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Introduction
Human immunodeficiency virus (HIV) is an 
independent risk factor for cardiovascular dis-
ease, and HIV-infected patients have a higher 
risk of myocardial infarction than HIV-negative 
patients. Consequently, age-related comor-
bidities, such as cardiovascular disease, have 
become more common in this population 
[1, 2]. We can use invasive and non-invasive 
methods to assess endothelial function and 
arterial stiffness. One of the non-invasive 
techniques is reactive hyperemia peripheral 
arterial tonometry (RH-PAT) that allows for the 
evaluation of peripheral microcirculation ves-
sels [3]. The study by Kikuya et al. [4] presented 
another non-invasive method for evaluation 
of arterial stiffness. The authors confirmed 
the significance of periodic changes in blood 
pressure and their influence on arterial stiff-
ness. Nadel et al. [5] compared HIV-infected 
patients to the non-HIV-infected over a me-
dian period of 38 months and showed an 
increased risk of acute coronary syndrome 
without ST-segment elevation (NSTEMI) in 
HIV-infected patients. Moreover, they showed 
that HIV-infected patients had more severe 
coronary atherosclerosis on computed to-
mography (CT) angiography and higher rates 
of NSTEMI compared to uninfected patients 
[5]. The attention was focused on the influence 
of combined antiretroviral therapy (cART) on 
lipid metabolism and increased cardiovascular 
risk, especially in patients treated with pro-
tease inhibitors (PIs), non-nucleoside reverse 

transcriptase inhibitors (NNRTIs), and nucleo-
side reverse transcriptase inhibitors (NRTIs) [6]. 

Evaluating cardiovascular risk among 
HIV-infected people is not an easy assignment. 
The Framingham score used in HIV-infected 
patients is underestimated. Moreover, the im-
portance of cART treatment, drugs interaction, 
and side effects are underlined [7, 8]. 

In terms of the goal of the study, because 
the cardiovascular risk in HIV-infected patients 
is higher than in the HIV-negative and the 
pathomechanism of these changes is still 
unknown, we decided to compare the arterial 
stiffness and the endothelial dysfunction in 
adult HIV-infected patients with non-HIV- 
-infected persons at week 4 after ST-elevation 
myocardial infarction (STEMI). 

Methods
From January to December 2016, we recruited 
63 patients, including 34 HIV-infected (18 on 
cART) and 29 HIV-negative patients at week 
4 after STEMI. On the visit day, each HIV-in-
fected patient underwent a basic medical 
examination. The body mass index (BMI) and 
laboratory results were collected. Despite the 
fact that the Centers for Disease Control and 
Prevention (CDC) defines tobacco smokers as 
people who smoked at least 100 cigarettes 
in their lifetime and who currently smoke 
cigarettes [9], we defined current tobacco 
smokers as individuals who smoked at least 
20 cigarettes/day for more than 5 years 
(5 pack-years). The arterial stiffness was calcu-
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lated by the EndoPAT 2000 (ITAMAR®, Caesarea, Israel) and 
the endothelial function with Peripheral Arterial Tonometry 
(PAT®; ITAMAR). The endothelial dysfunction was defined 
for the natural logarithm of the reactive hyperemia index 
(lnRHI) ≤0.51. Arterial stiffness was assessed as the augmen-
tation index (AI) and AI adjusted for a heart rate of 75 beats 
per minute (AI@75). Among HIV-negative patients after 
STEMI, similar procedures were carried out at week 4 since 
admission to the hospital, except for laboratory tests per-
formed at the time of acute coronary syndrome (ACS). The 
exclusion criterion in the HIV-infected group was having 
experienced myocardial infarction. It was a retrospective 
analysis in parallel groups. 

To assess distributions of continuous variables the 
Shapiro-Wilk test was used. For all analyzed continuous 
variables, normal distributions were found. Continuous 
variables were presented as mean values and standard 
deviations (SD). Differences between subgroups were 
calculated with Fisher’s exact test and Student’s t-test, 
respectively, for categorical and continuous variables.  
In the case of 3 subgroups, analysis of variances (ANOVA) 
and paired Student’s t-tests were performed. Tests were 
considered significant for P-values P <0.05 and P  <0.017 for 
multiple comparisons, according to Bonferroni correction.

To reduce the age as a confounding variable, propensity 
score matching was used, with the 1:1 ratio for numbers 
of patients in each subgroup. Statistical analysis was 
performed using SAS® software, version 9.4 (SAS Institute, 
Cary, NC, US). 

The study was approved by the Bioethics Committee of 
the Medical University of Warsaw. All participants signed 
written informed consent.

Results and Discussion
The mean (SD) of cART duration was 172.3 (90.6) weeks 
and contained: NRTIs–13, NNRTIs–4, PIs–14, and integrase 

strand transfer inhibitors (INSTIs) — 4 patients. Among 
18 patients on cART 5 (27.7%) had endothelial dysfunction, 
and 10 (55.5%) smoked cigarettes. In the group of 16 pa-
tients without cART, 7 (43.7%) had endothelial dysfunction, 
and 9 (62.5%) smoked cigarettes (Table 1). 

In the STEMI group, a high percentage of patients 
with diabetes and hypertension (13.8% and 58.6%, re-
spectively) was observed in comparison to the HIV group 
(0% and 5.9%, respectively). Comparisons of AI, AI@75, 
and lnRHI values in analyzed groups: HIV on cART, HIV 
without cART, and STEMI are presented in Supplementary 
material, Table S1. 

There are several studies concerning the effect of 
HIV and cART on arterial stiffness augmentation. In the 
study by Alvi et al. [10], ritonavir-boosted protease inhib-
itors (PIs/r) had a significant impact on serum lipids and 
enhanced atherosclerotic lesions [11]. Our results may 
confirm the negative influence of cART (especially PIs) on 
arterial stiffness. 

We got lnRHI results significantly lower in the STEMI 
group than HIV-infected patients, which may suggest more 
intense endothelial dysfunction in the STEMI group. This 
trend was also observed after analysis of groups matched 
by age and number. The significant difference in the degree 
of endothelial dysfunction was for the STEMI group and the 
cART-treated HIV-infected group, which may suggest the 
protective effect of cART on endothelial function. However, 
we did not find any differences for lnRHI in HIV-infected 
patients on and without cART. 

Subsequently, we compared the HIV and STEMI groups, 
each consisting of 20 patients matched in terms of age and 
parity (1:1). Data are presented as mean (SD) for the HIV and 
STEMI groups respectively. Subsequently, we compared 
age, AI, AI@75 bpm and lnRHI of the HIV and STEMI groups, 
each consisting of 20 patients matched in terms of age 
and parity (1:1). Age results as mean (SD) for the HIV and 

Table 1. Baseline patient characteristics

HIV group (n = 34) STEMI group (n = 29) P-value

Age, years, mean (SD) 38.9 (11.7) 55.3 (8.6) <0.01

Male gender, n (%) 30 (88.2) 26 (89.7) 1.00

BMI, kg/m2, mean (SD) 23.8 (4.1) 28.4 (3.4) <0.01

Active smoking, n (%) 19 (55.9) 21 (72.4) 0.20

Hypertension, n (%) 2 (5.9) 17 (58.6) <0.01

Diabetes mellitus, n (%) 0 (0.0) 4 (13.8) 0.04

ACEI, n (%) 1 (2.9) 28 (96.6) <0.01

Statins, n (%) 2 (5.9) 29 (100.0) <0.01

Systolic blood pressure, mm Hg, mean (SD) 125 (18) 129 (19) 0.41

Diastolic blood pressure, mm Hg, mean (SD) 78 (12) 82 (12) 0.19

Heart rate, bpm, mean (SD) 77 (12) 70 (9) 0.01

Hemoglobin, g/dl, mean (SD) 13.8 (2.1) 14.4 (1.7) 0.15

White blood cells, 1000/mcL, mean (SD) 6.2 (2.3) 9.2 (2.8) <0.01

AI, %, mean (SD) 1.5 (18.2) 11.4 (18.7) 0.04

AI@75, %, mean (SD) 3.3 (14.0) 8.2 (16.8) 0.21

lnRHI, mean (SD) 0.7 (0.3) 0.5 (0.2) <0.05

Abbreviations: ACEI, angiotensin-converting-enzyme inhibitors; BMI, Body Mass Index; AI, augmentation index; AI@75, AI corrected for a heart rate of 75 beats per minute; 
lnRHI, natural logarithm of reactive hyperemia index
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STEMI groups were respectively — 45.8 (10.3) years and 
50.8 (5.8) years with P = 0.07. Results of AI as mean (SD) for 
the HIV and STEMI groups were respectively — 6.9 (19.3) % 
and 12.0 (21.1) % with P = 0.43. Results of AI@75 bpm as 
mean (SD) for the HIV and STEMI groups were respectively 
— 8.3 (13.6) and 9.1 (18.8) % with P = 0.88. Results of lnRHI 
as mean (SD) for the HIV and STEMI groups were respective-
ly — 0.71 (0.34) % and 0.52 (0.24) % with P = 0.06. 

After the 1:1 matching, we confirmed that the arterial 
stiffness in the HIV-infected group is similar to the STEMI 
patients, which may be an indirect proof of the severity of 
cardiovascular changes in this group of patients. 

Cigarette smoking is one of the main factors that 
increase endothelial abnormalities and is also an inde-
pendent cardiovascular risk factor [12]. We observed 
a high percentage of patients who smoked cigarettes in 
both groups. We did not show a statistically significant 
difference in the rate of smoking between studied groups, 
but the risk of coronary vascular injury caused by smoking 
was similar in all patients. 

Conclusions
We report that HIV-infected patients on cART may have 
similarly high values of arterial stiffness as non-HIV-infected 
persons at week 4 after STEMI. Assessing cardiovascular risk 
is very important especially in infected patients on cART 
therapy. Modification of risk factors should be the basic 
element of care for HIV-infected patients. More studies are 
required to validate our observation concerning arterial 
stiffness and elevated risk of cardiovascular disease in this 
group of patients, independently of age, smoking status, 
and concomitant chronic diseases.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.

Article information
Conflict of interest: None declared.

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, allowing to download articles and 
share them with others as long as they credit the authors and the 
publisher, but without permission to change them in any way or use 
them commercially. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1.	 Chow FC, Regan S, Feske S, et al. Comparison of ischemic stroke inci-

dence in HIV-infected and non-HIV-infected patients in a US health 
care system. J Acquir Immune Defic Syndr. 2012; 60(4): 351–358, doi: 
10.1097/QAI.0b013e31825c7f24, indexed in Pubmed: 22580566.

2.	 Badejo OA, Chang CC, So-Armah KA, et al. HIV infection and the risk of 
acute myocardial infarction. JAMA Intern Med. 2013; 173(8): 614–622, 
doi: 10.1001/jamainternmed.2013.3728, indexed in Pubmed: 23459863.

3.	 Xu Y, Arora RC, Hiebert BM, et al. Non-invasive endothelial function 
testing and the risk of adverse outcomes: a systematic review and me-
ta-analysis. Eur Heart J Cardiovasc Imaging. 2014; 15(7): 736–746, doi: 
10.1093/ehjci/jet256, indexed in Pubmed: 24399339.

4.	 Kikuya M, Asayama K, Ohkubo T. Blood pressure variability and arterial 
stiffness parameters derived from ambulatory blood pressure monitoring. 
Kardiol Pol. 2019; 77(5): 509–514, doi: 10.33963/KP.14845, indexed in 
Pubmed: 31125026.

5.	 Nadel J, O’Dwyer E, Emmanuel S, et al. High-risk coronary plaque, invasive 
coronary procedures, and cardiac events among HIV-positive individ-
uals and matched controls. J Cardiovasc Comput Tomogr. 2016; 10(5): 
391–397, doi: 10.1016/j.jcct.2016.07.018, indexed in Pubmed: 27519655.

6.	 EACS Treatment Guidelines version 10.1 Available online: www.eac-
society.org/guidelines/eacs-guidelines/eacs-guidelines.html. [Access: 
November 2020].

7.	 Triant VA, Perez J, Regan S, et al. Cardiovascular risk prediction func-
tions underestimate risk in HIV infection. Circulation. 2018; 137(21): 
2203–2214, doi: 10.1161/CIRCULATIONAHA.117.028975, indexed in 
Pubmed: 29444987.

8.	 Krikke M, Hoogeveen RC, Hoepelman AIM, et al. Cardiovascular risk predic-
tion in HIV-infected patients: comparing the Framingham, atherosclerotic 
cardiovascular disease risk score (ASCVD), Systematic Coronary Risk Eval-
uation for the Netherlands (SCORE-NL) and Data Collection on Adverse 
Events of Anti-HIV Drugs (D:A:D) risk prediction models. HIV Med. 2016; 
17(4): 289–297, doi: 10.1111/hiv.12300, indexed in Pubmed: 26268806.

9.	 Centers for Disease Control and Prevention: National Center for Health 
Statistics — National Health Interview Survey. Available online: www.cdc.
gov/nchs/nhis/tobacco/tobacco_glossary.htm. [Access: November 2021].

10.	 Knobel H, Domingo P, Suarez-Lozano I, et al. Rate of cardiovascular, renal 
and bone disease and their major risks factors in HIV-infected individuals 
on antiretroviral therapy in Spain. Enferm Infecc Microbiol Clin. 2019; 37(6): 
373–379, doi: 10.1016/j.eimc.2018.09.015.

11.	 Alvi RM, Neilan AM, Tariq N, et al. Protease inhibitors and cardiovascu-
lar outcomes in patients with HIV and heart  failure. J Am Coll Cardiol. 
2018; 72(5): 518–530, doi: 10.1016/j.jacc.2018.04.083, indexed in Pubmed: 
30049313.

12.	 Morris PB, Ference BA, Jahangir E, et al. Cardiovascular Effects of Exposure 
to Cigarette Smoke and Electronic Cigarettes: Clinical Perspectives From 
the Prevention of Cardiovascular Disease Section Leadership Council and 
Early Career Councils of the American College of Cardiology. J Am Coll 
Cardiol. 2015; 66(12): 1378–1391, doi: 10.1016/j.jacc.2015.07.037, indexed 
in Pubmed: 26383726.

http://dx.doi.org/10.1097/QAI.0b013e31825c7f24
https://www.ncbi.nlm.nih.gov/pubmed/22580566
http://dx.doi.org/10.1001/jamainternmed.2013.3728
https://www.ncbi.nlm.nih.gov/pubmed/23459863
http://dx.doi.org/10.1093/ehjci/jet256
https://www.ncbi.nlm.nih.gov/pubmed/24399339
http://dx.doi.org/10.33963/KP.14845
https://www.ncbi.nlm.nih.gov/pubmed/31125026
http://dx.doi.org/10.1016/j.jcct.2016.07.018
https://www.ncbi.nlm.nih.gov/pubmed/27519655
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.028975
https://www.ncbi.nlm.nih.gov/pubmed/29444987
http://dx.doi.org/10.1111/hiv.12300
https://www.ncbi.nlm.nih.gov/pubmed/26268806
http://dx.doi.org/10.1016/j.eimc.2018.09.015
http://dx.doi.org/10.1016/j.jacc.2018.04.083
https://www.ncbi.nlm.nih.gov/pubmed/30049313
http://dx.doi.org/10.1016/j.jacc.2015.07.037
https://www.ncbi.nlm.nih.gov/pubmed/26383726

