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marker of increased arterial stiffness
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Abstract

Introduction: Cardiovascular disease is an increasing and leading cause of morbidity and mortality in
people living with human immunodeficiency virus (PLHIV) infection. Arterial stiffness is a predictor of en-
dothelial dysfunction in subclinical patients. The aim of this study was to assess which of the laboratory
parameters performed during the standard PLHIV medical care visit may be associated with increased
arterial stiffness.

Material and methods: Thirty HIV-1-infected adult patients (four females and 26 males) were re-
cruited to this study. Endothelial dysfunction and arterial stiffness assessment was performed using
the Endo-PAT 2000 device (ITAMAR®). Baseline pressure waveform obtained by peripheral arterial
tonometry (PAT) was used to calculate the augmentation index (AI). AI values were corrected for
heart rate using an arbitrarily defined reference heart rate of 75 bpm (AI@75).

Results: Our analysis included 30 patients. Men comprised 87% (n = 26), 16 patients (53%) were on
combined antiretroviral therapy (cART), 11 patients (36.7%) had undetectable HIV viral load, 15 pa-
tients (50%) had active or previous hepatitis C virus (HCV) or hepatitis B virus (HBV) co-infection,
and 16 patients (53%) smoked cigarettes. In univariate analysis, only total platelet count and effective
cART use influenced arterial stiffness in PLHIV. In multivariate analysis, the variables with confirmed
statistical significance were low-density lipoprotein (LDL) (p = 0.040; slope estimate = 6.30 per mmol/I
of LDL) and platelet (PLT) count (p = 0.003; slope estimate = 0.13 per 109/1 of platelet count).

Conclusions: We showed that high LDL concentration and high total platelet count may be an inde-
pendent risk factor of the subclinical atherosclerotic disease in PLHIV. Moreover, we observed a pos-
sible negative influence of cART on arterial stiffness.
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Markers of arterial stiffness in HIV-infected persons

Introduction

Effective combined antiretroviral therapy (cART) has
significantly improved the life expectancy in people living
with human immunodeficiency virus (PLHIV) infection.
Consequently, the age-related co-morbidities have become
more common in this population. Cardiovascular disease is
an increasing and leading cause of morbidity and mortality
in PLHIV, before lung diseases and non-acquired immuno-
deficiency syndrome (AIDS)-defining cancers [1]. Cardio-
vascular risk among PLHIV is multifactorial and involves
HIV-related and non-HIV-related factors. HIV-related fac-
tors include HIV-infection itself and cART-related metabol-
ic disturbances. It has been already shown that some HIV
proteins like nef or gp120 may cause progressive endothelial
dysfunction [2, 3]. Moreover, HIV infection is linked with
chronic immune activation and low-grade inflammation.
In antiretroviral (ARV)-naive HIV-infected patients some
lipid disturbances such as increased concentrations of tri-
glycerides (TG) and decreased concentrations of high-den-
sity lipoprotein cholesterol (HDL) has been observed [4].
The influence of cART on the increase in cardiovascular
risk has been similarly described, especially in older PLHIV
patients. ARV drugs, especially protease inhibitors boosted
with ritonavir (PIs/r), have a significant impact on serum
lipids and increase atherosclerotic lesions [5, 6]. Non-HIV-
related factors are similar to those seen in the general im-
munocompetent population and include genetic factors, age,
sex, smoking, arterial hypertension, lipid disturbances, dia-
betes, obesity, sedentary lifestyle, unhealthy diet, and alcohol
abuse.

Endothelial dysfunction is an early marker of coronary
artery and peripheral arterial disease [7]. Arterial stiffness
is a predictor of endothelial dysfunction in subclinical pa-
tients. The gold standard for non-invasive endothelial dys-
function measurement is carotid-femoral pulse wave veloc-
ity (cf-PWYV); however, different evaluation methods such
as radial PWV or cardiac magnetic resonance have also
been used. Results are varied; some studies show the impact
of HIV and cART on increased aortic stiffness while others
do not [8]. Endothelial dysfunction may be also measured
in peripheral vessels by reactive hyperaemia peripheral ar-
terial tonometry (RH-PAT). It has been shown that persons
with endothelial dysfunction in coronary microcirculation
also have low peripheral hyperaemic response [9]. Another
method of cardiovascular risk assessment is the determina-
tion of the augmentation index (AI), which is a non-invasive
method of estimating arterial stiffness. Al has been already
used as a marker of subclinical atherosclerotic disease in
PLHIV [10].

We previously showed that cART had a negative influ-
ence on arterial stiffness in PLHIV [11]. However, we did
not confirm the significance of the CD4 nadir in progression
of endothelial stiffness in this group of patients [12]. The Al
determination is not usually available in everyday clinical
practice, hence the need for non-invasive, routinely available
serum markers of arterial stiffness.
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The aim of this study was to assess which of the labo-
ratory parameters performed during the standard PLHIV
medical care visit may be associated with increased arterial
stiffness.

Material and methods

Thirty HIV-1-infected adult patients (four females and
26 males; 16 on cART) were recruited to participate in this
study. The exclusion criteria were: established cardiovascu-
lar disease, treatment with hypotensive, hypolipidaemic, or
antidiabetic medication, pregnancy or lactation, ARV treat-
ment for less than six months (but ARV treatment-naive pa-
tients were included), and HIV-associated malignancy. All
patients signed a written, informed consent form. The study
protocol was reviewed and authorised by the Bioethics
Committee of the Medical University of Warsaw.

Each patient underwent history taking and physical ex-
amination within seven days prior to evaluation of endo-
thelial function and arterial stiffness. Basic clinical param-
eters were recorded, including age, body mass index (BMI),
smoking (defined as a minimum of five pack-years of smok-
ing), heart rate, blood pressure, and used cART. At the same
time, blood samples were taking for laboratory testing. Pe-
ripheral blood tests included complete blood count (CDC),
evaluation of CD4+ and CD8+ cell count, HIV-1 viral load,
creatinine, total bilirubin, C-reactive protein (CRP), total
cholesterol, high-density lipoprotein (HDL), low-density li-
poprotein (LDL), and triglycerides (TG).

Endothelial dysfunction and arterial stiffness assessment
were performed using the Endo-PAT 2000 device (ITAMAR®).
The device allows non-invasive evaluation of endotheli-
al function and indirect assessment of vascular stiffness.
Its mechanism of action is based on endothelium-depen-
dent arterial response to 5-min brachial artery occlusion.
Temporary upper-limb ischaemia results in a subsequent
increase in blood flow within the evaluated vascular bed.
This response is based on endothelium-dependent vaso-
dilatation in reaction to a local decrease in partial oxygen
tension and an increase in potassium ion concentration.
In these circumstances, endothelium releases local factors
that cause arterial smooth muscle relaxation. Peripheral
Arterial Tonometry (PAT®) is a patented technology allow-
ing non-invasive measurements of changes in the arteri-
al tone within peripheral vascular beds. The non-invasive
Endo-PAT2000 system includes a pair of plethysmographic
sensors that impart a uniform pressure field to the distal
two thirds of the fingers including their tips. To standardise
the results, measurements in all patients were performed in
a sitting position after at least 15 min of rest, allowing sta-
bilisation of the CV system and adjustment to the ambient
temperature. In all cases, patients’ hands were supported at
the heart level. After placing sensors connected to the En-
do-PAT2000 device on the index fingers of both hands and
a sphygmomanometer cuff on one arm, a baseline measure-
ment was performed. Brachial artery flow was then occlud-
ed for 5 min by inflating the cuff. Following this period,
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the pressure was released and further PAT measurements
were made. The duration of a single examination was about
15 min. The degree of arterial tone changes in response to
ischaemia was expressed as the reactive hyperaemia index
(RHI). Normal endothelial function was defined as RHI
> 1.67. This cut off value was suggested by the device manu-
facturer based on previous studies [13]. A baseline pressure

Table 1. Baseline patients’ characteristics — means and stan-
dard deviations

Factor Mean Z(te?/?;c?or:
Age (years) 36.5 9.5
Al@75 1.2 14.6
BMI (kg/m?) 23.6 3.8
Systolic blood pressure (mmHg) 125 18
Diastolic blood pressure (mmHg) 78 13
Heart rate (bpm) 78 12
CD4+ cell count (cells/ul) 353 246
CD8+ cell count (cells/ul) 793 403
Haemoglobin level (g/dl] 14.0 1.8
White blood cell count (10%/1) 6.5 2.3
Platelet count (10°/1) 195 64
Serum creatinine (umol/l) 73 16
Serum bilirubin (umol/l) 18 23
C-reactive protein (mg/l) 15 31
Total cholesterol (mmol/l) 4.6 1.1
Low-density lipoprotein (mmol/l) 2.8 0.9
High-density lipoprotein (mmol/l) 1.2 0.5
Triglycerides (mmol/l) 1.8 0.9

Al@75 — augmentation index at 75 bpm, ARV — on antiretroviral therapy,
bpm — beats per minute, SD — standard deviation
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waveform obtained by PAT was used to calculate Al using
the height of two systolic waveform peaks. Due to a signifi-
cant effect of heart rate on AI, AI values were corrected for
heart rate using an arbitrarily defined reference heart rate
of 75 bpm, commonly used in other studies that evaluate
arterial stiffness (AI@75) [14].

The R package was used for all statistical calculations.
Appropriate statistical tests: Student’s t-test, Welch’s ¢-test,
and Pearson’s correlation, were used for each type of vari-
able in the univariate analysis. In the multivariate analysis,
a linear model with a stepwise elimination method guided
by the p value was used to determine which variables were
independently associated with the AI@75. A p value of less
than 0.05 was assumed to be statistically significant.

Results

Our analysis included 30 patients, men comprised
87% (n = 26), 16 patients (53%) were on cART, but only 11
of them had undetectable HIV viral load, 15 patients (50%)
had active or previous hepatitis C virus (HCV) or hepatitis
B virus (HBV) co-infection, and 16 patients (53%) smoked
cigarettes. Fourteen (87.5%) ARV-treated subjects obtained
two nucleoside reverse transcriptase inhibitors (NRTIs),
11 subjects (68.7%) ritonavir-boosted protease inhibitor
(PI/r), five subjects (31.2%) non-nucleoside reverse tran-
scriptase inhibitors (NNRTTIs), and one subject (6.25%) in-
tegrase inhibitor (II). Patients’ baseline characteristics are
shown in Table 1.

In univariate analysis, only total platelet count and ef-
fective cART use with undetectable HIV viral load influ-
enced the arterial stiffness in PLHIV. Pearson’s correlations
of Al@75 with qualitative variables are shown in Table 2, and
the comparison of AI@75 in different groups with Student’s
t-test and Welch’s ¢-test is shown in Table 3.

All variables analysed in univariate analysis were includ-
ed in multivariate analysis. Slope estimates were included to

Table 2. Pearson’s correlations of Al@75 with qualitative variables

Variable correlated with Al@75 R R? p

Age 0.26 0.068 0.163
BMI -0.14 0.020 0.459
Systolic blood pressure (mmHg) -0.06 0.004 0.717
Diastolic blood pressure (mmHg) 0.05 0.003 0.781
Heart rate (bpm) -0.27 0.073 0.148
CD4+ cell count (cell/ul) -0.09 0.008 0.647
CD8+ cell count (cell/ul) 0.09 0.009 0.618
Triglycerides (mmol/l) 0.15 0.022 0.431
Total cholesterol (mmol/l) -0.06 0.004 0.732
High-density lipoprotein (mmol/l) 0.16 0.025 0.408
Low-density lipoprotein (mmol/l) 0.10 0.011 0.569
Platelet count (10°/1) 0.41 0.170 0.023

Al@75 — augmentation index at 75 bpm, BMI — body mass index
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Table 3. Comparison of Al@75 in different groups with Student’s t-test and Welch’s t-test
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Yes No
Variable 2
Mean Al@75 SD Mean Al@75 SD
Male sex -0.3 14.4 10.5 14.1 0.175
Detectable HIV viral load -2.8 11.6 8.1 17.1 0.046
ARV 6.2 16.4 -4.6 10.0 0.042
Past or current hepatitis B or C 29 14.9 -0.6 14.7 0.518
Smoking 2.7 15.2 -0.6 14.3 0.536

Al@75 — augmentation index at 75 bpm, ARV — on antiretroviral therapy, detectable HIV viral load — > 40 copies/ml, SD — standard deviation

show the magnitude of effect on the AI@75 per unit of the
dependent variable. The only variables with confirmed statis-
tical significance were LDL (p = 0.040; slope estimate = 6.30
per mmol/l of LDL) and total platelet count (p = 0.003; slope
estimate = 0.13 per 10°/1 of platelet count).

Discussion

Our study showed a significant association between total
platelet count and arterial stiffness in PLHIV. Sloan et al. previ-
oulsy observed that mean platelet volume (MPV) and platelet
count play an important role in cardiovascular risk in the gen-
eral population [15]. Other studies showed that MPV and
neutrophil-to-lymphocyte ratio are independent predictors
of intra-hospital mortality in patients with acute myocardial
infarction. Moreover, it has been shown that MPV-to-platelet
ratio is better than MPV itself in predicting long-term adverse
outcomes in ST-elevation myocardial infarction (STEMI)
patients after percutaneous coronary intervention [16, 17].
However, several studies underline that MPV should be used
with caution for the interpretation of cardiovascular risk, be-
cause MPV depends on many factors and should be deter-
mined by standardided methods [18, 19]. In our study, we did
not analyse MPV but only total platelet count, in the evalu-
ation of cardiovascular risk in PLHIV. Vinholt et al. showed
that total platelet count in the range 301-450 x 10°/1 was asso-
ciated with higher mortality and risk of future cardiovascular
disease in the immunocompetent population [20]. Our study
confirmed a positive correlation between platelet count and
arterial stiffness in PLHIV. More studies are needed to deter-
mine total platelet count value in cardiovascular risk assess-
ment in this vulnerable group of patients.

Many publications confirmed the significance of LDL in
the progression of atherosclerotic lesions in arterial vessels
and in the higher cardiovascular risk in HIV-infected and
non-HIV-infected patients [21, 22]. In our study, high LDL
level was also a significant and independent factor of arteri-
al stiffness in PLHIV. This is compatible with present Euro-
pean guidelines in which LDL level is the main risk factor
of cardiovascular disease development. Recommended tar-
get levels for LDL are optimally < 2 mmol/l (80 mg/dl) and
standardly < 3 mmol/l (115 mg/dl) [23].

In our study, almost 68% of the ARV-treated group re-
ceived PI/r, which may have had a significant influence on
the observed serum lipid disturbances. Among them, one
patient was on darunavir, two patients on atazanavir, and six
on lopinavir; all of them were boosted with ritonavir. Our re-
sults are similar to Schillaci et al., who confirmed the impact
of PI treatment on aortic stiffness [24]. In our study lower
Al@75 values (also with negative results) reflect lower ar-
terial stiffness. Consequently, our patients with detectable
HIV viral load and ARV-naive had lower aortic stiffness than
successfully ARV-treated subjects, which indirectly confirms
the negative cART influence on arterial stiffness. However, we
observed no association of AI@75 with cART and an unde-
tectable HIV viral load in multivariate analysis. Thus, the in-
fluence of confounding factors is possible on these findings.

One limitation of this study is the fact that only 37%
of ARV-treated patients had undetectable viral load. More-
over, more than half of the patients smoked cigarettes, which
may have influenced the obtained results. Finally, we used
an indirect method to evaluate arterial stiffness based on Al
measurements.

Conclusions

Our study showed that high LDL concentrations and
high total platelet count may be an independent risk factor
of subclinical atherosclerotic disease in PLHIV. Moreover,
we observed possible negative influence of cART on arte-
rial stiffness. Consequently, we suggest that non-invasive
measurement of arterial stiffness should be done in every
HIV-infected subject with lipid disorders and/or high plate-
let count, especially on suppressive cART, to primarily detect
and lower cardiovascular risk in this group of patients.
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