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HIV-infected patients are at an increased risk of cardiovascular disease. Pulse Wave Velocity (PWV) is 
regarded as non-invasive test for diagnosing subclinical atherosclerosis (SA). Until now, there have 
been very few studies which have analysed SA in HIV patients using PWV measurements. Our 
objectives were to analyse the prevalence of SA in a Spanish cohort of HIV patients using PWV and 
compare it with the data published in seronegative population; it investigates the risk factors involved 
in SA, and it evaluates the possible correlation between values obtained using PWV and the 
Framingham (FRS) and SCORE systems. We carried out a cross-sectional study of 136 consecutive 
HIV-positive patients. PWV was measured using the Complior© system. Values of >12 m/s were 
considered as diagnostic of SA. Results: 11.4% patients had SA. In the univariate analysis SA was 
associated with age, type 2-DM, HBP (high blood pressure), anti-HCV-positive, a higher viral low (VL) for 
HIV at onset and a higher percentage on the 10-year FRS. Multivariate analysis showed only a 
relationship between SA and the age (p = 0.001) and anti-HCV-positive (p=0.02), in patients diagnosed 
over a longer period (p=0.0001) and elevated homocysteine levels (p= 0.02). Conclusions: The 
prevalence of SA in our HIV cohort was low. This was associated with age, and anti-HCV-positive with a 
longer diagnosis and higher homocysteine levels. PWV did not correlate with cardiovascular risk 
calculated according to the FRS and SCORE system. 
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INTRODUCTION 
 
HIV patients are at an increased risk of cardiovascular 
disease, which has previously been associated with 
several factors that include age, hypertension (HTA), a 
nadir CD4 count of <350 cells/mL (Ho et al., 2010), 
hypercholesterolemia and the duration of antiretroviral 
therapy (ART) (Lekakis et al., 2009). 

Subclinical cardiovascular disease is an accurate 
reflection of the real prevalence of atherosclerosis at a 
potentially reversible stage, so that detecting it makes it 
possible to implement secondary preventive measures. 
Pulse wave velocity (PWV) is considered a non-invasive 
diagnostic test for subclinical atherosclerosis (SA) or 
arterial stiffness, a predictor of cardiovascular risk  and  a 
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surrogate marker of vascular disease (London and Cohn, 
2002). Until now, there have been very few studies using 
PWV to evaluate SA or arterial stiffness in HIV patients, 
and these included very few subjects with different and 
opposite results (Ho et al., 2010; Lekakis et al., 2009; 
Van et al., 2009; 2006; Schillaci et al., 2005; Schillaci et 
al., 2008).  

Furthermore, there is some controversy about the 
impact that administering ART might have on increasing 
the stiffness of the arterial walls in HIV patients. One 
meta-analysis involving 5456 HIV-positive and 3600 HIV-
negative patients did not find an association between SA 
and ART (Hulten et al., 2009) other authors suggest that 
ART has a possible protective effect on the development 
of early atherosclerosis (Ho et al., 2010); finally, others, 
on the contrary, report an increased rate of SA in HIV 
patients taking antiretroviral therapy administered over a 
longer period (Lekakis  et  al.,  2009;  Van   et  al.,   2009; 
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Charakida et al., 2009).  

On the other hand, the role that coinfection with other 
microorganisms might play in the development of SA in 
HIV cohorts is claimed to be contradictory: in HIV-
seropositive patients with chronic HCV infection, this was 
associated with SA (Freiberg et al., 2007) nevertheless, 
in others it was not (Tien et al., 2009).  

In light of these findings, our study is unprecedented 
and its objective is to use PWV (Complior© device) to 
analyse the prevalence of early atherosclerosis in HIV 
patients in Spain, an area of low cardiovascular risk, and 
compare it with the data published on seronegative 
Spanish population. 

Besides, it investigates the different risk factors 
involved in SA, such as metabolic syndrome, ART and 
HCV-HIV coinfection; it also evaluates the correlation 
between the cardiovascular disease risk estimated using 
the Framingham risk score (FRS) and SCORE index, and 
the presence of SA in HIV-infected patients. 
 
 
MATERIALS AND METHODS   
 
Study design  
 
The study was cross-sectional and comprised 136 consecutive HIV-
positive patients. They enrolled in the outpatient clinic of the 
Infectious Diseases Unit at the Virgen de las Nieves University 
Hospital (VNUH), Granada, Spain, and signed an informed consent 
agreement. 
 
 
Criteria for inclusion 
 
1. HIV patients, over 18 years of age, who had been diagnosed with 
the infection for at least 1 year before inclusion in the study.  
2. Patients who were receiving ART and had to have followed the 
same antiretroviral regimen for at least 6 months at the time of 
inclusion, as well as with an undetectable viral load. 
3. Signing of an informed consent agreement or, in cases of mental 
incapacity, proper authorisation by their legal guardian. 
 
 
Criteria for exclusion  

 
1. Intercurrent illness (neoplasia, active infections). 
2. Pregnancy.  
3. Having suffered a cardiovascular event, such as acute 
myocardial infarction, stroke, or peripheral arteriopathy.  
 
 
Variables for analysis  
 
Epidemiological data 

 
Age, gender, duration of HIV (in months), HIV stage (as classified 
by the CDC), type of ART and time in months since its 
administration, other diseases, smoking habits, and family history of 
cardiovascular disease. 

 
 
Physical examination  

 
Weight (kg), height (cm), waist (cm),  hip  (cm),  systolic  (SBP)  and 

 
 
 
 
diastolic (DBP) blood pressure (mmHg), body mass index (BMI) 
(kg/m

2
) and waist/hip ratio. 

 
 
Analytical data (obtained the same day that PWV was 
performed, and in fasting)  
 
Lipid profile, ApoA and ApoB lipoproteins, insulin, homocysteine, 
urea, creatinine, creatinine clearance (MDRD) (ml/min), nadir CD4 
count (cells /uL), CD4 count (cells/uL) and HIV viral load (copies 
/uL) on enrollment, HCV viral load and genotype, serology for 
syphilis, HCV and HBV; the data detailing the number of months 
with HCV and/or HBV coinfection and viral load at HIV diagnosis 
were also collected. 
 
 
Pulse wave velocity (PWV) was measured using the Complior® 
system (Complior Colson, Createch Industrie, France) 
 
This is a non-invasive, automatic method for estimating arterial 
compliance which measures the carotid-femoral PWV (Cohn et al., 
1995). The software inputs are blood pressure (BP) values, heart 
rate (bpm), height (cm), weight (kg) and the distance (cm) between 
carotid and femoral pulse recording sites. It consists of two sensors 
or pressure transducers placed on the carotid and femoral arteries 
which can capture frequencies of between 0.1 and 100 Hz. Once in 
place, a pedal attached to a computer mouse is used to measure 
and record ten pulse waves. The PWV value was obtained from the 
mean of the measurements taken (Asmar et al., 2001). The PWV is 
the result of dividing the distance between the two sensors by the 
time it takes the wave to pass through these two points. In our 
study, the measurement was always performed by the same 
researcher. We considered early atherosclerosis as occurring at 
values of PWV ≥ 12 m/s (Mancia et al., 2007). The measurement of 
PWV was done when the patient stayed 10 min at rest and 30 min 
since the last cigarette smoked. 

Blood pressure (BP) was measured at rest and using a manual 
sphygmomanometer after 5 minutes of rest or 30 min after having 
smoked. It was recorded twice with a 5 min break between 
measurements; the arithmetic mean was the definitive figure. 
 
 
Definition of variables 
  
Metabolic syndrome was defined according to the criteria of the 
NCEP ATP-III 2001 (NCEP, 2001), updated by the American Heart 
Association in 2005 (Stone et al., 2005). A diagnosis was 
established when three or more of the risk factors below coexisted: 
 
1. Abdominal circumference of ≥ 94 cm for men and ≥ 80 cm for 
women. 
2. Triglycerides (TG) ≥ 150 mg / dL or drug treatment for TG. 
3. HDL-C in men <40 mg / dl, and women <50 mg / dL, or drug 
treatment. 
4. BP ≥ 130 / ≥ 85 mmHg or drug treatment for hypertension. 
5. Fasting glucose level of ≥ 100 mg / dL, or drug treatment for 
hyperglycaemia. 

 
Insulin resistance was calculated using the Matthews formula of the 
HOMA index: insulin (IU/mL) x glucose (mmol/L)/22.5. The cut-off 
point for a pathological Homa index was ≥ 3.8 (3.9 for women and 
3.5 for men) (Muniyappa et al. 2008). 

Body mass index (BMI) was calculated according to the following 
formula: weight (kg)/height (m)

2
. Cardiovascular risk was calculated 

using the Framingham and SCORE systems. According to the 
Framingham tables (National Heart, Lung and blood institute; 
Grundy et al., 1999), a cardiovascular risk score at 10 years of > 
30% was classified as very high, 20 to 30%  was  quite  high,  15  to 



 
 
 
 
20% was moderate and<15 was low. 

The SCORE system considered <4% as low risk, 4 to 5% as 
moderate, 5 to 8% as high and > 8% as very high. We used the 
tables that corresponded to the Spanish population, that is, low-risk.  
For young people we employed tables appropriate to their age (De 
Backer et al., 2003). 

Cardiovascular disease (CVD): acute myocardial infarction, 
angina, cerebrovascular disease and peripheral vascular disease. 
Virological failure was considered when a patient undergoing 
antiretroviral therapy presented a detectable viral load of ≥40 
copies/uL on at least two occasions in six months. An undetectable 
HIV viral load was considered as less than 40 copies /uL in plasma. 
 
 
Statistical analysis 

 
Descriptive analysis  

 
This described the main variables collected in the study with 
calculations of central tendency and dispersion (mean, standard 
deviation) for quantitative variables, and absolute and relative 
frequencies for qualitative variables. The prevalence of AS was 
established with a confidence interval of 95%. 

Univariate analysis was performed to study the relationship 
between risk factors and the presence of early atherosclerosis. For 
quantitative variables, Student’s t-test was applied for independent 
samples and the Mann-Whitney test if not normal. For qualitative 
variables, the chi-square or Fisher tests were performed if the 
criteria of application were not met. To test whether the variables 
complied with the assumption of normality, we used the 
Kolmogorov-Smirnov test. We performed a multivariate analysis 
using logistic regression. Statistically significant and clinically 
relevant variables were introduced into the model. We used the 
stepwise method for variable selection, with entrance and exit 
tolerances of 0.05 and 0.10 respectively at each stage. For all tests, 
we considered significance levels of 0.05.    
 
 
RESULTS 
 
136 HIV-positive patients from the Infectious Diseases 
Unit of the Virgen de las Nieves University Hospital, 
Granada, Spain, were incorporated consecutively. 4 
(2.94%) patients were excluded from the study for the 
following reasons: 2 cases of acute myocardial infarction, 
1 transient ischemic attack, 1 withdrawal of informed 
consent. 90 men (68.2%) and 42 women (31.8%) with an 
average age of 42.70 ± 9.71 years had been diagnosed 
with HIV for 118.96 ± 78.56 months.  The average PWV 
was 9.56 ± 2.03 m/s (3–19.81). 11.4% (15/135) of 

patients had a PWV ≥12 m/s. According to the 
Framingham tables, 10-year cardiovascular risk was 
15.64 ± 11.13%. By the SCORE tables, the risk was 
1.26±1.36 (0–6) and 93.18% (123/132) of the study 
sample had a risk of <4%. Tables 1 and 2 show the other 
variables of the medical and therapeutic history.  

When we conducted a univariate analysis for factors 
associated with higher carotid-femoral arterial stiffness in 
our group of HIV patients, we found that patients tended 
to be older (p = 0.001), diabetic (p = 0.032), to have 
elevated BP (p = 0.02), an anti-HCV-positive (p = 0.01), a 
higher HIV VL at diagnosis (p = 0.02) and a higher 
Framingham cardiovascular risk score  (p =  0.001).  With  
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regard to ART, there tended to be an association 
between the current use of protease inhibitor (PIs) (p = 
0.07). Since the statistical study grouped the different PIs 
according to metabolic profile, saquinavir, atazanavir and 
darunavir were not associated with SA (p = 0.71), while 
lopinavir, fosamprenavir and tipranavir showed a 
tendency towards an increased PWV (p = 0.06) (Table 3). 
Finally, in the multivariate analysis, the only two factors 
associated with pathological PWV were anti-HCV-positive 
(OR 6.57; 95% CI 1.41–30.60; p = 0.016), irrespective of 
the VL or the existence or not of chronic HCV infection, 
and age (OR 1.15; 95% CI 1.06–1.25; p = 0.001) (Table 
3). 

In addition, we analysed the variables that different-
tiated anti-HCV-positive from anti-HCV-negative patients 
(Table 4). A univariate analysis showed that coinfected 
patients were older (p= 0.001), smokers (p= 0.01), had 
been diagnosed with the coinfection for a longer period 
(p= 0.0001), and had higher triglyceride levels (p= 0.015), 
insulin (p= 0.008), homocysteine (p=0.007), and higher 
cardiovascular risk, according to Framingham (p= 0.001), 
diastolic blood pressure (p= 0.039), and HOMA index 
(p=0.009). Finally, in the multivariate analysis, the only 
factor associated was homocyteine levels (OR 1.24; 
95%CI 1.084-1.43; p= 0.02).  
 
 
DISCUSSION 
 
The prevalence of SA in our HIV cohort was 11.4% 
(9.53% in women; 7.33% in men). This figure is due to 
the fact that our patients are young (50th percentile=42y) 
and they come from a low cardiovascular risk area. The 
prevalence of SA in asymptomatic patients has been 
evaluated in various populations differing in age, study 
method used, site explored—for example, coronary or 
carotid arteries—and with varying results (Guembe et al., 
2010; El-Sadr et al., 2006; Moritani et al., 2005; Ortega, 
2005). In the general US population over 65 years old 
subclinical cardiovascular disease was reported to be 
38.7% for men and 36% for women (Kuller et al., 1994). 
In South Korea, and using computed tomography 
coronary angiography, the prevalence of subclinical 
coronary artery disease in asymptomatic young adults of 
<40 years was 11% (Ha et al., 2010). A recent investi-
gation conducted in Spain on healthy subjects found a 
18.4% prevalence of subclinical atherosclerosis (Aguilar-
Shea et al., 2010), which is similar to our results.  

In the general population, measurement of SA by PWV 
is an independent predictor and a marker for high 
cardiovascular risk (Willum-Hansen et al., 2006). In our 
group of HIV patients, we found after univariate analysis 
that age, diabetes mellitus, higher systolic blood pressure 
levels and heart rate—the classic cardiovascular risk 
factors—were independently associated with the 
appearance of SA; these constitute risk factors that have 
been reported in the HIV-negative population, where 
hypertension and pre-hypertension  alike  are  associated 
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Table 1. Demographic data and medical history of HIV-infected patients (N=132). 
 

Variables Mean ± SD Nº (%) 

Age (years) 42.7±9.71 (23–71)  

 

 

Male 43.06±9.45 

Female 41.93±10.41 

   

Gender    

Male    90/132 (68.2) 

Female      42/132 (31.8) 

   

Time since HIV diagnosis (in months) 118.96±78.56  

AIDS stage (A3, B3, C)  70/132 (53) 

   

Method of HIV transmission  Heterosexual 39/132 (29.5) 

Homos/Bisexual 39/132 (29.5) 

IDU 36/132 (27.3) 

Transfusion 6/132 (4.5) 

Unknown 12/132 (9.2) 

   

Family history  of CVD  6/132 (4.5) 

Type 2 diabetes mellitus   7/132 (5.3) 

Treated for hypertension  43/132 (32.6) 

Hyperlipidaemia  26/132 (19.7) 

Smoker 

Metabolic syndrome 

 

 

86/132 (65,1) 

35/132 (26.5) 

Chronic HBV hepatitis  9/132 (6.8) 

Anti-HCV-positive patients   51/132 (38.6) 

   

Chronic  HCV hepatitis 439,771±10,207,796 

 

 

 

41/132 (31.1) 

Spontaneous negative HCV VL 10/51 (19.6) 

HCV viral load (UI/uL)  27/41 (65.8) 

Genotype    1 
9/41 (21.9) 

Genotype   2-3 5/41 (12.1) 

Genotype   4  

   

Treatment with pegylated interferon and 
ribavirin 

 18/51 (30) 

Positive syphilis serology  14/132 (10.6) 

Latent tuberculosis infection  21/132 (16) 

Naïve  30/132 (22.7) 

   

Length of time current ART administered 
(in months) 

22.76±7.36  

Viral failure  20/132 (19) 

Zidovudine, didanosine, stavudine  17/102 (16.7) 

   

Abacavir in current ART   35/102 (34.3) 

Abacavir in previous ART (6–-84 months)  45/102 (44.1) 

NNRTI (EFV/NVP)  59/102 (57.84) 

PI  41/102 (40.22) 

   

Nadir CD4 count (cells/ml) 233.52±225.94  
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Table 1. Contd. 
 

HIV viral load at diagnosis (copie/mL) 210,887±826,191  

Cd4 (cells/mL)  on enrollment  549.31±303.15  

HIV viral load on enrollment (copies/mL) 19,685±106,454  

Waist-hip index (cm) 0.93±0.07  

BMI (Kg/m
2
) 24.66±4.09  

 

CVD, Cardiovascular disease; ART, antiretroviral therapy; NNRTI, nonnucleoside reverse 
transcriptase inhibitor; PI, protease inhbitor; BMI, body mass index.  

 
 
 

Table 2. Results of PWV and laboratory tests, and risk cardiovascular factor scales (Framhingan, 

Score) from HIV-infected patients. 
 

Variables Mean ± SD Nº (%) 

Average PWV  9.56±2.03 (3–19.81).  

% patients with PWV> 12m/s  15/132 (11.4) 

   

Total cholesterol  (mg/dL) 186.46±42.63  

LDL (mg/dL) 107.75±33.19  

HDL (mg/dL) 50.34±15.98  

Triglycerides (mg/dL) 157.75±114.68  

   

Fasting glucose (mg/dL) 97.2±19.81  

Creatinine clearance (mL/h) 92.46±22.42  

   

Basal Insulin (uU/mL) 14±11.99  

Homa Index 3.73±3.67  

Homocysteine (umol/L) 12.35±4.67  

ApoA I (mg/dL) 141.58±29.54  

ApoB (mg/dL) 76.92±21.02  

ApoA/ApoB ratio 2.01±0.89  

   

10-year Framingham risk score 15.64±11.13%  

50th Percentile   13.43 

75
th
 Percentile   22.48 

Low risk  <15%  77/132 (58.3) 

Moderate risk 15-20%  18/132 (13.6) 

High or very high risk >20%  37/132 (28.1) 

   

10-year SCORE risk 1.26±1.36 (0-6)  

Low risk <4%  123/132 (93.18) 

Moderate risk 4-5%  6/132(4..54 

High risk  5-8%  3/132 (2.22) 

 
 
 

with increased carotid-femoral arterial stiffness (Gedikli et 
al., 2010). However, in our group of HIV patients, and 
after multivariate analysis, age remained as the only 
traditional risk factor associated with the development of 
arterial stiffness (OR 1.15; 95% CI 1.06 - 0.25; p = 
0.001).  

The prevalence of metabolic syndrome (MS) in our HIV 
cohort was 26%, a similar figure to findings reported in 
earlier studies of HIV  patients  where  there  was  a  high 

rate of MS, although no higher than in the HIV-negative 
population (Jericó et al., 2005; Mondy et al., 2007); 
moreover, we did not find MS to be an independent risk 
factor for the appearance of subclinical cardiovascular 
disease (p=1). Recently, the RIVANA study, conducted 
among the general population in Navarra, Spain, found a 
direct association between MS and the emergence of 
SCVD, measured by echocardiography and the 
ultrasound examination of the carotid   arteries  (Guembe  
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Table 3. Characteristics of PWV-assessed HIV-infected patients, according to the presence or absence of subclinical atherosclerosis. 
Results of univariate and multivariate analyses. 
 

 

PWV< 12 m/s 

(n=117) 

Mean ± SD     N (%) 

PWV ≥ 12 m/s 

(n=15) 

Mean ± SD   N (%) 

p value OR; 95% CI p value 

Age (years) 41.51±9.17 51.93±9.09 0.001 1.15; 1.06 - 1.25 0.001 

Gender   

0.77   Male              79/90 (84.2) 11/90(73.3) 

Female 38/42 (90.47) 4/42(9.53) 

      

Time since HIV diagnosis (months) 114.94±78.09 150.33±77.71 0.10   

AIDS stage (A3, B3, C) 63 (53.8) 7(46.6) 0.6   

Family history of CVD  4(3.4) 2(13.3) 0.14   

Diabetes mellitus 4(3.4) 3(20) 0.03 0.78;  0.29-20.75 0.40 

Treated for hypertension  34(29.1) 9(60) 0.02 3.17;  0.88-14.49 0.75 

Hyperlipidaemia 25 (21.4) 1(6) 0.3   

Smoker 73(62.4) 13 (86.7) 0.06   

Anti-HCV-positive patients 

HIV-HCV co-infection 

41 (35) 

33(28.2) 

10(66.6) 

8(53.3) 

0.01 

0.07 
6.57; 1.41-30.60 0.016 

Chronic HBV hepatitis  7(5.9) 2 (13.3) 0.25   

Nadir CD4 count 233.44±228.26 225.00±214.82 0.89   

HIV viral load at diagnosis  

(copies/mL) 
144.030±418.871 685.005±2,111.918 0.02 0.59; 0.4-1 0.44 

      

Cd4 count (cells/mL)  at enrollment 530.64±298.46 693.67±310.58 0.071 

  HIV viral load at enrollment 
(copies/mL) 

21.307±112.745 9.228±26.136 0.69 

      

Antiretroviral therapy status:       

-ART-Naive patients 28/30(93.3) 2/30(6.7)    

-ART-Exposed patients 89/102 (87.5) 13/102(12.7) 0.52   

      

Non-nucleoside inhibitors (NNRTI) 53(45.2) 5(33.3) 0.35   

Protease inhibitors (PI) 33(28.2) 8(53) 0.072   

Atazanavir/ Saquinavir/ Darunavir 18(15.4) 3 (20) 0.71   

Lopinavir/Fosamprenavir/Tipranavir 16(13.7) 5(33.3) 0.06   

      

Abacavir in previous ART  29(24.8) 6(40) 0.22 

0.032;  0.19-3.92 0,86 Abacavir in current ART  36(30.8) 9(60) 0.02 

Zidovudine, didanosine, stavudine 18(15.4) 3(20) 0.7 

Current ART administration time 
(months) 

22.27±16.70 26.00±21.74 0.47   

Viral failure  15(12.8) 5(33.3) 0.13   

Metabolic syndrome  31(26.5) 4(26.7) 1   

Total cholesterol  (mg/dL) 188.42±43.54 171.20± 32.223 0.142   

LDL (mg/dL) 109.63±33.70 93.67±25.93 0.08   

HDL (mg/dL) 50.55±16.49 48.67±11.49 0.67   

Triglycerides (mg/dL) 159±118.74 146.20±77.92 13.68   

      

Fasting glucose (md/dL) 95.58±16.71 109.87±34.09 0.08   

Creatinine clearance (mL/h) 93.66±23.06 84.22±16.28 0.24   

Basal insulin (uU/Ml) 13.98±12.6 14.21±6.15 0.96   

Homocysteine (umol/L) 12.06±4.46 14.89±5.93 0.09   
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Table 3. Contd 
 

ApoAI (mg/dL) 141.36±29.88 143.28±27.94 0.82   

      

ApoB (mg/dL) 78.02±20.99 68.55±20.22 0.25   

ApoA/ApoB ratio 1.98±0.89 2.29±0.89 0.26   

Framingham 10 years (%) 14.46±10.52% 24.84±11.84% 0.001 0.05; 0.91-1.08 0.83 

SCORE 10 years  1.19±1.26 1.87±1.96 0.07   

BMI (kg/m2) 24.61±4.06 24.99±4.46 0.74   

Waist-hip index (cm) 0.93±0.07 0.93±0.074 0.61   

      

Average WVP (m/s) 9.11±1.51 13.144±1.99 0.0001   

SBP (mmHg)  126.28±18.48 141.80±20.21 0.012 0.4; 0.93-1.04 

 

0.53 

 DBP (mmHg) 80.99±12.31 85±13.21 0.28 

HR (bpm) 80.15±13.03 88±12.21 0.029 2.74;  0.9-1.13 0.10 
 

p. significance levels;  OR, CI, Odds ratio, Confidential interval; SBP, systolic blood pressure; DBP, dyastolic blood pressure; HR, heart rate.  

 
 
 

Table 4. Comparison between anti-HCV positive HIV patients and anti-HCV negative HIV patients. Results of multivariate analyses. 
 

Parameter 

HIV monoinfected 

(n= 81) 

HIV with Antibdy-HCV 

(n=51) 

 

 
  

N (%) Mean ± SD N (%) Mean ± SD p value OR;  95%CI p value 

Age (years)  40.44±10.45  46.27±7.16 0.001 1; 0.94-1.08 0.83 

Time from HIV diagnosis 
(months) 

 83.53±64.07  175.24±65.87 0.0001 1.02; 1.01-1.03 0.09 

        

Smoker 46(56.79)  40(78.43)  0.01 0.6; 0.43-7.29 0.42 

Triglycerides (mg/dL)  138.55±92.94  188.25±138.16 0.015 0.99; 0.98-1.01 0.34 

Basal insulin (uU/Ml)  10.94±7.14  17.78±15.39 0.008 1.1; 0.98-1.13 0.1 

Homocysteine (umol/L)  11.2±4.23  13.87±4.83 0.007 1.24; 1.084-1.43 0.02 

Framingham 10 years (%)  13.17±11.29  19.56±9.75 0.001 0.026; 0.89-1.10 0.87 

SBP (mmHg) 

DBP (mmHg) 

HR (bpm) 

 

126.36±18.58  130.73±20.17 0.45 
 

0.61; 0.93-1.03 

 

0.43 

 

79.69±12.46  84.24±11.97 0.04 

80.94±13.2  81.2±13.15 0.9 
 

p significance levels;  OR, CI, Odds ratio, Confidential interval; SBP, systolic blood pressure; DBP, dyastolic blood pressure; HR, heart rate.  

 
 
 
et al., 2010). 

With regard to cardiovascular risk factors in association 
with HIV, we found no association between the nadir CD4 
count (233.52 ± 225.94 (cells/uL) and increased arterial 

stiffness ≥12 m/s (p = 0.89), a finding that contrasts with 
another publication which reported a correlation between 
an altered PWV measurement and a certain nadir CD4 
count (Ho et al., 2010). The authors included 80 HIV-
positive males taking ART and with an undetectable VL; 
arterial stiffness was measured using carotid-femoral 
PWV and, after adjusting the classic cardiovascular risk 
factors, such as age, BP, diabetes, smoking, and 
covariables related to HIV, they found that a nadir CD4 
count of less than 350 cells/uL was associated with an 
increase in PWV of 0.41 m/s. They concluded that the 
earlier introduction of ART to HIV-infected patients  might 

reduce cardiovascular risk (Ho et al., 2010), which is 
comparatively higher than in the general population 
(Lekakis et al., 2009). 

With reference to ART in our patient group, we found 
no relationship between AS and antiretroviral therapy 
intake (p = 0.52), or length of time using the current 
antiretroviral, or the existence of previous failures.  We 
also analysed the effect that taking particular 
antiretrovirals might have on the development of early 
atherosclerosis, but found no association with the 
administration of PIs (p=0.07), thymidine analogue 
(didanosine, zidovudine, stavudine) (p=0.41), abacavir 
(p=0.13) or nonnucleoside reverse transcriptase inhibitors 
(NNRTIs) (p=0.35). The use of ART has led to a radical 
improvement in the life expectancy of HIV-infected 
patients   in    developed    countries;   this   development, 
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however, has been accompanied by the appearance of 
other non-AIDS illnesses, such as cardiovascular 
disease. This was shown in the D:A:D cohort where there 
was a higher percentage of HIV patients with 
atherosclerosis and CVD than in the HIV-negative group, 
and which was associated with the use of certain PIs, 
such as lopinavir and indinavir, and certain nucleoside 
reverse transcriptase inhibitors (NRTIs), such as abacavir 
(Sabin et al., 2007; Friiss-Moller et al., 2003). Recently 
published data from the ACTG A5001/ALLRT has found 
no evidence to suggest that initial ART containing 
abacavir increases Myocardial Infarction risk (Ribaudo et 
al., 2011).  

There is some controversy in the literature regarding 
the role of ART in the development of early 
atherosclerosis and CVD, and it is not fully clear whether 
HIV infection, alone or in conjunction with other factors 
such as antiretroviral therapy intake, is the main factor in 
the development of atherosclerosis in HIV-infected 
patients (Schillacci et al., 2009). This could be the result 
of using different study designs, of surveying different 
geographical areas and age groups, or the small number 
of patients in some cases. So, in one cross-sectional 
study that used carotid-femoral PWV to compare arterial 
stiffness in HIV-positive and HIV-negative children, a 
higher rate of subclinical atherosclerosis was found in 
HIV-positive children, especially those taking ART 
(Hulten et al., 2009). 

In another Greek case-control study that compared 56 
HIV-positive patients, 28 hypertensive patients and 28 
healthy controls, the authors detected higher PWV 
measurements in HIV patients receiving ART (Lekakis et 
al., 2009). Another Italian cross-sectional study com-
prising 55 control subjects and 77 HIV-positive patients, 
found that HIV patients receiving ART had increased 
stiffness in the femoral artery, but not in the carotid 
artery. It should be pointed out that in that study around 
20% of patients suffered virological failure and the 
number of patients per group was small in comparison 
with the number of variables analysed, thus reducing the 
value of their conclusions (Van et al., 2009). In contrast to 
these results, and in line with ours, are the findings of a 
meta-analysis. This analysis compared HIV-positive 
patients with healthy controls and found no association 
between the incidence of atherosclerosis and 
antiretroviral therapy intake (Charakida et al., 2009). 

These results were reconfirmed in a clinical trial 
(SMART), which implemented structured treatment 
interruption of ART and found an increased risk of 
cardiovascular disease during the interruptions to 
treatment, or therapeutic vacation (Mondy et al., 2007).  

On the other hand, when we examined the possible 
influence of a coinfection from other microorganisms on 
the appearance of early atherosclerosis, we discovered 
that our anti-HCV-positive cohort was independently 

associated (p=0.018) with a PWV of ≥12 m/s, irrespective 
of the HCV  VL  and  the  existence   or   not   of   chronic 

 
 
 
 
hepatitis C.  

At present, the role of chronic HCV infection in 
atherosclerosis is controversial. A study of HCV-infected 
haemodialysis patients found that there was a significant 
association between HCV infection, and increased aortic 
wall stiffness and cardiovascular events (Oyake et al., 
2008); however other studies of healthy subjects, HBV-
coinfected (Moritani et al., 2005) or HIV-coinfected (Tien 
et al., 2009), HCV-monoinfected, and even haemo-
dialised (Caliskan et al., 2009; Adam et al., 2008), found 
no relation between HCV seroprevalence, and heart 
attack (Arcari et al., 2006), atherosclerosis (Caliskan et 
al., 2009; Völzke et al., 2004) or arterial stiffness 
(Charakida et al., 2009; Tien et al., 2009). When 
developing an HCV patient typology by means of AS, we 
found out that they had the highest homocysteine levels. 
Previous research claims that in HIV patients under ART 
at least for six months homocysteine levels is higher 
(Coria-Ramirez et al., 2010). Likewise, homocysteine is 
regarded to be a cardiovascular risk factor (Xiao et al., 
2011), which reinforces our findings.  

When we assessed the Framingham risk scores (FRS), 
58.3% (77/132) of our patients were classified as low risk, 
28.1% (37/132) as high or very high, and 13.6% (18/132) 
as moderate risk. In the univariate analysis, we found an 
association between increased carotid-femoral arterial 
stiffness and the FRS, with 100% of those whose risk 

was > 25% having a PWV of ≥ 12 m/s, and contrasting 
with those whose risk was <13% and a PWV of <12 m/s. 
In the multivariate analysis, we found no association 
between early atherosclerosis and the Framingham 
results (OR: 0.05; 95% CI 0.91-1.08; p=0.83). With 
regard to cardiovascular risk measured using the tables 
from the SCORE study (adapted to low-risk populations, 
such as Spain), no significant association was found in 
our patients between the values obtained from the scale 
and subclinical atherosclerosis (p=0.07). A recent piece 
of research of Spanish HIV patients analyses the 
association between the development of subclinical 
atherosclerosis—using carotid intima-media thickness 
(IMCT)—and the Framingham risk score, and has not 
found any correlation between subclinical atherosclerosis 
and the calculated Framingham risk score in HIV-infected 
patients (Parra et al., 2010).   
 
 
Conclusions  
 
The prevalence of early atherosclerosis in our HIV cohort 
was low (11.4%) and similar to the general Spanish 
population. It was associated primarily with age and anti-
HCV-positive in patients with higher levels of homo-
cysteine who had been diagnosed over a longer period of 
time.  

In our group of HIV patients, as in the general 
population, the classic cardiovascular risk factors 
(tobacco, diabetes,  hypertension,  hyperlipidaemia,  etc.) 



 
 
 
 
must be controlled; nonetheless, efforts should be 
increased in the case of older HIV and HIV-HCV 
coinfected patients (irrespective of the viral load or the 
existence or not of chronic HCV infection) with elevated 
homocysteine levels, irrespective of gender, method of 
HIV acquisition, immunological and virological status, 
ART type used, or personal or family antecedents with 
cardiovascular disease. There was no correlation found 
between subclinical atherosclerosis, and the calculated 
Framingham risk score and SCORE index in HIV-infected 
patients. 

Finally, our findings may have limitations regarding the 
design of the study becouse it is cross-sectional; there-
fore, it is crucial to perform other prospective analyses to 
help clarify the possible influence of HIV-HCV coinfection 
on the emergence of subclinical atherosclerosis. 
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