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ABSTRACT 

Purpose: To assess platelet activity in HIV-patients 
with and without antiretroviral therapy (ART), ana- 
lysing the influence of the presence or absence of 
ABC in the regimen. Methods: Observational, pilot 
study, including 30 asymptomatic HIV-patients: 20 
on ART for at least 24 weeks and with undetectable 
HIV viral load—10 on ABC, 10 on tenofovir (TDF)— 
and 10 naïve patients, and a control group of 10 
HIV-negative subjects. No subject was receiving 
drugs with antiagregant activity. Platelet activity was 
assessed by measuring time-dependent platelet ag- 
gregometry (electrical impedance on fasting whole 
blood), induced by ADP (1.25, 2.5 µM), collagen (0.5, 
1 µg/mL), arachidonic acid (100, 200 µM), and 
U46619 (receptor agonist of the tromboxano A2) (1.25, 
2.5 µM). Statistic program: SPSS, 16.0. Results: 
Demographic, anthropometric data, and cardiovas- 
cular risk factors were similar in all groups, but older 
age and longer time of HIV infection in the ABC 
group (50.4 vs 36.1, 34.2 and 42.7 years, respectively; 
p < 0.05, and 140.3 vs 88.1 and 48.3 months in the two 
other groups of HIV patients; p < 0.05). Mean CD4 
cells count was 564/mm3. Platelet aggregation with 
exposure to U46619 was higher in the ABC compared 
with the TDF group (11.1 vs 4.4%; p = 0.007), naïve 
patients (11.1 vs 5.7%; p = 0.014), and the HIV-nega- 
tive group (11.1 vs 6.5%; p = 0.04). These differences 
remained significant when controlled for age and 
time of HIV infection. Conclusions: ABC increases 
platelet aggregability possibly in relation with the 
receptor of tromboxano. Wider studies are needed to 
confirm this hypothesis.  
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1. INTRODUCTION 

A greater prevalence of cardiovascular risk factors 
(CVRF) has been seen in patients infected with HIV than 
in the general population [1,2], with the resulting in- 
crease in cardiovascular risk [3-5] and incidence of car- 
diovascular events [6-8]. Both the HIV infection itself as 
well as the antiretroviral therapy (ART) seem to play a 
role in the development of cardiovascular events in these 
persons [9,10]. Although protease inhibitors and thy- 
midine analogues have so far been the drugs most in- 
volved in metabolic alterations and cardiovascular dis- 
ease in HIV-infected patients [4-8], a relation has also 
been reported between the use of abacavir (ABC) and an 
increased risk of acute myocardial infarction of up to 
90% [11]. Notwithstanding this, controversy still exists 
about the association between ABC and ischaemic heart 
disease [8,9,12-17], and little is known about the patho- 
genic mechanism by which ABC induces a greater risk of 
coronary heart disease. Platelets are clearly involved in 
the pathogenesis of atherothrombosis, and accumulating 
evidence suggests that both an elevated platelet count 
and platelet hyperreactivity may be associated with ad- 
verse cardiovascular events in patients with the acute 
coronary syndrome [18,19]. Platelet aggregation remains 
the gold standard test to assess platelet activity. This 
technique involves adding an aggregating agent (e.g., 
ADP, epinephrine, thrombin, arachidonic acid) to whole 
blood samples in order to explore some of the main bio- 
chemical pathways that are responsible to platelet ag- 
gregation, such as thromboxane A2 synthesis (arachi- 
donic acid pathway), ADP activation receptors (namely 
ADP pathway), phosphoinositide activation (induced 
with collagen) or the recruitment phenomenon induced 
through some compounds released in the primary stage 
of platelet activation (thromboxane receptor activation, 
calcium, serotonin, etc.) [20].  
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The aim of our study was to analyse platelet aggrega- 
tion response in stable HIV-infected patients with and 
without ART and determine the influence of the presence 
or otherwise of ABC in the therapeutic regimen.  

2. PATIENTS AND METHODS 

2.1. Study Design 

We undertook a pilot, cross-sectional observational study 
of a group of HIV-infected patients regularly followed- 
up at the Infectious Diseases Office of the Virgen de la 
Victoria Hospital, in Malaga, Spain, and a control group 
of persons with no HIV infection.  

2.2. Subject Selection 

Among HIV-infected patients over 18 years of age on 
regular outpatient follow-up, we selected 30 patients: 10 
on ART with a regimen that included ABC for at least 12 
weeks prior to inclusion in the study, 10 on ART with a 
regimen that included tenofovir (TDF) for at least 12 
weeks prior to inclusion in the study, and 10 patients 
naïve for ART. Patients attending the office were asked if 
they would like to participate in the study, provided they 
fulfilled the inclusion criteria. We selected the first 10 
patients who accepted and complied with the inclusion 
criteria for each group. 

Patients were excluded if they had signs of active op- 
portunistic infection or AIDS-defining disease in the 
month prior to selection, if they were on treatment with 
non-steroidal anti-inflammatory drugs, antiplatelet ag- 
gregators, oral anticoagulants or oral contraceptives, if 
they had chronic liver disease or a history of any cardio- 
vascular event, as well as women who were pregnant or 
lactating. 

During this same period, we selected 10 age- and 
sex-matched persons from the general population who 
were HIV negative and who came from the same hospital 
catchment area as the HIV-positive patients and who 
fulfilled the previously described exclusion criteria. 

All the participants underwent a physical examination 
with recording of anthropometric data, measurement of 
blood glucose and lipid profile after a 12-hour fast, and 
completion of a questionnaire about cardiovascular risk 
factors. A common protocol was used to gather the epi- 
demiological, clinical, laboratory and therapeutic pa- 
rameters of all the patients. 

2.3. Measurement of Platelet Aggregometry 

The main indicator of platelet function was maximum 
intensity of platelet aggregation induced by suboptimal 
concentrations of ADP, collagen, arachidonic acid and 
the thromboxane-endoperoxides receptor agonist U46- 
619, in whole blood, as measured by electrical impedance 

[21] with a Chrono-Log 540S aggregometer (Chrono- 
Log Corp., Haverton, PA, USA). Sodium citrate (3.8%) 
at a proportion of 1:10 was used as the anticoagulant for 
samples of whole blood. The samples were incubated for 
5 min at 37˚C, then 1.25 and 2.5 µM ADP, 0.5 and 1 
g/mL collagen, 100 and 200 µM arachidonic acid or 
1.25 and 2.5 µM U46619, were added. The changes in 
electrical impedance (ohms) were recorded, and maxi- 
mum intensity of aggregation was considered the maxi- 
mum change in impedance 10 min after the inducing 
agent was added.  

2.4. Statistical Analysis 

The dependent variable was the maximum intensity of 
platelet aggregation (ohms). The continuous variables are 
expressed as the median and interquartile range and the 
qualitative variables as absolute numbers and percent- 
ages. For the multivariate analysis on the outcome vari- 
able, the starting hypothesis was that ABC was associ- 
ated with greater platelet aggregability. Thus, an analysis 
of variance and the Tukey multiple comparison test were 
carried out, or the Kruskal-Wallis test if the requirements 
for use of the ANOVA were not fulfilled. The data were 
analyzed with SPSS version 16.0 (SPSS software, Chi- 
cago, IL), under licence to the Central Computer Service 
of Malaga University. 

2.5. Ethics  

The study was approved by the Ethics and Research 
Committee of Virgen de la Victoria Hospital. All the pa- 
tients were informed of the nature of the study and gave 
their consent. At all times patient confidentiality and data 
were respected, in accordance with current legislation 
(Ley Orgánica 15/1999 de Datos de Carácter Personal).  

3. RESULTS 

The demographic and anthopometric characteristics, the 
prevalence of CVRF and the lipid and blood glucose 
profiles were all similar in the four study groups, except 
that the patients in the ABC group were older (50.4 vs. 
36.1, 34.2 and 42.7 years, respectively; p < 0.05) and had 
had HIV for longer (140.3 vs. 88.1 and 48.3 months in 
the other two HIV groups; p < 0.05) (Table 1). The mean 
CD4 lymphocyte count in the HIV patients was 564 per 
mm3.  

Maximum intensity of platelet aggregation was not 
statistically different between negative HIV and HIV 
naïve groups (p > 0.2) (Figures 1(a-d)). Patients on 
ABC treatment showed a statistical higher platelet ag- 
gregation response to U46619 than naïve patients (p = 
0.014 with 1.25 µM and p = 0.032 with 2.5 µM) and 
negative HIV patients (p < 0.02) (Figure 1(d)). More- 
over these patients showed higher values of maximum    
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Table 1. Characteristics of the 40 subjects included in the study and comparison between groups. 

Variables HIV-negative HIV naïve HIV on ABC HIV on TDF p 

Male sex 6 (60) 8 (80) 10 (100) 8 (80) 0.3 

Age (years) 42.7 (35.7 - 50.1) 34.2 (27.6 - 41.9) 50.4 (45.7 - 52.0) 36.1 (30.1 - 44.9) 0.0001* 

BMI (kg/m2) 27.0 (20.9 - 34.4) 25.9 (21.8 - 31.8) 24.6 (23.0 - 26.7) 24.5 (20.5 - 27.0) 0.6 

Waist (cm) 98.5 (82 - 118) 87.4 (78 - 99) 88.5 (83 - 94) 83.2 (72 - 91) 0.07 

Tobacco 2 (20) 3 (30) 5 (50) 6 (60) 0.3 

Months since HIV diagnosis - 48.3 (5.0 - 58.3) 140.3 (124.2 - 170.4) 88.1 (53.7 - 109.5) 0.009* 

Mean CD4 (cel/μL) - 590 (393 - 787) 509 (361 - 609) 598 (477 - 704) 0.4 

Glycemia (mg/dl) 94 (85 - 98) 94 (84 - 106) 102 (93 - 106) 98 (92 - 105) 0.2 

Triglycerides (mg/dl) 94 (62 - 126) 119 (77 - 193) 162 (103 - 183) 131 (82 - 168) 0.1 

Cholesterol (mg/dl) 200 (188 - 215) 193 (172 - 216) 229 (204 - 272) 193 (171 - 222) 0.053 

HDL-cholesterol (mg/dl) 60 (53 - 68) 45 (40 - 50) 58 (42 - 66) 45 (36 - 51) 0.07 

LDL-cholesterol LDL (mg/dl) 122 (102 - 131) 122 (104 - 140) 124 (91 - 156) 113 (102 - 129) 0.8 

Hypertension 0 0 3 (30) 0 0.03 

Family history of CHD 1 (10) 2 (20) 2 (20) 0 0.4 

Cardiovascular risk (%) 3.28 (1 - 4.5) 4 (1 - 6.2) 9.18 (5 - 13) 4.5 (1 - 8.5) <0.05** 

ABC: abacavir. TDF: tenofovir. BMI: body mass index. CHD: coronary heart disease. *Between patients on ABC compared with those on TDF and naïve. 
**Between patients on ABC compared with those on TDF, naïve and HIV-negative subjects. Quantitative variables are expressed as mean (IQR), and qualitative 
variables as n (%). 

 
intensity of U46619-induced platelet aggregation than 
TDF patients (p = 0.007 with 1.25 µM) (Figure 1(d)). 
These differences remained after controlling for age and 
duration of HIV. 

4. DISCUSSION 

The results of this study demonstrate greater platelet ag- 
gregability in the presence of ABC mediated by the 
platelet membrane thromboxane-endoperoxides receptors. 
The greater cardiovascular risk and incidence of cardio- 
vascular events in HIV-infected patients is explained by a 
greater prevalence of CVRF in this population, together 
with the inflammatory effect of HIV itself and the meta- 
bolic alterations associated with antiretroviral therapy 
[1-10]. ABC has always been considered one of the more 
benign antiretroviral drugs, with a better metabolic pro- 
file than other nucleoside analogues [3,8,11,17,22,23]. 
Thus, the need to search for a pathogenic mechanism to 
account for the possible association between ABC and 
ischaemic heart disease suggested in certain cohort stud- 
ies [8,11,13]. Additionally, the reversibility of the greater 
coronary risk associated with ABC suggests that it is due 
to a direct effect of the drug on atherogenesis, in which 
platelets play a fundamental role. In a study to determine 
platelet function in 58 patients on ART, Satchell et al. [24] 
noted platelet hyperreactivity in the presence of ADP,  

collagen and epinephrine in the patients on ABC, sug- 
gesting that this mechanism was responsible for the as- 
sociation between ABC and ischaemic heart disease. 
These same authors, in a more recent case-control study, 
detected that the platelets in HIV-positive patients were 
more reactive to epinephrine, but less reactive to colla- 
gen, ADP and the thrombin receptor-activating peptide, 
unlike the platelets in HIV-negative persons [25]. These 
data coincide with findings from a German study of 
HIV-infected men on tipranavir-containing HAART that 
demonstrated decreased ADP and collagen-induced 
platelet aggregation after doses of tipranavir [26]. These 
results were confirmed in vitro in blood from healthy 
volunteers exposed to increasing concentrations of 
tipranavir. In our study, we found no differences in 
platelet aggregability induced by ADP and collagen be- 
tween the various groups, though the methodology used 
differs to that of earlier studies. In our analysis we in- 
cluded two thromboxane-related inducers, arachidonic 
acid, for which no differences were found between the 
groups, and U46619, a thromboxane-endoperoxides re- 
ceptor agonist. With this agonist we observed greater 
platelet aggregability in the patients on ART with ABC 
as compared with the patients on ART with TDF, naïve 
patients and non-HIV persons. The thromboxane-related 

latelet aggregation is irreversible and, furthermore, its  p  
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(a)                                                       (b) 

 
(c)                                                       (d) 

Figure 1. Maximum intensity (Imax) of platelet aggregation in whole blood induced with ADP, collagen, arachidonic 
acid and U46619, from negative HIV, HIV naïve, HIV on abacavir (ABC) or tenofovir (TDF) treatment. *p = 0.014, 
**p = 0.032, with respect to naïve group. †p = 0.007 with respect to ABC group. 

 
role in platelet activation is not only due to its direct ef- 
fect on these cells, but also to a potent vasoconstrictor 
effect, amplifying the thrombotic response induced by 
ADP, collagen or epinephrine [20]. 

Our study has certain limitations, such as the reduced 
number of cases and the cross-sectional design, which 
does not therefore permit establishment of an association 
with cause.  

Nevertheless, the results suggest an increase in platelet 
aggregability in the presence of ABC, at least in relation 
with the TxA2 receptor activation. Larger, prospective 
clinical studies are needed, as well as in vitro analysis, to 
clarify the complexity of the platelet function in these 
patients and the potential role of ABC in platelet hyper- 
reactivity. 
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