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Background: Antiretroviral therapy (ART) has increased life expectancy and consequently the risk of cardiovascular disease (CVD) in adults living with HIV. We investigated the levels and predictors of arterial stiffness in young people (YP) living with perinatal HIV (PHIV) and HIV negative YP in the Adolescents and Adults Living with Perinatal HIV (AALPHI) study.

Methods: AALPHI was a prospective study evaluating the impact of HIV infection and exposure to ART on YP living with PHIV (aged 13–21 years) who had known their HIV status for at least 6 months, and HIV negative YP (aged 13–23 years) who either had a sibling, friend or parent living with HIV. Participants were enrolled from HIV clinics and community services in England. Two hundred and thirteen PHIV and 65 HIV negative YP (42% siblings of PHIV) had pulse wave velocity (PWV) measurements taken (Vicorder software) from the supra-sternal notch to the middle of the thigh cuff, at their second interview in the study between 2015 and 2017. Average PWV was calculated from the three closest readings (≥3 and ≤ 12 m/s) within 0.6 m/s of each other. Linear regression examined predictors of higher (worse) PWV, including age, sex, HIV status and height as a priori, ethnicity, born outside UK/Ireland, alcohol/nicotine/drug use, weight, waist-to-hip-ratio, mean arterial pressure (MAP), caffeine 2 h before PWV and nicotine on day of PWV. A separate PHIV model included CD4, viral load, years taking ART and ART regimen.

Findings: One hundred and twenty eight (60%) PHIV and 45 (69%) HIV negative YP were female (p = 0.18), with median (IQR) age 18 (16, 20) and 18 (16, 21) years (p = 0.48) respectively. Most PHIV were taking a combination of three ART drugs from two classes. There was a trend toward higher (worse) mean PWV in the PHIV group than the HIV negative group [unvariable analysis 6.15 (SD 0.83) m/s vs. 5.93 (0.70) m/s, respectively, unadjusted p = 0.058], which was statistically significant in the multivariable analysis [adjusted p (ap) = 0.020]. In multivariable analysis being male (ap = 0.002), older age (ap < 0.001), higher MAP (ap < 0.001) and nicotine use on day of measurement (ap = 0.001) were also predictors of higher PWV. The predictors were the same in the PHIV model.

Interpretation: By late adolescence PHIV had worse PWV in comparison to HIV negative peers, and traditional risk factors for CVD (higher arterial pressure, being male and older age) were associated with higher PWV values. Regular detailed monitoring of cardiovascular risk factors should become standard of care for every young person with PHIV worldwide.

Keywords: HIV, perinatal, pulse wave velocity, arterial stiffness, young people, England, vascular function, cardiovascular disease


INTRODUCTION

Combination antiretroviral therapy has turned human immunodeficiency virus (HIV) into a manageable chronic condition for the 38 million people living with HIV today, of whom about 1.7 million (5%) are young people aged 10–19 years (1, 2).

However, an increased life expectancy has consequently increased the incidence of non-communicable conditions. Studies in adults living with HIV have shown an increased risk of cardiovascular disease (CVD) (3). The underlying mechanisms are based on an interplay of an increased prevalence of traditional or conventional cardiovascular risk factors, adverse side effects of antiretroviral therapy (ART), “emerging” risk factors based on chronic inflammation and infection, as well as a changed immunology due to the HIV infection itself, that lead to a proinflammatory state promoting endothelial dysfunction and atherosclerotic changes to the vasculature (4). While children and adolescents might not have signs of symptomatic atherosclerosis yet, precursors of atherosclerosis such as endothelial dysfunction as well as changes of the vascular wall and arterial stiffness have been shown as early as the first decade of life (5). Therefore, while AIDS related mortality has decreased in children since the introduction of ART, focus has shifted toward non-AIDS morbidity due to possible accelerated progression of atherosclerosis and therefore premature aging (3).

Vascular function can be measured using various techniques; pulse wave velocity (PWV) is a dynamic parameter of arterial stiffness (reciprocal of arterial distensibility) that describes the rate at which the pulse wave travels over a given distance of the arterial tree. The speed is determined by the elastic and geometric properties of the arterial wall and is also dependent on rheological characteristics of the blood, ventricular function and blood pressure (6). Therefore, increased vascular damage and arterial stiffness lead to an increased (worse) pulse wave velocity which has been shown to predict worse cardiovascular outcomes in adults (7).

The actual risk of cardiovascular outcomes in young people living with perinatal HIV (PHIV), who (with ART) are surviving well into their thirties and forties, is still unclear. Therefore, the early and regular assessment of cardiovascular risk, due to HIV, ART and the increasing prevalence of traditional risk factors such as hypertension and obesity in adolescents, becomes increasingly important in the care and management of these young people (8).

This paper explores the levels and predictors of arterial stiffness in young people living with PHIV and HIV negative young people, in the largest study measuring arterial stiffness in PHIV to date. The analyses are exploratory, given the unclear evidence base in this group.



METHODS


Study Population and Design

The Adolescents and Adults Living with Perinatal HIV (AALPHI) cohort was a prospective study evaluating the impact of HIV infection and exposure to ART on young people living with PHIV in England and comparing outcomes with HIV negative young people, across several research areas, including cognitive function, anxiety and depression, sexual and reproductive health, self-harm and adherence. Participants in both groups were enrolled from HIV clinics and community organisations (providing services for PHIV young people and HIV negative young people affected by HIV) in England and undertook first interviews from 2013 and 2015, and second interviews between 2015 and 2017. Detailed methods have been described previously (9). Full ethical approval was obtained from the Leicester Research Ethics Committee. All participants living with PHIV had known their HIV status for at least 6 months, were aged 13–21 years, and were all included in the national UK and Ireland Collaborative HIV Pediatric Study (CHIPS) (10). HIV negative young people were aged 13–23 years, and either had a sibling, friend or parent living with HIV. All participants had lived in the UK for 6 months or longer, and could speak and understand English. This analysis examines vascular function measured in PHIV young people compared to HIV negative young people, measured at their second interview. The variables used in the analysis are described below and were measured at interview two, unless stated otherwise.



Anthropometric Measurements

Weight and height as well as hip and waist circumference were measured. Weight, height, BMI and waist to hip ratio z-scores were calculated with reference to HIV negative young people, adjusted for age and sex (11–13). The Microlife blood pressure monitor BP 3AG1 was used for all blood pressure and heart rate readings. Average blood pressure (BP) as well as average heart rate were calculated from two measurements at the time of the pulse wave velocity assessment, and used to calculate mean arterial pressure (MAP). Systolic BP (SBP) and diastolic BP (DBP) z-scores were calculated with reference to HIV negative young people, adjusted for age and sex (14).



Risk Factor Assessment

Traditional cardiovascular risk factors and contributing factors such as sex, positive family (biological father, mother, brother or sister) history (reported at interview one) of CVD (stroke/high blood pressure/heart disease/heart attack) and metabolic changes (diabetes type I/diabetes type II/high levels of fat in blood), previous medical conditions in the young person (apart from HIV, reported at interview one), face recognition (normal/mild/moderate/severe facial lipoatrophy (visual scale) reported at interview one), frequency of exercise (five or more times a week/one to four times a week/one to three times a month/less than once a month/never in the last year), smoking, alcohol and recreational drug consumption were self-reported on case report forms for both groups. Additionally, the obtained anthropometric measurements were used for the classification obesity (13). Hazardous drinking was defined by the WHO Alcohol Use Disorders Identification Test (15).



Pulse Wave Velocity

The pulse wave velocity (PWV) measurements were all undertaken with the Vicorder device and software, at the second interview. The oscillometric pressure cuffs were placed at the carotid as well as the right thigh (as high as possible); the most commonly used measuring sites of PWV. The measurements were taken after a 10-min resting time in supine position with an upper body elevation of 30°. To determine the distance between the carotid and the femoral arteries the length was taken from the suprasternal notch to the middle of the right thigh cuff. After the inflation of the cuffs, the pressure waveforms over the right carotid as well as the right thigh were simultaneously recorded. The Vicorder software subsequently provided the pulse wave velocity measurement in meters/second. Average PWV was calculated as the average of the closest 3 readings (of altogether six readings) within 0.6 m/s of each other (≥3 and ≤ 12 m/s).



HIV Infection Markers and Lipid Panel

As the PHIV participants in AALPHI were also in CHIPS (for which detailed clinical data are annually collected from patient notes), HIV infection markers (RNA viral load, CD4 count), ART exposure and lipid panel markers were obtained where possible, as well as Centers for Disease Control and Prevention (CDC) worst stage and subtype (16). Lipid levels were categorized as acceptable, borderline high or high, according to age-appropriate cut-offs (17). Lipid levels were not available for HIV negative participants.



Statistical Analyses

Data were analyzed using STATA version 16.1 (Stata Corp, College Station, Texas, USA). Characteristics of participants were compared between the two groups using the Chi squared test for proportions and Wilcoxon rank sum for medians, and a p-value < 0.05 was considered statistically significant. Results are presented for non-missing values; missing values were <10% of study participants unless specified. The effect of potential predictors of higher (worse) PWV was explored using linear regression. Age, sex, HIV status and height were considered a priori factors associated with PWV. Other variables considered were ethnicity, country of birth (within vs. outside the UK/Ireland), death of one or both parents, positive family history of CVD and metabolic changes, ever smoked, ever consumed alcohol, ever taken recreational drugs, mental health (Hospital Anxiety and Depression Scale (HADS) scores in the past week, measured at interview one, ranging from 0 to 21, higher scores indicating more severe anxiety or depression (18)), how much the participant had exercised in the last year (five or more times a week/one to four times a week/one to three times a month/less than once a month/never), weight, BMI, waist to hip ratio, MAP, and on the day of the PWV measurement, hours since last meal, any caffeine 2 h before the measurement, any nicotine that day and room temperature at the time of the measurement. Variables with a p-value < 0.15 in the univariable models were included in the multivariable models using backwards elimination, and a p-value < 0.05 was considered statistically significant.

An additional analysis for only participants with PHIV also included CD4 cell count, RNA viral load <50 copies/ml, total cholesterol and triglycerides [all within 6 months before or after interview two and included as continuous variables in the analysis (apart from RNA viral load)], years taking ART, ever taken a protease inhibitor, ever taken abacavir, ART regimen at interview two [current ART status (never started ART/taking ART/not currently taking ART but previously have taken ART), number of drugs, number of ART classes], CDC stage C disease and subtype, as potential predictors. Two self-reported (via computer-assisted survey interviewing) ART adherence measures were also included as potential predictors; at interview two, participants were asked to report any missed doses of their HIV medication in the last 3 days (yes/no) and to rate how they felt their adherence was at the time of the interview (excellent, good, not so good or bad).


Role of Funding Source

The funding sources had no role in the study design, collection, analysis and interpretation of data, writing of the report or decision to submit the paper for publication.





RESULTS


Study Population

A total of 278 participants (213 PHIV and 65 HIV negative) had PWV measurements at interview two. HIV negative participants either had a mother [32 (49%)] or sibling [33 (51%), of which 27 were siblings of PHIV participants] living with HIV. The median age at interview two was 18 years for both groups, there were more female than male participants in each group, the majority were black [PHIV 183 (86%), HIV negative 49 (75%), p = 0.046], and a higher proportion were born outside of the UK/Ireland in the PHIV group [PHIV 129 (61%), HIV negative 30 (46%), p = 0.040] (Table 1). The majority of participants were in education at the time of interview two. Eighty-two (41%) PHIV and 17 (28%) HIV negative participants (p = 0.068) had one or both parents who had died.


Table 1. Characteristics of PHIV and HIV negative participants.
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Blood Pressure and Anthropometric Measurements

HIV negative participants were taller and heavier than PHIV participants (Table 1). Overall ~60% of all participants had a healthy BMI [PHIV 128 (62%), HIV negative 27 (49%)] and similar proportions in each group were overweight [PHIV 51 (25%), HIV negative 18 (33%)] and obese [PHIV 25 (12%), HIV negative 10 (18%)]. Waist-to-hip ratio was similar across groups, as was SBP. DBP and consequently MAP were slightly higher for HIV negative participants, however SBP and DBP z-scores were similar for both groups.



Other Characteristics

There were no statistically significant differences between the groups in the other characteristics examined (Table 1). Just under half the participants had a family history of CVD or metabolic changes. Almost 40% of participants had ever smoked in each group, and over 60% had ever consumed alcohol, with slightly more PHIV drinking alcohol to levels considered hazardous in the last year [PHIV 34 (16%), HIV negative 5 (8%), p = 0.103]. Approximately one third of participants reported to have ever used recreational drugs. Most participants had exercised 1–4 times a week in the last year. The majority of participants had normal or mild anxiety and normal depression scores, with similar numbers across both groups. Reported numbers of previous medical conditions (apart from HIV) were low in both groups.



HIV Clinical Markers and Lipid Levels

The majority of PHIV participants were taking ART at the time of interview two; 9 (4%) participants were treatment naive and 13 (6%) were currently off treatment but had previous ART exposure (Table 2). The median age at ART initiation was 7.5 years, and the median time on ART at interview two was 9.4 years. Most PHIV participants were taking a combination of three drugs from two classes. Approximately three-quarters of PHIV participants had ever taken a protease inhibitor [156 (77%)]; similarly 150 (74%) had ever taken abacavir. Only 30 (15%) had ever taken an integrase inhibitor (15 had ever taken dolutegravir, 14 raltegravir and 2 elvitegravir). Self-reported adherence mostly ranged from excellent [69 (36%)] to good [91 (48%)], although 59 (31%) PHIV participants admitted to missing a dose in the 3 days prior to the interview.


Table 2. HIV clinical markers and lipids levels of PHIV participants.
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Median CD4 count [within 6 months before or after the interview) was 560 cells/mm3 (IQR 418, 751 cells/mm3] and 64% had a suppressed viral load <50 copies/ml (75% had a suppressed viral load <400 copies/ml). Nearly half of the PHIV participants had subtype C virus. The median total cholesterol and triglyceride levels closest to interview two were 4.20 and 1.00 mmol/l, respectively, and ~60% were at acceptable levels for both measurements.



Pulse Wave Velocity

On the day of the PWV measurements, the PHIV and HIV negative participants had been fasting for a median of 4.4 h, and the median room temperature was around 22°C. Similar proportions in both groups had used nicotine that day and had caffeine in the 2 h before the measurement (Table 1).

In univariable analysis, there was a trend toward higher (worse) pulse wave velocity readings in the PHIV group compared to the HIV negative group; mean (SD) average PWV was 6.15 (0.83) m/s in the PHIV group and 5.93 (0.70) m/s in the HIV negative group (unadjusted p = 0.058).



Univariable and Multivariable Analysis (Tables 3, 4)

Table 3 presents univariable and multivariable predictors of higher (worse) PWV for PHIV and HIV negative participants. Both before and after adjustment for other factors, having PHIV [adjusted p (ap) = 0.020], being male (ap = 0.002), older age (ap < 0.001), higher MAP (ap < 0.001) as well as nicotine use on the day of the PWV measurement (ap = 0.001) were predictors of higher PWV. Being born outside of the UK/Ireland, ever consumed alcohol, ever smoked, ever used recreational drugs, height and consumed caffeine in the 2 h before the PWV measurements were all associated with worse PWV in univariable analyses but not in multivariable analyses.


Table 3. Univariable and multivariable predictors of PWV in PHIV and HIV negative young people.
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Table 4. Univariable and multivariable predictors of PWV in PHIV group.
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Table 4 presents univariable and multivariable predictors of higher (worse) PWV for the PHIV group only. Both before and after adjustment for other factors being male (ap = 0.008), older age (ap = 0.001), higher MAP (ap < 0.001) and nicotine use on the day of the PWV measurement (ap = 0.009) were associated with higher PWV. Being born outside of the UK/Ireland, ever consumed alcohol, ever used recreational drugs, height, consumed caffeine in the 2 h before the PWV measurements and longer duration of ART were all associated with worse PWV in univariable analyses but not in multivariable analyses, in the PHIV group. None of the other HIV-related variables considered, including CD4 cell count and the number of ART drugs/classes being taken at the time of the interview, and ever taken a protease inhibitor/abacavir/integrase inhibitor, were associated with PWV.




DISCUSSION

Our study assessed arterial stiffness via PWV in the largest study of young people living with and without PHIV to date measuring arterial stiffness. Compared to the HIV negative group we found worse PWV values in the PHIV group (ap = 0.020).

Other studies have had varying findings, and it is important to consider the different characteristics of the populations studied. Charakida et al. studied PWV in 83 children living with PHIV (48 on ART, mean age 11 years) and 59 HIV negative children (mean age 12 years) from England in 2009. They found significantly higher mean PWV values in the PHIV group than the HIV negative group, measuring carotid to radial PWV using the tonometric SphygmoCor system (5). The participants were recruited from one clinic in London, UK and therefore may also have participated in our AALPHI cohort.

Eckard et al. studied PWV in 101 young people living with HIV and on ART (median age 20 years) and 86 HIV negative young people (median age 19 years) from the USA between 2012 and 2014 (19). In contrast to Charakida et al., they found no significant difference in median PWV values between the two groups, measuring carotid to femoral PWV using the SphygmoCor system. Kuilder et al. studied PWV in 51 children living with PHIV and on ART (mean age 8 years) and 52 HIV negative children (mean age 9 years) from Indonesia in 2013. They also found no significant difference in mean PWV values between the two groups, measuring aortic PWV using the oscillometric Arteriograph system (20). Similarly, Kenny et al. studied PWV in 74 children living with PHIV and on ART (mean age 7 years) and 75 HIV negative children (mean age 7 years) from Africa in 2015. They found no significant difference in mean PWV values between the two groups, measuring carotid to femoral PWV using the Vicorder software (21).

There may be several possible reasons for the differing results of these studies. Firstly, different measurement devices, as well as measurement locations and methods of defining the distance that the pulse wave travels were used in the studies. There is no defined gold standard, especially for PWV measurements, which subsequently could lead to differing values (22). Secondly, the ages of the participants in the studies vary; Kuilder et al. and Kenny et al. included children who were considerably younger than the participants in our study for example (20, 21). While Charakida et al.'s study also included children, differences might be attributable to the differing physical measurement location (peripheral vs. central) (5). In adults, it has been proposed that different artery segments are susceptible to different risk factors, and that peripheral arteries show vascular changes earlier than the large, elastic central blood vessels and that functional changes occur in peripheral arteries first (6). Finally, in Eckard et al.'s study only half of the young people of had PHIV, so the median time living with HIV was only 8 years and likewise the median duration on ART was 3 years (19).

Previous studies have found increased (worse) intima-media thickness (IMT) and decreased (worse) flow-mediated dilation (FMD) in PHIV young people compared with HIV negative young people (23, 24). PWV is a marker of arterial stiffness (a functional marker of the vasculature) whereas IMT (usually measured at the carotid artery) is a marker of anatomic changes of the vascular wall and FMD is a marker of endothelial dysfunction, a precursor of atherosclerosis. Therefore, the results of our study may be an indication that the anatomic changes as seen with the increased IMT have led to functional changes of the vasculature and arterial stiffness in young people.

In our analyses male sex, older age and higher MAP were predictors of worse PWV and have previously been found to be important determinants of PWV in adults as well as children (5, 19, 22, 25). Nicotine use on the day of the PWV measurements was also associated with higher PWV in our study. Recent nicotine use, as well as chronic smoking, have been associated with increased arterial stiffness in adults (26). Chronic smoking might not have been significantly associated with PWV in our study due to reporting as “ever having smoked” rather than calculation of pack years or the cumulative effect of smoking duration.

While ART causes viral suppression and a reconstitution of the immune system and could therefore be seen as cardioprotective, previous studies have found a negative association between lipid and glucose levels and some ART drug classes such as protease inhibitors (27). In our analyses the duration on ART was a predictor for worse PWV measurements in univariable analyses but not in multivariable analyses, and ever having taken a protease inhibitor was not associated with PWV in the PHIV group. Approximately two-thirds of the total cholesterol and triglyceride values (only available for the PHIV group) were at acceptable levels in our study, with no association with PWV. Van den Hof et al. found no difference in total cholesterol or triglyceride levels in 35 PHIV (median age 13.8 years) taking ART and 37 HIV negative young people (median age 12.1 years). However, 60% of PHIV had elevated lipoprotein(a) levels which were significantly higher than the HIV negative group (28). Other studies have also shown signs of lipodystrophy as well as increased lipid levels in children and adolescents that have previously already been seen in adults (23, 27).

Our study has a number of limitations. Firstly, we were unable to compare our data to appropriate age/height/sex adjusted reference values. Few normative data are available for PWV in children and adolescents, and those that are available are based on specific measurement devices and more importantly on the method of defining the distance that the pulse wave travels (22). Secondly, although the number of participants in our study was greater than in previous published studies, the sample size was still relatively small and, in particular, our HIV negative group is comparably smaller than the PHIV group, which may affect the precision of estimates in our models. Thirdly, some of the data reported (adherence, previous medical conditions, family history of CVD or metabolic changes) were self-reported, and finally not all data were available for all participants (e.g., lipid measurements) as they were extracted from the national surveillance study CHIPS.

As the etiology of CVD in those living with HIV is multifactorial, studying PHIV could provide another piece in the puzzle of assessing the relative impact of HIV itself, ART and traditional cardiovascular risk factors in the development of CVD in people living with HIV. One of the advantages of studying people living with perinatal HIV is the known duration of HIV infection in comparison to people living with acquired HIV.

Longitudinal studies are becoming increasingly important to understand how the risk of chronic conditions change as PHIV age and change their behavior, and in particular as they transition into adult care. As recommended in current guidelines, a detailed history of cardiovascular risk factors, regular blood pressure and anthropometric measurements, as well as blood glucose levels and lipid panels should become a standard of care (8, 29). However, the optimal management of traditional risk factors remains unclear, with variation in guidelines for thresholds for pharmacological intervention such a lipid lowering agents and antihypertensives in the general youth population (17). For those living with HIV, careful consideration of the benefits of adjunctive therapies needs to be balanced against the risks of higher pill burden and potential detrimental effects on ART adherence, which could result in viral rebound and indeed subsequent cardiovascular risk. Similarly in terms of current ART regimens, there is a balance between adverse lipid profiles associated with boosted protease inhibitors, and potential weight gain with second generation integrase inhibitors (30). As it remains uncertain if and how cardiovascular risk factors will translate into actual outcomes of CVD, and if this will change with novel treatment regimens, cohort studies are required as the first generation living with lifelong HIV enter their fourth decade of life.
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Sociodemographics

Years between interview one and interview two, median (IGR) 1.8(13,26) 16(12,23 0.025
Age in years at interview two, median (IQR) 18 (16, 20) 18 (16, 21) 0.482
Age at interview two, no. (%) 0.096

<15 years 29 (13.6%) 16 (24.6%)

16-18 years 94 (44.1%) 23 (35.4%)

=19 years 90 (42.3%) 26 (40.0%)
Sex, no. (%) 0.184

Female 128 (60.1%) 45 (69.2%)

Male 85 (39.9%) 20(30.8%)
Ethnicity (black), no. (%) 183 (85.9%) 49 (75.4%) 0.046
Born outside UK/Ireland, no. (%) 129 (60.6%) 30 (46.2%) 0,040
Death of one/both parents, no. (%) 82 (40.8%) 17 (27.9%) 0.068
Occupation at interview two, no (%) 0778

Education, no. (%) 163 (76.9%) 51(78.5%)

Employment, no. (%) 36 (17.0%) 9(18.9%)

Not in education/employment, no. (%) 13(6.1%) 5(7.7%)
Body composition at interview two
Height in meters, median (IQR) 1.65(1.57, 1.72) 1.66 (1.60, 1.74) 0.066
Height z-score, median (IQR) ~051 (~1.87,0.26) 0.29(-0.75,0.77) <0001
Weight in kilograms, median (IQR) 63.0(54.0, 75.0) 67.4 (60.0, 80.7) 0.018
Weight z-score, median (GR) 0.41(-0.74, 1.24) 1.03 (017, 1.74) 0.001
BMI, median (IQR) 23.2(20.5,26.8) 24.7 (22.0, 28.6) 0.050
BMI z-score, median (IQR) 061 (-0.28, 1.49) 1.05 (017, 1.93) 0.028
Waist to hip ratio, median (IQR) 0.87 (0.81,0.94) 085 (0.77,099) 0.249
Waist to hip ratio z-score, median (IQR) 1.37 (036, 2.30) 1.15(0.19, 2.09) 0.487
Obesity Classification, no. (%) 0233

Underweight, no. (%) 3(1.5%) 0

Healthy BMI, no. (%) 128 (61.8%) 27 (49.1%)

Overweight, no. (%) 51(24.6%) 18 (32.7%)

Obese, no. (%) 25 (12.1%) 10 (18.29%)
Blood pressure* and heart rate* at interview two
SBP in mmHg, median (IQR) 114 (107, 121) 114 (110, 123) 0.270
SBP z-score, median (IGR) ~0.06 (~0.61,0.76) 0.04(-0.33,0.72) 0275
DBP in mmHg, median (IQR) 68 (63, 74) 71(66,77) 0.043
DBP z-score, median (QR) 0.19(-0.30,0.72) 0.37(~0.14,0.87) 0.104
Average MAP, median (IQR) 83(78,89) 85 (81,91) 0.050
Average heart rate, median (IQR) 7168, 77) 72(63,77) 0974
Other risk factors
Positive family history of CVD/metabolic changes®, no. (%) 78 (43.1%) 29 (46.8%) 0.614
Ever smoked, no. (%) 79 (37.4%) 25 (39.1%) 0815
Ever consumed alcohol, no. (%) 132 (62.3%) 43 (66.2%) 0569
Hazardous drinking in the last year, no. (%) 34 (16.1%) 5(7.9%) 0.103
Ever used recreational drugs, no. (%) 55 (27.9%) 22(37.3%) 0.169
Exercised in the last year, no. (%) 0344

1-8 times a month or less 64(30.1%) 14 (21.5%)

1-4 times a week 114 (53.5%) 41 (63.1%)

5 times a week 35 (16.4%) 10 (15.4%)
HADS anxiety score, median (IQR) 60(30,9.0) 60(3.0,80) 0417
HADS anxiety grouped score, no. % 0344

Normal, no. (%) 118 (60.8%) 42 (68.9%)

Mild, no. (%) 41(211%) 10 (16.4%)

Moderate, no. (%) 28 (14.4%) 5(82%)

Severe, no. (%) 7(3.6%) 4(6.6%)
HADS depression score, median (IQR) 3.0(1.0,6.0 20(1.0,5.0 0.132
HADS depression grouped score, no. (%) 0.119

Normal, no. (%) 160 (82.5%) 52(85.3%)

Mild, no. (%) 22 (11.3%) 9 (14.8%)

Moderate, no. (%) 12 (6.2%) 0

Severe, no. (%) 0 0
Medical history
Prematurity?, no. (%) 28(215%) 10 (22.2%) 0924
Diabetes type |, no. (%) 0 0
Diabetes type I, no. (%) 0 0
High blood pressure, no. (%) 2(1.0%) 2(3.2%) 0.208
High levels of fat in blood, no. (%) 8(4.0%) 2(3.2%) 0.791
Heart disease, no. (%) 1(0.5%) o 0579
Rheumatoid arthritis, no. (%) 2(1.0%) 1(1.6%) 0.684
Kidney problems, no. (%) 7(3.4%) 0 0.138
Liver problems, no. (%) 7(3.4%) 0 0.135
Face recognition (mild/moderate/severe lipoatrophy), no. (%) 6(2.9%) 0 0.173
Measurements on the day of the PWV assessment
Hours since last meal, median (IQR) 45(25,8.4) 41(30,12.4) 0812
Room temperature in degrees Celsius, median (IQR) 22.1(20.8,23.9) 216 (200,23.0) 0.129
Had caffeine in last 2h, no. (%) 25(11.7%) 12 (18.8%) 0.148
Had nicotine today, no. (%) 17 (8.0%) 5(7.8%) 0965
PWV measurement in m/s., mean (SD) 6.15(0.83) 5.93(0.70) 0,058

PHIV, perinatal HIV: IQR, interquartie range; CVD, cardiovascular disease; HADS, Hospital Anxiety and Depression Scale; BMI, body mass index; SBR. systolic blood pressure; DBP
diastolic blood pressure; MAR, mean arterial pressure; PWV, pulse wave velocity

“Unknown for 32 PHIV and 3 HIV negative.

Unknown for 83 PHIV and 20 HIV negative.

“Average of two measurements.
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PHIV (N = 213)

Antiretroviral therapy
ART status at interview two, no. (%)

Never started ART 9(4.2%)
Taking ART 191 (89.7%)
Currently not taking ART (but previous ART 13(6.1%)
exposure)

Age in years at initiation of ART?, median 75(30,11.7)

(QR)

Time in years on ART? (excluding time off ART), 9.4(59,133)

median (IQR)

Time in years off ART (since starting ART)®, 0.0(00,13)

median (IQR)

Number of ART classes taken at interview

two®, no. (%)

1 class 14(7.3%)

2 classes 168 (88.0%)

3 classes 9(4.7%)
Number of ART drugs taken at interview two®,
no. (%)

1 drug 13 (6.8%)

2 drugs 21 (11.0%)

3 drugs 151 (79.1%)

4 drugs 5(2.6%)

5 drugs 1(05%)
Ever taken protease inhibitors, no. (%) 156 (76.5%)
Ever taken abacavir, no. (%) 150 (73.5%)
Ever taken integrase inhibitors, no. (%) 30 (14.7%)
Markers of HIV infection
CD4 nadir (cells/mm?®), median 217 (128, 330)
(QR)

CD4 cell count at interview two®, median 560 (418, 751)
(QR)
Viral load < 50 copies/mi at interview two, no. 129 (64.2%)
(%)
Viral load < 400 copies/ml at interview two, no. 151 (75.1%)
(%)
Ever GDC C, no. (%) 51 (24.0%)
HIV-1 group M subtype¢, no. (%)
Subtype C, no. (%) 99 (62.7%)
Other than subtype G, no. (%) 59 (37.3%)

Self-reported adherence at interview two
How would you rate your aherence?

Excellent, no. (%) 69 (36.3%)

Good, no. (%) 91 (47.9%)

Not s0 good, no. (%) 19 (10.0%)

Bad, no. (%) 116.8%)
Missed any doses in the past 3 days, 59 (31.1%)
no. (%)

Lipids at interview two

Total cholesterol in mmolitre?, median (QR) 4.20 (3.60, 4.80)
Total cholesterol categorisation®
Acceptable', no. (%) 80 (63.0%)
Borderline high?, no. (%) 30 (23.6%)
High®, no. (%) 17 (13.4%)
Triglycerides in mmolitre!, median (IQR) 1.00(0.72,1.37)
Triglyerides categorisation'
Acceptablel, no. (%) 73 (58.9%)
Borderline high¥, no. (%) 30 (24.2%)
High', no. (%) 21(16.9%)

PHIV, perinatal HIV: ART, antiretroviral therapy; IQR, interquartil range; CDC, Centers for
Disease Control and Prevention.

2Not including participants who have never started ART.

bif a ciug is low dose it is not counted.

CUnknown for 27 participants.

9Unknown for 55 participants.

©Unknown for 86 participants. 63/127 (49%) participants were not fasting at the time of
the measurement and the fasting status is unknown for 64/127 (51%) participants.

Total cholesterol <170 mg/d for age <20 years, <190 mg/d for age >20 years

9Total cholesterol =170 mg/dl and <200 mg/d for age <20 years, =190 mg/dland <225
mg/d for age =20 years.

"Total cholesterol =200 mg/d for age <20 years, =225 mg/di for age =20 years.
{Unknown for 89 participants. 62/124 (50%) participants were ot fasting at the time of
the measurement and the fasting status is unknown for 62/124 (50%) participants.
ITiglycerides <90 g/l for age <20 years, <115 mg/dl for age =20 years.
KTriglycerides >90 mg/dl and <130 mg/d for age <20 years, =115 mg/dl and <150
mg/d for age >20 years.

Mriglycerides > 130 mg/d! for age <20 years, >150 mg/d! for age >20 years.
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