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Chapter 1

The major cause of death in sub-Saharan Africa (SSA) is shifting. Where communicable
diseases like human immunodeficiency virus (HIV) and lower respiratory tract
infections used to be the main causes of death, non-communicable diseases (NCDs)
like cardiovascular disease (CVD), including ischemic heart disease and stroke, are
becoming increasingly important[1]. In South Africa, diabetes mellitus (DM) was the
second biggest killer after TB in 2016 and stroke and ischaemic heart disease were
ranked fourth and fifth for years of life lost in 2015[2,3]. Most deaths due to CVD occur
in low- and middle-income countries[4]. The increasing incidence of CVD is driven by
a high and still raising burden of classical risk factors for CVD such as hypertension,
obesity, and DM type 2[5-7]. In South Africa, for instance, 40% of the population over
the age of 15 years was estimated to have hypertension in 2011[8]. In 2016, almost half
of the female, rural Malawian population was reported to be obese 44%[9], and a recent
meta-analysis based on African studies estimated that a quarter of the population
has dyslipidemia [10]. Moreover, the DM type 2 prevalence was reported to be 3% in
Africa in 2017[7]. Smoking is another, well-known risk factor for CVD. According to a
recent estimate from Kenya, about one in seven people were using tobacco, of which
the majority (>80%) were men[11].

Since the emergence of the human immunodeficiency virus (HIV) in the 1980’s, HIV
heavily burdens SSA. Currently 70% of the world’s HIV-positive population is living in
SSA, accounting for about 26 million people [12]. From 2002 onwards governmental
funded antiretroviral treatment (ART) programs were implemented in Africa[13,14],
turning HIV from a deadly disease into a chronic disease. Following the TEMPRANO[15]
and START trial[16] in 2015 the World Health Organization recommended initiation of
ART immediately, following a diagnosis of HIV infection in all patients[17]. In South
Africa, the test-and-treat policy was implemented on the 1% of September 2016[18].
Currently, about 60% of people living with HIV (PLHIV) in Africa have access to ART[19],
and this number continues to increase. The result is that life expectancy for PLHIV
increased from a maximum survival of eight to 10 years before the ART era to a near-
normal life expectancy nowadays[20,21].

As the HIV-positive population is aging, NCDs will be encountered more frequently.
Besides, research in high-income countries, mainly from North America and Europe,
showed that the incidence of CVD was higher in the HIV-positive population than in the
HIV-negative population and HIV infection itself has been associated with an increased
risk of myocardial infarction of up to 50% [22-24].

Demographics of the HIV epidemic and CVD risk
The question now is whether SSA is going to be burdened with a dual epidemic of HIV

and CVD. The discussion on the role of HIV as a contributor to the development of CVD is
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General introduction and thesis outline

still mainly speculative as data on clinical CVD amongst HIV-positive African populations
is scarce. Data regarding the increased risk of CVD in PLHIV are mainly derived from
research conducted in North America and Europe and it is questionable whether
results from these studies can directly be translated to the African context. The HIV-
positive population in high-income countries mainly consists of white men having sex
with men, sex workers and intravenous drug users (Figure 1). They typically show high
cardiovascular risk profiles reflected by a higher percentage of smokers, hypertension
and DM type 2 in PLHIV as compared to HIV-negative populations[25,26]. The HIV-
positive population in SSA, on the contrary, consists mainly of black heterosexual
women (Figure 1)[27] and they seem to have fewer traditional CVD risk factors than
the general population [8,28].

Distribution of new HIV infections, by population group, global and by region, 2017

0% 2% 7% 6%

83%

B Sexworkers [l People whoinjectdrugs [l Gay men and other men who have sexwithmen il Transgender women*

[l Clients of sex workers and other sexual partners of key populations Rest of population'

Figure 1. Adapted from: UNAIDS special analysis, 2018. UNAIDS Data 2018.

HIV and CVD pathogenesis

CVD is, in the majority of cases, a result of atherosclerosis[29]. The process of
atherosclerosis starts with endothelial activation. Following a pro-atherogenic stimuli,
the permeability of the arterial wall changes, allowing lipids to enter, and results in
the expression of chemokines, like the vascular cell adhesion molecule (VCAM-1).
This, in turn, results in migration of leucocytes and macrophages in the intima layer.
Once there, the macrophages differentiate into foam cells, which absorb lipids and
secrete cytokines. Besides, LDL fragments are presented to naive T-cells, and an influx
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Chapter 1

of these cells in the vessel wall leads to changes in macrophages, smooth muscle cells
and endothelial cells and, subsequently, into thickening of the intima layer[29,30].

The increased risk of CVD in HIV infection likely relies on the triad of classic CVD
risk factors, HIV and ART[31]. First, the HIV-negative population has a substantial
burden of classic CVD risk factors, as seen in the general population[25]. Second, HIV
infection itself influences the process of atherosclerosis through the inflammatory
pathway[32,33]. Upon HIV infection a general, unspecific, T-cell response is seen with
aspecific activated CD8+ T-cells and HIV-specific T-cells and both the innate and adaptive
immune system are activated[30]. Immune activation is reflected by increased levels
of C-reactive protein (CRP), IL-6 and d-dimer compared to the HIV-negative population,
and these markers have been associated with CVD and mortality in PLHIV[34]. Besides,
HIV infection is accompanied by endothelial activation, as is reflected in increased
levels of s-VCAM(35,36]. Macrophages and monocytes likely play a role as well. The
subclass of inflammatory monocytes (CD14++ CD16+) is increased in untreated HIV-
infected individuals, like is seen in HIV-negative participants with an acute coronary
syndrome[37]. The influence of T-cells is less obvious, although nadir CD4-count has
been related to CVD risk in a number of studies[24,38]. Third, ART has an effect on CVD
risk, which is likely due to metabolic side effects such as lipodystrophy[39], increased
insulin resistance[40,41] and dyslipidemia[42]. Initiation of ART tapers inflammation,
but immune activation does not normalize to levels observed in the HIV-negative
population[33].

The role of immune activation in the relation between HIV and CVD has been addressed
in a substantial number of studies. However, there is no consensus yet on how these
findings influence the development of CVD as studies reported both positive and
negative associations between immune markers and CVD. One of the reasons for
this is the paucity of longitudinal studies evaluating the occurrence of clinical CVD.
Moreover, little is known about the relation between immune activation and CVD in
the SSA HIV-positive population as almost all studies were conducted in high-income
countries. Apart from the differences in CVD risk profile, these populations differ with
regards to the burden of co-infections like tuberculosis [43]. This underlines the need
to investigate the relation between immune activation, HIV and CVD in the SSA HIV-
positive population.

Surrogate markers for cardiovascular disease
PLHIV are still relatively young with low CVD event rates. For this reason, surrogate

outcomes for CVD have been widely used. These can be divided in structural and
functional surrogate CVD outcomes. The most utilized structural surrogate marker is
measurement of the carotid intima-media thickness (CIMT). CIMT is an ultrasound-

10
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General introduction and thesis outline

based measurement of the thickness of the intima-media layer of the carotid artery wall.
The thickness of the arterial wall reflects the process of atherosclerosis, as accumulation
of lipids and inflammatory cells in the vessel wall increase the thickness. An increase in
intima-media thickness is related to an increase in the risk of myocardial infarction and
stroke[44]. Examples of functional surrogate markers are pulse wave velocity (PWV)
measurement and heart rate variability (HRV). PWYV assesses arterial stiffness and HRV
is an indicator of the parasympathetic and sympathetic adaptability of the heart[45].
A commonality that all surrogate CVD outcomes share is that abnormal outcomes are
closely linked to an increased risk of CVD[46-49].

Thesis objective
The objective of this thesis is to gain insight into the burden of CVD risk factors and

CVD risk in a HIV-positive population in sub-Saharan Africa whilst considering the use
of antiretroviral therapy, and to investigate to what extent immune activation plays a
role in the pathophysiology of CVD in HIV infection.

Setting

The studies described in this thesis were conducted in South Africa. South Africa has
the largest HIV epidemic in the world with 7.5 million PLHIV and an estimated HIV
prevalence of 19% among adults aged 15 to 49 years[50]. Data were collected at a rural
and an urban research site to improve generalizability of our results. CVD risk profile
is known to differ between rural and urban populations: urban populations are more
likely to have a higher blood pressure, higher body mass index and a higher prevalence
of DM type 2 compared to rural populations, though smoking prevalence was reported
to be higher in a rural population[9,51].

Research in rural South Africa has been undertaken in Elandsdoorn, Limpopo, and
has been embedded in the longitudinal Ndlovu Cohort Study (NCS). The NCS includes
both HIV-negative and HIV-positive participants and aims to gain insight into the
relation between HIV, ART and CVD whilst considering the role of ongoing immune
activation. The NCS was initiated in November 2014 and included 1927 participants
until August 2017. The first participants have finished the fourth year of follow-up and
the retention rate is currently around 70%. The NCS is an initiative of the Ndlovu Care
Group, Elandsdoorn, South Africa, Utrecht University including the University Medical
Center Utrecht and the Department of Social Sciences, Utrecht, The Netherlands and
the Wits Reproductive Health and HIV Institute (Wits RHI), a research department of
the University of the Witwatersrand, Johannesburg, South Africa. The urban research
site was initiated by Wits RHI and the Julius Center, UMC Utrecht, and was located at
Charlotte Maxeke Johannesburg Academic Hospital in Johannesburg, South Africa. This
study aimed to gain insight into the influence of HIV and ART on CVD risk in an urban

11
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Chapter 1

population and included PLHIV living in the inner city of Johannesburg and HIV-negative
family members or friends of the HIV-positive participants. PLHIV were recruited from
finished or ongoing randomized controlled trials investigating different ART regimens.
All these trials were supervised by Wits RHI. The urban research site was open between
July 2016 and November 2017.

Outline

The first part of the thesis addresses the relation between markers of immune
activation and CVD in PLHIV. The second and third chapters summarize the evidence
on the relation between markers of immune activation and surrogate markers of CVD.
While the second chapter focuses on the relation between immune markers and CIMT,
the third chapter focuses on the relation between immune markers and other CVD
surrogate outcomes like PWYV, ankle brachial index and flow mediated dilation. The
fourth chapter zooms in on one specific marker, Lipoprotein-associated phospholipase
A2, and it’s utility to detect an increased CVD risk in PLHIV.

The second part of the thesis focusses on the relation between HIV, ART and CVD risk
factors and/or the burden of CVD. It first describes the methods and the rationale of the
NCS (Chapter 5). Chapter 6 reports the baseline characteristics of all NCS participants,
whilst focusing on the association between HIV, ART and CVD risk including CIMT.
Chapter 7 quantifies CVD risk in a sample of the NCS population using heart rate
variability.

In chapter 8, the focus is turned towards an urban HIV-positive population, and the
results of a study focusing on the role of HIV and ART on CVD risk in this population
are presented. Chapter 9 brings chapters 6 and 8 together as it aims to explain the
determinants of CVD risk in rural and urban PLHIV. Chapter 10 presents an in-depth
analysis of the influence of ART initiation on lipids and glucose metabolism, both risk
factors for the development of CVD.

12
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Abstract

Background In the past years many inflammatory markers have been studied in
association with clinically manifest cardiovascular disease (CVD) and carotid intima-
media thickness (CIMT) in HIV-infected patients, to obtain insights in the increased
cardiovascular risk observed in HIV infection. This systematic review provides an
oversight of the current knowledge.

Methods A search was performed in PubMed, Embase and Cochrane in July 2014,
identifying all articles from 1996 onwards addressing the relation between inflammatory
markers and CVD or CIMT in HIV-positive adults. Two authors, using predefined criteria,
independently conducted the selection of articles, critical appraisal and extraction
of the data. Analysis was focused on the immune markers that were most frequently
assessed. The review protocol was registered in the PROSPERO database at 11 July
2014 (registration number CRD42014010516). This review was performed according
to the PRISMA guideline.

Findings Forty articles were selected; eight addressing cardiovascular disease (CVD) and
thirty-two addressing CIMT. C-reactive protein (CRP), interleukin-6 (IL.-6) and d-dimer
were assessed most frequently in relation to the occurrence of CVD; in four out of eight
studies. All three markers were positively related to CVD in three out of four studies.
Studies addressing CIMT were too heterogeneous with respect to patient populations,
inflammatory markers, CIMT measurement protocols and statistical methods to allow
for a formal meta-analysis to obtain summary statistics. CRP, IL-6 and soluble vascular
cell adhesion molecule (sVCAM-1) were the most studied markers in relation to CIMT.
None of the inflammatory markers showed an association with CIMT.

Discussion This review showed a relation between some inflammatory markers and
CVD, however, no consistent relation is observed for CIMT. Statistical approaches that
yields effect estimates and standardized CIMT protocols should be chosen. Further
research should focus on prospective studies and a selected set of inflammatory
markers.
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Introduction

When the human immunodeficiency virus (HIV) was discovered in the 1980’s, the
infection was believed to be immunosuppressive. This view changed in the 1990’s,
when evidence became available supporting the presence of chronic inflammation
rather than primary immunodeficiency.[1]

With the initiation of antiretroviral therapy, mortality patterns in HIV patients changed
from AIDS related opportunistic infections and malignancies to cancers not related to
AIDS and cardiovascular disease (CVD).[2] Nearly ten years after the introduction of
highly active antiretroviral therapy (HAART) non-AIDS defining ilinesses were considered
to be responsible for almost 50% of deaths in HIV-positive cohorts in North America;
seven to 19% of all deaths were attributed to CVD.[3-5]

Chronic immune activation has a pivotal role in the pathogenesis of atherosclerosis in
non-HIV infected patients.[6,7] Moreover, a range of studies has reported an association
between immune activation and accelerated atherosclerosis in patients who are HIV-
infected.[8-10]

The role of immune markers in relation to CVD risk in HIV-positive patients has not been
clarified. Evaluating available data concerning the relation between pro-inflammatory
parameters and CVD remains difficult if only because of differences in study design
and the availability of various immune markers. Moreover, outcome measures vary
from clinical relevant outcomes, like the occurrence of myocardial infarction or cardiac
death, to surrogate markers of CVD: notably carotid intima-media thickness (CIMT) and
markers of arterial stiffness.

The aim of the current review is to summarize the data on the association of pro-
inflammatory markers with CVD, including their prognostic value, in HIV-infected
patients.
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Methods

Search strategy
The review protocol was registered in the PROSPERO database at 11 July 2014

(registration number CRD42014010516). A systematic literature search was conducted
in PubMed, EMBASE and Cochrane library (table 1). Words and synonyms related to the
domain, determinant and outcome were used. The domain were HIV-infected adults.
As determinant, plasma or serum immune markers were included. We excluded cellular
blood components (i.e. lymphocyte subsets) and genetic markers. Symptomatical
cardiovascular disease or surrogate markers for cardiovascular disease (i.e. CIMT, ankle
brachial index) were considered as outcomes (S1 Table). Search terms were limited to
title and abstract.

Duplicates were removed by using reference management software, and further
checked manually. The review was conducted in accordance to the PRISMA and
STROME-ID guidelines.[11,12]

Study selection
Study selection was done in three steps (Fig 1). First, all identified records were

screened based on titles and abstracts by one author (AV). Second, full text reports of
all abstracts were independently read to assess eligibility by two authors (AV, Nl), using
preset inclusion criteria. Third, references and citations of the selected articles were
screened for additional articles. Discrepancies were discussed in a consensus meeting
by two authors (AV, NI).

Agreement could be reached for all but one article as there were different opinions on
the question whether there was a relation between the immune marker and outcome,
or not. After consulting of a third reviewer (KK), the article was excluded. If the same
group of patients was described in more than one article the most detailed report
was included. If the reports were complementary both were included and data were
combined. For studies describing a group of HIV-positive and HIV-negative individuals,
only findings of HIV-positive participants were used.
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Pro-inflammatory markers in relation to CVD and CIMT in HIV infection

Validity and data extraction
The following data were extracted: year of publication, study design, follow-up duration,

number of patients, country, setting, age, sex, years since HIV diagnosis, CD4 level, viral
load, ART use and duration, classic cardiovascular risk factors, inflammatory parameters
measured, outcomes and outcome measurement methods. ‘In case a database was
described in more than one study, baseline characteristics of the most comprehensive
article were used.’

Selected studies were critically appraised, particularly for the risk of selection-,
detection-, and attrition bias. Bias risk was assigned as likely, unlikely, or unknown.
The first author (AV) conducted the data extraction and critical appraisal using a set
format. The second author (NI) independently checked all extracted data.

Analysis

As studies were expected to be very heterogeneous, results are descriptive, grouped by
outcome and, inflammatory marker. When possible, percentages of common baseline
characteristics were calculated. Due to heterogeneity of the data it was impossible to
present effect estimates in a clear overview. The only common estimate per study was a
p-value; therefore p-values were presented in a figure, stratified by method of analysis
and accompanied by the sample size. All p-values of 0.25 or higher were considered
to express minimal association. When only ‘no significant’ was reported, the p-value
in the figure was also set at 0.25, when a p-value of <0.05 was reported, a value of
0.03 was displayed in the figure. Outcome data did not allow calculations of summary
statistics or prognostic value. A correlation was considered relevant if the Rho value
was 0.4 or higher. Relevant correlations were depicted with a circle in the figure. The
three most commonly studied inflammatory markers were analyzed separately. Besides
the top-three-studied immune markers, findings of the remaining markers assessed at
least thrice were summarized in a table. Differences in CIMT measurement protocols
were not taken into account. In this review C-reactive protein (CRP) refers to both the
regular CRP measurement as to the high-sensitive CRP assays.
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Identification

Screening

Figure 1. Flowchart inclusion. Al: augmentation index, ABI: ankle brachial index, CIMT: carotid

intima media thickness, CVD: cardiovascular disease, FMD: flow mediated dilation, PWV: pulse

Records identified through

searching PubMed

Records identified through

searching EMBASE

Records identified through
searching Cochrane

n=2821 n =246
n=70
( | ]
L]
Records after removing Rew(:iz ;;;I)uded
duplicates No original research (n=404)
Animal studies (n=29)
n=1058 No HIV positive patients (n=140)

Additional inclusion by
ing of

Remaing records after
screening on
title/abstract

n=161

-

Full-text articles
assessed for eligibility
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references
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Legend

Al: augmentation index

ABI ankle brachial index

CIMT: carotid artery intima media
thickness

CVD: cardiovascular disease
FMD: flow mediated dilation
PWV: pulse wave velocity

wave velocity.
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Results

1058 studies were identified, 64 articles remained after screening (Fig 1). Screening
of references yielded another 19 articles, which did not mention immune marker
measurement (mainly CRP) intitle or abstract. Agreement for inclusion of articles by
the two authors (AV, NI) was over 99%.

Due to incomplete information abstracts were excluded (CVD 3 abstracts, CIMT 7
abstracts), in deviation of the initial review protocol. Two studies addressing CVD used
the SMART cohort data; both were included in the final analysis since they presented
additional information.[9,13] Six populations studied for CIMT were described in
more than one article.[14-29] Studies containing additional information remained in
the final analysis,[17,19-25,29,30] , studies presenting duplicate data were excluded.
[14,16,27,28,31] Finally 40 articles remained (8 assessing CVD, 32 assessing CIMT)
[9,10,13,15,17-25,29,30,32-56], including 33 original datasets, describing 48 immune
markers.

Baseline characteristics
Almost all studies addressing CVD had a case-control design (appendix 1: Baseline table).

The number of cases ranged from 35 to 487 cases [51,56] The majority of patients were
men, aged around 47 years. The most frequently assessed markers were CRP, IL-6 and
d-dimer; all were assessed in five out of eight studies.

The vast majority of studies addressing CIMT were cross-sectional. Only six out of 32
CIMT studies had a prospective design. The average number of HIV-positive patients
per study was 155 (median 129), 80% of which was male. The median age was 46 years
and median duration since HIV diagnosis was 9.3 years (interquartile range (IQR) 6-3-
13:0). 12 studies had ART coverage of 100%[18,33,37-40,43-45,48-50,57] and three
datasets described only ART naive patients.[19,20,36,47] Average ART coverage in the
other studies was 71%, and ART duration was five years (mean and median). Twelve
studies were performed in the USA, nine in Europe and one in Africa (Uganda). Nearly
45% of all HIV patients were current smokers and mean body-mass index was 25kg/m?.
About 39% of studies specified that plasma was used, mostly frozen, forimmune marker
measurement. Protocols for CIMT measurements varied from two-point unilateral
measurements to a comprehensive protocol with 12 measurements in each carotid
artery.

Critical appraisal
All studies were appraised for eight items (fig 2, S2 Table). The criteria ‘homogeneous

moment of inclusion’ and ‘CIMT protocols’ are not incorporated in the figure, since they
could not be categorized as ‘yes’ or ‘no’ due to the different aspects that were covered.
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S2 Table shows marked heterogeneity with regard to the patient populations included
for CIMT studies. Although all studies had a standardized procedure for measuring
immune markers and outcome, these procedures were different between studies.

Fig.2a. Summary of risk of bias - CVD
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Fig.2b. Summary of risk of bias - CIMT
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Figure 2. Summary of risk of bias.

Cardiovascular disease

Most frequently assessed markers across eight studies were CRP (five times), IL-6
(five times), d-dimer (five times) and sCD14 (three times). CRP, IL-6 and d-dimer were
assessed four times in relation to the occurrence of CVD [9,51, 52,54,56], and one
time in relation to fatal versus non-fatal CVD [13] . These markers were found to be
significantly associated with the occurrence of CVD in three out of four studies (fig 3).
[9,51,52,54,56] One article[52] could not be included in the figure since no odds ratios
were presented. The authors did not find a relation between CRP, IL-6 and CVD, but
they found an association between d-dimer and CVD; it was increased at both 4 months
and 2 years prior to events.
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Nordell and colleagues[13] used fatal versus non-fatal CVD as outcome. CRP showed
no relation, but an increase in IL-6 or d-dimer increased the risk of a fatal CVD, odds
ratio and 95% confidence interval for highest versus lowest tertile at baseline were
2.62 (1.26-6.46) and 2.70 (1.27-5.75) respectively. sCD14 was not associated with CVD
in any of the three studies.[52,54,58] All other markers (n=32) were assessed less than

three times.
Increased CRP and risk of cardiovascular disease
Figure 3a ‘Triant 2009, n of cases 487" <
Duprez 2012, n of cases 252 2%
De Luca 2013, n of cases 34 <
r T T T T T )
0 2 4 6 8 10 12
Increased IL-6 and risk of cardiovascular disease
Figure 3b Tenorio 2014, n of cases 1432 B} %
Duprez 2012, n of cases 252 ©
De Luca 2013, n of cases 34 %
0 2 4 6 8 10 12
Increased d-dimer and risk of cardiovascular disease
Figure 3¢ Tenorio 2014, n of cases 1432 v
Duprez 2012, n of cases 252 <
De Luca 2013, n of cases 34 T
0 2 4 6 8 10 12

Odds ratio and 95% confidence interval

1. Confidence interval unknown
2. Confidence intervals provided by author on request

Figure 3. Increased CRP, IL-6 and d-dimer and risk of cardiovascular disease. 1. Confidence

interval unknown. 2. Confidence interval provided by author on request

Carotid intima-media thickness
In studies using CIMT as the endpoint, the most frequently studied inflammation

markers were CRP (23 times), interleukin-6 (IL-6) (13 times) and soluble vascular cell
adhesion molecule-1 (sVCAM-1) (10 times).

C-reactive protein

Figure 4a. (Fig 4a) shows the results of all studies addressing the relation between
CRP and CIMT. Four out of seven significant results were calculated using correlation
coefficients.[37,39,48,50] The correlations, however, were weak; the highest Rho value
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was 0.33,[37,48] and were not confirmed in a regression analysis in in two out of four
studies.[48,50]

Six studies, describing five patient populations, were prospective with a follow-up
duration ranging from 48 to 144 weeks.[19,20,23,30,32,33] The methods that were
used to assess the relation between CRP and CIMT differed, varying from a change in
CRP versus CIMT progression in a follow-up period of 48 weeks[34], to the association
of the baseline level of CRP and CIMT progression in a follow-up period of 48 to 96
weeks[19,20] to the association of the increase of CRP at baseline (in units or doubling
of the normal value) versus CIMT increase in millimeters per year[30,59].

The cohort described by Hsue and colleagues[30] showed a significant association
between a two-fold increase in CRP at baseline and IMT in univariate analysis, but this
association disappeared in multivariable analysis (data not shown).[24,25]

When comparing outcomes from studies including only ART-treated patients (n=10)
[18,33,37,40,43-45,48-50] and studies including only ART-naive patients (n=4)
[19,20,36,47], no differences were present.

Only one out of eight studies including patients with a suppressed viral load[33,37,40,42-
45,49] found a positive correlation[37].
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Fig.4a. Relation of CRP versus CIMT
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Fig.4b. Relation of IL-6 versus CIMT
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Figure 4. Relation of CRP, IL-6 and sVCAM-1 versus CIMT. 1. Only non-significant was reported,

the p-value was set at 0.25, 2. Mean cIMT (p-value not significant, bifurcation IMT p0.07), 3.
Bulb CIMT (p0.02), total CIMT not significant, 4. Significant for carotid plaque, not for CCA-IMT,
5. Mentioned twice since the study of 2014 presented additional follow-up data for a subset of

patients, Rho value >0.5 or <-0.5.
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Interleukin-6
IL-6 was assessed in 13 studies [10,15,18-20,33,34,39-43,47,50] (Fig 4b), six studies only
mentioned that the association was non-significant.[18-20,33,39,43]

Of the prospective studies only Kaplan and colleagues[10] reported a positive association
of IL-6 with CIMT in a subset of 81 out of 127 patients. However, the association was
very modest (3.1 micrometers CIMT difference per 10% increase in biomarker, 95% Cl
-0.1- 6.3, p 0.05) and only seen following ART initiation.

In a cross-sectional analysis on ART-naive HIV infected adults, Stein and colleagues[47]
found a significant association between IL-6 and carotid lesions (OR 2.1, 95% Cl 1.2-3.4),
but not for other CIMT segments. Two cross-sectional studies reported a statistically
significant but very weak correlation (maximum Rho value 0.22).[18,41]

Soluble Vascular Cellular Adhesion Molecule

Ten studies addressed the relation between sVCAM-1 and CIMT (fig 4c).
[18,20,33,34,36,39-41,43,50] In the two prospective studies, no relation was found.
[20,33] Although four positive associations were reported in cross-sectional studies
[18,36,39,50] only the study of Bonilla and colleagues[36] showed a relevant association
for bulb CIMT (Rho-value 0.66). The other correlations were weak, ranging from 0.22
to 0.28 across different CIMT segments.

Other markers

Of the remaining markers, twelve were assessed three times or more and 16 markers
were only studied once or twice (table 2a and 2b). As shown in the table, the majority
of these markers did not appear to be significantly associated with CIMT.

Discussion

We identified forty articles describing 33 original datasets, that addressed the relation
between immune markers and CVD or CIMT in HIV-infected individuals. Increased levels
of CRP, IL-6 and d-dimer were associated with an increased risk of CVD. Data did not
allow calculation of the average effect size or prognostic value for any of the markers.
No clear conclusion can currently be drawn for any of the markers assessed in relation
to CIMT. This reflects, among other reasons, the heterogeneity in patient populations,
cross-sectional nature of most studies and the variability in methods of data analysis.

The finding that levels of CRP, IL-6 and d-dimer are related to CVD is in line with findings
in the general population and in populations with other chronic inflammatory conditions
like psoriasis and rheumatoid arthritis.[60-66]
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Table 2. Relation between immune markers and CIMT.

Positive association Negative association No association
Inflammation
TNF- a 2 1 7
STNFR-1 1 1 5
STNFR-2 0 6
sCD14 1t 8
sCD163 12 3
MCP-1 2 6
MPO 1 3
LPS 1 3
Endothelial activation
sICAM-1 0 7
Coagulation
d-dimer 1 6
fibrinogen 1 7
tPAI-1 0 3
Other markers assessed less than 3 times
CX3CL1 Interleukin-1B Interleukin-8 Interleukin-10
soluble Interleukin-2 ~ Mean malonyldialdehyde Matrix metallopeptidase = Neopterin
receptor (MDA) 9 (MMP-9)
Osteoprotegerin Serum amyloid A (SAA) serum amyloid P sE-selectin
(OPG) component (SAP)
soluble receptor for Receptor activator of vascular endothelial Von Willebrand Factor
advanced glycation nuclear factor kappa-B growth factor (VEGF) (VWF)

end products (SRAGE) ligand (RANKL)

1. Positive for yearly rate of change in CIMT versus baseline sCD14, cross-sectionally no association, 2.
Positive correlation for total CIMT, not for bulb CIMT. Abbreviations: CIMT: carotid intima media thickness

Given this evidence, one would expect a positive association between inflammatory
markers and CIMT as well. In a recent meta-analysis of individual patient data in the
general population [67], a significant relation between CRP and fibrinogen and CIMT
at baseline was indeed found. However, none of these markers were longitudinally
associated with CIMT or CIMT progression after adjustment for classic cardiovascular
risk factors, perhaps reflecting the relative healthy population and a short follow-up
(mean of 3.9 years).

Baldassarre and colleagues[68] conducted a systematic review on the relation of
immune makers to CIMT in the general population. They reported a significant
association between CRP and fibrinogen in relation to CIMT based on a Fisher exact test
since it was not possible to perform a formal meta-analysis due to the heterogeneity
in ultrasound methodologies and statistical approaches. A Fisher exact test can be
used to assess whether or not the number of studies reporting a relation between
two determinants is larger than expected under the null hypothesis of no association.
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When using the Fisher exact test, we similarly found an association between CRP and
CIMT (p 0.03), but the use of this test can be questioned. First, as results are simply
categorized as ‘positive’ or ‘negative’, depending on the p-value, no between-study
differences were taken into account. Second, most positive associations were found
by correlation analysis. A positive association, however, does not mean that there is
indeed a real association given that a very low correlation coefficient can be statistically
significant if numbers are large enough.

CRP is lower in individuals with chronic HCV infection.[69] As chronic HCV infection
is common among HIV-infected individuals, this might be a confounding variable,
explaining why no relation between CRP and CIMT was observed.

For other, less frequently investigated, markers, conclusions on the association with
CIMT are even more difficult. We did show a relation between immune activation and
CVD, therefore a similar relation for CIMT was expected. The inconclusive results for
CIMT are likely due to the already mentioned between-study heterogeneity and the
scarcity of prospective data. Besides, only a few markers are analysed in depth as a
result of the enormous variety in marker choice, not allowing for firm statements with
regard to the majority of markers. From a pragmatic point of view and with an eye on
the costs of marker measurement (approximately £5.50/sample), future research should
first explore the value of well-established biomarkers, before embarking on a fishing
expedition to find any immune-marker ‘associated’ with CIMT.

Strengths and limitations
To our knowledge this is the first review that provides a full overview of immune-

markers in relation to CVD and CIMT in HIV-infected patients. We used a systematic
approach covering all available evidence from 1996 onwards, after the initiation of
HAART, to July 2014. Since this review directly focuses on the role of immune-markers,
it provided a clear, global overview of the current knowledge.

To appreciate the results some limitations need to be mentioned. First, across studies
there was a marked heterogeneity in study population, design and methodology of
data analysis, limiting the possibilities for a clear summary of outcome data. Second,
the vast majority of studies were cross-sectional rather than prospective. Third, the
only common measure of association in studies assessing CIMT was a p-value. For
reasons of comparability we decided to present the p-value, although we recognize the
dependence on the sample size and the lack of parameter estimates. Forth, co-infection
with hepatitis C was not taken into account, which may have led to an underestimation
of our results. Finally, we did not take into account the differences in protocols for
the assessment of CIMT nor the relation of markers for the diverse CIMT segments
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(common, bulb, internal). By regarding all segments as being the same we might have
overlooked a specific association.

Recommendations
To obtain reliable information on the prognostic value of inflammatory markers in

relation to CVD in HIV-infected-patients research addressing hard CVD outcomes in
follow-up studies is needed. Currently some large prospective studies are undertaken,
like the REPRIEVE trial[70] and the PURE study [71] that will provide data addressing the
relation between inflammation, cardiovascular diseases and HIV infection.

As long as these data are not available CIMT could be used as a surrogate, preferably
prospectively and with extended follow-up, and choice of immune-markers should
focus on a selective set of markers. Furthermore, studies should be optimized with
regard to definition of patient population, data-analysis and reporting. Finally, for
reasons of comparability, it would be advisable to standardize the CIMT protocols and
the definitions of outcomes.

Conclusion

This review gives an overview of available evidence regarding the role of inflammation
in relation to CVD and CIMT in HIV-infection. Although an association between three
immune-markers (CRP, IL-6 and d-dimer) and CVD was observed, no consistent relation
with CIMT could be detected for any of the immune-makers. This might reflect the
heterogeneity of the CIMT-studies and the lack of adequate prospective data. In view
of the costs and interpretability, the search for immune markers ‘associated’ with CIMT
in cross-sectional studies should be reconsidered. Future research should aim to be of
prospective design, utilizing standardized approaches for the selection of participants,
immune markers and assessment of the outcome.
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Pro-inflammatory markers in relation to CVD and CIMT in HIV infection
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Supporting file 3. Prisma checklist

Reported

Section/topic  # Checklist item

on page #

TITLE

Title 1 Identify the report as a systematic review, meta-analysis, or 1
both.

ABSTRACT

Structured 2 Provide a structured summary including, as applicable: 2

summary background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of key
findings; systematic review registration number.

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is 2
already known.

Objectives 4 Provide an explicit statement of questions being addressed with 3
reference to participants, interventions, comparisons, outcomes,
and study design (PICOS).

METHODS

Protocol and 5 Indicate if a review protocol exists, if and where it can be 3

registration accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility 6 Specify study characteristics (e.g., PICOS, length of follow-up) 3

criteria and report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving rationale.

Information 7 Describe all information sources (e.g., databases with dates 3

sources of coverage, contact with study authors to identify additional
studies) in the search and date last searched.

Search 8 Present full electronic search strategy for at least one database, 4
including any limits used, such that it could be repeated.

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, 4
included in systematic review, and, if applicable, included in the
meta-analysis).

Data collection 10 Describe method of data extraction from reports (e.g., piloted 5

process forms, independently, in duplicate) and any processes for
obtaining and confirming data from investigators.

Data items 11 List and define all variables for which data were sought (e.g., 5
PICOS, funding sources) and any assumptions and simplifications
made.
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Risk of bias 12 Describe methods used for assessing risk of bias of individual 5
in individual studies (including specification of whether this was done at the
studies study or outcome level), and how this information is to be used in

any data synthesis.
Summary 13 State the principal summary measures (e.g., risk ratio, difference 5
measures in means).
Synthesis of 14 Describe the methods of handling data and combining results of 5
results studies, if done, including measures of consistency (e.g., I?) for

each meta-analysis.

Page 1 of 2
Reported
Section/topic  # Checklist item
on page #

Risk of bias 15 Specify any assessment of risk of bias that may affect the 5
across studies cumulative evidence (e.g., publication bias, selective reporting

within studies).
Additional 16 Describe methods of additional analyses (e.g., sensitivity or 5
analyses subgroup analyses, meta-regression), if done, indicating which

were pre-specified.
RESULTS
Study selection 17 Give numbers of studies screened, assessed for eligibility, and 5

included in the review, with reasons for exclusions at each stage,

ideally with a flow diagram.
Study 18 For each study, present characteristics for which data were 6,S1
characteristics extracted (e.g., study size, PICOS, follow-up period) and provide

the citations.
Risk of bias 19 Present data on risk of bias of each study and, if available, any 6,52
within studies outcome level assessment (see item 12).
Results of 20 For all outcomes considered (benefits or harms), present, for Figure 1
individual each study: (a) simple summary data for each intervention group
studies (b) effect estimates and confidence intervals, ideally with a

forest plot.
Synthesis of 21 Present results of each meta-analysis done, including confidence 7
results intervals and measures of consistency.
Risk of bias 22 Present results of any assessment of risk of bias across studies 6, Figure 2
across studies (see Item 15).
Additional 23 Give results of additional analyses, if done (e.g., sensitivity or 7,8
analysis subgroup analyses, meta-regression [see Item 16]). Figure 3,4
DISCUSSION
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Summary of 24 Summarize the main findings including the strength of evidence 9

evidence for each main outcome; consider their relevance to key groups
(e.g., healthcare providers, users, and policy makers).

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of 10
bias), and at review-level (e.g., incomplete retrieval of identified
research, reporting bias).

Conclusions 26 Provide a general interpretation of the results in the context of 11
other evidence, and implications for future research.

FUNDING

Funding 27 Describe sources of funding for the systematic review and other 12

support (e.g., supply of data); role of funders for the systematic

review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting

Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097.

doi:10.1371/journal.pmed1000097
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Supporting file 4. Prospero upload version. Review protocol

UNIVERSITY W
Centre for Reviews and Dissemination

National Institute for
Health Research

PROSPERO International prospective register of systematic reviews

Review title and timescale

1

Review title

Give the working title of the review. This must be in English. Ideally it should state succinctly the interventions or
exposures being reviewed and the associated health or social problem being addressed in the review.
Pro-inflammatory markers in relation to cardiovascular disease in HIV infection

Original language title

For reviews in languages other than English, this field should be used to enter the title in the language of the review.
This will be displayed together with the English language title.

not applicable

Anticipated or actual start date
Give the date when the systematic review commenced, or is expected to commence.
02/07/2014

Anticipated completion date
Give the date by which the review is expected to be completed.
31/10/2014

Stage of review at time of this submission

Indicate the stage of progress of the review by ticking the relevant boxes. Reviews that have progressed beyond the
point of completing data extraction at the time of initial registration are not eligible for inclusion in PROSPERO. This
field should be updated when any amendments are made to a published record.

The review has not yet started x

Review stage Started  Completed
Preliminary searches Yes No
Piloting of the study selection process No No
Formal screening of search results against eligibility criteria No No
Data extraction No No
Risk of bias (quality) assessment No No
Data analysis No No

Provide any other relevant information about the stage of the review here.

Review team details

6

Named contact
The named contact acts as the guarantor for the accuracy of the information presented in the register record.
Alinda Vos

Named contact email
Enter the electronic mail address of the named contact.
a.g.vos-8@umcutrecht.nl

Named contact address
Enter the full postal address for the named contact.
Julius Center UMC Utrecht Heidelberglaan 100 PO Box 85500 3508 GA Utrecht

Named contact phone number
Enter the telephone number for the named contact, including international dialing code.
0887568011

Organisational affiliation of the review
Full title of the organisational affiliations for this review, and website address if available. This field may be completed
as 'None' if the review is not affiliated to any organisation.

Page: 1/5
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UNIVERSITY oFYorkk

Centre for Reviews and Dissemination Newicaal nsstine o

Health Research

Julius center for Health Sciences and Primary Care, University Medical Center Utrecht

Website address:
www.juliuscentrum.nl

11 Review team members and their organisational affiliations
Give the title, first name and last name of all members of the team working directly on the review. Give the
organisational affiliations of each member of the review team.

Title First name Last name Affiliation

Miss AG. Vos Julius Center UMC Utrecht

Miss N. Idris Julius Center UMC Utrecht

Dr R.E. Barth UMC Utrecht, department of infectiology
Dr K. Klipstein-Grobusch  Julius Center UMC Utrecht

Professor D.E. Grobbee Julius Center UMC Utrecht

12 Funding sources/sponsors
Give details of the individuals, organizations, groups or other legal entities who take responsibility for initiating,
managing, sponsoring and/or financing the review. Any unique identification numbers assigned to the review by the
individuals or bodies listed should be included.
No funding

13 Conflicts of interest
List any conditions that could lead to actual or perceived undue influence on judgements concerning the main topic
investigated in the review.
Are there any actual or potential conflicts of interest?
None known

14 Collaborators
Give the name, affiliation and role of any individuals or organisations who are working on the review but who are not
listed as review team members.

Title First name Last name Organisation details

Review methods

15 Review question(s)
State the question(s) to be addressed / review objectives. Please complete a separate box for each question.
To assess whether and which pro-inflammatory markers are associated with cardiovascular disease in HIV infection
This relation will be further specified by looking at subgroups of patients - Patients on antiretroviral therapy (ART)
versus patients not on ART - Patients with the metabolic syndrome versus patients without the metabolic syndrome
(defined by using the criteria of NCEP ATP3 2005)12 - Patients with an early stage of HIV infection versus an
advanced stage of HIV infection (measured by CD4 level or viral load) (stage 1 versus stage 2-4)

16  Searches
Give details of the sources to be searched, and any restrictions (e.g. language or publication period). The full search
strategy is not required, but may be supplied as a link or attachment.
MEDLINE Restriction: search in title/abstract. Language other than English and studies before 1996 will be excluded.
EMBASE Restriction: search in title/abstract, no MEDLINE. Language other than English and studies before 1996 will
be excluded. Cochrane Restriction: search in title/abstract. Language other than English and studies before 1996 will
be excluded.

17  URL to search strategy
If you have one, give the link to your search strategy here. Alternatively you can e-mail this to PROSPERO and we
will store and link to it.
http://www.crd.york.ac.uk/PROSPEROFILES/10516_STRATEGY_20140603.pdf

| give permission for this file to be made publicly available
No
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UNIVERSITY of /07K [INHS|

Centre for Reviews and Dissemination

18

20

21

22

23

24

25

26

National Institute for
Health Research

Condition or domain being studied

Give a short description of the disease, condition or healthcare domain being studied. This could include health and
wellbeing outcomes.

HIV infected patients

Participants/population

Give summary criteria for the participants or populations being studied by the review. The preferred format includes
details of both inclusion and exclusion criteria.

Inclusion: HIV infected human beings, aged 18 years or older

Intervention(s), exposure(s)

Give full and clear descriptions of the nature of the interventions or the exposures to be reviewed

Determinant: pro-inflammatory markers. Markers of inflammation are defined as markers that could be measured in
plasma or serum. Exclusion: cellular blood components (i.e. lymphocyte subsets) and genetic markers

Comparator(s)/control

Where relevant, give details of the alternatives against which the main subject/topic of the review will be compared
(e.g. another intervention or a non-exposed control group).

n.a.

Types of study to be included initially

Give details of the study designs to be included in the review. If there are no restrictions on the types of study design
eligible for inclusion, this should be stated.

Inclusion: Only original research: Observational cohort studies Cross-sectional studies Case-control studies
Intervention studies including the domain: human beings aged 18 years or older including one ot the outcomes:
cardiovascular disease or a surrogate marker of cardiovascular disease. Exclusion: animal studies Case series under
10 cases Studies published before 1996

Context

Give summary details of the setting and other relevant characteristics which help define the inclusion or exclusion
criteria.

n.a.

Primary outcome(s)
Give the most important outcomes.
cardiovascular disease: myocardial infarction, cardiac death, stroke

Give information on timing and effect measures, as appropriate.

Secondary outcomes

List any additional outcomes that will be addressed. If there are no secondary outcomes enter None.

surrogate markers of cardiovascular disease 1) intima media thickness (carotid or femoral) 2) pulse wave velocity 3)
ankel brachial index 4) coronary calcium score 5) flow mediated dilation

Give information on timing and effect measures, as appropriate.

Data extraction, (selection and coding)

Give the procedure for selecting studies for the review and extracting data, including the number of researchers
involved and how discrepancies will be resolved. List the data to be extracted.

Selection of studies will be done by a three-step wise model. Firstly, all identified records will be screened on title and
abstract using above mentioned inclusion criteria. Secondly, of the remaining abstracts full text reports will be read to
determine eligibility. This will be done by 2 authors independently (AV and NI) using the following inclusion criteria: 1.
assessment of at least one pro-inflammatory marker 2. relation between inflammatory marker and CVD, expressed in
a numeric value (e.g. risk, probability data, mean, difference) In case only an abstract is available or outcome data
are insufficient or unclear authors will be contacted for additional information. Thirdly, references and citations of the
selected articles will be checked for additional eligible articles. Differences in inclusion will be discussed in a
consensus meeting. In case no consensus can be reached, a third reviewer (RB) will be consulted. In case of
persistent differences a consensus meeting with al authors will be organized where a final decision will be taken. Data
extraction will be done independently by 2 authors (AV, NI) using a predefined data extractionform, including the
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UNIVERSITY of/ork

§ 5 y o National Institute for
Centre for Reviews and Dissemination Health Ressarch
following items: Year of publication, study design, duration of follow up, number of patients, country and setting will be
recorded. For the different subgroups the following data will be extracted: age, sex, HIV status, ART use, duration of
HIV infection, duration of ART use, cardiovascular risk factors, inflammatory parameters measured, outcome and
outcome measures.

27 Risk of bias (quality) assessment
State whether and how risk of bias will be assessed, how the quality of individual studies will be assessed, and
whether and how this will influence the planned synthesis.
Selected studies will be critically appraised to assess the risk of bias. The Cochrane Collaboration’s tool for assessing
risk of bias will be used, adjusted for descriptive research by using the STROME-ID guideline. The main focus will be
on the risk of selection bias, detection bias and attrition bias. A predefined critical appraisal form will be used. Critical
appraisal will be done by 2 authors independently (AV, NI).

28 Strategy for data synthesis
Give the planned general approach to be used, for example whether the data to be used will be aggregate or at the
level of individual participants, and whether a quantitative or narrative (descriptive) synthesis is planned. Where
appropriate a brief outline of analytic approach should be given.
Study designs and pro-inflammatory parameters included will be very heterogeneous. If data allow a meta-analysis
will be performed and results will be presented in a forest plot. If this is not the case a quantitative synthesis will be
performed. Results will be grouped by outcome and type of inflammatory marker. Besides this, there will be
stratification by study design: cross-sectional versus longitudinal.

29  Analysis of subgroups or subsets
Give any planned exploration of subgroups or subsets within the review. ‘None planned’ is a valid response if no
subgroup analyses are planned.
In case of sufficient data, outcomes will be reported per pre-defined subgroup of patients (antiretroviral therapy yes or
no, metabolic syndrome yes or no, early stage or advanced stage of HIV)

Review general information

30 Type of review
Select the type of review from the drop down list.
Prognostic

31 Language
Select the language(s) in which the review is being written and will be made available, from the drop down list. Use
the control key to select more than one language.
English

Will a summary/abstract be made available in English?
Yes

32 Country
Select the country in which the review is being carried out from the drop down list. For multi-national collaborations
select all the countries involved. Use the control key to select more than one country.
Netherlands

33  Other registration details
List places where the systematic review title or protocol is registered (such as with he Campbell Collaboration, or The
Joanna Briggs Institute). The name of the organisation and any unique identification number assigned to the review
by that organization should be included.
none

34 Reference and/or URL for published protocol
Give the citation for the published protocol, if there is one.
n.a.

Give the link to the published protocol, if there is one. This may be to an external site or to a protocol deposited with
CRD in pdf format.
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UNIVERSITY of/ork
Centre for Reviews and Dissemination Health Research

35

36

37

38

39

40

National Institute for

| give permission for this file to be made publicly available
Yes

Dissemination plans
Give brief details of plans for communicating essential messages from the review to the appropriate audiences.
The results will be presented in a paper, with the intent to publish the review in an international journal.

Do you intend to publish the review on completion?
Yes

Keywords
Give words or phrases that best describe the review. (One word per box, create a new box for each term)
HIV

inflammation

markers of inflammation

cardiovascular disease

surrogate markers of cardiovascular disease

Details of any existing review of the same topic by the same authors

Give details of earlier versions of the systematic review if an update of an existing review is being registered,
including full bibliographic reference if possible.

n.a.

Current review status
Review status should be updated when the review is completed and when it is published.
Ongoing

Any additional information
Provide any further information the review team consider relevant to the registration of the review.

Details of final report/publication(s)

This field should be left empty until details of the completed review are available.
Give the full citation for the final report or publication of the systematic review.
Give the URL where available.
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Abstract

Background HIV infection is associated with an increased risk of cardiovascular disease
(CVD). Chronic low-grade immune activation is likely one of the driving mechanisms.
This systematic review provides an overview of the evidence addressing the relation
between immune markers and surrogate markers of CVD (except CIMT) in HIV infection.

Methods A systematic search was performed in PubMed, Embase and Cochrane Library
identifying all articles from 1996 to April 2015. It addressed the relation between
immune markers and surrogate markers of CVD (except Carotid Intima-media Thickness)
in HIV-positive adults. Two authors, using predefined criteria, independently conducted
the selection of articles, critical appraisal and extraction of the data. Analysis focused
on immune markers that were assessed most frequently. The review was conducted
according to the PRISMA guideline and performed as part of an overarching review
registered with PROSPERO (CRD42014010516).

Findings Twenty-nine articles were selected, describing 34 immune markers and nine
different CVD surrogate outcomes: coronary calcium score (13 times) and flow-mediated
dilation (10 times) were used most frequently. Twenty-seven studies had a cross-
sectional design. CRP, IL.-6 and sVCAM-1 were assessed most frequently. None of the
immune markers were clearly associated with any of the surrogate CVD outcomes. No
effect estimate could be calculated due to marked heterogeneity in study populations,
immune markers, outcomes and statistical approaches.

Interpretation This review could not identify a clear association between any of
the immune markers and surrogate CVD outcomes. This may reflect a true lack of
association, or may be explained by heterogeneity across studies and lack of follow-up
data. Future research should focus on longitudinal studies measuring a select set of
immune markers and surrogate CVD outcomes awaiting the primary outcome of clinical
cardiovascular events.
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Background

Highly active antiretroviral therapy (HAART) has markedly increased life expectancy
among persons infected with human immunodeficiency virus (HIV). However, it has
become clear that patients infected with HIV have an increased risk for developing
cardiovascular disease (CVD)[1]. Multiple factors contribute to the increased risk for
non-AIDS morbidity. An excess burden of traditional risk factors and direct toxic effects
of antiretroviral therapy (ART) are the most likely drivers of the pathogenesis and HIV
replication has been shown to contribute to the process of atherosclerosis through
chronic inflammation and endothelial dysfunction[2,3]. Increased concentrations
of immune biomarkers, like C-reactive protein (CRP), IL-6 and D-dimer, indicative of
inflammatory processes, have been associated with increased risk of atherosclerosis
and mortality in the general population[4-6]. Research in this area has intensified and
several studies have addressed the role of immune activation in the occurrence of CVD
in HIV infected individuals, identifying a likely association between CRP, IL-6, d-dimer
and clinical CVD[7].

To provide insight in the burden of cardiovascular disease in HIV infected individuals
while awaiting results from longitudinal studies, a multitude of surrogate markers for
CVD have been used. A recent summary of the current body of evidence regarding
potential associations between markers of immune activation and carotid intima media
thickness (CIMT)could not draw a clear conclusion due to the heterogeneity in data.[7]
This systematic review therefore investigates the relation between markers of immune
activation and further surrogate markers of CVD like coronary artery calcium score, flow
mediated dilation and pulse wave velocity in HIV infected individuals.

Methods

This systematic review was conducted according to the guidelines provided by PRISMA(8)
and it is part of a larger review registered in the PROSPERO registry for systematic
reviews (Registration number CRD42014010516). Results addressing the relation of
markers of immune activation, CVD and CIMT were published in January 2016.[7] http://
www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42014010516)

Search strategy
A systematic search was performed in PubMed, EMBASE and Cochrane Library on April

29% 2015 using terms and synonyms for HIV, immune markers and surrogate markers for
CVD other than CIMT, covering all evidence from 1996 onward. Terms were limited to
title and abstract (Table 1). The search strategy was an update of the search described
in the PROSPERO protocol and published previously[7].
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Table 1. Search strategy.

Search terms

#1 Domain HIV-positive patients

HIV

human immunodeficiency virus
human immuno deficiency virus
human immunedeficiency virus
human immune deficiency virus

aids

acquired immunodeficiency syndrome
acquired immuno deficiency syndrome
acquired immunedeficiency syndrome

acquired immune deficiency syndrome

AND

#2 Determinant

Inflammatory
Inflammation
Inflamm*
Biomarker
Biomarkers

Immune*

AND

#3 Outcome Cardiovascular disease or surrogate
markers of cardiovascular disease.

cardiovascular

CVD

Myocardial infarction
mi

Coronary heart disease
CHD

Stroke

Carotid intima media thickness
cimMT

Arterial stiffness

Flow mediated dilation
FMD

PWV

Pulse wave velocity
Coronary artery calci*
CAC

Ankle brachial index

ABI
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Selection

Selection was done in a stepwise process (Fig 1). Firstly, studies were screened on
the basis of title and abstract by one author (AH). Studies describing original research
including HIV positive patients aged 18 years or above and one of the following
surrogate CVD outcomes, were included; CT coronary angiography, coronary artery
calcium score (CAC), MRI of blood vessels, arterial inflammation measured by 18FDG
PET scan, myocardial perfusion scintigraphy (SPECT), flow mediated dilation (FMD),
pulse wave velocity (PWV), pulse wave analysis (PWA), ankle brachial index (ABI) and
carotid artery stiffness. Animal studies, articles in a language other than English and
case-series describing less than 10 cases were excluded. Secondly, two authors (AH,
AV) independently evaluated full-text articles using the following exclusion criteria: only
poster abstracts, no relation described between immune marker and no description of
an outcome of interest. In case of uncertainty regarding the relation between immune
marker and outcome, the corresponding author of the study was contacted once for
additional data. Discrepancies in inclusion were discussed in a consensus meeting
between two reviewers (AV, AH). A third reviewer (KK) would have been available in
case of discrepancies, but agreement could be reached for all inclusions.

5 PubMed EMBASE Cochrane
= n=123 n=71 n=0
Q
2
g ( % J
Records after removing Regards exclded
duplicates i o)
up No original research {n=32)
n =169 Animal study (n=3)

No HIV positive patients (n=17)
Only children (<18 jaar) (n=2)

InCIUS',O" of presiausly Henlicd Outcome other than surrogate CVD marker
articles (up to July 2014) A 4—> (CIMT excluded) (n=125)
n==80 Case serie under 10 cases (n=5)
Remaining records Nen-English (n=1)
after title/abstract
screening
n=64

Records excluded

» {n=35)
No relation between determinant and outcome (17)

Domain or determinant not applicable (9)
No full text available (9)

Appropriate articles
n=29

Additional inclusion by
reference tracking
n=0

Final selection
n=29

< Included > < Eligibility ) ( Screening >

Figure 1. Flowchart inclusion. CIMT: carotid intima media thickness, CVD: cardiovascular disease.
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Data extraction and critical appraisal
The following data were extracted: study design and enrollment period, duration

of follow up, sample size, country, ethnicity, gender, mean age, duration since HIV
diagnosis in years, CD4 count, nadir CD4 count, viral load, BMI, percentage of current
smokers, percentage of participants on ART, ART regimen, duration of ART in years,
immune markers assessed, use of a stored sample, time of measuring outcome versus
immune markers and laboratory methods for immune markers. In case a study used
more than one surrogate outcome, only the outcome that was related to immune
markers was included in the review.

Selected studies were critically appraised, particularly for the risk of selection-,
detection-, and attrition bias. Bias risk was assigned as likely, unlikely, or unclear using
an adapted Cochrane Collaboration tool. Data extraction and critical appraisal was
performed independently by two authors (AH, AV) using a set format.

Analysis
Given heterogeneity of studies, a descriptive analysis, grouped by outcome and most

frequently assessed immune markers, was conducted. When possible, percentages of
common baseline characteristics were calculated.

Surrogate outcomes of CVD were divided in two groups: outcomes using imaging
techniques and outcomes assessing arterial stiffness. Imaging techniques were
subdivided in two main categories: 1) coronary angiography and coronary artery
calcium score, and 2) all other imaging techniques, namely 18FDG PET scan, SPECT and
MRI scan of aortic and carotid arteries. Arterial stiffness outcomes were FMD, PWV,
PWA, ABI and carotid artery stiffness. Differences in outcome protocols were not taken
into account in this review.

Outcome was reported as a positive association, an inverse association, no association
or no data. To combine information from various types of studies reporting often more
than one risk estimate per outcome, data were reduced by choosing only one effect
estimate per immune marker per surrogate CVD outcome per article. To select the
effect estimate, the following hierarchical order was used: 1) outcome of multivariable
analysis. If not reported, 2) outcome of univariable analysis. If there was no significant
outcome in multi-or univariable analysis, the outcome was scored as 3) ‘No association’.
If no data were reported, although the methods section specified that the relation
between immune marker and outcome has been studied, the outcome was reported
as 4) ‘no data’. In this review C-reactive protein (CRP) refers to both the regular CRP
measurement and to the high-sensitive CRP assays.
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Results

The updated search identified 169 articles, 64 articles were screened using full text,
and 29 articles were finally selected (Fig 1). Articles were excluded if either no relation
was described between the immune marker and the surrogate CVD outcome (n=17),
the domain or determinant turned out to be not applicable during full text screening
(n=9) or there was no full text available (n=9).

Baseline characteristics

A total of 3,559 HIV positive patients were included, whereof the majority were male
(median 80%, interquartile range 59.5-92.0%) (S1 Table); mean age across studies was
45.3 + 5.4 years, and on average there were almost as many black as white people

included in the studies. All except two studies were conducted in the United States of
America or in Europe (one study in Australia[9] and in Ethiopia[10]). Two studies had a
longitudinal design with a maximum follow-up duration of 24 weeks[11,12]. Average BMI
was 25.1kg/m?, (standard deviation (SD) 1.9kg/m?) and nearly 40% of all participants
were current smokers. Duration of HIV infection ranged between 24 weeks and 16
years. Ten studies[9,13-20] included only participants on ART and three studies included
only ART naive participants[11,12,21].

CAC score was used as endpoint in 13 studies[6,13,14,17,22-30], in seven of which
a coronary angiography was performed as well[6,22-27]. Five studies used other
imaging techniques to assess cardiovascular burden; two studies used 18FDG PET
scan[30,31], two used a myocardial perfusion scintigraphy[19,32] and one used
an MRI scan of aortic and carotid arteries[33]. Arterial stiffness was assessed in 13
studies[9-12,15-18,20,21,34-36]; 10 studies used FMD[9-12,15-17,20,21,34], two
PWV[10,20], one PWA[18], one ABI[35] and one used carotid artery stiffness[36].

Critical appraisal
All studies were critically appraised on eight items; clarity of inclusion criteria; moment

of inclusion; standardization of measurement of determinant and outcome; missing data
at baseline or follow-up; missing data on potential eligible participants; and blinding
and adjustment for confounders (S2 Table). A risk of bias summary is presented in Fig
2. The criterion ‘homogeneous moment of inclusion’ is not incorporated in the figure,
since it could not be categorized as ‘likely’ or ‘unlikely’ due to the different aspects
that were covered. Risk of bias was low in general, except for the missed potential
eligible participants. Although most studies had a standardized procedure for measuring
immune markers and outcomes, these procedures were different between studies.
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Risk of bias assessment

1. Clear inclusion criteria
2. Standardized protocol for measuring the..

3. Standardized protocol for measuring the..

= unlikely
4. Missing data at baseline or during follow.. .
u likely
5. Missed potential eligible participants.. ®unclear

6. Blinded assessment of the outcome

7. Adjustment for confounders

0% 25% 50% 75% 100%

Figure 2. Risk of bias assessment.

Overall outcome

Figure three provides an overview of the number of studies that assessed any immune
marker in relation to the surrogate CVD outcomes. CRP, IL-6 and sVCAM-1 were
assessed most frequently. None of the markers were clearly associated with surrogate
markers of CVD. Only CRP and sCD163 were at least three times positively associated:
CRP 5 times (out of 26 studies)[10,13,18,22,29], of which three times in univariable
analysis[13,22,29], sCD163 three times (out of 7 studies)[6,27,30], of which two times
in univariable analysis[6,30].

Association of immune markers with surrogate CVD outcomes

® inverse association

= positive association

Number of studies
o}

o association
=no data

. IIII || lllllllIIIIl
S yﬁ‘*“‘\\“\ >>>»¢<~Vw

> >
& o‘bQ\@‘&@ /gé "N &

Figure 3. Association of immune markers with surrogate CVD outcomes. CVD: cardiovascular

disease.
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Imaging

CT coronary angiography and coronary calcium score

Six markers were evaluated three or more times in relation to coronary calcium score or
coronary angiography (fig 4a). CRP was assessed 10 times[6,13,14,17,22-26,29], of which
two studies showed a significant, but weak correlation with severity of obstruction
on angiography (Rho 0.29, p 0.038)[22] and with CAC (Rho value 0.16, p 0.003)[29].
sCD163 was positively related in three out of five studies; two times to non-calcified
plaque[6,23] and one time to coronary calcium score and coronary artery stenosis of
more than 50%[27]. However, the association with non-calcified plaque disappeared
in multivariable analysis in one out of two studies[6]. sCD14 showed a significant
association in two out of five studies. A high level of sCD14 compared to a low level of
sCD14 was associated with an odds ratio of 3.3 (95% Cl 1.1 - 9.7) for coronary artery
stenosis[27], and levels of sCD14 were related to the presence of coronary artery
calcium in multivariable analysis[13]. MCP-1 was borderline significantly related to
severity of plaque (Rho value 0.23, p 0.047) and weakly related to the Agatston Calcium
score (Rho value 0.27, p 0.02) in one study[26].

Other imaging techniques

CRP was assessed in four studies using 18FDG PET scan[30,31] or SPECT scan as
outcome[19,32]; no study showed a significant association. None of the other markers
were assessed more than three times. sCD163 was assessed twice in relation to PET scan
outcomes, both studies showed a significant association (association with FDG uptake in
the descending aorta Rho value -0.517, p 0.007[31] and with Target Background Ration,
Rho value 0.31, p 0.04)[30].

Arterial stiffness measurement
Six markers were evaluated three times or more in relation to arterial stiffness (Fig 4b).

CRP was positively associated with PWV in multivariate analysis (parameter estimate
0.0209, p 0.01)[10], and mean levels of CRP were significantly higher in individuals with
definite peripheral artery disease compared to participants with normal ABI (8.5 versus
7.2 mg/L)[11,12,35]. Levels of IL-6 corresponded with the lowest quartile of FMD (OR
1.17,95% Cl 1.01-1.35, p 0.04) and IL-6 was the best predictor of FMD in a multivariable
linear model[16]. On the other hand, Stein et al.,[21] found an inverse relation in
univariate analysis; higher IL-6 levels were associated with higher FMD (indicative of
a lower CVD risk) and lower levels of IL-6 were associated with increase in brachial
diameter (indicative of a higher CVD risk). None of the other markers were significantly
associated with arterial stiffness. Three studies using FMD as outcome included only
ART naive individuals[11,12,21]. No association with CRP was found (assessed in all
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three studies), and associations with IL-6 (assessed in two studies) showed contradictory

results.

Composite endpoint for vascular disease

Longenecker et al.,[13] used a composite endpoint for vascular disease consisting of CAC
score >0, endothelial dysfunction according to FMD and carotid disease. They found that
CRP, sCD14 and fibrinogen were all significantly associated with vascular disease[13].

Association of immune markers with
coronary angiography and/or coronary
calcium score
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Figure 4. Association of immune markers with coronary angiography, coronary calcium score

and arterial stiffness.
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Discussion

A large number of immune markers have been investigated for predictive value in
relation to surrogate markers of cardiovascular disease in HIV positive patients. CRP,
IL-6 and sVCAM-1 were addressed most frequently; neither CRP, IL-6, sVCAM-1 nor any
of the other markers showed a clear relation with any of the surrogate CVD markers.

These results complement the findings of a recent review assessing immune marker
choice in relation to CVD or CIMT. CRP, IL-6 and s-VCAM-1 were also the most frequently
assessed markers in relation to CIMT, and the lack of a clear relation between any of
these immune markers and surrogate CVD outcomes that is currently found is in line
with the findings in relation to CIMT[7].

Although there is ample evidence that levels of CRP[37,38] and IL-6[39,40] are related to
CVD both in the general population as well as in the HIV-infected population[5,41-43],
the current review does not indicate any consistent relation of CRP and IL-6 to coronary
calcium score, coronary stenosis, SPECT, 18FDG PET scan or measurements of arterial
stiffness.

Although the prognostic role of s-VCAM-1 levels in the prediction of CVD in not as clear,
an association with signs of endothelial damage (FMD, PWV) or inflammation (MRI,
PET) was to be expected as s-VCAM-1 is expressed on the endothelial surface in case
of endothelial inflammation[44]. However, no single positive association with any of
the surrogate CVD outcomes was detected in this review.

The two possible explanations why this review did not show an association between any
of the markers and surrogate CVD outcomes could be that either there is no association,
or associations are not yet clear due to methodological and qualitative constraints in
the available evidence.

The first explanation, no association, could be due to the fact that, despite surrogate
outcomes and overt CVD being clearly related[45-53] and CRP, IL-6 and overt CVD having
a clear relation, associations between markers of immune activation and surrogate
markers of CVD may be weak.

The second explanation, lack of an association due to methodological and qualitative
constraints, could be due to a marked heterogeneity in choice of both immune markers,
surrogate outcomes and ways of analysis (effect estimates vary from correlations, mean
markers levels, odds ratio’s and multivariable analysis). In addition, studies were not
primarily designed or powered to detect an association between immune markers and
outcome and study designs were mainly cross-sectional (27 out of 29 studies). Follow-
up time of the two prospective studies was too short to detect significant vascular
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alterations and all studies included a relatively young population (average age 45 years),
in which atherosclerotic vascular changes and — burden are expected to be low.

Finally, possible associations might be masked by heterogeneity in patient populations,
duration of HIV diagnosis, use and duration of antiretroviral therapy (ART), viral
suppression rates and CD4 counts, as they differ substantially in, and between, studies.
All these factors have been previously reported to influence both the inflammatory
response and the risk of cardiovascular morbidity and mortality[53-55]. Moreover, statin
use is not taken into account in most of the included studies, whereas recent evidence
suggests that statin use can improve surrogate cardiovascular outcomes[56,57].

Strengths and limitations
This systematic review synthesizes the available information on immune-markers

in relation to surrogate markers of CVD (except CIMT) in HIV-infected patients from
1996 up to April 2015. The main focus of this review was to provide an overview of
which immune markers were assessed, how frequently these markers were assessed
and which surrogate CVD outcomes were chosen, as well as to summarize the current
evidence on the relation between immune markers and outcomes.

The most frequently assessed immune markers (CRP and IL-6) have been shown to be
related to CVD morbidity and mortality in both the general population and in the HIV-
infected population, and surrogate CVD outcomes have been shown to be related to
CVD in the general population. This is the first time that the relation between immune
markers and surrogate CVD outcomes is addressed in a systematic way in the context
of HIV infection. The major strength of this review is that it contributes to a clear, global
understanding of existing knowledge regarding immune markers and surrogate CVD
outcomes.

Limitations to be considered include that only one outcome per marker per article was
considered which might have resulted in an overly optimistic impression of associations
as negative outcomes are underreported; that positive outcomes include univariable
associations which might in part be confounded; and that outcomes were grouped
in categories (CT-angiography/CAC, other imaging techniques and arterial stiffness)
which might have resulted in specific associations (to specific parts of an outcome)
being overlooked.
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Conclusion

This review provides an overview of the current literature regarding the association
between immune markers and surrogate markers of cardiovascular disease other than
CIMT in HIV-positive individuals. Most frequently assessed immune markers were CRP,
IL-6 and s-VCAM-1; most frequently assessed surrogate markers for CVD were CAC and
FMD.

No relation between any of the immune markers and any of the surrogate outcomes
could be detected. This may be due to the cross-sectional design, heterogeneity in
patient populations, the variety in immune marker choice and surrogate CVD outcomes.
The search for the association of immune markers in relation to surrogate CVD outcomes
in a cross-sectional study design should be reconsidered.

Future research should focus on longitudinal studies measuring immune markers and
surrogate CVD outcomes awaiting the primary outcome of clinical cardiovascular events.
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Chapter 4

Abstract

Background People living with HIV (PLWH) show an increased prevalence of cardiovascular
disease (CVD). Traditional CVD risk-assessment tools may have limited utility in PLWH.
Lp-PLA2 catalyses the synthesis of metabolically-active lipid mediators which recruit
monocytes, key effectors of atherosclerosis. Lp-PLA2 levels correlate with plaque
burden and instability.

Methods 98 participants were recruited (49 uninfected, 27 ART-naive HIV-infected and
22 ART-treated participants) in a cohort study looking at CVD in PLWH in Johannesburg,
South Africa. Lp-PLA2, lipogram, glucose, physical measurements, HIV viral load (VL)
and CD4+ T-cell count and carotid intimal-medial thickness (CIMT) were measured.
Demographic and CVD risk factors were documented and the Framingham risk
score (FRS) computed.

Results Lp-PLA2 levels were increased in participants on protease inhibitor(Pl)-
containing ART regimens (median 50.5 vs 127.0, p=0.05) and correlated with age (r=0.25,
p <0.001), BMI (r=0.73, p=0.04) and LDL-cholesterol (r=0.40, p<0.001). Significance
did not persist with correction for LDL levels. Lp-PLA2 was not related to FRS or CIMT
in any group. Lp-PLA2 correlated with VL (r=0.323, p=0.025) and this strengthened if
patients with undetectable VL were excluded (r=0.653, p<0.001). Lp-PLA2 correlated
inversely with CD4+ T cell count in patients with detectable VL (r=-0.727, p<0.001).

Conclusion Lp-PLA2 was increased in HIV-infected participants on Pls and reflected LDL
levels which may indicate the Pl-associated dyslipidaemia. Lp-PLA2 did not correlate
with CIMT or FRS but correlated strongly with VL and CD4+ cell count. This may suggest
that HIV-associated inflammation is linked to increased Lp-PLA2 levels providing a
mechanistic link between HIV and CVD.
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Lp-PLA2, lipid metabolism and CVD risk in HIV infection

Introduction

Access to antiretroviral therapy (ART) has increased the life expectancy of people
living with HIV (PLWH).(1) Although there has been a decrease in the prevalence of
opportunistic infections, PLWH are more likely to develop non-communicable diseases
including cardiovascular disease (CVD). CVD was the cause of mortality in patients
undergoing planned interruption of ART, focusing research interest on validation of
biomarkers to assess CVD risk in these patients.(2) The pathogenesis of CVD in PLWH is
multifactorial. Immune activation and chronic inflammation, associated with low-grade
viral replication, microbial translocation and opportunistic diseases, directly impacts
the endothelial surface and activates leukocytes, specifically monocytes, which are
implicated in plaque formation.(3) PLWH may have underlying traditional risk factors
and are more likely to use tobacco.(4) Although suppression of viral replication generally
protects against CVD, certain ART drugs including the protease inhibitors (Pl) cause
disorders in lipid metabolism.

CVD risk assessment tools, validated in the general population, such as the Framingham
risk score convert clinical risk factors into a summary estimate of the likelihood of a CVD
event over a specified period. The scores can underestimate the individual patient risk
(5) and may have limited utility in PLWH as HIV-specific risk factors including the use of
Pl and viral burden, are not always included.

Various biomarkers have been assessed in CVD risk evaluation. In PLWH, inflammatory
changes (cytokines and leukocyte activation), changes in coagulation proteins, presence
of oxidized lipids and adhesion markers have been measured to identify a robust
predictive model.(6) Lipoprotein-associated phospholipase A2 (Lp-PLA)), an enzyme
secreted by leukocytes and liver cells, circulates primarily complexed to low-density
lipoprotein (LDL).(7) Lp-PLA, hydrolyses phospholipids to produce metabolically active
lipid mediators including proinflammatory free fatty acids. These products activate
platelets and recruit T-cells and monocytes, key effectors of atherosclerotic plaque
formation. Lp-PLA, is over-expressed in macrophages in the fibrous cap of unstable
atherosclerotic coronary lesions.(8)

Lp-PLA, has been extensively evaluated in clinical cohorts, correlates with plaque
formation and CVD risk, and identifies patients at risk for recurrent cardiovascular
events.(8) Lp-PLA, was incorporated into the American Association of Clinical
Endocrinologists/American College of Endocrinology Guidelines for management of
dyslipidaemia and prevention of CVD as a non-traditional risk factor. CVD risk is elevated
in patients with raised Lp-PLA, and C-reactive protein levels, even in the presence of
a moderately increased LDL.(9) Studies suggest PLWH have higher Lp-PLA, levels than
uninfected patients, independent of triglyceride and LDL levels. The elevated levels

103

531207-L-bw-Vos
Processed on: 20-5-2019 PDF page: 103



Chapter 4

persist with viral suppression. It may also guide both ART regimen choice (tenofovir
may reduce Lp-PLA, levels) and use of ancillary risk modifiers like statins. Most studies
measured Lp-PLA, levels in patients with controlled HIV viraemia. (10)

The aim of this study was to investigate Lp-PLA, levels of HIV-infected patients (ART
naive and treated) enrolled in large cross-sectional study in South Africa and to
investigate relationships between this marker, other measures of CVD risk and markers
of viral control.

Methods

Patient recruitment

The study was approved by the Human Research Ethics Committee (Medical) of the
University of the Witwatersrand (Protocol number M160131). 98 patients, enrolled
in a larger study to evaluate CVD risk in PLWH in Johannesburg, South Africa from
2016-17, were included. 27 HIV-infected, ART-naive participants and 22 HIV-infected
participants on stable protease inhibitor (Pl)-containing ART were compared with 49

age- and sex-matched uninfected controls. Participants were considered ART-naive if
they had received no ART or ART for less than 6 weeks. The ART-treated participants,
treated with a Pl-containing regimen for at least 48 weeks, showed viral suppression.
Demographic and cardiovascular risk factors were collected using a modified version of
the WHO STEPS instrument.(11) Blood was collected for measurement of fasting glucose
and lipid levels and Lp-PLA,. Physical examination included measurement of height,
weight, waist and hip circumference and blood pressure. The Framingham risk score
(FRS) was computed to estimate a cumulative 10-year CVD risk. Left and right carotid
intima-medial thickness (CIMT) was measured sonographically at 3 standardized angles
using the Meijer’s Arc. Measurements were semi-automated but manually corrected
if required.

Plasma Lp-PLA, levels were measured on the Roche® Cobas analyser using an enzymatic
assay (Diazyme Laboratories®, USA).

Statistical analysis
Because of the small number of participants per group continuous variables were

expressed using median with minimum and maximum values or count with percentage.
Baseline variables across the three groups were compared using a Kruskal Wallis test
for continuous outcomes and a chi square test for categorical outcomes. LP-PLA, was
correlated to age, BMI, waist-to-hip circumference, lipid sub-components and glucose
using a Pearson’s correlation coefficient.
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In a multivariable regression LP-PLA, levels in the three groups wasadjusted for age,
gender, LDL levels, body mass index (BMI) and smoking. The relationship between Lp-
PLA, levels and FRS or CIMT was examined in a multivariable regression considering
HIV and ART status. Finally, the relationship between LP-PLA, levels of all viraemic
participants and log-viral load and CD4-cell count were analysed using a Pearsons
correlation coefficient. A p-value of 0.05 was considered significant. Statistical analyses
were performed using IBM SPSS Statistics Version 25™ (SPSS, Chicago, lllinois, USA).

Results

The baseline characteristics for the three participant groups are included in table 1.
As expected, patients on Pl treatment had significantly higher LDL, triglycerides and
total cholesterol levels. Lp-PLA, levels were increased in patients on Pl-containing ART
regimens (median of 150.5 versus 127.0, p=0.05). Lp-PLA, was correlated to age (r=0.25,
p <0.001), BMI (r=0.73, p=0.04), total cholesterol (r=0.21, p=0.04) and LDL-cholesterol
(r=0.40, p<0.001).

The significant higher levels of Lp-PLA, for participants on ART did not persist when LDL
levels were considered. Lp-PLA, was not related to FRS or CIMT in any of the groups.
Lp-PLA, did, however, show a strong correlation with viral load (r=0.323, p=0.025).
When patients with undetectable viraemia were excluded, the correlation became
more pronounced (r=0.653, p<0.001). There was an inverse relationship with CD4+ T
cell count, but this reached only significance in the virally unsuppressed participants
(r=-0.727, p<0.001).

Table 1. Participant characteristics.

. HIV positive HIV positive
HIV negative
ART naive PI ART p
(n=49)
(n=27) (n=22)
Female (n,%) 24 (49.0) 14 (51.9) 12 (54.5) 0.91
Age (years) 38.9 38.9 40.5 0.97
(25.1-64.3) (24.2-56.5) (26.5-57.7)
University education (n,%) 7 (14.3) 2(7.9) 2(9.1) 0.62
Stable relationship (n,%) 16 (33.3) 3(11.1) 12 (54.4) 0.005
Employed (n,%) 18 (36.7) 15 (55.6) 14 (63.6) 0.07
Current smoking (n,%) 12 (25.0) 8(29.6) 2(9.1) 0.20
Systolic BP (mmHg) 123.5 119.5 120.5 0.35
(99.5-190.0) (87.5-164) (91.5-161.0)
Diastolic BP (mmHg) 78.5 (81.5) 74.5 (49.5) 83.0 (51.5) 0.26
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Table 1. Continued

X HIV positive HIV positive
HIV negative
ART naive PI ART p
(n=49)
(n=27) (n=22)

BMI (kg/m?) 25.7 23.7 25.0 0.49
(17.0-47.2) (17.5-35.0) (18.7-42.1)

Waist to hip ratio 0.88 0.88 0.88 0.82
(0.69 -1.00) (0.76 — 0.98) (0.62-0.97)

CD4 (cells/mm3) - 276 (15 - 532) 480 (121 - 997) <0.01

Log_VL (cp/ml) (median, IQR) 9.53 3.66 <0.01
i (3.66—14.15) (3.66-8.72)

Total cholesterol (mmol/L) 4.32 3.66 4.43 0.002
(3.60-6.40) (2.50 - 7.40) (3.60-6.40)

HDL cholesterol (mmol/L) 1.32 1.18 1.29 0.56
(0.90-3.20) (0.60 —3.90) (0.80 - 1.80)

LDL cholesterol (mmol/L) 2.23 2.16 2.74 0.02
(0.60 - 4.40) (1.10-3.40) (1.80-4.70)

Triglycerides (mmol/L) 1.04 0.97 1.58 0.006
(0.50-3.70) (0.60-1.90) (0.80-4.90)

Random glucose (mmol/l) 4.85 4.40 4.50 0.033
(2.60 - 9.60) (3.40 - 7.80) (4.30-9.4)

Framingham risk score (%) 3.17 2.50 2.73 0.77
(0.59-40.99) (0.51-13.52) (0.51-22.37)

Mean CCA (mm) 0.514 0.512 0.547 0.58
(0.447-1.024) (0.446 -0.758) (0.477 -0.738)

LpPLA2 (1U/L) 127.0 127.0 150.5 0.05

(52.0- 196.0) (62.0-17.0) (47.0 - 219)

All outcomes are in median with minimum and maximum values, unless otherwise specified. ART,
antiretroviral therapy; BP, blood pressure; BMI, body mass index; CCA, common carotid artery; HDL, high
density lipoprotein; LDL, low density lipoprotein.

Discussion and conclusion

Lp-PLA, is a phospholipase which complexes with LDL and catalyses the release of
proinflammatory lipid mediators. It has been linked to CVD risk (plaque formation
and instability) specifically in patients with underlying inflammatory disease. Studies,
generally performed on patients with controlled viraemia have demonstrated elevated
levels of Lp-PLA..

In this study, we assessed Lp-PLA, utility when compared with traditional CVD risk
factors and also in patients both on a Pl regimen and ART naive. Lp-PLA, were increased
in HIV infected participants in this cross-sectional study although only significantly
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in patients on a PI. This increase reflected LDL levels and may indicate the generally
dyslipidaemia associated with Pl -containing drug regimens. Lp-PLA, correlated with LDL
and total cholesterol which are traditional risk factors for atherosclerosis although there
was no convincing correlation with the Framingham risk score of More importantly,
Lp-PLA, correlated strongly with viral load and CD4+ cell count, specifically in those
patients with detectable viraemia. This suggests that inflammation linked to the virus
may be driving increased levels of Lp-PLA, and provides a link between active viraemia
and the mechanistic development of CVD in these patients.

This study has a number of limitations. We did not access patients who were not
on a Pl-containing regimen which may explain the discrepancies of our findings and
other studies looking at Lp-PLA, in HIV-infected patients. In addition, this study was
cross-sectional and it would be useful to examine the patients with increased Lp-
PLA, levels longitudinally to assess the contribution to CVD risk. Finally, we did not
include measurement of hs-CRP which would have been an important indicator of
inflammation. Despite these limitations, we are of the opinion that this enzyme may
drive atherosclerosis in HIV-infected patients and its utility in clinical care should be
investigated in prospective studies.
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Abstract

Background The largest proportion of people living with HIV resides in sub-Saharan
Africa (SSA). Evidence from developed countries suggests that HIV infection increases
the relative risk of cardiovascular disease (CVD) up to 50%. Differences in lifestyle,
gender distribution, routes of HIV transmission and HIV virus subtype preclude
generalisation of data from Western countries to the SSA situation. The Ndlovu Cohort
Study aims to provide insight in the burden of cardiovascular risk factors and disease,
mechanisms driving CVD risk, and the contribution of HIV infection and its treatment
to the development of CVD in a rural area in SSA.

Design The Ndlovu Cohort Study is a prospective study in the Moutse area, Limpopo
Province, South Africa.

Methods 1,000 HIV-positive and 1,000 HIV-negative participants aged 18 years and
older with a male to female ratio of 1:1 will be recruited. Measurements on CVD risk
factors and HIV related characteristics are performed at baseline, and participants are
followed-up over time at six month intervals. Burden of CVD is assessed with repeated
carotid intima-media thickness (CIMT) - and pulse wave velocity (PWV) measurements,
and by recording clinical cardiovascular events that occur during the follow-up period.

Conclusion This project will contribute to the understanding of the epidemiology and
pathogenesis of CVD in the context of HIV infection in a rural SSA area. The ultimate
goal is to improve cardiovascular risk prediction and to indicate preventive approaches
in the HIV-infected population and, potentially, for non-infected high-risk populations
in a low resource setting.
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Background and rationale

Currently more than 35 million people are estimated to be living with human
immunodeficiency virus (HIV). Nearly 71% of the global total, 24.7 million, reside in sub-
Saharan Africa (SSA), where the majority of people living with HIV are women (58% of
all people living with a HIV infection)[1]. Globally, combination antiretroviral treatment
(cART) has been initiated in approximately 16 million people living with HIV[2] and, as
a result, HIV has become a chronic disease that for many patients will span several
decades of their lives[3]. Persistent immune activation and inflammation in treated HIV
infection, however, appear to be associated with an ‘accentuated’ increased relative
risk of cardiovascular disease (CVD) of up to 50% and an earlier ‘accelerated’ onset of
CVD compared to HIV-negative individuals[4-7].

Yet our understanding of the mechanisms driving CVD in HIV infection remains limited.
The exact role of HIV infection, HIV treatment, and their relation with conventional
risk factors still have to be determined[8-10]. In addition, it is unclear whether and
how differential levels of viremia, immune activation and cardiovascular disease are
related with the HIV-1 subtype[11]. Several factors are hypothesised to contribute to
an accelerated development of CVD amongst HIV-infected individuals. Those include:
1) the host response to HIV-infection, which results in chronic immune activation and
inflammation; 2) conventional CVD risk factors, potentially amplified by adverse effects
of HIV treatment, 3) HIV treatment, with some antiretroviral drugs particularly being
linked to an increased risk of CVD, and 4) HIV-induced metabolic effects. A summary
of potential mechanisms is given in figure 1[6].
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CART

= Induction of lipodystrophy by some
antiretroviral drugs

= Direct effect of particular
antiretroviral drugs

CART

= Partial mitigation of immune activation

= Direct effects of particular
antiretroviral drugs

Behavioural risk factors,
including cigarette smoking

= HIV viral replication
= Microbial translocation
= Co-infection (e.g. CMV, HCV)

Coronary heart disease

Immune-ell activation and

Traditional metabolic risk factors
immunosenescence

= Hypertension
= Diabetes mellitus

f—— -~
= D d ia (low HDL-ch ol level,
high triglyceridg level, lipid dysfunction) Endothelial-cell Platelet
= Renal dysfunction activation dysfunction
Genetic predisposition to metabolic dysregulation Genetic predisposition to immune dysregulation

Figure 1. Mechanisms and risk factors postulated to be involved with an increased risk of

coronary heart disease risk in patients with HIV.

Legend: HIV: human immune deficiency virus, cART: combination antiretroviral therapy, CMV:
cytomegaly virus, HCV: herpes simplex virus. (Reproduced with permission from Zanni MV et al.
(2014) Risk of coronary heart disease in patients with HIV infection Nat. Rev. Cardiol. doi:10.1038/
nrcardio.2014.167).

As data from the SSA continent is scarce, especially longitudinal data, it is currently
not clear whether an amplification of the CVD epidemic due to HIV infection is to be
expected. Several cross-sectional studies in SSA addressing cardiovascular (CV) risk
in HIV infected individuals did not indicate an increase in CV risk profile as a result of
HIV[12,13], although available studies have mainly included HIV-positive patients and
not added an HIV-negative control group for proper comparison[4].

The Ndlovu Cohort Study has been set-up in a rural area in South Africa to address the
above mentioned issues for the SSA region. This prospective study will include both
HIV-positive and HIV-negative individuals. As the aim is to provide a comprehensive
understanding of the interaction between HIV and CVD, the problem will be approached
in a multidisciplinary manner. The impact of an HIV infection on social and mental health
in both HIV infected participants and the community will be evaluated and virological
characteristics like resistance and therapy failure will be identified. The ultimate aim is
to improve cardiovascular risk prediction and identify potential novel, cost effective,
preventive approaches in the HIV-infected population. These may also be applicable
for non-infected high risk populations in a low resource setting.
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Methods

The Ndlovu Cohort Study is an initiative of the Ndlovu Research Consortium,
formed by the Wits Reproductive Health and HIV Institute (Wits RHI),University of
the Witwatersrand, South Africa, Utrecht University, the Netherlands, including the
Faculty of Social Sciences and the University Medical Center Utrecht (department of
Infectious Diseases, Immunology, Clinical Epidemiology, Public Health), and the Ndlovu
Care Group,Limpopo, South Africa

Study setting
The Ndlovu Cohort study is conducted in Elandsdoorn, a rural township in the Moutse

area, Limpopo Province, South Africa. Dedicated research facilities are based at
the Ndlovu Care Group (NCG, www.Ndlovucaregroup.com), a non-governmental

organisation advancing rural communities with Healthcare, Childcare, Community
Development and Research Programs.

Study population
This prospective cohort study will recruit 1,000 HIV uninfected and 1,000 HIV infected
participants and intends to include an equal proportion of men and women. Within the

HIV infected group, the aim is to include 20% antiretroviral therapy naive individuals
with a CD4 count >100 cells/mm?3. Eligible individuals are 1) aged 18 years or over, 2)
living within a range of 30 km around the NMC, 3) able to provide written, informed
consent, 4) committed to long-term follow-up. Individuals unable to undergo the study
procedures for any reason will be excluded.

Inclusion

The study aims to include a population that represents a typical rural South African
district. Participants will be recruited through a community liaison officer and a team
of counsellors at the Ndlovu Medical Centre HIV clinic, local events, in shopping areas
and through community campaigns. Based on literature, it is estimated that 3.9% of HIV
negative participants will become infected with HIV and start cART within a follow-up
period of three years[14].

HIV testing
HIV negative participants or participants with an unknown status will undergo HIV

testing at enrolment in the study and at yearly follow-up visits. Testing is performed
with an antibody-based point of care test (ADVANCED QUALITY™ Rapid HIV Test (InTec
Products, Xiamen, China)), which has a sensitivity of 98.8% and a specificity of 100%[15].
Specimens that test positive will be retested with a second point-of-care test (ABON™
HIV 1/2/0 Tri-Line HIV Rapid Test Device (ABON Biopharm Hangzhou, China)), which has
a sensitivity of 100% and specificity of 97.7%[16]. An enzyme-linked immunosorbent
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assay (ELISA) will be performed to clarify any indeterminate results and confirm positive
results.

Participants with a confirmed HIV-positive status will be recruited from the Ndlovu
Medical Centre or from outreach testing programs. Documentation of a positive
HIV test result is needed for all patients to be eligible for enrolment as HIV-positive
participants in the study. HIV testing will be conducted to confirm HIV status according
to the procedure described above in case of any doubt.

Ethics approval
Study approval was obtained from the Human Research Ethics Committee at the

University of Pretoria, Pretoria, South Africa, and the Limpopo Department of Health
Ethics Committee and written informed consent is obtained from all participants prior
to study participation.

Sample size
Calculations are based on carotid intima media thickness (CIMT) using a mixed model

approach. A simplified approach was used to evaluate power to detect very small
differences between groups as we did not have reasonable estimations for CIMT
progression over time. Power was evaluated for a given sample size of 1000 HIV-
positive and 1000 HIV- patients for a significance level of 0.05, a constant difference in
mean CIMT over time of 0.006, 0.012, 0.018 and 0.024mm for an increasing correlation
between measurements in time from 0.00 to 0.75, and a standard deviation of 0.09mm.
A minor difference of 0.012 is still detectable with 95% power and a correlation of 0.60.
For larger differences, the power exceeds 0.95 even with a correlation of 0.75. This
sample size can also detect meaningful differences in other outcomes as prevalence
of cardiovascular risk factors and pulse wave velocity (PWV).

Data analysis
Prevalence of the cardiovascular risk factors will be described and compared between

various (sub)groups within the study population (HIV infected versus — uninfected,
whether or not on ART, various CD4 levels and ART regimens). Continuous variables will
be summarised by medians with interquartile range, or means with standard deviations.
Categorical variables will be summarised by frequency counts and percentages. 95%
confidence intervals will be calculated for incidence rates as applicable. Continuous data
will be compared with the Student’s t-test, Wilcoxon rank sum test or the Mann-Whitney
U test. The distribution differences of categorical variables will be compared with the
chi-square test. The CVD risk factor burden will be calculated using the Framingham risk
equation, D:A:D score and Reynold score. The prognosis (expressed as a percentage) of
having a CVD event in the next 10 years will be reported. The distribution of CIMT and
PWYV among the whole population will be determined. The progression of CIMT and
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PWYV over time will be analyzed with a linear mixed model with a random intercept, a
random effect for time and other covariates such as age, gender, cardiovascular risk
factors and baseline CIMT or PWV. Multiple imputations will be used for missing data,
presuming a random distribution.

Data collection

General Characteristics

In-/exclusion criteria will be checked and a signed Informed Consent will be obtained.
Information will be collected on age, gender, demographics, general health and HIV-
testing behaviour. A full medical history, current medical condition(s) and chronic
medication use is obtained. Detailed information on HIV treatment (time between
diagnosis and treatment initiation, and specific medication prescribed) and response
to treatment (latest plasma HIV-1 viremia, latest CD4+ T-cell count) will be recorded.
Information on cardiovascular risk factors, family history, smoking and alcohol use is
obtained with a modified version of the WHO STEPs instrument[17]. Physical activity
is assessed with the International Physical Activity Questionnaire (IPAQ)[18]. The
Patient Health Questionnaire-9 (PHQ-9) is used as a screening tool on depression and
anxiety[19]. (Table 1. Schedule of assessments at baseline and follow-up).
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Table 1. Schedule of assessments at base line and follow-up.

Baseline

Every 6 month follow-up

Every 12 month follow-up

Baseline questionnaire:
- Demographics
-Income

- Civil status

- Mental health

- Physical activity

- Smoking, alcohol

- Food security

Telephone questionnaire
- Civil status

- Employment

- Mental health

- Smoking, alcohol

Follow-up questionnaire
- Civil status

- Employment

- Mental health

- Smoking, alcohol

Physical examination:

- Blood pressure

- Weight, height

- Waist & hip circumference
- CIMT ultrasound

Physical examination

- Blood pressure

- Weight, height

- Waist & hip circumference
- PWV or CIMT ultrasound

(alternating)

Medical history:

- Physical health

- Family history

- Chronic medication

- Tuberculosis questionnaire
- HIV-status and cART

Medical history:
- Physical health
- Chronic medicatio

Medical history:

- Physical health

- Chronic medication

- Tuberculosis questionnaire
- HIV-status and cART

Biological examination:
- Full blood count,

- CD4 cells, viral load

- Lipids

- Blood glucose, HbA1C
- CRP

- Urine microalbumin & creatinine

Biological examination:

- HIV test (in case of a HIV-
negative participant)

- Full blood count

- CDA4 cells, viral load

- Lipids

- Blood glucose, HbA1C

- CRP

- Urine microalbumin &
creatinine

Blood sample collection for
storage:

- 1 EDTA tube and 1 Heparin tube
(plasma stored at -80°C)

- 2 extra Heparin tubes for PBMC
isolation (only for HIV+ not on
cART; every 3 months for 2yrs)
(PBMCs are stored at -120°C)

- Blood sample collection for
storage only for HIV+ not on
cART: 1 EDTA tube (plasma
stored at -80°C)

- 2 extra Heparin tubes for
PBMC isolation (every 3
months for 2yrs) (PBMCs are
stored at -120°)

Blood sample collection for
storage:

- 1 EDTA tube and 1 Heparin
tube (plasma stored at -80°C -)
- 2 extra Heparin tubes for
PBMC isolation (only for HIV+
not on cART; every 3 months
for 2yrs) (PBMCs are stored at
-120°C)

Legend: CIMT, carotid intima media thickness, PWV, pulse wave velocity, HIV, human immunodeficiency virus,

cART, combination antiretroviral therapy, CRP, c-reactive protein, PBMC, peripheral blood mononuclear cell
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Social and psychological aspects

The following topics are covered in (validated) questionnaires: employment, income
position and household support (NIDS Wave 3 2012 Adults Questionnaire), food security
and diet (SANHANES), impact of stigma[20], opinions about HIV testing[21], sexual
history in the past 12 months and social support and quality of life (WHO quality of
life, brief version). Data on adherence is collected with a structured questionnaire in
case of HIV infection.

Physical measurements

Information is collected on height, weight, hip and waist circumference. Hip
circumference is measured in centimetres at maximum posterior extension of the
buttocks, waist circumference halfway between the lower rib and the iliac crest during
expiration, both in standing position. Blood pressure is measured in seated position
after five minutes of rest, with a sphygmomanometric device

Biological material

Blood and urine samples

Approximately 50 ml of blood will be collected during the baseline visit. This will
comprise 2 EDTA tubes, 1 SST tube, 1 fluoride oxalate tube and 1 heparin tube. Full
blood count (white cell count, red cell count, haemoglobin, haematocrit, mean cell
volume, platelets), total cholesterol, high density lipoprotein cholesterol (HDL),
low density lipoprotein cholesterol (LDL), triglycerides, random glucose, HbAlc and
C-reactive protein (CRP) are measured in all individuals. Viral load and CD4 cell count are
measured in case of HIV infection. In a subgroup consisting of all newly diagnosed HIV-
positive, ART-naive patients (n = 200) EDTA plasma and peripheral blood mononuclear
cells (PBMCs) are stored for ultrasensitive HIV-RNA and DNA analysis, co-receptor
expression, drug resistance analysis and drug level measurements. A urine sample will
be collected during the baseline visit for measurement of urine creatinine, microalbumin
and albumin/creatinine ratio.

Blood storage and biobanking

Plasma from blood collected in one of the EDTA tubes and in the heparin tube will be
stored in a -80°C freezer at NMC for future research purposes. From the sub-group of
200 HIV-positive but therapy naive patients at baseline, two extra sodium heparin tubes
(10 ml each) are drawn for isolation of PBMCs for viro-immunological studies. PBMCs
are isolated in the NMC laboratory and stored at -120° C.
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Cardiovascular measurements

Carotid Intima-Media Thickness

To estimate the presence of subclinical atherosclerotic disease the thickness of the
carotid artery intima-media is measured using a standardised ultrasonographic protocol
(Details in Appendix 1). CIMT is a well-established, continuous, quantitative measure
of atherosclerosis, and is able to identify increased cardiovascular risk in both black
and white populations[22-24]. Ultrasound measurements of the CIMT are performed
by trained nurses at the Ndlovu Research Unit. Quality assurance processes include
regular performance reviews and training.

All images will be read in a batch fashion after completion of scanning per study
period (e.g. after completion of baseline scans, 2" year follow up scans). The reader
will be blinded for the HIV status of the participant. Mean and maximum thickness
will be measured semi-automatically with the Artery Measurement System software
(Chalmers University, Gotenburg, Sweden) with a uniform reading protocol that ensures
standardised settings across reading stations.

Pulse wave velocity

To get insight in central vascular function, a PWV measurement will be taken by trained
nurses using a SphygmoCor device (AtCor Medical), starting from the first year follow-up
visit (Details in appendix 2). PWV is regarded as the gold standard for measuring aortic
stiffness; an increase was found to be an independent risk factor for cardiovascular
disease[25,26]. Carotid-femoral PWYV is calculated by dividing travelled distance by
transit time. The direct carotid-femoral distance will be multiplied by 0.8, and a cut off
value of 10m/s will be used to define abnormal PWV[27].

Repeat measurements and follow-up
Data will be obtained on mortality, prevalent and incident cases of CVD morbidity,

and hospitalisations. Clinical manifestations of CVD considered in the study include
acute myocardial infarction, revascularizations, symptomatic heart failure and stroke.
Comorbidity and non-cardiovascular outcomes are measured by recording non-
cardiovascular related hospitalisations and mortality. All participants with abnormal
findings (for example hypertension) will be referred to the Ndlovu Medical Center or
to a primary healthcare clinic for further analysis. Information on treatment will be
updated at every follow up visit (Table 1).

Telephone follow up

Six months after the baseline visit and yearly thereafter (month 6, month 18, month 30
and so on), information on the current/ongoing medical condition(s), medical conditions
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during the past six months and medication use, lifestyle factors (e.g., alcohol usage
and smoking habits, and cART adherence for HIV-positives on cART) is collected during
phone interviews with participants.

Follow up visit at the research center

Participants are invited for annual (month 12, month 24, and month 36 and yearly
thereafter following baseline) visits to the research center for follow-up questionnaires,
measurements, and blood sampling in line with baseline assessment. (See Table 1 for
a listing of data collected during follow-up). Blood drawing is intensified for the group
of 200 HIV positive, ART naive participants at baseline; one EDTA tube and two sodium
heparin tubes (10 ml blood each) will be drawn quarterly during the first two years
after enrolment for storage and isolation of PBMCs. Both CIMT measurement and PWV
measurement will be performed bi-annually, in alternating sequence.

Intended analysis on stored blood samples
Future analysis will focus on prospective analysis of immune markers representing

different pathways of immune dysfunction and immune activation, in relation to CIMT,
PWYV and overt cardiovascular outcomes. Examples are interleukin-6, CD163, d-dimer
and sVCAM-1[28,29].

Current state of the art
Enrolment started in November 2014 and will be finished by December 2016. The
intended follow up duration is 10 years.

Discussion

Life expectancy is rising in the HIV infected population as a result of increasing ART
coverage. Consequently, the risk of experiencing non-communicable diseases, such
as CVD, leading to substantial morbidity and mortality amongst HIV infected people
increases.

So far, data on CVD risk in HIV-infected populations in SSA is scarce. Existing studies
are limited by size, retrospective character or a single focus on risk factors, without any
observations on the prevalence of cardiovascular end points or disease. Moreover, an
HIV-negative control group is generally lacking. Current literature suggests a different
cardiovascular risk profile in HIV-infected individuals compared to non-HIV infected
individuals in SSA, but does not clarify to which extent HIV or HIV-related factors
influence the cardiovascular risk profile and the occurrence of CVD[4].

121

531207-L-bw-Vos
Processed on: 20-5-2019 PDF page: 121



Chapter 5

Strengths

The Ndlovu Cohort Study is designed to address CVD risk in relation to HIV infection in
a rural SSA population. The Moutse area is an ideal setting to perform a cohort study
as it is a typical rural area. Lifestyle, environmental characteristics, gender distribution
(more females than males infected) and the economic status with extreme poverty,
are representative for the situation in resource limited settings, making the results
generalizable to other rural districts in Sub-Sahara Africa.

The affiliation with Ndlovu Care Group (NGC) provides an excellent setting to establish
and follow a cohort given its long-term relation with the local community since 1994.
A major advantage of the cohort is the inclusion of both HIV-positive and HIV-negative
individuals, making it possible to investigate the cardiovascular risk profile of the rural
population in general, as well as the additional effects of HIV and HIV treatment. As the
intended duration of follow up is several years, the study will not only provide data on
prevalence of cardiovascular risk factors, but also data on cardiovascular endpoints.
In the meantime, CIMT and PWV will be used as surrogate markers to get insight into
the risk of CVD. The multidisciplinary approach of the Ndlovu Cohort Study integrating
clinical and translational medicine, (clinical) epidemiology, infectious diseases, virology,
immunology, pharmacology, social sciences, mathematical modelling and public
health will combine efforts to gain new insights into pathogenesis, prevention and risk
behaviour for both HIV and CVD.

Limitations

Unemployment rates in the Moutse area are up to 50%, which may result in loss to
follow up, especially for men, due to labour migration. However, drop out is expected
to be randomly distributed and multiple imputation will be used to account for
missing data. We used a simplified approach to estimate the power given the number
of patients to be included. Even though the analysis planned will require additional
degrees of freedom compared to the power analysis, we offset this by analyzing power
for a very small difference for increasing correlations between time measurements
of CIMT. Another limitation is the relatively young age of the population, limiting the
number of expected CVD events. Moreover, survival of endpoints may hamper further
examinations (for example disability after a stroke, which makes a visit to the clinic
impossible). Effort will be made to trace all participants to keep follow up rates as high
as possible, and to document reasons in case of loss to follow up. This will be done by
telephone calls, home visits when needed and community engagement.
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Conclusion

The Ndlovu Cohort Study is designed to investigate cardiovascular risk profiles and
the occurrence of CVD in a rural population in SSA where HIV infection is prevalent,
more females than males are infected and the predominant HIV subtype is subtype C.
The multidisciplinary approach will foster new insights into prevalence of risk factors,
risk behaviour, the role of HIV and ART in the pathogenesis of CVD and the occurrence
of cardiovascular endpoints. The ultimate goal is improvement of risk prediction and
development of targeted prevention and treatment strategies to provide integrated
care for HIV and CVD.
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Appendix 1 — CIMT protocol

Every two years a CIMT measurement will be performed on every participant according
the following procedure:

1. Sonographer Scan Protocol: Use the Meijer Arc. Start with the transverse scan at the
right side at the level of the clavicle and scan at an angle of 45 degrees at the 135
degrees angle. Optimize the boundaries during the scan and locate the orientation of
the bifurcation to obtain the “Y” for vessel identification in the longitudinal images
later on. Store one image clip at least 5 seconds in duration to illustrate the anatomy.

2. Start of the 4 Selections

RT 150 degrees - CCA both walls: Start the scan at 150 degrees. Place the text
indicating the angle of interrogation on the screen. Position the tip of the flow divider
approximately 15mm from the left side and keep this position during all selections.
Horizontalise the vessel optimizing both boundaries. When both boundaries are clearly
seen, freeze, scroll back in the cine-loop, identify the clearest boundaries on the R-wave
of the ECG and store the image.

RT 120 Degrees - Move the transducer to the next angle on the arc (120 degrees) and
repeat the procedure as described above.

RT 90 Degrees - Move the transducer to the next angle on the arc (90 degrees) and
repeat the procedure as described for the CCA above.

Bulb far wall 120 degrees or optimal angle - Change annotations including the angle,
then optimize the boundary, check the tip position, freeze, scroll back in the cine-loop
and store the clearest still frame out of the cine-loop using the R-wave of the ECG.

Longitudinal scan of the CCA (optimal angle): Place the text ‘right’ in the lower left

corner on the screen. Position the tip of the flow divider approximately 15mm from the
left side and keep this position. Horizontalize the vessel optimizing both boundaries.
When both boundaries are clearly seen, stabilize the probe and store a 5-second clip.

Left side

- Repeat the same procedure on the left side at angles 210, 240 and 270 for the CCA
segment and 240 degrees (or optimal angle) for bifurcation segment

- Repeat the same procedure to obtain a 5-second clip of the CCA left.
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Appendix 2 - PWYV protocol

Every two years a PWV measurement will be performed on every participant according
the following procedure:

1. Preparations: make sure that the patient is relaxed and that a stable ECG trace with
positive R-waves is obtained. Record information on use of caffeine containing drinks
or cigarettes in the 3 hours preceding the measurement. Check eligibility criteria (no
history of carotid stenosis, no history of or visible arrhythmia’s).

2. The carotid and femoral pulse at the right side will be identified. The distance
between both pulses is measured and multiplied by 0.8.

3. The Tonometer is used to obtain a steady pulse waveform on the Carotid artery and
subsequently on the Femoral artery, both at the right side.

4. Data are captured in case the following criteria are met:

a. Standard deviation is less than 10% of the PWV
b. Operator index is 285%

c. All ECG indicators are within the expected range
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Abstract

Background HIV is associated with an increased risk of cardiovascular disease (CVD)
in high income countries. Little is known about the CVD burden in sub-Saharan Africa
(SSA), where 70% of the world’s HIV-positive population lives. This study aims to provide
insight into the burden of CVD risk in a rural setting in SSA considering HIV infection
and antiretroviral treatment (ART).

Methods A cross-sectional analysis was conducted of the baseline of the Ndlovu Cohort
study including HIV-negative and HIV-positive participants in South Africa between 2014
and 2017. Information was collected on demographics, socio-economic status and CVD
risk factors. Carotid intima-media thickness (CIMT) measurement was performed. The
influence of HIV and ART on the burden of CVD was determined by comparing HIV-
positive participants who were ART-naive, on first-line ART or on second-line ART to
HIV-negative participants.

Results 1927 participants were included; 887 (46%) were HIV-positive, 54% were
women. The median age was 38 years. Overall, 690 participants (79%) were on ART; 613
(89%) on first-line and 77 (11%) on second-line. Participants with HIV had lower values
for most of the CVD risk factors, but higher CRP levels than HIV-negatives. Overall,
ART-naive HIV-positive participants had similar CIMT compared to HIV-negatives but
CIMT was increased for participants on ART aged 30 years and over compared to HIV-
negative participants.

Conclusion HIV-positive participants presented with a favourable CVD risk profile
compared to HIV-negative participants. However, CIMT was increased in HIV-positive
participants on ART, indicating a higher burden of subclinical CVD for the HIV-positive
population.
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Background

Almost seventy percent of all HIV infected people reside in Sub-Saharan Africa (SSA)
[1]. The successful roll-out of antiretroviral therapy (ART) has changed HIV from a life-
threatening illness to a chronic condition. Life expectancy for people living with HIV
has increased substantially[2]. As a result, the health care system will be faced with
an aging HIV population, and hence with an increasing number of HIV infected people
with co-morbidities|[3, 4].

Meanwhile the African continent is facing an increasing burden of non-communicable
diseases[5]. Cerebrovascular - and ischemic heart disease were the fourth and fifth
leading causes of life years lost in South Africa in 2015[6]. Simultaneously, a high
prevalence of classic cardiovascular risk factors like hypertension, obesity and smoking
is observed[7, 8].

Research from high-income countries (HIC) indicated that HIV infection and ART are
independent risk factors for cardiovascular disease (CVD)[9]. The situation for SSA is less
clear. Conventional CVD risk factor levels appear to be lower for people living with HIV
(PLHIV) compared to the general population[8, 10, 11]. On the other hand, HIV infection
and treatment with ART result in ongoing low-grade inflammation and elevation of
markers of endothelial damage, which are known contributors to CVD risk[12, 13].

So far, there are no longitudinal studies addressing CVD risk in HIV in SSA, but there
are some cross-sectional studies which all show that HIV is associated with a higher
risk of CVD or stroke compared to the non-HIV infected population[14-16]. The role of
ART is even less clear than the role of HIV[13, 17]. To gain insight into the burden of
CVD in HIV infection, surrogate markers for CVD risk have been used, among which is
the well-established carotid intima-media thickness (CIMT) measurement[18]. HIV has
been associated with an increase in CIMT in HIC[19-22]; however, smaller studies in SSA
did not find a relation between HIV and CIMT[13, 23, 24].

The Ndlovu Cohort Study (NCS) was set up to investigate the role of HIV and ART on
the burden of cardiovascular risk factors and CVD in a rural African population. This
study presents the cardiovascular risk factor profile at baseline and assesses the burden
of subclinical CVD using carotid intima-media thickness in PLHIV, whether or not on
treatment, in comparison to people without HIV.
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Methods

The NCS is located in a rural area in Limpopo, South Africa, and included 1040 HIV-
negative participants and 887 HIV-positive participants from November 2014 to
August 2017. The design and the methods have been described previously[25]. Briefly,
participants were 218 years and they were recruited through community campaigns,
at local events and shopping centers as well as at the Ndlovu Medical Center HIV clinic.
Following informed consent, participants underwent HIV testing unless they were on
HIV treatment. Information was collected on demographics, socio-economic status,
medical history and medication use (both HIV related as well as for other medical
conditions) using standardized questionnaires. ART treatment status was assessed by
self-report and complemented with data from an electronic HIV registry (TIER.net). A
participant who was diagnosed with HIV at maximum eight weeks prior to inclusion
was considered to be newly diagnosed and a participant who initiated ART at maximum
eight weeks before enrolment was considered to be ART- naive. Date of HIV diagnosis
and ART use were set to the first of July if only the year was known. If the date of the
first ART prescription in TIER.net was prior to the self-reported date of HIV diagnosis,
the date of the first prescription was assumed to also be the date of HIV diagnosis.
Smoking, alcohol use and other cardiovascular risk factors were assessed with a
modified version of the WHO STEPs instrument[26]. Family history was considered
positive for CVD when a history of stroke and/or heart attack was reported in a first-
degree family member (parent or sibling) before the age of 60. Physical activity was
assessed with the International Physical Activity Questionnaire[27]. Anthropometric
measurements included height, weight, and waist and hip circumference. Three blood
pressure measurements were obtained after a five minute rest. The average of the
second and the third measurement were used for the analysis. Blood was drawn for
analysis of lipids, glucose and HIV viral load and CD4+ cell count for all HIV-positive
participants. HbAlc was added to the analysis some months after the start of the study;
results were available for 1494 (77.5%) of the participants. In addition, a urine sample
was taken for analysis of urine-albumin and -creatinine. All blood samples were spun
the same day and analysed the next day at an accredited laboratory (TogalLabs, South
Africa).

CIMT measurement
CIMT was measured in all participants after a 15 minute rest using a Siemens Acuson

p300 ultrasound (Siemens Healthcare (Pty) Ltd, South Africa). Scans were obtained in
B-mode with a 27.0 MHz linear probe. The near wall and far wall of the common carotid
artery (CCA) were measured at three standardized angles at both the right and left side
using the Meijer’s Arc[28]. The far walls of the carotid bulb on the right and left sides
were captured at the best visible angle. CIMT was measured semi-automatically with
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the Artery Measurement System software (Chalmers University, Gothenburg, Sweden)
and adjusted manually if needed. Analyses were done in batch with a uniform reading
protocol by three readers who were blinded to the HIV status of the participant. The
inter-reading agreement for the readers was excellent for mean CCA-IMT and good
for max CCA-IMT (0.93 and 0.87 respectively)[29]. CIMT reading included mean and
maximum (max) thickness of the intima-media layer of the near and far wall across all
six angles of the CCA (mean CCA intima-media thickness (IMT) and max CCA-IMT), and
the max IMT at the carotid bulb left and right (max bulb-IMT). A mean CCA-IMT of >1.0
mm at any of the measured angles was considered as a plaque[30].

Statistical analysis
Descriptive data were presented as mean with standard deviation, median with

interquartile range or count with percentage, as appropriate. Baseline characteristics
and CIMT outcomes were presented by HIV and ART status. A total of 43.3% of the
blood pressure readings were regarded as missing data as these measurements were
taken with a non-validated blood pressure device (all blood pressure data obtained in
2016 and 2017). Multiple imputations were used according to a Markov chain Monte
Carlo (MCMC) method to estimate the missing values while stratifying the data on HIV
and treatment status. Imputation was repeated 20 times. A single imputed data set was
created by selecting a random draw from the 20 data sets for the final imputed blood
pressure values. Cardiovascular risk factors were compared across groups (HIV-negative,
HIV-positive ART naive, or on first-line or second line ART) using the HIV-negative group
as the reference group whilst adjusting for sex and age.

As previous research suggested that the effect of HIV on CIMT could be age
dependent[31], we first tested if there was an interaction between age and HIV
on CIMT in our data. This interaction turned out to be positive, and therefore the
analysis was stratified in three age categories: 18-29 years, 30-49 years and 50+ years.
Participants on first-line and second-line ART were regrouped to ‘HIV-positive on ART’
as the relatively small number of participants on second-line ART (n=77) did not allow
a separate analysis on second-line ART in the different age strata. The influence of HIV
and ART on mean CCA-IMT, max CCA-IMT and max bulb-IMT values were analysed in a
linear regression analysis whilst using the HIV-negative group as a reference group. The
first model was unadjusted, the second model was adjusted for age, the third model for
age and sex and the fourth model was additionally adjusted for known contributors to
CIMT; namely male sex, age, smoking, systolic blood pressure, body mass index, high
density lipoprotein (HDL) -cholesterol, low density lipoprotein (LDL) -cholesterol and
glucose[28].
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We repeated all these steps for HIV-positive participants only, using the ART naive group
as the reference group. The final model was additionally adjusted for CD4-cell count,
viral load, known duration of HIV infection and time on ART. The influence of viremia
(either between 50-1000 copies or >1000 cp/ml) on viral load was tested in a linear
regression while using the group with undetectable viral load (<50cp/ml) as reference
group. Finally, we analysed the influence of HIV and ART on mean CCA-outcomes for
men and women separately.

Results

A total of 1927 participants were recruited, 1056 (55%) women and 887 (46%) HIV-
positive. The median age of the total population was 38 years. HIV-negative participants
were significantly younger than the HIV-positive participants (32 years versus 41 years,
p <0.001). The majority of the population was unemployed and lived under the poverty
line, defined as a monthly income of less than 648 South African Rand (approximately
$46) [32]. Sixty-one percent of the HIV-negative group versus 55% of the HIV-positive
group was in a stable relationship (p = 0.004) (Table 1).
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Table 1a. Baseline description.

HIV-positive
HIV-negative Second-line
ART-naive First-line
ART
(n=197) ART
(n=1040) (n=77)
(n=613)
Demographics and socio-economic background
. . 32.0 35.0 41.0 43.0
Age in years (median, IQR)
(24.0-48.0) (28.0-45.0) (36.0-49.0) (37.5-49.5)
Gender, female 527 (50.7) 124 (62.9) 362 (59.1) 43 (55.8)
Highest level of education None 42 (4.0) 5(2.5) 31(5.1) 4(5.2)
Primary 179 (17.2) 48 (24.4) 130 (21.2) 21 (27.3)
Secondary & Matric 711 (68.4) 125(63.5) 419 (68.4) 45 (58.4)
College & University 108 (10.4) 19 (9.6) 33 (5.4) 7(9.1)
Employment Unemployed 696 (66.9) 150 (76.1) 408 (66.6) 53 (68.8)
(Self) employed 159 (15.3) 34 (17.3) 185 (30.2) 22 (28.6)
Other (student, retired, volunteer) 185 (17.8) 13 (6.6) 20(3.3) 2(2.6)
Income per person per <648 621 (62.8) 125 (66.8) 349 (60.7) 48 (65.8)
month in rands?
(n=1824) 648-992 79 (8.0) 12 (6.4) 49 (8.5) 4(5.5)
>992 289 (29.2) 50 (26.7) 177 (30.8) 21 (28.8)
Stable relationship
. . . 638 (61.3) 91 (46.2) 351 (57.3) 44 (57.1)
(married, life partner, cohabiting)
Cardiovascular risk factors
Alcohol use, ever 777 (74.7) 154 (78.2) 378 (61.7) 49 (63.6)
Alcohol use in the past 30 days 406 (39.0) 69 (35.0) 154 (25.1) 23 (29.9)
Smoker (n=1923) Ever 459 (44.1) 83 (42.1) 214 (35.0) 30(39.0)
Current 334 (32.1) 58 (29.4) 128 (20.9) 18 (23.4)
Cigarettes/cigars per day (n) 6.0 6.0 6.0 4.5
(median, IQR) (4.0-10.0) (4.0-11.5) (4.0-10.0) (4.0-9.3)
Positive family history for CVD 35 (3.4) 4(2.0) 8(1.3) 0
Physical activity (MET-
. Moderate 401 (38.6) 73 (37.1) 187 (30.5) 26 (33.8)
minutes/wk)
High 302 (29.0) 48 (24.4) 124 (20.2) 18 (23.4)

Data in mean with standard deviation or count with percentage, unless otherwise specified.
ART; antiretroviral therapy, CVD; cardiovascular disease, MET; metabolic equivalent task, wk; week.
1. <648: lower bound poverty line, >992 upper bound poverty line.
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Table 1b. Baseline description

HIV-negative HIV-positive
ART-naive Second-line ART
First-line ART
(n=197) (n=77)
(n=1040) (n=613)
Physical examination
Average systolic blood
120.1 (24.1) 115.5(21.5) 114.1 (20.5) 116.8 (17.8)
pressure (mmHg)
Average diastolic blood
74.8 (14.2) 74.5 (12.7) 73.3(13.1) 74.0 (12.5)
pressure (mmHg)
Body Mass Index (kg/m2) 23.1 22.5 22.8 22.1
(median, IQR) (19.8-28.3) (19.3-26.9) (19.6 — 26.5) (19.1-26.9)
Waist circumference (cm) 82.7 (13.9) 82.2 (12.8) 85.5(12.5) 83.6 (12.3)
Hip circumference (cm) 99.4 (14.0) 99.6 (14.1) 99.9 (13.3) 98.5 (15.6)
Laboratory analysis
Fasting glucose (mmol/L)
5.02 (2.65) 4.73 (1.34) 4.89 (1.16) 4.89 (1.39)
(n=1912)
HbA1c (%) (n=1495) 5.58 (0.88) 5.52 (0.38) 5.62 (0.66) 5.49 (0.66)
Total cholesterol (mmol/L)
4.19 (1.01) 3.88(0.91) 4.38(0.99) 4.31(1.09)
(n=1909)
HDL-C (mmol/L) (n=1909) 1.38 (0.34) 1.26 (0.37) 1.49 (0.42) 1.44(0.51)
LDL-C (mmol/L) (n=1904) 2.32(0.89) 2.18(0.77) 2.35(0.86) 2.26(0.83)
Triglycerides (mmol/L) 0.90 0.90 1.00 1.10
(median, IQR) (0.60-1.30) (0.65-1.20) (0.80-1.50) (0.73-1.70)
CRP (mg/L) 3.0 3.0 5.0 4.0
(median, IQR) (2.0-6.0) (2.0-13.0) (2.0-11.0) (2.0-9.8)
Urine albumin/creatinine
) ) 0.65 0.85 1.05 0.82
ratio (mg/mmol) (median,
(0.43-1.26) (0.55—1.55) (0.59-2.26) (0.55-1.64)
IQR)
Carotid intima-media thickness outcomes
Mean CCA-IMT, mm (n=1774) 0.565 0.555 0.610 0.630
(median, IQR) (0.510-0.660) (0.509-0.629) (0.541-0.696) (0.547 - 0.694)
Max CCA-IMT, mm (n=1774) 0.645 0.637 0.693 0.712
(median, IQR) (0.571-0.759) (0.573-0.722) (0.613 -0.800) (0.636 —0.800)
Max bulb-IMT, mm (n=1595) 0.781 0.773 0.848 0.852
(median, IQR) (0.649-0.942) (0.636—-0.942) (0.719-1.009) (0.723 -1.026)
Plague (mean CCA-IMT >1mm) 44 (4.2) 3(1.5) 34 (5.5) 6(7.8)

Data in mean with standard deviation or count with percentage, unless otherwise specified.

ART; antiretroviral therapy, CCA; common carotid artery, CRP; C-reactive protein, HDL-C; high density lipoprotein

cholesterol, IMT; intima-media thickness, IQR; interquartile range, LDL-C; low-density lipoprotein cholesterol.
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People with HIV knew their diagnosis for about five years, ranging from zero weeks for

newly diagnosed participants to more than 10 years for some participants on second-

line ART. Only about 65% of all participants were virally suppressed, including 16% of
the ART naive participants (Table 2).

Table 2. HIV related characteristics

ART-naive First-line ART Second-line ART

n=197 n=612 n=77
Time since HIV diagnosis 0.0 67.0 99.0
(months) (n=881) (0.0-7.0) (30.0-102.0) (70.5-126.5)
Newly diagnosed upon
enroltnentg* (n=881r))(n,%) 139(72.4) 0 0
Time on ART (months) 59.0 97.0

i (21.0-97.0) (59.0—122.5)

Of which time on second-line

42.0 (15.5-54.8)

ART

CD4+ cell-count (cells/mm?)
(n-873) 399 (275 - 553) 494 (338 - 679) 467 (330 - 647)
CD4+ <200 (cells/mm?) (n,%) 36 (18.6) 51(8.3) 8(10.5)
Viral load (cp/
ml) (n=872) <50 30 (15.5) 492 (81.7) 45 (59.2)
(n,%)

50-1000 26 (13.4) 47 (7.8) 14 (18.4)

>1000 138 (71.1) 63 (10.5) 17 (22.4)

Data in median with interquartile range or count with percentage. *diagnosed within 8 weeks prior to

enrolment. ART; antiretroviral therapy
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Table 3. Distribution of CVD risk factors according to HIV and ART corrected for sex and age.

ART-naive First-line ART Second-line
n=197 n=613 ARTn=77
B, 95% CI p B, 95% CI p B, 95% CI p
Systolic -4.54 -10.73 -8.77
blood (-7.64 - -1.43) (-12.82 - -8.64) (-13.50 -
REF 0.004 <0.001 <0.001
pressure -4.03)
(mmHg)
Diastolic -0.46 -4.10 -3.81
blood (-2.39-1.48) (-5.41 - -2.80) (-6.76 - -0.86)
REF 0.644 <0.001 0.011
pressure
(mmHg)
BMI -1.49 -1.95 -1.93
REF 0.001 <0.001 0.003
(kg/m?) (-2.33--0.65) (-2.51--1.38) (-3.21--0.65)
Fasting -0.272 -0.197 -0.212
glucose REF (-0.555-0.011) 0.059 (-0.384 --0.010) 0.039 (-0.615 - 0.302
(mmol/L) 0.191)
-0.113 -0.120 -0.264
HbAlc (%) REF (-0.243-0.017)) 0.089 (-0.206--0.034) 0.006 (-0.450 - 0.005
-0.079)
Total -0.359 -0.001 -0.090
cholesterol REF  (-0.501--0.217) <0.001 (-0.097-0.095) 0.988 (-0.309 - 0.423
(mmol/L) 0.130)
HDL-C -0.118 0.106 0.013
REF (-0.175--0.061) <0.001 (0.067 —0.144) <0.001 -0.076 - 0.780
(mmol/L)
0.101)
LDL.C -0.194 -0.115 -0.214
REF  (-0.320--0.068) 0.003 (-0.200--0.030) 0.008 (-0.408 - 0.031
(mmol/L)
-0.019)
-0.043 0.025 0.133
Log-TG
REF  (-0.122-0.036) 0.287  (-0.029-0.078) 0.366 (0.011 - 0.032
(mmol/L)
0.254)
0.332 0.410 0.210
Log CRP REF (0.179-0.484) <0.001 (0.308 - 0.513) <0.001 (-0.025 - 0.080
0.446)
Current 1.071 0.696 0.708
smoking REF  (0.628 —1.828) 0.801 (0.486 —0.997) 0.048 (0.323 - 0.388
(OR) 1.551)

ART; antiretroviral therapy, BMI; body mass index, CRP; C-reactive protein, HDL-C; high density lipoprotein
cholesterol, LDL-C; low density lipoprotein cholesterol, OR; odds ratio, REF; reference, TG; triglycerides.
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More than 90% of participants on first-line ART were using the recommended first-line
ART regimen tenofovir, emtricitabine, efavirenz. The majority of participants on second-
line ART were using ritonavir-boosted lopinavir.

Systolic and diastolic blood pressure, BMI, glucose, HbA1lc, total cholesterol and
LDL cholesterol were lower in HIV-positive participants compared to HIV-negative
participants following adjustment for age and sex (see table 3 for a comparison between
the treatment groups). On the contrary, CRP was significantly higher for PLHIV compared
to the HIV-negative group (p<0.001).

Table 4. HIV and ART status on mean CCA intima-media thickness (n=1775)

HIV- HIV-positive HIV-positive
negative ART-naive on ART o
Age 18-29 -0.007 0.004
0.431 0.657
(n=500) (-0.024 - 0.010) (-0.013-0.021)
Age 30-49 -0.023 0.005
Model 1 REF 0.023 0.401
(n=840) (-0.043 —-0.003) (-0.007 - 0.018)
Age 250 -0.046 0.011
0.099 0.463
(n=435) (-0.100-0.009) (-0.018 - 0.040)
Age 18-29 -0.009 0.000
0.311 0.965
(n=500) (-0.026 — 0.008) (-0.017 - 0.018)
Age 30-49 -0.014 -0.001
Model 2 REF 0.118 0.905
(n=840) (-0.033 -0.004) (-0.012 -0.011)
Age 250 -0.033 0.024
0.212 0.097
(n=435) (-0.085-0.019) (-0.004 -0.052)
Age 18-29 -0.004 0.006
0.655 0.508
(n=500) (-0.021-0.013) (-0.012 -0.024)
Age 30-49 -0.013 0.000
Model 3 REF 0.145 0.938
(n=840) (-0.032 -0.005) (-0.011-0.012)
Age 250 -0.034 0.019
0.189 0.183
(n=435) (-0.086 -0.017) (-0.009 —0.047)
Age 18-29 -0.004 0.011
0.629 0.237
(n=492) (-0.021-0.013) (-0.007 - 0.029)
Age 30-49 -0.001 0.018
Model 4 REF 0.870 0.002
(n=834) (-0.019 -0.016) (0.007 - 0.030)
Age 250 -0.014 0.050
0.571 <0.001
(n=429) (-0.063 - 0.035) (0.022 -0.078)

Age in years. ART: antiretroviral therapy, CCA: common carotid artery, HIV: human immunodeficiency virus,

LDL; low density lipoprotein, REF: reference.

Model 1 unadjusted
Model 2 adjusted for age

Model 3 adjusted for age and sex

Model 4 adjusted for age, sex, current smoking, systolic blood pressure, BMI, HDL cholesterol, LDL cholesterol and fasting glucose
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Mean and max CCA-IMT was available for 1775 (92%), and max bulb-IMT for 1596
(83%) of the participants. Plaques were present in 87 (4.5%) of the participants, and
this prevalence was not different between HIV-positive and HIV-negative participants
following correction for age and sex (p=0.46).

The unadjusted mean CCA-IMT was lower in ART-naive participants in the age group
30-49 years (Table 4). After adjustment for age, mean CCA-IMT did not differ anymore
between the groups.

Following adjustment for conventional CVD risk factors mean CCA-IMT was higher in
HIV-positive participants on ART aged 30 and over, and this effect increased with age
(B 0.018 p=0.002 in the age group 30-49 year versus B 0.050, p<0.001 in the age group
of 50+ years).

Exclusion of all HIV-positive ART-naive participants with a suppressed viral load from
the analysis did not change the direction or magnitude of the findings. The contribution
of CVD risk factors to mean CCA-IMT increased with age (Table 5).

Table 5. Influence of CVD risk factors on CCA-IMT.

18-29 years 30-49 year >50 years
B (95% CI) p B (95% Cl) p B (95% ClI) p
Age (years) 0.001 0.006 0.007
0.368 <0.001 <0.001
(-0.001-0.002) (0.005 -0.007) (0.005 - 0.009)
Male sex 0.024 0.023 0.080
<0.001 0.001 <0.001
(0.012 -0.037) (0.010 - 0.036) (0.052 - 0.109)
Current smoking -0.001 -0.002 0.002
0.904 0.752 0.886
(-0.014 -0.012) (-0.016 - 0.011) (-0.028 —0.032)
Systolic blood +0.000 0.001 0.001
0.014 <0.001 0.002
pressure (mmHg) (0.000 - 0.001) (0.001 -0.001) (0.000-0.001)
Body mass index 0.003 0.002 0.003
<0.001 <0.001 0.023
(kg/m2) (0.001-0.004) (0.001 -0.003) (0.000 - 0.005)
HDL cholesterol -0.007 -0.001 -0.039
0.355 0.879 0.020
(mmol/L) (-0.023 - 0.008) (-0.014 -0.012) (-0.072 - -0.006)
LDL cholesterol 0.000 0.009 0.033
0.969 0.004 <0.001
(mmol/L) (-0.007 - 0.007) (0.003 - 0.015) (0.020 - 0.046)
Glucose 0.005 0.004 0.005
0.028 0.030 0.010
(mmol/L) (0.001 -0.010) (0.000 -0.007) (0.001 - 0.010)

Cl; confidence interval, HDL; high density lipoprotein, LDL; low density lipoprotein
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The effects of HIV, ART and CVD risk factors on max CCA-IMT had the same direction
and magnitude (data not shown). Max-bulb IMT did not differ by HIV and ART status in
any of the age strata, and adjustment for age, sex and CVD risk factors did not change
this finding (data not shown).

To investigate the influence of HIV-characteristics on mean CCA-IMT HIV-positive
participants were analysed separately. Time on ART was associated with a higher
CCA-IMT in the age group 30-49 (B=0.006 per year of use, p<0.001), while years since
HIV diagnosis was associated with lower CCA-IMT (B=-0.005 per year since diagnosis,
p=0.001). Viral load was not associated with mean CCA-IMT, but an increase in CD4+
cell count was associated with a lower mean CCA-IMT (B=-0.004 per increase with
100cells/mm?3, p=0.01). Using max CCA-IMT as outcome, the same trends were seen
in the age group 30-49 years. None of the HIV-related variables were associated with
mean or max CCA-IMT in the age group 50+ years.

Finally, mean CCA-IMT results were analysed for men and women separately. Following
adjustment for CVD risk factors the same trends were observed with a higher CCA-IMT
for participants on ART compared to HIV-negative participants in the age category 30-49
years and, for men only, 50 years and over (data not shown).

Discussion

In this large study comparing PLHIV whether or not on ART to HIV-negative participants,
PLHIV had favourable levels of most conventional CVD risk factors compared to HIV-
negative participants. HIV itself seemed not to be associated with increased CCA-IMT,
but treatment with ART was associated with an increase in CCA-IMT in people aged 30
years and over, and this effect increased with age. The influence of conventional CVD
risk factors on CCA-IMT also increased with age.

Lower levels of conventional CVD risk factors in PLHIV compared to the HIV-negative
group is in contrast to studies from HIC reporting a higher burden of CVD risk factors
in the HIV-positive compared to the HIV negative population[33, 34]. Our findings are,
however, in line with two meta-analyses including studies from SSA only [10, 35] as well
as with more recent, population based surveys in South-Africa[7, 13]. This likely reflects
the differences in sex distribution and lifestyle between the HIV positive population
in HIC compared to SSA. The fact that a large proportion of HIV positive subjects in
SSA are relatively young may obscure any adverse effects on cardiovascular risk with
advancing age.

The influence of HIV on CIMT was observed to vary across the lifespan, with a higher
CCA-IMT for people on ART from the age of 30 years compared to HIV-negative
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individuals. This effect seems to be driven by ART rather than by HIV as time since
HIV diagnosis was associated with a decrease in CCA-IMT, but the time on ART with
an increase in CCA-IMT. The age-dependency of the influence of HIV and ART on CIMT
was also described in a meta-analysis by Hanna et al.[31]. They found higher CIMT
values for the HIV-positive participants aged six to 29 years compared to HIV-negative
participants, and, in the age category 30 years and over, similar CIMT for HIV-positive
participants on ART compared to HIV-negative controls. In contrast to these findings
we observed similar CIMT values between PLHIV and HIV-negative participants in the
young age category, and a higher CIMT in participants on ART aged 30 years and over
compared to HIV negative controls.

Our results are in line with several studies conducted in HIC, which all reported higher
CIMT values for PLHIV on ART compared to HIV-negative controls[21, 22, 36]. However,
studies conducted in SSA all found equal or lower CIMT values in PLHIV compared to HIV-
negative participants[13, 23, 24, 37]. It is challenging to explain why our findings differ
from these studies. The average age of participants in these studies was comparable
to our study, but these studies were smaller and only one study included participants
on second-line ART[23]. Other reasons to consider are differences in time since HIV
diagnosis, time on ART, exposure to older ART regimens, as well as differences in the
extent of immune dysregulation. In our cohort, 35% of PLHIV had detectable viremia,
and the accompanying immune activation was reflected by the higher CRP levels for
PLHIV compared to the HIV-negative participants. Both viremia and immune activation
are known risk factors for CVD[38-40]. However, this might not explain everything as
most of the studies in SSA also included HIV-positive, ART naive participants, and our
analysis suggests that CIMT is mainly driven by ART and not by HIV. Given the large
sample size and the inclusion of a representative HIV-negative control group in the
current study, we believe that the current results reliably reflect the effect of HIV and
ART on CIMT in this urban, African setting.

Some limitations of this study need to be mentioned. A material proportion of the blood
pressure values were imputed as we could not use the original data. We assumed data
to be missing completely at random so it is unlikely that this affects the comparison
between the groups, but it limits the ability to state something about the prevalence of
hypertension in our population. There is a remarkably high percentage of HIV-positive,
ART-naive participants with undetectable viral load. This may reflect non-disclosure
about HIV status and use of ART, and this may have diminished differences between the
ART-naive group and participants on ART. However, excluding these participants from
the analysis did not change the findings. Of concern is the high percentage of PLHIV
with detectable viremia (18% of participants on first-line ART and 41% of participants on
second-line ART). Apart from the clinical implications, it might limit the generalizability
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of our results to settings with higher rates of viral suppression. Finally, we could present
CVD risk profile by ART line (first or second-line), but upon stratification the number of
participants on second-line ART per group was too small to include this group separately
in the analysis of CIMT.

In conclusion, our data suggests that the older HIV-positive population on ART has a
higher risk of CVD than the HIV-negative population as estimated from the carotid artery
wall thickness. Results from prospective studies addressing CVD endpoints are needed
to confirm this finding. The Ndlovu Cohort Study will contribute to understanding the
effects of HIV on the burden of CVD in the long term. The first participants in our cohort
have now completed four years of follow-up. In future publications we will address
change in CIMT over time between the HIV-positive and HIV-negative participants, as
well as CVD endpoints. In the meantime, HIV care should incorporate screening for and
treatment of risk factors for CVD, and treatment thresholds might need to be stricter
as PLHIV seem to have an increased risk of CVD despite a lower level of conventional
CVD risk factors compared to the HIV-negative population.
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Chapter 7

Abstract

Background Antiretroviral therapy transformed human immunodeficiency virus (HIV)
infection into a chronic disease. Possible HIV-associated complications have emerged
including cardiovascular diseases (CVD). This study aims to determine the distribution
of heart rate variability (HRV) and the association between HRV and HIV in a rural
African population.

Setting This cross-sectional study included participants of the Ndlovu Cohort Study,
South Africa.

Methods HRV was measured using a standardized 5-minute resting ECG and assessed
the standard deviation of the normal RR intervals (SDNN), the root of the mean
squares of successive RR differences (RMSSD), the percentage of RR intervals greater
than fifty milliseconds different from its predecessor (pNN50), total-, low- and high-
frequency power. CVD risk factors were assessed using measurements (blood pressure,
anthropometry) and questionnaires (e.g. socio-demographics, alcohol, smoking, physical
activity). We used a Wilcoxon rank test to assess the difference in medians between
HIV-infected and HIV-uninfected participants and multivariable linear regression to
investigate the association between HRV and HIV.

Results The study included 325 participants, of whom 202 (62.2%) were HIV-infected.
HIV-infected participants drank less alcohol, were more physically active and had lower
educational attainment and systolic blood pressure. The medians of all HRV parameters
were lower for the HIV-infected compared to HIV-uninfected participants. A significant
inverse association was found between HIV and SDNN, RMSSD and pNN50.

Conclusion Although HIV-infected participants presented with less CVD risk factors they
had a lower HRYV, indicating an increased risk of CVD and underlining the importance
of embedding CVD prevention in HIV-care.
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Introduction

In 2017, an estimated 60% of all people with human immunodeficiency virus (HIV)
globally received antiretroviral treatment (ART)[1]. Long-term treatment with ART
increases the life expectancy of HIV-patients and has transformed HIV into a chronic
disease[2]. With the ageing of the HIV-infected population, possible HIV-associated
complications have emerged, most notably cardiovascular diseases (CVD)[3, 4]. Apart
from conventional CVD risk factors, HIV-infected individuals may be at an increased
risk of CVD due to HIV-infection, possibly related to immune activation while certain
antivirals may also play a role[4, 5]. A recent meta-analysis reported that people living
with HIV have a twofold increased risk of cardiovascular disease[5].

While approximately 25.5 million HIV-infected individuals live in sub-Saharan Africa
(SSA), that is nearly 70% of all people infected with HIV, research on the association
between HIV and CVD in this area is scarce[6]. The differences in lifestyle, socio-
economic factors and HIV subtype preclude generalization of data from Western
countries to the SSA region.

One way of estimating CVD risk is by using surrogate markers[7]. Heart rate variability
(HRV) has been shown to be an independent predictor of CVD[8-10]. High HRV is a
sign of good adaptation and efficient autonomic mechanisms. Conversely, low HRV is
often an indicator of inadequate adaptation of the autonomic nervous system (ANS)
[11]. Autonomic dysfunction was commonly detected in HIV and AIDS patients prior
to the advent of ART, suggesting an autonomic neuropathological effect of HIV[10].
However, the effect of HIV on HRV in the current era of widespread ART availability is
more ambiguous[10, 12]. Research on a small group of HIV-infected subjects on ART
demonstrated a decrease in all parameters using 24-hour HRV, while another study did
not find a difference in parasympathetic activity but only in total HRV[13]. Research on
the distribution of HRV in HIV-infected and HIV-uninfected populations in SSA which
takes into account classical CVD risk factors and ART allows to further assess the link
between HIV, ART, CVD risk and autonomic function[14].

The aim of this study is twofold. First, we assessed differences between CVD risk factors
of HIV-infected compared to HIV-uninfected subjects. Second, we investigated the
distribution of HRV and the difference between HRV of HIV-infected compared to HIV-
uninfected subjects while taking CVD risk factors into account.
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Methods

Study design
This cross-sectional study was embedded in the Ndlovu Cohort study (NCS)[15]. All

measurements, including HRV, were taken on the day the participant came for a baseline
or follow-up visit in the period August 2017 to December 2017.

Recruitment of participants
The NCS is a prospective study in the Moutse area, Limpopo Province, South Africa and

aims to provide a comprehensive understanding of the interaction between HIV and
CVD in the black SSA population. From November 2014 until August 2017 this study
recruited 1,040 HIV-uninfected and 887 HIV-infected participants. Criteria for eligibility
were age 18 years and older, being able to provide written informed consent and be
committed to long-term follow-up. Routine physical examination was used to assess
CVD risk factors. The methods have been described in details in another publication[15].

All NCS participants who came to the research site were approached for additional
HRV assessment. We excluded pregnant women and individuals unable to undergo the
study procedures for any reason. Ethics approval was obtained from the Review Ethical
Committee of the University of Pretoria (ref. number 227_2017).

Heart Rate Variability

HRV was measured in laying position with the upper body at a slight upward angle
during 5-minutes using a 12-lead computer-based ECG Sampling box (