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Abstract With more effective and widespread antiretroviral
treatment, the overall incidence of AIDS- or HIV-related death
has decreased dramatically. Consequently, as patients are ag-
ing, cardiovascular disease (CVD) has emerged as an impor-
tant cause of morbidity and mortality in the HIV population.
The incidence of CVD overall in HIV is relatively low, but it is
approximately 1.5–2-fold higher than that seen in age-
matched HIV-uninfected individuals. Multiple factors are be-
lieved to explain this excess in risk such as overrepresentation
of traditional cardiovascular risk factors (particularly
smoking), toxicities associated with cumulative exposure to
some antiretroviral agents, together with persistent chronic
inflammation, and immune activation associated with HIV
infection. Tools are available to calculate an individual’s pre-
dicted risk of CVD and should be incorporated in the regular
follow-up of HIV-infected patients. Targeted interventions to
reduce this risk must be recommended, including life-style
changes and medical interventions that might include changes
in antiretroviral therapy.

Keywords Cardiovascular Risk . HIV . Acute myocardial
infarction . Antiretroviral therapy . Cerebrovascular disease

Introduction

Over the last two decades, the prognosis for HIV-positive
individuals in developed countries has tremendously im-
proved due to the availability of potent and well-tolerated
combination antiretroviral therapy (cART), achieving virolog-
ical suppression in most cases [1]. This has lead to an impor-
tant improvement in life expectancy, which—in subjects with-
out hepatitis C virus (HCV) infection or other comorbidities—
is now similar to that of the general population [2, 3].

Consequently, the HIV-infected population is aging—50%
of HIV-infected subjects in Europe and in the USA are aged
50 years or older—and the focus of clinical care has changed
dramatically, from facing severe opportunistic complications
associated with advanced immunodeficiency in the earlier
days of the epidemic to the present focus on prevention and
management of age-related comorbidities and cART-related
complications, such as cardiovascular disease (CVD).

As in the general population, CVD is emerging as one of
the most frequent causes of death among HIV-infected pa-
tients [2]. This review will address the current evidence on
CVD risks in HIV-infected individuals and the implications
on clinical prevention and management.

Evolvement of the Risk of Cardiovascular Disease
in the HIV-Infected Population

Several large observational cohort studies have consistently
demonstrated increased rates of CVD, including acute myo-
cardial infarction (AMI) among HIV-infected compared with
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matched uninfected controls, with an approximate 1.5- to 2-
fold increased relative risk (RR) over the last decade [4–10,
11•, 12•, 13••, 14]. However, some recent studies suggest that
this increased risk may now be diminishing [13••]. An over-
view of the main epidemiologic studies on CVD in the HIV
population is presented in Table 1. Similar studies have also
observed that HIV infection confers an increased risk of heart
failure [15], ischemic stroke [16], and sudden cardiac death
[17].

A recent meta-analysis reported that the adjusted RR of
CVD was 1.61 (95 % CI=1.43–1.81) among HIV-positive
individuals compared with HIV-uninfected controls. The RR
of CVD increased to 2.00 (95 % CI=1.70–2.37) when the
analysis was restricted to HIV-infected patients on ART com-
pared with HIV uninfected subjects, while it was 1.52 (95 %
CI=1.35–1.70) compared with treatment naïve HIV-infected
people [18].

Similarly, two recent large cohort studies with demograph-
ically and behaviorally matched HIVuninfected controls have
also reported solid evidence of an association of HIV status
and AMI [11•, 12•, 13••, 14]. The Kaiser Permanente group
reported a RR of AMI of 1.44 (95 % CI=1.3–1.6), after
adjusting for traditional CVD risk factors (CVDRF).
However, the risk was no longer increased when the analysis
was restricted to those with recent or nadir CD4+ cell count≥
500 cells/ml (RR=0.85, 0.55–1.33) [12•]. In the most recent
update of the study (calendar period from 1996 to 2011), the
AMI risk was similar among HIV-infected individuals com-
pared to matched HIV uninfected subjects in the latest period
from 2010 to 2011 (RR=1.0, 95%CI=0.7–1.4). The CVDRF
profile for both groups was similar in this period, even more
favorable in the HIV-positive group [13••]. However, Paisible
et al. recently assessed the association between HIVand AMI
by burden of CVDRF and found an increase in risk of AMI in
the HIV group compared to uninfected individuals in all the
strata, including those with no major CVDRF, with a 2-fold
increased risk of MI, but low CD4+ cell count and
unsuppressed viremia were more common in this subgroup
[14].

The majority of the participants in these studies are men, so
predictors of CVD in HIV-infected women are less well
examined.

Additional evidence is collected from studies examining
surrogate measures of subclinical atherosclerosis through ar-
terial imaging. Carotid ultrasound assessing carotid artery
intima-media thickness (cIMT), coronary CT to assess coro-
nary artery calcium (CAC), coronary artery plaques and wall
thickness, brachial artery ultrasound to evaluate endothelial
function, pulse wave velocity (PWV) to evaluate artery stiff-
ness, and more recently, FDG-PET to evaluate arterial inflam-
mation have provided important insights into the prevalence
and pathophysiology of HIV-associated CVD. However, final
results from these studies are somewhat mixed.

Several studies have found coronary artery wall thickness
[19], coronary artery plaque [20, 21], cIMT, and cIMT pro-
gression changes [22–24] to be associated with HIV disease,
suggesting an increased risk of CVD. Increased cIMT and
cIMT progression and increased coronary artery plaque have
unexpectedly been reported also among elite-controllers de-
spite spontaneous virological and immunological control,
supporting that other factors than ART and high viral replica-
tion are involved in the atherogenic process [25, 26].

Taken in aggregate, the current evidence supports the pres-
ence of an increased rate of CVD among HIV-infected indi-
viduals, likely more clinically evident with the aging of the
HIV-infected population. Some cohorts report unchanging
CVD rates, which may be attributable to intensive preventive
efforts.

Traditional CVD Risk Factors

Framingham was the first study to establish the concept of
CVRF in the background population. This study found that
the three modifiable risk factors (RF) most strongly related to
coronary risk were cigarette smoking, elevated blood pres-
sure, and total cholesterol (TC). Findings of main modifiable
risks in HIV-infected persons are consistent.

One of the most important conventional modifiable RF for
CVD is cigarette smoking. In this respect, a dose-effect rela-
tionship of smoking and CVD risk is well described [27], and
high smoking prevalence has been reported in HIV-infected
populations [11•, 12•, 28]. The risk of CVD and mortality
attributable to smoking has also been found to be considerable
in HIV-infected patients [29•, 30•].

In an analysis from the D:A:D study, smoking cessation
showed to decrease the risk of CVD in HIV-infected patients
with increasing time since stopping smoking, further encour-
aging efforts to motivate smoking cessation in this population
[31••].

Hypertension is another key RF for CVD in HIV patients
as in the general population. The prevalence in different HIV-
infected cohorts has been reported from 4 to 54 %. In the pre-
cARTera, elevated blood pressurewas uncommon andmainly
seen in association with HIV-related renal complications.
However, after the introduction of cART and with the aging
of the HIV-infected population, hypertension has become
more prevalent and probably more intensively monitored
[32, 33]. A number of recent studies have suggested an asso-
ciation with some antiretroviral agents, including Indinavir
and Nevirapine [32, 34–36].

Diabetes and impaired insulin sensitivity are becoming an
increasing problem among HIV-infected patients, and the risk
of CVD increases with longer duration of diabetes [37, 38].
Although traditional RF plays a role, HIV-infection per se,
chronic inflammation, lipodystrophy, and some antiretroviral
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agents may be directly implicated in the development of insu-
lin resistance. Particularly, some PI and NRTI have been as-
sociated with impaired insulin sensitivity; however, newer
ART induces less insulin resistance and has a better metabolic
profile [38–41].

Antiretroviral Treatment as an Independent
Cardiovascular Risk Factor

The pathogenesis of premature atherosclerosis and increased
risk of CVD in HIV-infected patients is not fully explained by
the overrepresentation of traditional CV RF in this population.
Current belief is that multiple factors drive this excess risk,
including traditional CVDRF, toxicities associated with cu-
mulative exposure to ART, either direct or via associated met-
abolic disorders, together with chronic inflammation, and im-
mune activation associated with HIV infection. Other factors
such as the metabolic syndrome, renal disease, or HCV coin-
fection may also contribute to this risk.

The Intrinsic Cardiovascular Risk Factor of Some
ARV Drugs

Current evidence stems mainly from large observational
registry-based cohort studies with the potential bias and con-
founders that are inherent to this kind of research, many lack-
ing information on important RF such as smoking or renal
disease, and channeling or prescription bias.

The D:A:D is a large prospective multi-cohort study de-
signed to address the potential association between cART and
CVD. This ongoing international collaboration of 11 cohorts
was initiated in 1999 and is prospectively following 49,734
HIV-infected patients at 212 clinics in Europe, Argentina, the
USA, and Australia. The D:A:D was one of the first studies to
describe the excess risk of CVD associated with ART, reporting
a 26 % relative increase in the rate of AMI per year of exposure
during the first 4 to 6 years of cART [42]. With a longer follow-
up, the study was able to analyze the effect of drug classes [43•]
and subsequently the inherent risk of individual drugs [44].
Some of the drugs analyzed in those studies are no longer pre-
ferred, potentially explaining part of the decrease observed in
CVD rates with the availability of newer and less toxic agents.

Many studies have shown strong evidence of association
between PI exposure and increased risk of CVD [6, 43•,
44–46]. However, studies assessing the potential association
of individual NRTIs and increased CV events have shown
more divergent results [44, 47–49].

Although exposure to ARTwith those drugs was associated
with increased risk of CVD, findings from the SMART study
clearly demonstrated a benefit in overall mortality and CVD
events in subjects treated with ART compared to those

interrupting therapy [50, 51], which strengthen the potential
influence of chronic inflammation and immune activation.

Protease Inhibitors

In the D:A:D study, the incidence of AMI increased from 1.53
per 1000 person-years in those not exposed to PI to 6.01 per
1000 person-years in those with more than 6 years of PI ex-
posure. After adjusting for exposure to other ART classes and
traditional CVDRF (excluding lipid levels), the RR of AMI
per year of PI exposure was 1.16 (95 % CI=1.10–1.23), and
after additional adjustment for lipids, this risk decreased to
1.10 (95 % CI=1.04–1.18), indicating that the increased risk
of MI was partly but not fully explained by dislipidemia [43•].

Later analyses showed that only indinavir and lopinavir/
ritonavir were associated with an excess risk of MI, increasing
with longer cumulative exposure, whereas such an association
was not seen for other PIs, particularly saquinavir and
nelfinavir [44].

More recently, the D:A:D group has been able to explore
newer PI drugs such as atazanavir, reporting no increased risk
of AMI or stroke, either boosted or unboosted with ritonavir.
This suggests amore Bdetailed^ picture with only increased risk
associated with exposure to individual PI-drugs typically asso-
ciated with a worse metabolic profile and not with the whole PI
class [52]. Data on the newer PI darunavir are still lacking.

Analyses of the French Hospital Database confirmed the
association with individual PIs observed in the D:A:D study
and also found a higher risk of MI with fosamprenavir. The
overall exposure to PI was associated with an OR of AMI of
1.15 (95 % CI=1.06–1.26) per year of PI exposure, similar to
that found in the D:A:D study [47].

The mechanisms behind this excess of CVD associated
with PI exposure might be dislipidemia, pro-thrombotic ef-
fects or mediated by direct effects on endothelial function.

Nucleoside Reverse Transcriptase Inhibitors
(NRTI’s)

Originally, D:A:D was one of the first to describe an increased
risk of AMI with exposure to some individual NRTI drugs,
such as didadosine and abacavir. While the hypothesis was an
expected increased risk with thymidine analogues, such asso-
ciation was not found. The results showed an association be-
tween recent exposures to abacavir with increased rates of
AMI of 1.89. The association appeared reversible upon dis-
continuation of the drug, and the risk was present in all strata
of underlying CVD risk [53].

Since then, a number of other groups have evaluated
whether the finding was reproducible in their studies, and
the issue is still a matter of hot debate. Some additional studies
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have confirmed the increased risk described in the D:A:D [10,
18, 44, 49, 54–56]; however, other studies have not found
evidence of such association [47, 48, 57–60] (Table 2).

The ANRS cohort found an increased risk of AMI only
while on abacavir for the first year of therapy, but additional
analyses suggested that preferential use of abacavir in patients
with impaired renal function or in drug users might have con-
founded the association [47, 58].

The D:A:D study also conducted analyses to explore this
issue. A slightly higher proportion of renal function impair-
ment was seen in patients receiving abacavir than other
NRTIs, but the association was still seen after adjusting for
low eGFR (RR=1.89) [61].

No excess of risk of AMIwith abacavir was observed in the
pooled analysis of randomized clinical trials (RCT) database
maintained by the manufacturer of abacavir. However, the
study had few events and short follow-up, and thus a limited
power to address the question. Furthermore, information on
key CVRF was lacking, and analysis was unadjusted [48].

Recently, two additional meta-analyses and an observation-
al cohort of subjects randomized to ACTG RCT did not find
evidence of increased risk of CVD with abacavir exposure;
however, the median age of patients included in the RCTs was
significantly lower than in cohort studies [57, 59, 60].

A recent study from the North American Cohort (NA-
ACCORD) has rekindled the debate. The study compared
subjects with recent abacavir exposure with those starting a
non-abacavir regimen [62]. Baseline characteristics of the two
groups were different, many of them known to be strong
CVDRF. Carrying out the analysis as done in the initial
D:A:D, they found similar results (HR=1.71). In the full study
population, the main study endpoint, when repeating the anal-
ysis and adjusting for traditional CVRF and renal impairment,
no significant association was found. However, in an analysis
restricted to subjects naïve to ART when starting abacavir,
they reported a significant association of AMI in those starting
abacavir (HR=1.96).

Overall, an increased risk of AMI in patients treated with
abacavir has been observed in many studies. While weighing
the evidence of the observations from the different studies, the
central issue to consider is the study design, and uncertainty
about existing bias or confounding remains. For now, the
causal relationship between exposure to abacavir and the risk
of MI can neither be confirmed nor refuted.

The potential biological mechanisms of how abacavir
might increase the risk of AMI are discussed below.

Non Nucleoside Reverse Transcriptase Inhibitors
(NNRTI’s)

Clinical data are limited regarding risks from the NNRTI
class. Three large observational studies have investigated the

relationship of NNRTI exposure (primarily nevirapine and
efavirenz) with CV risk, and neither identified any excess risk
with NNRTI use [43•, 44, 47, 63].

Metabolic and Thrombotic Complications
Associated with cART

Initial ART induces lipid changes, which partly represent a
restoration of abnormal levels, usually observed in patients
with low weight and an advanced HIV disease.

Most PIs increase plasma levels of both TC and low-
density lipoprotein-cholesterol (LDL-C), as well as levels of
triglycerides (TG). However, darunavir and atazanavir have
shown to have a more favorable lipid profile than older PI,
without significant differences among them [64–66]. Of inter-
est, raltegravir produced the most favorable lipid profile when
compared with once-daily ritonavir-boosted darunavir and
atazanavir [66].

Unboosted atazanavir has been associated with a signifi-
cantly better lipid profile than ritonavir-boosted atazanavir
[67]. On the other hand, similar lipid profiles were observed
with atazanavir being boosted with ritonavir or cobicistat
[68, 69]

NNRTIs have been found to increase TC and high-density
lipoprotein-cholesterol (HDL-C), with an improvement of the
TC/HDL ratio. In a recent study, efavirenz was associated
with increases in TC, LDL-C, but not TC/HDL compared to
atazanavir-ritonavir [70]. Therapy with rilpivirine is associat-
ed with lower increases in TC, HDL, LDL, and TG compared
with efavirenz; however, the TC/HDL ratio is similar in both
groups [71]. Nevirapine is the NNRTI associated with the
safer lipid profile so far.

Integrase inhibitors have a more favorable lipid profile as a
class, with a lipid neutral profile. In the STARTMRK study,
raltegravir showed lower TG, TC, HDL, and LDL cholesterol
increases compared with efavirenz in treatment naïve patients
[72]. Switching a PI/r (usually ritonavir-boosted lopinavir or
atazanavir) to a raltegravir-based cART in virologically sup-
pressed HIV-infected patients was associated with an overall
improvement in lipid profile, including a shift to a less athero-
genic LDL phenotype in a RCT [73]. In the same way,
switching to raltegravir was associated with greater reductions
in serum lipid concentrations than was continuation of
lopinavir/ritonavir in another RCT [74]. Dolutegravir has
shown a similar lipid profile as raltegravir in a RCT [75].
Coformulated cobicistat-boosted elvitegravir-emtricitabine-
tenofovir seems to have a similar lipid profile to atazanavir-
ritonavir and induces smaller increases in TC, LDL but also
HDL than efavirenz [76, 77]. Some drugs of the NRTI drug
class have an impact on lipid concentrations.

Abacavir-lamivudine was recently compared to tenofovir-
emtricitabine, combined either with efavirenz or atazanavir-
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ritonavir, reporting higher lipid levels in the abacavir group
but similar TC/HDL ratio [78], findings beings also reported
in other studies [79–81]. However, decreases in TG and
increases in HDL-C were greater with abacavir/
lamivudine than with tenofovir/emtricitabine when com-
bined with raltegravir [82].

Altered platelet reactivity has been described in HIV-
infected patients. However, the role of different ART drugs
on platelet dysfunction is not fully clarified. Abacavir has
been shown to enhance some in vivo markers of platelet acti-
vation and induce platelet hyper-reactivity in some studies,
which might lead to an increased risk of CVD [83].
Intensification of ARTwith raltegravir has shown to suppress
residual viral replication and reduce inflammatory and coag-
ulation biomarkers and has been associated with a reduction in
platelet hyper-reactivity and platelet-monocyte aggregation
[84–86].

The Role of HIV Infection in Itself
in the Pathogenesis of Cardiovascular Risk

Immune dysfunction and persistent inflammation are impor-
tant underpinnings among patients with HIV and are not
completely restored despite maintained virological suppres-
sion. HIV is associated with T-cell activation; translocation
of microbial products from the gut; monocyte-, and
macrophage-related inflammation; inflammatory cytokines;
dysfunctional immunoregulatory responses; endothelial acti-
vation; and hypercoagulation, all potentially contributing to an
increased risk of CVD. All these mechanisms are incomplete-
ly understood and are the focus of active research. Other path-
ogens, such as cytomegalovirus, might also contribute to this
T-cell activation [87].

HIV infection causes damage of the gut epithelium
resulting in a chronic translocation of microbial products
(such as lipopolysaccharide (LPS)) contributing to persistent
systemic inflammation. Markers of microbial translocation
correlate with markers of inflammation (such as hsCRP and
IL-6), innate immune activation (such as sCD14 and
sCD163), and coagulation (d-dimer) which are elevated in
HIV-infected individuals and are predictive of morbidity (in-
cluding CVD) and mortality [87–92].

HIV viremia correlates with d-dimer levels in untreated
patients and initiation of cART diminishes d-dimer levels,
though it probably does not restore normal levels.
Intensification strategies with raltegravir have shown to de-
crease d-dimer levels even further [85].

Elevated soluble urokinase-type plasminogen activator
receptor (suPAR) is an inflammation marker and has
recently been identified as a predictor of MI in HIV-
infected patients [93].

Inflammation may also affect CVD risk through
proatherogenic effects on lipid metabolism. HIV seroconver-
sion results in decreased levels of TC, LDL-C, and HDL-C
[94]. The progressive immunosuppression and inflammation
i n u n t r e a t e d p a t i e n t s i s a s s o c i a t e d w i t h
hypoalphalipoproteinemia, altered HDL metabolism
redirecting cholesterol to apo-B containing lipoproteins,
HDL with increased TG content, and high levels of TG, lead-
ing to predominance of atherogenic very-low-density
lipoprotein-cholesterol (VLDL-C) and LDL-C, which is asso-
ciated with increased risk of CVD in the background popula-
tion [95].

Findings from studies assessing the potential association
between CD4+ cell count and risk of CVD are somewhat
divergent. While some have found an increased risk [12•,
96–98] in individuals with lower nadir or recent CD4+ counts,
a strong independent association was not clear in other studies
[99]. However, patients with incomplete or declining immu-
nological recovery despite virological successful cART have a
higher risk of CVD [100, 101].

The recent results from the STARTstudy showed a marked
advantage for early ART-initiation [102], with reduced risk of
AIDS and non-AIDS outcomes. However, no difference in
CVD risk was observed between treatment arms in a median
follow-up of 3 years. All the same, it is likely that earlier
initiation of cARTwill also further reduce the potential endo-
thelial damage associated with chronic inflammation.

Cardiovascular Risk Estimation in HIV-Infected
Individuals

Current guidelines for CVD risk reduction in the HIV popu-
lation recommend assessment of CVD risk using conventional
risk prediction models, such as Framingham, SCORE, or oth-
er national prediction models [103]; or by using a prediction
model tailored to the HIV-infected population, such as the
D:A:D prediction model [104, 105]. Cardiovascular risk pre-
diction equations developed in non-HIV populations may be
inaccurate to estimate the CVD risk in HIV-infected individ-
uals [103, 106], as they do not take into account HIV-related
features that likely contribute to the increased risk, including
ART, chronic inflammation, immune activation, or HCV co-
infection [107]. However, the models can be recalibrated to
provide better estimates.

HIV-specific CV risk-prediction equations have been de-
veloped, incorporating traditional CVRF and HIV-specific
measures such as exposure to individual ART and CD4+ cell
count [104, 108, 109]. Assessment of conventional CV
models, and the D:A:D HIV-specific model, that was derived
primarily from European populations, were all found to un-
derestimate the risk of CVD in the US HOPS population
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[110]. Recently, the D:A:D group has developed updated
CVD-risk prediction models to facilitate the identification of
high-risk patients at the clinic. A full model incorporates
CD4+ count and exposure to ART, and a reduced model is
based on conventional CVRF and CD4+ count only [108].

There is a need to further assess and calibrate the prediction
models in demographically diverse populations of HIV-
infected individuals, including in non-white populations, in
women, and in elderly.

Further, future studies may show whether bio-markers of
inflammation or thrombosis can contribute with additional
predictive value in HIV.

Clinical Implications

Primary and secondary prevention of CVD in the HIV popu-
lation is of paramount importance and mainly based on guide-
line recommendations from the general population, which
may not be fully fitting for HIV-positive persons.

Recommended preventive measurements should be
targeted to individuals at increased risk of CVD and include
smoking cessation, lipid-lowering therapy, anti-hypertensive
therapy, and treatment of glucose disorders, while the value of
exercise and dietary modification is less well examined in the
HIV-positive population.

Early ART-initiation is recommended based on the
effect in preventing AIDS and non-AIDS clinical

outcomes, and may be helpful in decreasing the risk
of CVD. Choice of ART in patients at moderate to high
risk of CVD should include drugs with improved lipid
and metabolic profiles, and limited potential of drug–
drug interactions with co-medications [111].

With regard to management of dyslipidemia, updated
ACC/AHA guidelines for the US general population were
recently published [112]. With the newer recommendation,
more HIV-infected persons are now eligible for statin therapy
[113, 114]. However, the European guidelines are more con-
servative with higher thresholds for recommending statin-
initiation [115] (Fig. 1).

Statins have lipid-lowering and anti-inflammatory proper-
ties and have been shown to reduce the risk of CVD. Drug–
drug interactions with ARTshould be taken into consideration
before statin-initiation. Serum levels of simvastatin and lova-
statin are markedly increased when co-administrated with in-
hibitors of CYP3A4, such as ritonavir and cobicistat, and
should be avoided. Atorvastatin levels are modestly increased
when co-administrated with boosted-PIs can be used initiating
at the lowest dose with gradual up-tittering to goal lipid levels.
In contrast, CYP3A4 inducers (e.g., EFV) may result in de-
creased atorvastatin serum concentrations. Rosuvastatin and
pitavastatin are not metabolized via CYP3A4, and no signif-
icant drug interactions are expected. Pravastatin can also be
used, with dose down-adjustment when administrated with
darunavir. There are no drug–drug interactions between
unboosted integrase-inhibitors and any of the statins.

Drug treatment if:
Established CVD or age 
≥ 50 and 10-year CVD 

risk ≥20%

Confirm diabetes and 
treat with drugs if 

lifestyle interven�ons 
are insufficient

Drug treatment if:
Established CVD or 

Type 2 diabetes or 10-
year CVD risk ≥ 20%

Assess CVD risk in next 10 years by risk predic�on model

Advise on diet an lifestyle in all pa�ents
Consider cART modifica�on if 10-year CVD risk ≥ 20%*

Iden�fy key modifiable risk factors

Blood Pressure Coagula�on Glucose Lipids

Drug treatment if:
SBP ≥ 140 or 

DBP ≥ 90 mmHg

Consider treatment 
with acetylsalicylic acid 

Target
SBP < 140
DBP < 90

Target
HbA1C < 6.5-7.0%

fas�ng plasma glucose 
4-6 mmol/L (73-110 

mg/dL) 

Target  
mmol/L (mg/dL)

Op�mal

≤ 2 (80)

Standard

≤ 3 
(115)

≤ 4 
(155)

≤ 5 
(190)*Corresponding to 5-year CVD risk es�mates calculated by the D:A:D predic�on model of >10%

Adapted from the EACS guidelines 2014

Smoking cessa�on

TC

LDL

Fig. 1 Prevention of CVD in
HIV-infected patients. SBP
systolic blood pressure, DBP
diastolic blood pressure. Source:
European AIDS Clinical Society
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Fibrates can be used in HIV similarly to uninfected patients
[116].

Data on effect of statin therapy on clinical outcomes in the
HIV-population are scarce, but a large ongoing RCTassessing
the effect of pitavastatin—the REPRIEVE study—is likely to
inform the field, and additional newer lipid-lowering and anti-
inflammatory drugs are being evaluated by other ongoing
clinical trials.

Rosuvastatin has shown to halt progression of cIMT in
HIV-infected patients on ART with low LDL-cholesterol
[117]. A recent study assessed the effect of atorvastatin versus
placebo in HIV-infected individuals with increased arterial
inflammation and low LDL showing no significant difference
in FDG-PET uptake but a reduction in non-calcified plaque
volume [118].

Conclusions and Future Perspectives

As HIV-infected patients with controlled HIV-1 viremia are
aging, CVD has emerged as an important cause of death. The
incidence of CVD overall in HIV is relatively low, but it is
approximately 1.5-fold higher than in age-matched HIV-unin-
fected individuals. The absolute risk of CVD is expected to
increase paralleling aging, and more patients will get to the
situation where interventions are required. Both HIV-related
factors and ART might contribute independently to an in-
creased risk of CVD, together with an overrepresentation of
CVDRF (including smoking).

Protease inhibitors currently recommended as first-line
therapy in some guidelines have a worse metabolic profile
than new integrase inhibitors. There are still concerns about
abacavir use and the risk of CVD, although an increased risk
of CVD has not been found consistently across studies. While
some major guidelines include precaution for the potential
increased risk of CVD with abacavir use [105], others have
removed this warning.

There are data to suggest that interventions to modify
CVDRF in HIV-infected persons have increased over the
years and have in some settings contributed to curbing CVD
rates. It remains paramount to include assessment of CVDRF
and predicted CVD risk in the regular follow-up of HIV-
infected persons.

Many questions remain unanswered regarding CVD in the
HIV-population, a continuously evolving field. Future re-
search should include demographically diverse populations
ensuring equal representation according to gender and ethnic-
ity. Further understanding of HIV-related mechanisms in-
volved in CVD and the potential benefits of anti-
inflammatory and antithrombotic therapy are of important val-
ue. Challenge remains in early risk identification and preven-
tion strategies in this population. As the HIV population con-
tinues to age, the efforts in CVD prevention will increase and

have a more seminal role in HIV care. Therefore, more precise
and detailed recommendations on antiretroviral treatment
choice and pro-active changes to further benefit the CVD
profile will be needed.
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