidence rate (95% Cl) per 10,000 years for CVD was 61.6 | 5
studies of 3.5 million PY (45.8, 83.4).
1999 Silverberg MJ etal. | Kaiser Permanente | 22,081 ~PLWH, 90.6% male, | Ml (ICD-9 Inpatient discharge | Incidence rate of MI per 100,000 PY: PLWH 283, HIV negative | 4
Californian health registry, | 54.7% 35-49 years, 79.8% ART | coding) 165. RR (95% ClI) for HIV status was 1.72 (1.51, 1.94) unadjusted
USA. experienced at end of study and 1.44 (1.27, 1.64) adjusted.
period
2007 Triant VA et al. Partners Healthcare System | 3,851 PLWH, 69.6% male, | Acute MI (retrospectively ICD | Incidence rate (95% Cl) per 1,000 PY: PLWH 11.3 (9.58, 12.68), | 31
registry, Boston, USA median (interquartile range) | 9/10 coding) HIV negative 6.98 (6.89, 7.06). Adjusted RR (95% Cl) of AMI in

age 38 (32, 44) years, 63.1% on
Pl-based ART

PLWH: 1.75 (1.51, 2.02).






