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Abstract

Objective—Evaluating cardiovascular (CVD) risk in children and youth 13–24 years old who are 

facing a lifetime exposure to both HIV and antiretroviral therapy (ART) is a research priority. This 

study compares endothelial function measured by Peripheral Arterial Tonometry in HIV+ youth 

infected perinatally and behaviorally as well as HIV- controls.

Methods—Three groups of participants aged 8–30 yo were enrolled; HIV+ perinatally-infected, 

HIV+ behaviorally-infected on ART with HIV-1 RNA <1,000 copies/mL, and HIV- controls. We 

measured the reactive hyperemic index (RHI), a measure of endothelial function, using endoPAT. 

Markers of systemic inflammation, monocyte activation, and gut integrity were also assessed. 

Spearman correlations and regression analyses were used to explore relationships between 

endothelial function measures and other measured variables.

Results—Overall, 119 participants were enrolled: 53 HIV +behaviorally infected, 18 HIV+ 

perinatally-infected, and 48 controls. Overall, 71 % were men; 77% African Americans and 

median age was 22 years old. Median (interquartile range) RHI was lower in the HIV+ perinatally-

infected group [1.34 (1.20, 1.42)], compared to the behaviorally infected group [1.52 (1.34, 1.75)] 

and the control group [1.52 (1.27, 1.80) (p<0.01)]. Soluble CD14, a marker of monocyte 

activation, intestinal fatty acid-binding protein, a marker of gut integrity and soluble vascular cell 

adhesion molecule, a marker of vascular dysfunction, were different among the 3 groups (p≤0.01).
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Conclusions—HIV+ youth infected perinatally appear to have higher levels of endothelial 

dysfunction and immune activation when compared to behaviorally-infected youth. Further 

longitudinal studies are needed to determine whether perinatally-infected youth have higher risks 

of CVD.
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Introduction

Older children and adolescents now make up the largest percentage of HIV-infected children 

cared for at pediatric HIV clinics in the USA. The CDC estimates that 26% of the 50,000 

new HIV infections diagnosed in 2010 were among youth 13–24 years old. As, 

cardiovascular and metabolic diseases have become the leading cause of death in HIV-

infected individuals[1–4], the evaluation of CVD risk in youth who are facing a lifetime of 

exposure to both HIV and ART is imperative. Development of studies in this population has 

been hampered by lack of agreement on clinically significant and relevant outcomes. 

Increasingly, data in non-HIV adult and pediatric populations have shown that surrogate 

markers of cardiovascular disease risk, such as carotid intima-medial thickness (IMT), pulse 

wave velocity (PWV) and forearm flow-mediated vasodilation (FMD), are predictive of hard 

outcomes, such as myocardial infarction and strokes [5–8].

Changes in the endothelium are one of the earliest alterations of the vessel wall which occur 

prior to atherosclerosis[9]. Forearm flow-mediated vasodilation (FMD) has classically been 

used to assess peripheral endothelial dysfunction[10] and is predictive of long term 

cardiovascular events[8]. Its results, however, can vary during measurement and FMD has 

poor reproducibility[11]. Peripheral Arterial Tonometry (endoPAT) is an attractive tool that 

measures vascular function in an automatic and non-invasive manner. It assesses vascular 

morphology and function by registering finger pulse volume and infrared light transmission 

plethysmography[12]. Reactive hyperemic index (RHI) as measured by endoPAT has been 

found to be lower in patients with coronary endothelial dysfunction compared with those 

with normal coronary endothelial function and an RHI < 1.35 was found to have a sensitivity 

of 80% and specificity of 85% to identify patients with coronary endothelial dysfunction 

[13]. In several cross sectional studies, impaired endothelial function as measured by 

endoPAT correlated with FMD [12, 14, 15]. In multiple longitudinal studies, a lower RHI 

detected by endoPAT was independently associated with a higher risk of cardiac adverse 

events (cardiac death, myocardial infarction)[16]. In addition, endoPAT is painless and is 

proven to be feasible and reproducible in adolescents[17, 18].

Only two previous studies have assessed endothelial function in HIV-infected children [19, 

20]. Both studies used FMD, a technique that is very difficult to perform and interpret in 

children and that is not standardized in this population, thus the need to use better more 

feasible techniques to assess endothelial function and its correlates in HIV-infected youth.
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With the use of the endoPAT technique, our objective was to compare peripheral endothelial 

function, for the first time, in perinatally-infected and behaviorally-infected HIV positive 

children and youth versus uninfected controls and to study its relationship to inflammation, 

immune activation and markers of gut integrity.

Methods

Study design

This study is a cross-sectional analysis from a prospective, observational cohort study 

evaluating and comparing the prevalence and risk factors for endothelial dysfunction in HIV-

infected youths in congenitally or behaviorally infected and uninfected controls. The study 

was reviewed and approved by the Institutional Review Board of University Hospitals Case 

Medical Center, Cleveland, Ohio. Written informed consent was provided by all participants. 

The study is registered on clinicaltrials.gov (NCT02324179). Participants enrolled were 

between the ages of 8 and 30 years infected with HIV, on continuous antiretroviral therapy 

(ART) for at least 6 months and with HIV-1 RNA <1,000 copies/mL.

We also enrolled uninfected healthy controls age 8–30 yo. Controls were recruited from the 

community using IRB-approved flyers, as uninfected siblings or relatives of the HIV-

infected participants, or from physician referrals. Participants were excluded if they had a 

history of coronary artery disease or diabetes, were pregnant or lactating, or had an active 

infectious or inflammatory condition which could lead to changes in inflammation markers.

Study evaluation

At study visit, participants were fasting for 12 hours. Blood draws were obtained for real 

time measurements of lipid profiles, glucose and insulin levels. Homeostatic model 

assessment of insulin resistance (HOMA-IR) was calculated as described [21]. Additionally, 

blood was processed and plasma stored for measurement of soluble and cellular markers of 

immune activation and markers of systemic inflammation[22, 23]. Some labs routinely 

obtained in HIV-infected children as part of routine HIV care were collected from medical 

records from the time closest to the study visit and within the last 6 months including CD4 

cell count, complete blood count with differential, HIV-1 RNA level, and comprehensive 

chemistry panel (including kidney and liver function tests, total protein, calcium).

Inflammation and soluble immune activation markers

Soluble markers interleukin-6 (IL-6), soluble tumor necrosis factor receptors I and II (sTNF-

RI and –RII), soluble CD14 (sCD14) and soluble CD163 (sCD163)], Intestinal Fatty Acid 

Binding Protein (IFABP), soluble Vascular Cell Adhesion Molecule (sVCAM), 

Lipopolysaccharide Binding Protein (LBP), D-Dimer and oxidized LDL were measured by 

ELISA (R&D Systems, Minneapolis, MN; Hycult Biotech, Uden, the Netherlands; 

Diagnostica Stago, Parsippany, NJ; Mercodia,, Uppsala, Sweden). High sensitivity C-

reactive protein (hsCRP) was determined by particle enhanced immunonephelometric assay 

on a BNII nephelometer (Siemens, Indianapolis, IN, USA). NT-proBNP was measured by 

quantitative sandwich ELISAs (Siemens Healthcare, Newark, New Jersey, USA).
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Endothelial function

Endothelial function was measured using peripheral arterial tonometry. The device (Itamar 

Medical Ltd., Caesarea, Israel) consists of two finger probes. The probe allows the 

application of a constant and evenly distributed near-diastolic counter pressure within the 

entire probe [13, 24]. The device records finger arterial pulsatile volume changes. It captures 

beat-to-beat plethysmographic recording of the finger arterial pulse wave amplitude with 

pneumatic probes. The finger probe is connected by tubing to volume reservoirs, the 

pressure change signals are filtered, amplified and stored for further analysis[12]. The 

recordings was performed with the patient in a seated position with both hands at the same 

level. A blood pressure cuff was placed on the upper arm (non-dominant); the probes were 

placed on the finger of each hand (same finger on both hands) and continuing recording of 

blood volume responses from both hands was initiated. After a period of stabilization, the 

blood pressure cuff on the study arm was inflated to 60 mm Hg above systolic pressure for 5 

min. The cuff was deflated to induce reactive hyperemia and assess PAT. A reactive 

hyperemia index (RHI) was generated and is the post to pre -occlusion PAT signal ratio in 

the occluded side normalized to the control side and corrected for baseline vascular tone. A 

normal index is >1.67 and abnormal is ≤ 1.67. Augmentation index (AI) is calculated from 

PAT pulses recorded at the baseline period and the result is further normalized to heart rate 

of 75 beats per minute (AI 75). Lower AI values reflect better arterial elasticity.

Statistical analysis

The major objective of this study was to compare endothelial function between groups. 

Secondary objectives were to compare inflammatory markers, to examine associations 

between demographic characteristics, HIV variables and markers of systemic inflammation, 

immune activation and gut integrity with endothelial function. We performed descriptive 

analyses on all of the covariates and outcomes of interests. We checked validity of data 

distributions by running frequency analyses and graphical presentations.

Demographics, clinical indices and HIV-related factors are described by groups. Median and 

interquartile range (IQR) are reported for continuous variables and frequency and percent for 

nominal variables. Baseline variables as well as endpoints were compared among groups 

using unpaired t-tests or Kruskal-Wallis rank test as warranted by distribution for continuous 

variables and by Chi-Square tests, Fisher’s Exact tests, or Pearson Exact Chi-Square tests as 

appropriate for categorical variables.

Spearman correlation analysis was utilized to assess the relationships between measures of 

endothelial function and markers of inflammation, immune activation, as well as clinically 

relevant demographic and HIV-related factors (continuous variables only). Because of the 

skewed distribution of the markers, quantile (median) regression analyses were used to 

compare markers between groups after adjusting for demographic variables including age, 

sex, body mass index and current smoking status. The results were similar when additional 

analyses including only HIV-infected participants with HIV viral load less than 20 

copies/mL were performed. All the analyses were performed using statistical software Stata 

14.0.
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Results

Baseline characteristics

Seventy one HIV-infected subjects (53 behaviorally-infected and 18 perinatally-infected) 

and 48 controls were recruited and included in the analysis. Demographic, clinical and 

laboratory characteristics are described in Table 1. The perinatally-infected group was 

younger, had more females and fewer smokers when compared to the behaviorally-infected 

and control groups (p<0.01).

Median BMI and waist hip ratios were similar among all 3 groups (p≤0.98). The perinatally-

infected group had higher total cholesterol, LDL and triglycerides compared to the other two 

groups (p≤0.04). HOMA-IR was also significantly higher in the perinatally-infected group 

compared to the other two groups (p<0.01).

HIV characteristics

HIV-specific characteristics are described in Table 2. Perinatally-infected participants had 

higher CD4 cell counts [median CD4 (IQR) was 860 (735, 1173) in the perinatally-infected 

group vs 710 (535, 853) in the behaviorally-infected group, p=0.01]. By design all 

participants had viral loads less than a 1000 copies/mL and were on ART. Similar 

proportions of patients in both groups had viral load < 20 copies/mL (72% in the perinatally-

infected group versus 77% in the behaviorally infected group; p=0.66). As expected, 

cumulative ART duration was longer in the perinatally-infected group [about 11.5 years for 

the perinatally-infected group as opposed to approximately 2.5 years in the behaviorally 

infected group (p<0.01)]. Both non-nucleoside reverse transcriptase inhibitor and protease 

inhibitor durations were longer in the perinatally-infected group (p=0.0017 and p=0.001 

respectively). There was no significant difference in the proportion of participants with an 

AIDS diagnosis (p=0.118).

Immune activation and gut markers

Immune activation and gut markers are described in Table 1. sCD14 was highest in the 

perinatally-infected group (p<0.01); however I-FABP and sVCAM were highest in the 

behaviorally infected group (p≤0.04). All other inflammatory markers were not significantly 

different between groups (p≤0.42).

Endothelial function

Perinatally-infected children had lower RHI than behaviorally infected subjects and healthy 

controls [median (IQR) RHI level in perinatally-infected group was 1.34 (1.20, 1.42), in the 

behaviorally-infected group was 1.52 (1.34, 1.75), and in the control group was 1.52 (1.27, 

1.80) (p<0.01)]. There was no significant difference in the augmentation index between the 

3 groups (p>0.05) (see figures 1 and 2). After adjusting for age, sex, BMI and current 

smoking, RHI was no longer different between the groups (β≤0.59; p≤0.72) and only male 

sex remained significant (β=−2.05, 95% CI [−0.34–<−0.01], p=0.04). In another model, we 

adjusted for protease inhibitor duration and AIDS diagnosis, RHI remained significantly 

different between the perinatally-infected and behaviorally-infected group (β=0.26, 95% CI 

[0.01–0.51], p=0.04).
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Correlations with endothelial function

In univariable analyses, reactive hyperemic index correlated with age and protease inhibitor 

duration (p<0.01). Neither reactive hyperemic index nor augmentation index correlated with 

any markers of systemic inflammation, immune activation, or gut integrity (p>0.05).

DISCUSSION

This is the first study to compare endothelial dysfunction in HIV-infected children and youth 

infected perinatally versus behaviorally, as measured by peripheral arterial tonometry. Our 

results suggest that perinatally-infected, but not behaviorally-infected, youths have vascular 

dysfunction and possibly elevated immune activation. This extends our prior observation of 

increased carotid intima thickness measurements in HIV infected youth[25].

Endothelial dysfunction in HIV-infected children and youth

There are two prior studies evaluating endothelial dysfunction in HIV-infected children [19, 

20]. Both studies used FMD and found it to be impaired in HIV-infected children compared 

to healthy controls. Bonnet et al compared HIV+ ART treated and ART naïve children and 

did not find any differences in the vascular variables among those two groups. On the other 

hand, Charakida et al found that children treated with protease inhibitors had a more 

pronounced FMD impairment compared to children not treated with protease inhibitors. 

Similarly to this report and others in HIV-infected adults[26], we found that protease 

inhibitors were correlated with poorer endothelial function. In our study, perinatally-infected 

youth have longer cumulative ART duration including NNRTI and PI duration compared to 

the behaviorally-infected group. However, after adjusting for both disease severity and PI 

duration, RHI remained significantly different between the groups. We suspect that several 

factors are likely contributing to impaired endothelial function in the perinatally-infected 

group including exposure to HIV and or ART in utero; early and long term exposure to toxic 

drug that have the potential to cause mitochdonrial toxicity and metabolic alterations. These 

findings heighten concern that sequelae of HIV infection in children and youth perinatally-

infected may be more frequent and could potentially be more devastating than in 

behaviorally-infected youth or adults even in the setting of viral suppression.

Risk factors associated with endothelial dysfunction

Many risk factors associated with cardiovascular morbidity have also been associated with 

endothelial dysfunction as measured by RHI[27]. After adjusting for age, sex, body mass 

index and current smoking, RHI was no longer different between the groups and only male 

sex remained inversely related to RHI. In our cohort, the control group had twice more 

males than the perinatally-infected group, however the differences in RHI between the 

groups are unlikely due to gender imbalances alone. Several larger studies in HIV-uninfected 

adolescents and adults have found that men have lower hyperemic responses than women as 

measured by endoPAT [18, 27]. If our findings were due to gender differences alone, we 

would expect them to have a conservative effect on our main outcome,

We also hypothesized that RHI would be lowest in the perinatally-infected group, we were 

surprised to find that the control group had low median values of RHI (1.52; normal in the 
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adult population is 1.67). Smaller studies performed in healthy and uninfected children and 

adolescents have reported higher RHI than our study (1.7–2.04)[17, 28]. Children in these 

studies were younger and the majority were Caucasians. A recent larger longitudinal study 

performed in healthy German children had a mean baseline RHI of 1.53[18]. Interestingly, in 

this same cohort, there was an interaction between RHI, age and sex; with RHI increasing 

with age and being consistently higher in females in all age groups. The perinatally-infected 

group in our study was significantly younger than the other groups which could also explain 

the differences observed. In addition, pubertal status has been shown to be the main 

predictor of microvascular function as measured by endoPAT in healthy children and 

adolescents, where prepubertal children had a significantly lower RHI compared with 

children in mid and late puberty[29]. In our analyses, RHI was correlated with age; the 

control group and perinatally-infected group had the largest standard deviation for age, 

however we did not measure pubertal status which might have influenced our findings. The 

relationship between age, gender and surrogate markers of CVD in HIV-infected youth is 

likely complex and larger study sizes are needed to detect clinically significant effects.

Endothelial dysfunction and inflammatory markers

The inflammatory markers analyzed in this study (specifically hsCRP, IL6, DDimer, 

NTproBNP, sVCAM, sCD14, sCD163, oxidized LDL) were selected because of their 

documented association with CVD and or overall morality in HIV-infected adults [30–38], 

however, to our knowledge only few studies have examined the relationship between 

markers of CVD such as cIMT and inflammation in HIV-infected youth[39, 40]. The other 

markers: LBP and IFAB were selected because they have been found to be elevated in HIV 

disease and have been used to correlate intestinal impairment and microbial translocation 

and inflammation in HIV[41]. Our objective in studying these markers in HIV-infected 

youth was to clarify the specific role of HIV infection and immune activation and markers of 

microbial translocation on the vascular process in the setting of lack (or few) traditional 

CVD risk factors. sVCAM, sCD14 and IFAB were significantly different between the 

groups, however none of the studied markers were associated with RHI or AI. These 

findings could be either because there is truly no association between any of the markers and 

surrogate endothelial function outcome or we failed to find any correlation because our 

study was not primarily designed or powered to detect an association. Further studies will be 

needed to ascertain the role of immune activation on cardiovascular disease risks in HIV-

infected youths and more importantly to assess the progression of markers of CVD and 

inflammation and immune activation in this population.

Augmentation index

Despite the lower RHI, we did not find any significant differences in augmentation index 

between the groups. The augmentation index is defined as the percentage of the central pulse 

pressure attributed to the reflected pulse wave and is used as a surrogate of arterial stiffness. 

The augmentation index has been associated with increased cardiovascular risk scores[42], 

increased risk of coronary artery disease[43, 44], and all caused mortality in various patient 

populations[45]. We only found one other report on arterial stiffness as measured by 

augmentation index measurements in HIV-infected children. Kuilder et al measured arterial 

stiffness by pulse wave velocity and aortic augmentation index and compared 51 HIV-
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infected children to 52 healthy children[29]. Augmentation index was higher by 9% in HIV-

infected children. Given the difference in methodology and demographic characteristics of 

the children in this study (mean age was 8 years, living in low-to-middle income country 

with a mean viral load of 34,000 copies/mL), the results are difficult to compare.

Study limitations

The small sample size and cross-sectional nature of the study are limitations. We cannot 

establish causation between risk factors and vascular function; however, our findings support 

a link between vertical transmission and lower hyperemic response. In addition our study 

was predominantly black youths therefore our findings cannot be generalized to different 

populations.

Conclusion

To our knowledge, this is the first study to investigate endothelial dysfunction in HIV 

positive youth perinatally vs behaviorally-infected as measured by peripheral arterial 

tonometry. Our results show that measuring endothelial dysfunction and arterial stiffness in 

this population is feasible and that perinatally-infected children have impaired endothelial 

function and higher levels of sCD14, a marker of immune activation, likely due to a longer 

cumulative duration of HIV infection. Our findings support the idea that multiple factors, 

including metabolic factors, inflammation and ART regimen, play a role in the progression 

of vascular disease and future atherosclerosis in HIV-infected children and youth. 

Longitudinal studies are crucial to determine the risk of cardiovascular disease in HIV-

infected youths and to understand the contribution of each factors.
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Figure 1. 
Reactive Hyperemic Index between groups
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Figure 2. 
Augmentation Index between groups
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Table 1

Baseline Characteristics

Controls HIV positive

N=48 Perinatally-infected
N=18

Behaviorally-infected
N=53

P value

Demographics

 Age (year) 22 (19, 26) 18 (12, 21) 25 (22, 28) 0.0001

 Male (%) 66% 33% 56% <0.0001

 Black (%) 56% 89% 92% <0.0001

 Current Smokers (%) 27% 17% 51% 0.0080

Metabolic and cardiovascular risk factors

 BMI (kg/m2) 25 (22, 23 (20, 27) 24 (20, 29) 0.6208

 Waist-to-hip ratio 0.86 (0.83, 0.92) 0.87 (0.80, 1) 0.86 (0.82, 0.93) 0.9791

 Systolic BP(mm Hg) 123 (114, 130) 123 (110, 133) 126 (118, 135) 0.4329

 Diastolic BP(mm Hg) 74 (68, 80) 73 (69, 84) 75 (70, 80) 0.7467

 Total Cholesterol (mg/dL) 164 (145, 181) 175 (144, 186) 145 (124, 161) 0.0014

 LDL (mg/dL) 91 (75, 108) 100 (72, 111) 78 (65, 88) 0.0049

 HDL (mg/dL) 51 (45, 63) 52 (41, 61) 47 (40, 55) 0.0747

 Triglycerides (mg/dL) 68 (52, 91) 101 (67, 124) 69 (57, 97) 0.0366

 HOMA IR 2.15 (1.27, 3.17) 3.20 (2.2, 5.08) 1.20 (0.93, 2.84) 0.0010

Inflammatory markers

 ProBNP (pg/mL) 22.5 (14, 36.5) 22 (11, 47) 16 (11, 34) 0.3488

 hsCRP (ng/mL) 910 (415, 2835) 1014 (168, 3334) 1239 (574, 2528) 0.3455

 IL6 (pg/mL) 1 (0.10, 1.99) 1.36 (1.08, 3.07) 1.02 (0, 2.99) 0.4239

 sCD14 (ng/mL) 1402 (848, 2116) 1832 (1634, 2343) 1400 (1040, 1769) 0.0138

 sCD163 (ng/mL) 440 (315, 578) 550 (406, 759) 441 (364, 776) 0.1062

 sTNFα R I (pg/mL) 953 (825, 1087) 894 (796, 1007.7) 863 (745, 1001) 0.3011

 sTNFα R II (pg/mL) 2124 (1920, 2572) 2266 (2091, 2734) 2331 (1853, 2826) 0.3159

 LPB (ng/mL) 16885 (11684, 22255) 16483 (11276, 23397) 20559 (15907, 25617) 0.1162

 IFABP (pg/mL) 1778 (1052, 2354) 1534 (1073, 2053) 2968 (1722, 4085) 0.0011

 D-Dimer (ng/mL) 192 (109, 301) 257 (177, 385) 223 (152, 347) 0.1549

 sVCAM (ng/mL) 641 (553, 784) 711 (554, 817) 735 (618, 859) 0.0401

 Oxidized LDL (mU/L) 49747 (40754, 55908) 52239 (44719, 66148) 46356 (39503, 54765) 0.2328

Endopat variables

 RHI 1.52 (1.27, 1.80) 1.34 (1.20, 1.42) 1.52 (1.34, 1.75) 0.0084

 Log RHI 0.44 (0.24, 0.61) 0.27 (0.19, 0.38) 0.42 (0.29, 0.56) 0.0070

 AI −7 (−12, −1) −8(−14,−2) −9 (−4, −2) 0.1326

 AI 75 −13.50 (−18, −9) −14 (−19, −6) −10 (−15, −6) 0.1695

Data presented as median (Q1, Q3) for continuous variables and by frequency (column percent) for nominal variables.
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Table 2

HIV factors

Median Perinatally-infected
N=18

Behaviorally-infected
N=53

P value

CD4 cell count (no/mm3) 860 (735, 1173) 710 (535, 853) 0.0150

Nadir CD4 count (no/mm3) 473 (312, 636) 346 (257, 550) 0.2062

HIV viral load undetectable (%) 72% 77% 0.659

PI (%) 44% 26% 0.237

Cumulative ART duration (months) 140 (107, 197) 29 (15, 50) 0.0001

Cumulative NNRTI duration (months) 70 (7, 138) 8 (0, 29) 0.0017

Cumulative PI duration (months) 78 (15, 123) 0 (0, 20) 0.0001

AIDS diagnosis (%) 31% 12% 0.118
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