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Chapter 10

After the turning point in 1996, with the groundbreaking success of triple combination antiretroviral 
therapy (cART), it was soon becoming clear that people living with human immunodeficiency virus 
infection (HIV) would still have to face many hardships and challenges. Indeed, there were major 
concerns about important short-term and long-term adverse events of cART, quality of life issues, 
such as the number of pills (‘pill burden’), daily dosing frequency, with some of the drugs to be taken 
with food, and others while fasting. All of this resulted in difficulties for people living with HIV to 
adhere to therapy; indeed, although they now survived, their lives were dictated by their therapy, 
and resuming normal life was virtually impossible. The first preferred cART regimens to start with 
consisted of 2 nucleoside reverse transcriptase inhibitors (NRTIs) and a protease inhibitor (PI), or – 
after 1998 – 2 NRTIs and a nonnucleoside reverse transcriptase inhibitor (NNRTI), efavirenz. Not long 
after the introduction of cART, it was also recognized that a long-lived reservoir of HIV persists in 
latently infected CD4+ T cells despite continued successful suppression of viral replication, and that 
cART probably had to be continued for life [1]. Initially, the major concern was drug-induced toxicity 
rather than inflammation by uncontrolled viral replication. For instance, there were alarming reports 
on cardiovascular events associated with the use of PIs [2].

Strategies to avert toxicity of cART
The first reaction to the adverse effects of cART was to postpone start of HIV therapy until occurrence 
of severe immunodeficiency (CD4+ T-cell count below 250 or 200 cells/mm3). Switching to single class 
regimens would be yet another option to avoid toxicity. Single-class NRTIs combinations like the 
combination drug studied in the FREE trial 3,4, though effective in maintaining viral control [5,6], had –
despite being class-sparing – the disadvantage of important toxicity, especially mitochondrial toxicity 
such as lipoatrophy, with emerging evidence that abacavir carried an increased risk of cardiovascular 
disease (CVD) [7].Therefore NRTI-based single-class regimens have only limited added value, e.g., in 
low-resourced settings in low- and middle income countries where temporary ‘triple nuke maintenance 
therapy’ might help to avoid drug-drug interactions with tuberculosis treatment. Adherence might be 

yet another argument in support of single-class NRTIs [8], but clearly with the advent of more single-
tablet two-class antiretroviral drugs (ARVs) this argument has also become less valid. 

Other single-class switch regimens like ritonavir-boosted PI monotherapy have limitations as well, such 

as poor central nervous system penetration. Moreover, they have a small but significantly increased 

risk of virologic failure compared to cART regimens [9-11]. Integrase strand transfer inhibitors (INSTI), 
especially the second generation INSTI dolutegravir with a high genetic barrier to resistance, are 
attractive as single class regimen, but results of these trials are still pending [12].
 

In an another attempt to avoid cART-induced toxicity, the Strategies for Management of Antiretroviral 
Therapy (SMART) trial studied scheduled cART interruption in patients with CD4+ T-cell counts 
>350/cells/mm3, with a chosen CD4+ T-cell count threshold of 250 cells/mm3 for initiation of therapy. 
The investigators demonstrated that episodic cART increased the relative risk of cardiovascular disease 
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(CVD) events with 60% compared to patients who continued cART [13]. Furthermore, earlier treatment 
initiation was more favorable than delayed initiation regarding CVD [14]. 

Cardiovascular disease in HIV infection
Large cohort studies with increasing observation time since the introduction of cART, demonstrated 
an approximate 1.5- to 2-fold increased risk of CVD in HIV-infected patients compared to the general 
population [15,16]. Already in the pre-cART era, accelerated atherosclerosis had been reported in 
young HIV-infected patients without known risk factors of CVD, including children, albeit sporadically 
[17,18]. Though incompletely understood, multiple explanations have been proposed for the increased 
risk of CVD in HIV [19]. 

Some of the traditional risk factors for CVD such as smoking, appear to be more prevalent in HIV 
infected patients compared to controls [20]. Studies on diabetes in relation to HIV and cART have 
reported inconsistent results [21-24]. No insulin resistance has been demonstrated in treatment-naïve 
HIV patients [25]. Some of the older protease inhibitors, including ritonavir-boosted lopinavir, have 
been shown to induce insulin resistance [26]. Other studies also demonstrated that the thymidine 
analogues, stavudine and zidovudine, which are associated with lipoatrophy and mitochondrial 
dysfunction, can cause insulin resistance ]27,28[. In a study in HIV infected individuals, comparing an 
NRTI-containing to an NRTI-sparing regimen, only the former caused reduced insulin sensitivity [29]. 
Also newer ARVs have been associated with an increase in fasting glucose and a decrease in insulin 
secretory capacity [30].

In the pre-cART era, prevalence of hypertension was not increased [31]. Conflicting results have been 
reported about the possible influence of cART on hypertension [32-34]. 

In untreated HIV infection dyslipidemia is present with elevated levels of triglycerides, and low 

concentrations of HDL- and LDL-cholesterol [35]. cART increases total cholesterol, LDL-cholesterol, 
and in a variable way, HDL-cholesterol [36,37]. Although these changes can partly be seen as a ‘return 
to health’ phenomenon, they likely contribute to an increased risk of CVD [36,38]. Effects on lipids 
depend on the regimens used and combinations including modern ARVs such as INSTIs are more 

favorable than older cART regimens, especially those containing older PIs [38,39].

Direct effects of antiretroviral drugs on cardiovascular disease risk
Protease inhibitors
The D:A:D (Data Collection on Adverse Effects of Anti-HIV Drugs) investigators found increased risk 
of myocardial infarction with longer exposure to cART. With longer follow-up time, the association 
remained significant for PIs, not for NNRTIs [40] but no increased risk of CVD was seen with ritonavir-
boosted atazanavir [41]. Data on the newer second-generation PI darunavir and CVD risk are still 

lacking. 
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NRTIs
In follow-up analyses of the D:A:D study, the investigators found an profoundly increased risk of 
myocardial infarction with use of abacavir and less so with the use of didanosine. Associations were 
not found with cumulative use of abacavir, didanosine, or other NRTIs [7,42]. Post-hoc analyses of the 
results of the SMART trial confirmed the increased risk of myocardial infarction in patients currently 
on abacavir [43]. These findings were unexpected, because, in contrast to some other NRTIs, use of 
abacavir is not associated with an increased risk of metabolic complications such as dyslipidemia 
or insulin resistance. One explanation could be that there was a prescription bias with abacavir for 
patients with chronic kidney disease in whom tenofovir is contraindicated [44]. Other cohort studies 
and three meta-analyses of randomized clinical trials could not confirm the findings of the D:A:D 
study [44-49]. However, with recent studies still showing an association, the debate is ongoing [50,51]. 

HIV-associated immune activation, inflammation and CVD 
The findings of the aforementioned SMART trial focused attention on the consequences of untreated 
HIV infection and changed our understanding of the pathogenesis of HIV-associated CVD and other 
age-related diseases. Follow-up analyses of the SMART trial showed that activation of inflammatory 
and coagulation pathways contributed to the excess morbidity and mortality [52-55]. These findings 
have been confirmed by other studies. Cellular markers and plasma biomarkers of monocyte 
activation, such as soluble (s) CD14 and sCD163 are also increased in HIV infection [56-58]. cART 
naïve HIV patients with a detectable viremia have more advanced subclinical atherosclerosis. This is 
associated with endothelial dysfunction, traditional CVD risk factors and elevated levels of circulating 
proinflammatory cytokines [59-61]. 

To assess the effect of viremia, cohorts of HIV  ‘elite controllers’ – i.e., patients who maintain undetectable 
plasma HIV RNA by conventional assays in the absence of antiretroviral therapy – were studied. In 
these elite controllers, both the prevalence of atherosclerosis and markers of immune activation 
are increased compared to HIV-negative controls, and similar compared to HIV-infected individuals 
with detectable viremia or who are virologically suppressed on cART. In elite controllers levels of the 

monocyte activation marker sCD163 were higher than in virologically suppressed individuals [62-64]. 

Inflammation and immune activation during cART
Markers of inflammation and immune activation decrease with successful suppressive cART, but 
remain slightly elevated [53,65]. Ongoing microbial translocation stimulates this inflammatory 
response, as the CD4 T-cell depletion in the lymphoid tissue of the gut is not completely restored by 

cART [66,67]. Another driver of immune stimulation can be coinfection with cytomegalovirus (CMV) 
[68]. Residual viremia of HIV under suppressive cART may also contribute to ongoing stimulation of 
the immune system [69]. 
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Low CD4+ T-cell counts have inconsistently been associated with increased CVD risk [16,47,70-7]. A 
persistently low CD4/CD8 ratio during effective cART is associated with immune activation and a 
higher risk of non-AIDS morbidity and mortality [76]. It has remained unclear whether persistent T-cell 
activation enhances CVD risk [71,77,78]. Some studies did find a correlation with carotid intima-media 
thickness [79,80], while another did not [81]. Decreased expression of CD14 on monocytes is associated 
with carotid intima-media thickness, and increased expression of CD16 with progression of coronary 
artery calcium [82,83]. Plasma monocyte activation marker sCD14 has been independently associated 
with mortality in the SMART study, and with CVD [84,85]. 

Advanced glycation end products and HIV infection
In our study in a cohort of predominantly male and virologically suppressed HIV-infected patients we 
demonstrated an increased accumulation of advanced glycation end products (AGEs) by measuring 
elevated skin autofluorescence (SAF) levels which we compared with SAF levels found in age-matched 
healthy controls. Our findings of elevated accumulation of AGEs in HIV-infected patients compared 
to age matched controls fit in the theory that HIV-infected patients demonstrate an aged clinical 
phenotype driven by persistent chronic inflammation [86]. 

AGEs are the end products of a complex process of reducing sugars irreversibly bound to other 
molecules, usually amino acids. AGEs accumulate over the life time of proteins, such as the long-
lived proteins in the collagen of the skin (estimated half-life of 15 years) or of the vascular wall, and 
form cross-links altering the structure and function of tissue proteins [87,88]. These changes are 
regarded as a normal process in aging [89,90]. The production of AGEs is increased under conditions 
of hyperglycemia, oxidative stress and inflammation [91,92]. AGEs can also be exogenously derived 
from tobacco smoke and certain foods [93,94]. Through interaction with receptors for AGEs expressed 
on a wide range of cells, including monocytes, macrophages and endothelial cells, AGEs induce 
inflammatory responses and oxidative stress [95,96]. 

SAF is elevated in diabetes mellitus and end-stage renal disease. In both conditions SAF independently 

predicts CVD events and mortality [97-99]. In other diseases SAF has proven to be an indicator of 
widespread atherosclerosis, irrespective of hyperglycemia and renal insufficiency [100-103]. 

As we found that SAF was a marker for CVD events in our small cohort of HIV-infected patients, we 
propose that a larger study should be performed in which SAF is assessed as an additional indicator for 

CVD risk. SAF might replace more burdening tests like carotid intima-media thickness measurements, 
non-contrast coronary computed tomography (CT) and coronary CT angiography [104-107]. SAF levels 
are associated with subclinical atherosclerosis [101,108], and therefore measuring SAF would be an 

easily applicable and non-invasive tool to identify a high risk CVD profile in HIV-infected individuals. 
A drawback of measuring SAF with the device and software we used, is that it cannot be employed in 
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patients with a dark skin because these skin types absorb too much excitation light [109]. Studies are 
ongoing to address and resolve these limitations [110].

Venous thrombosis and HIV infection 
Like the incidence of arterial thrombosis, the incidence of venous thrombosis (VT) is also increased 
in HIV-1 infected patients [111-117]. Several studies found elevated levels of procoagulant factors such 
as factor VIII and fibrinogen and deficiencies of anticoagulant factors as protein S and protein C in 
HIV-infected patients [116,118-129]. Endothelial activation markers are also elevated in HIV-infected 
patients [128,130-136]. Monocytes of HIV-infected patients more often express detectable tissue factor 
(TF) on their cell surfaces than uninfected controls, and HIV-infected patients have higher levels of 
bioactive TF in their plasma [137]. Most of these studies found correlations with the stage of HIV 
infection and with HIV RNA levels. Although HIV infection can be associated with thrombocytopenia 
[138], HIV-infected patients also show enhanced platelet activation [131,139-142]. In a small case-control 
study – mainly patients on cART – markers of endothelial dysfunction and coagulation were strongly 
and independently linked to a subsequent first VT when measured prior to the event occurrence [143].
 
Whether the use of certain ARVs increases the risk of VT, has not been clearly demonstrated 
[112-114,116,117]. Moreover, the use of cART appears to be associated with a lower prevalence of 
coagulation abnormalities even though in most treated patients coagulation levels do not normalize 
[128,131,134,136]. 

Association between infection and thrombosis has also been demonstrated in other infectious 
diseases, such as CMV and tuberculosis [144,145]. In HIV-infected patients an association between 
higher levels of CMV immunoglobulin G antibodies and hypercoagulability independent of the stage 
of HIV disease has been reported [146].

In chapter 7 we described functional hemostatic tests of coagulation and fibrinoloysis demonstrating 
prothrombotic features in untreated HIV-infected patients. After cART the increased thrombin 
generation in the thrombomodulin-modified thrombin generation test decreased significantly and 

normalized to a large extent. However, prothrombotic features remained present, especially with a 
still significantly increased clot lysis time compared to controls. With persistent high levels of factor 
VIII and TFPI and a persistently prolonged lag time in the thrombin generation test, we demonstrate 
that endothelial dysfunction persists under cART. 

Also in the current era with early treatment in the majority of people living with HIV in the Netherlands, 
HIV infection is still associated with an increased incidence of VT [147]. These findings may deserve 
attention in preventative recommendations for use of thromboprophylaxis in HIV-infected patients. 



Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017

509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger

117

Discussion and future perspectives

10

Whether the risk of recurrent thrombosis is also increased in HIV infection needs to be studied. Results 
of this research could lead to specific recommendations for secondary thrombosis prophylaxis in HIV-
infected patients.

Two recent trials, The Strategic Timing of Antiretroviral Therapy (START) trial and The Trial of Early 
Antiretrovirals and Isoniazid Preventive Therapy in Africa (TEMPRANO) demonstrated the health 
benefits of early start of antiretroviral therapy in asymptomatic individuals with a CD4+ T-cell count 
>500 cells/mm3 compared with patients who deferred therapy until their CD4+ T-cell count dropped to 
<350 cells/mm3 [148,149]. Consequently, delaying start of cART at certain CD4+ T-cell count thresholds 
has largely been abandoned in current international treatment guidelines . Moreover, the test-and-
treat strategy has enormous advantages to control the HIV epidemic [150-152].

The question remains whether start of early cART will be able to completely prevent persistent 
inflammation and immune activation and subsequent aging-related diseases. Recent observational 
studies have reported a decline in CVD events over time with changes in disease management, 
including earlier start of cART [153,154]. Strikingly, despite the beneficial effects of early therapy in 
clinical outcome, the rate of CVD events in the START trial did not differ between the 2 groups. Indeed, 
arterial elasticity is already pathologically decreased early on during HIV infection [155]. Probably 
irreversible damage to the immune system occurring in the first weeks of the infection drives persistent 
inflammation and immune activation despite early initiation of cART [156]. This emphasizes the need 
for continuous stringent cardiovascular risk management even in the current ‘test and treat’ scenario.
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