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ABSTRACT 

 

Background: Antiretroviral therapy (ART) has reduced morbidity and mortality in people living with 

Human immunodeficiency virus (PLWH). However, metabolic and thrombotic complications have now 

become prevalent in the aging population of PLWH. The spectrum of cardiovascular disease in patients 

with HIV is broad and the mechanisms underlying the risk of cardiovascular disease (CVD) in PLWH 

remains complex and multifactorial. This includes an interplay between traditional risk factors such as 

obesity which in the general population is more prevalent in women. This study aimed to assess the 

association between platelet activation, endothelial activation and CVD-risk in women living with HIV.  

Methods: In this study we included 66 female participants living with HIV (n=33 normal weight and 

n=33 overweight/obese) enrolled in the prospective multi-country PEPFAR PROMise Ongoing 

Treatment Evaluation (PROMOTE) study from the Umlazi clinical research site. The time of blood 

draws ranges from December 2018- November 2019. We measured the levels of high sensitivity c-

reactive protein (hsCRP), lipid profiles, platelet activation (P-selectin, CD36 and platelet factor-4) and 

markers of endothelial activation (endothelin-1, von Willebrand factor). 

Results: Women living with HIV(WLHIV) and obesity showed significantly elevated levels of soluble 

CD36 4.36[2.71-9.53] when compared to the control group 2.79[2.24-3.55], p=0.0064. Furthermore, 

the levels of  (vWF) were elevated in WLHIV and obesity 8.83[1.59-9.78] when compared to controls 

5.34[0.65-7.7] p=0.0009. However, the levels of soluble P-selectin, platelet factor-4 (PF4) and 

endothelin-1 (ET-1) were comparable between two study groups (p>0.05). Lastly, the levels of hsCRP 

levels were significantly higher in WLHIV and obesity (7.71±9.95) when compared to controls 

(3.68±5.89) p= 0.0005. 

Conclusion: The levels of platelet and endothelial activation are elevated in WLHIV and obesity 

despite successful ART.  Moreover, the levels of inflammation remain persistently high even during 

ART.  Therefore, WLHIV and obesity are at an increased risk of developing CVD.  

Keywords: Cardiovascular disease, obesity, platelet activation, endothelial activation, antiretroviral 

therapy 
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of prognostic factors” 

Chapter 3: An experimental paper, “Platelet activation and cardiovascular-risk in antiretroviral 

therapy-treated women living with HIV and obesity” 
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CHAPTER 1: INTRODUCTION 1 

The incidence of human immunodeficiency virus (HIV) infections remains a significant challenge in 2 

developing countries (1). In the past decade, considerable efforts have been made towards increasing 3 

the roll-out and access to antiretroviral therapy (ART) have yielded a significant reduction in acquired 4 

immunodeficiency syndrome (AIDS)-related mortality and an overall improvement in the quality of 5 

life in people living with HIV (PLWH) (2,3). However, an increasing incidence of noncommunicable 6 

disease (NCD) has emerged in the ageing population of PLWH on ART (4,5). Data from the Strategies 7 

for Management of Antiretroviral Therapy (SMART) study has demonstrated an association between 8 

markers of inflammation and adverse outcome i.e. cardiovascular diseases (CVD) in ART-treated 9 

patients living with HIV (6). This implies that an increased level of inflammation is associated with 10 

HIV and platelets are reported to be key role players in the development of inflammation (7).  11 

 12 

Platelets are essential effector cells in haemostasis that play a pivotal role in pathological thrombosis, 13 

coagulation, inflammation and orchestrate innate and adaptive immune responses (8,9). Activated 14 

platelets express surface P-selectin (CD62P) and are found at the sites of inflammation.  Activated 15 

platelets release pro-inflammatory cytokines that increase the inflammatory response (10,11). Several 16 

studies have previously demonstrated that PLWH show increased platelet activation (12–17). In 17 

addition, increased plasma levels of  inflammatory biomarkers such as C-reactive protein (CRP), and 18 

interleukin-6 (IL-6) and D-dimer are elevated in patients with CVD-related conditions (i.e. 19 

atherosclerosis) and may have a role in predicting the CVD risk profile (18).  20 

 21 

A previous study reported that the platelet-activation factor (PAF) is associated with an increased 22 

cardiovascular risk (19). Platelet-activating factor is a potent lipid mediator of inflammation that has 23 

immunomodulatory effects and a pivotal role in the pathogenesis of inflammatory disorders and 24 

cardiovascular disease. Limited scientific evidence suggests that the platelet-activating factor pathway 25 

may be a mechanistic link between HIV-1 infection, systemic inflammation, and immune activation 26 

that contribute to pathogenesis of chronic HIV-related complications such as CVD (19). The role of 27 

platelets in the inflammatory and coagulation process has been reported (20). However, the relevance 28 

of this association remains unclear in the context of HIV. There are few studies that have assessed ex 29 

vivo platelet function in HIV-infected patients on ART (21,22). 30 

 31 

Problem statement  32 

A previous meta-analysis comprised of 800 000 PLWH, including studies with 3-4 years of follow-up 33 

period reported on CVD incidence of 62 events per 10,000 person-years, with a risk ratio of 2.16 when 34 

compared to uninfected controls (23,24). In Africa, the fraction of CVD attributable to HIV infection 35 

ranges from 0.36 to 0.92 percent (25). When national estimates of prevalence and cardiovascular burden 36 

were observed in 154 countries, the highest population attributable fraction was observed in countries 37 
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within sub-Saharan Africa, with HIV accounting for more than  15%  of the cardiovascular burden in 38 

Swaziland, Botswana, Lesotho and South Africa (25). A previous study reported on an increased 39 

incidence of cardiovascular diseases; including acute myocardial infarction (MI), stroke, and 40 

atherosclerosis, in patients with HIV compared with the uninfected individuals (25). The relative risk 41 

for CVD increased in patients with HIV over the age of 45 years (25). Other studies have shown that 42 

the risk of MI alone is elevated in patients with HIV across a wide range of ages. Moreover, a linear 43 

association between age, duration of  ART and CVD mortality has been reported (26). Furthermore, 44 

previous studies from Kenya have reported a nearly 8-fold increase in the prevalence of obesity in 45 

women compared to men (27–30). Although platelet function and endothelial dysfunction are 46 

implicated in the development of CVD in HIV-infected patients on ART, the precise role of activated 47 

platelets in CVD-risk of PLWH and obesity remains unclear. 48 

 49 

Aim of this study  50 

I) To evaluate the association between platelet activation, and endothelial activation and 51 

cardiovascular risk in ART-treated women  living with HIV and obesity.  52 

Objectives  53 

i) To determine the levels of soluble P- selectin and soluble CD36 in ART-treated women 54 

living with HIV and obesity. 55 

ii) To determine the levels of von Willebrand Factor (vWF) and Endothelin-1 (ET-1) in ART-56 

treated women living with HIV and obesity.  57 

iii) To determine CVD risk in women living with HIV and obesity using the FRS and D:A:D      58 

risk scores. 59 

 60 

  61 
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Chapter prologue 147 

Following is the systematic review and meta-analysis addressing the prognostic factors associated with 148 

poor clinical outcomes in PLWH and obesity. 149 

  150 



7 
 

CHAPTER 2: A SYTEMATIC REVIEW AND META-ANALYSIS 151 

 152 

Cardiovascular risk factors in antiretroviral therapy-treated patients living with HIV and 153 

obesity: A systematic review and meta-analysis of prognostic factors 154 

 155 

Snenhlanhla A. Mfusi 1, Sherika Hanley 2, Zekhethelo A. Mkhwanazi1, Tawanda M. Nyambuya 1,3, 156 

Bongani B. Nkambule1 157 

1School of Laboratory Medicine and Medical Sciences (SLMMS), College of Health Sciences, 158 

University of KwaZulu-Natal, Durban, South Africa. 159 

2Umlazi Clinical Research Unit, Centre for the AIDS Programme of Research of South Africa. 160 

University of KwaZulu-Natal, Durban, South Africa. 161 

3Department of Health Sciences, Faculty of Health and Applied Sciences, Namibia University of 162 

Science and Technology, Windhoek, Namibia. 163 

 164 

 165 

Corresponding author 166 

Bongani B. Nkambule: Email address: nkambuleb@ukzn.ac.za, Tel: +27 31 260 8964 167 

 168 

This is an article that has been submitted to AIDS reviews.  169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

 180 



8 
 

Abstract 181 

Objectives: To review and provide a synthesis of prognostic factors of metabolic complications in 182 

people living with HIV (PLWH) and obesity on antiretroviral therapy (ART). In addition, to assess the 183 

modulatory effect of ART and obesity on traditional cardiovascular risk factors. 184 

Methods: We searched the MEDLINE, Academic Search Complete, Health Source: Nursing/Academic 185 

Edition databases for eligible studies from inception until August 2021. The certainty of evidence in 186 

the included studies were determined using the Quality in Prognostic Studies (QUIPS) tool. A random-187 

effects model was used to pool the reported effect estimates.  188 

Results: We retrieved a total of 51 citations, and after full-text screening, only 14 studies met the 189 

inclusion criteria. A total of 14 potential predictors of metabolic complications and cardiovascular risk 190 

were identified in PLWH and obesity. The pooled estimates showed that gender [OR: 1.61 (95%CI 191 

0.66, 2.57, p<0.001)], body mass index [OR: 1.34 (95%CI 0.47, 2.20, p<0.001)], CD4 counts [OR: 1.61 192 

(95%CI 0.90, 1.42, p<0.001)] and IL-6 levels [OR: 2.57 (95%CI 2.05, 3.10, p=0.230)] were associated 193 

with increased CVD-risk in PLWH. Notably, only CD4 T cell counts, and IL-6 levels were confirmed 194 

prognostic factors, that retained their predictive value in PLWH and obesity after adjusting for 195 

covariates.  196 

Conclusion: In this systematic review and meta-analysis of prognostic factors, we identified nadir CD4 197 

counts (100-199 mm3) and basal IL-6 levels as prognostic factors for cardiometabolic disease in PLWH 198 

and obesity.   199 

Other: Systematic review PROSPERO registration: CRD42021234560 200 

Keywords: Body mass index, cardiovascular disease, prognostic factors, antiretroviral therapy, 201 

systematic review 202 

 203 

 204 

 205 

 206 

 207 
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Introduction 208 

Antiretroviral therapy (ART) has significantly reduced the mortality rates in people living with HIV 209 

(PLWH) (1,2). However, there is a gradual increase in the prevalence of metabolic and cardiovascular 210 

disease (CVD) in the ageing population of PLWH on ART (3–6). An interplay between traditional risk 211 

factors such as the body mass index (BMI), dyslipidaemia (4,7–10) and the use of certain ART drugs 212 

(9,10) modifies the CVD risk of PLWH. In fact, HIV-related risk factors such as immune dysfunction 213 

and chronic inflammation are independent risk factors for CVD and are as reliable as the traditional 214 

CVD-risk factors (7,11–13). Interestingly, obesity is a major risk factor for CVD, and it is associated 215 

with chronic inflammation, immune dysfunction and metabolic dysfunction among PLWH (14,15). 216 

Despite the well-described link between obesity and incidence of CVD, prognostic factors associated 217 

with poor cardiovascular-related outcomes in ART-treated PLWH remain controversial (16,17).  218 

The predictive value of conventional CVD risk factors in comparison to HIV-specific factors in PLWH 219 

on successful ART remains controversial (18,19). HIV-specific factors such as low nadir CD4 T 220 

lymphocyte counts, HIV-1 RNA levels, and chronic inflammation are independently associated with an 221 

increased CVD risk in PLWH (18,20). In addition, increased interleukin-6 (IL-6) levels, intercellular 222 

adhesion molecule-1 (ICAM-1), soluble tumour-necrosis factor-α receptors 1 and 2 (TNFR-1 and 2), 223 

and monocyte activation were associated with increased prevalence of coronary stenosis in PLWH 224 

(21,22).  225 

Several studies have assessed CVD-risk in PLWH using the Framingham risk score (23–25) or the 226 

Prospective Cardiovascular Munster Study (PROCAM) (26–28) score, in patients with HIV(28). In the 227 

last decade the predictive value of several CVD-risk scores have been evaluated (28–31), and 228 

inconsistent findings have been reported in PLWH using various prediction models. The prognostic 229 

value of traditional CVD-risk scores remains unclear in PLWH on ART (32). Moreover, the additive 230 

effect of comorbidities such as obesity on the CVD risk profile of PLWH remains elusive. 231 

The Data Collection on Adverse Events on Anti-HIV Drugs Cohorts (D:A:D) score is one of the CVD-232 

risk scores developed for PLWH on ART (33). Unlike the Framingham and PROCAM score, the D:A:D 233 

score considers the use of antiretroviral drugs and CD4 counts as candidate risk factors for CVD (8,33). 234 

To date, only a few studies have assessed the external validity of these predictive models in ethnically 235 

diverse populations and PLWH with comorbidities such as obesity. The addition of independent risk 236 

factors such as inflammation and immune activation as predictive factors for CVD could potentially 237 

enhance the predictive value of CVD-risk algorithms used in PLWH (20,34). This systematic review 238 

and meta-analysis aimed to synthesize and assess the predictive value of traditional and novel 239 

prognostic factors in ART-treated PLWH.  240 
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 241 

Methods  242 

Eligibility criteria  243 

We included studies based on an eligibility criterion developed using the population, index prognostic 244 

factors, outcome, Timing and Setting (PICOTS) guidelines (35). We included both randomized and 245 

non-randomized controlled trials reporting on ART-treated adults (18 years or older) living with HIV 246 

and obesity. We defined predictive models for CVD in PLWH and obesity as multivariable models used 247 

in predicting cardiovascular outcomes in the included studies. Eligible studies reported on the index 248 

prognostic factors included in the Framingham risk score (36). In addition, predictors reported before 249 

the initiation of ART and post-treatment were considered. We excluded case series studies and reviews. 250 

Search strategy and study selection 251 

A search strategy was developed using medical subject headings (MeSH) for MEDLINE, which were 252 

adapted for the EBSCOhost search engine. We also searched the Academic Search Complete, Health 253 

Source: Nursing/Academic Edition electronic databases from inception to the 31st of August  2021. The 254 

search terms included obesity, cardiovascular disease, antiretroviral therapy and prognosis 255 

(Supplementary file 2). Two independent reviewers (SAM and ZAM) screened the retrieved abstracts 256 

and full texts. Moreover, the bibliography of the included studies was screened to augment the database 257 

search. A third reviewer (BBN) was consulted for arbitration in instances of disagreements.  258 

Data collection process 259 

Two reviewers  independently extracted the data items using a predefined data extraction sheet, 260 

designed using the CHARMS-PF checklist (37). The extracted data items included the author's name, 261 

year of publication, country, source of data, sample size, aim of the study, candidate predictors, model 262 

development, and main findings of the study.  263 

Risk of bias and quality assessment  264 

Two independent reviewers assessed the certainty of evidence in the included studies using the Quality 265 

in Prognostic Studies (QUIPS) tool (38). The QUIPS tool assesses the quality of prognostic studies 266 

based on six domains. These include study participation, study attrition, measurement of prognostic 267 

factors, measurement of outcomes, measurement of confounders, and statistical analysis and reporting. 268 

Two reviewers independently evaluated the overall quality of evidence using the Grading of 269 

Recommendation Assessment Development and Evaluation (GRADE) approach. The Cohen’s kappa 270 
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score was used to measure the interrater reliability (39) and in cases of disagreements, a third reviewer 271 

(BBN) was consulted for arbitration. 272 

Statistical analysis 273 

Data for potential prognostic factors were expressed as odds ratio (OR) or hazards ratio (HR). The 274 

Cohen’s kappa scores were used to measure interrater reliability. For assessing variance due to 275 

heterogeneity across studies the Higgins I2 statistic was used. We used a random-effect model to pool 276 

the reported effect estimates. . P-value < 0.05 was considered significant. In addition, we performed a 277 

subgroup analysis based on the reported candidate predictors.  278 

Results  279 

Study selection  280 

We retrieved a total of 51 citations from databases search, and only 34 studies were selected for full-281 

text screening after removing duplicates. Of these, 20 studies were excluded due to, irrelevance (n=18), 282 

language (n=1) and a study not reporting on CVD-risk (n=1). Only 14 studies met the inclusion criteria 283 

and were included in the qualitative and quantitative synthesis (Figure 1).  284 

Characteristics of included studies  285 

The included studies were published between 2011 and 2020 (Table 1). The included studies comprised 286 

of 60% cross-sectional studies (n= 8), a retrospective cohort study (n=1), a prospective cohort (n=1), a 287 

retrospective study (n=1), a prospective study (n=1) and two observational studies (n=2). The overall 288 

sample size ranged from 158 to 5839 patients with HIV. Only one (7.1%) was a multi-centre study 289 

(Australia, Europe, and USA) and 13 (92.9%) were single centre studies. In the included studies, the 290 

measured predictors of CVD varied and only ten (71,4%) of the included studies made use of logistic 291 

regression models and reported on adjusted effect measures. Also, only one study (7.1%) reported on 292 

the sensitivity and 13 (92.9%) did not report on any sensitivity and specificity of the reported risk 293 

prediction models.  294 

  295 
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 296 

Figure 1: Preferred Reporting Items for Systematic review and Meta-analyses diagram detailing the 297 

screening and selection of the included studies.  298 

 299 

Risk of bias assessment 300 

The risk of bias for each study was assessed using the QUIPS tool (38). Two studies were scored as 301 

good (25-28 points) (40,41) while seven were scored as fair (21-24 points) (42–48) and the other five 302 

were scored as poor (15-20 points) (9,49–52). The included studies had high risk of bias in the domains 303 

of study participants with a median score of 3 (1-6) out of possible score of 6 (overall agreement 66.6%, 304 

k=0.33) and study attrition with a median score of 1 (0-4) out of possible score of 4 (overall agreement: 305 

80.7%, k=0.63). Only one study (48) was scored as moderate in the study attrition domain. The risk of 306 

bias was relatively low for the prognostic factor measurements with a median score of 4 out of possible 307 

score of 6 (overall agreement: 100%, k=1.00), outcome measurements with a median score of 4 (2-4) 308 

out of possible score of 3.6 (overall agreement: 92.3%, k=0.85), confounding measures and account 309 

with median score of 3.8 (3-4) out of possible score of 4 (overall agreement: 84.6%, k=0.70) and 310 
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statistical analysis with a median score of 5 (4-6) out of possible score of 6 (overall agreement: 89.7%, 311 

k=0.79) domains, except for two studies (44,48) that were scored as moderate in the outcome 312 

measurement domain (Figure 2).  313 

314 

Figure 2: Risk of bias assessment of the included studies (n=14).  315 

Confirming prognostic factors 316 

Among the seven predictors for CVD identified from the included studies, multivariate results were not 317 

available for high-sensitivity C-reactive protein (hsCRP) and ethnicity. Only age, sex, BMI (≥30 kg/m2), 318 

IL-6 and CD4 counts (100-199 cells/mm3) were all available on multivariate analyses and therefore 319 

were considered as potential prognostic factors based on the chosen criteria for prognostic factors.  320 

 321 

 322 

 323 
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Nery et al. 

(2013) (9) 

Brazil CS N= 294  

(Females=70, 

Males=224) 

36.8±10.3 FRS, PROCAM, 

D:A:D 

The most prevalent dyslipidaemia was low HDL-c and 

obesity was associated with an increased risk for CVD. 

Majority of PLWH were classified as low risk for future 

CVE. 

Conley et 

al. 

(2015) (45) 

United 

States 

PCO N= 452  

 (Female=99, 

Males=353)  

41(36-48) None  Obesity was independently associated with elevated levels 

of hsCRP, IL-6, sCD163 and pro-inflammatory 

monocytes. Leptin levels and insulin resistance modified 

the associations between obesity and inflammatory 

cytokines. 

Achhra et 

al. 

(2016) (46) 

Europe, 

Australi

a, and 

USA 

Multi-CO N=9321 

(Females=2312, 

Males=7009) 

39.6±10.1 D:A:D The association between short-term gain in BMI following 

ART and long-term risk of CVD differed based on pre-

ART BMI. Patients in the normal or mid quartile category 

experienced a 18-20% increased risk for CVD per unit gain 

of BMI. The use of PIs was also associated with a marked 

increase in BMI when compared to NNRTIs. 

Hirigo and 

Tesfaye 

(2016) (40) 

Ethiopi

a 

CS N=185  

(Females=117, 

Males=68) 

32(26.5-38) None WLHIV were at a significantly higher risk of developing 

the MetS when compared to men. In addition, a greater 

proportion of WLHIV had low HDL-c levels. 

Interestingly, males had elevated triglyceride levels in 

comparison to females.   
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Muyanja et 

al. (2016) 

(49) 

Uganda CS N= 250  

(Females=169, 

Males=81) 

36(30-43) FRS  WLHIV had an increased prevalence of MetS when 

compared to men. However, females had relatively low 

CVD-risk scores. There were no independent risk factors 

associated with a moderate to high risk 10-year 

Framingham risk score.  

Ilouze et al. 

(2016) (50) 

Northea

st 

Englan

d 

RCO N= 560  

(Females=126, 

Males=385) 

45 (38-52) None  Black ethnicity, type 2 diabetes and a higher CD4 count 

were associated with being overweight. While only 

Ethnicity and type 2 diabetes were independently 

associated with obesity in PLWH. 

Guo et al. 

(2017) (51) 

China CS N= 973 

(Females=251, 

Males=722) 

36±10.2 FRS,D:A:D, 

ACC/AHA 

ASVCD Risk 

Score 

Age and smoking status were directly associated with an 

increased CVD risk. However, HIV-specific factors such 

as Nadir CD4 count, baseline viral load were not associated 

with CVD-risk. WLHIV had a favourable risk profile when 

compared to men.  

Kintu et al. 

(2018) (47) 

Tanzani

a 

PCO N=79 074 

(Females=52 980, 

Males=26 094) 

37(31-44) None WLHIV were at a 2-fold increased risk of developing 

obesity when compared to men. Age was not associated 

with obesity, but socioeconomic status was associated with 

obesity in PLWH. Lastly lower CD4 count, and recent 

initiation of ART were associated with an increased risk of 

obesity. 
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Obry-

Roguet et 

al. (2018) 

(48) 

France CS  N=862 (Females=, 

277, Males=585) 

52(47-58) None  Age, sex, alcohol consumption, absence of HCV 

coinfection, and HIV transmission risk group but not 

cART regimen were associated with being overweight or 

obesity in PLWH 

Sears et al. 

(2019) (52) 

United 

States 

CS N=1235 

(Females=284, 

Males=953) 

Not Available  None  A third of PLWH had MetS and women were at 2-fold 

increased risk of having MetS. Age, sex and current 

smoking were associated with the MetS. 

Touloumni 

et al. (2020) 

(41) 

Greece CS N= 10659  

(Females=1556, 

Males=9103) 

44(34-56) FRS, SCORE  PLWH were more likely to be current smokers and had 

dyslipidaemia and hypertension. In addition, PLWH had a 

higher risk of fatal CVD, despite being less likely to be 

obese.  

ACC/AHA: American College of Cardiology/American Heart Association; ASCVD: Atherosclerotic Cardiovascular Disease Risk Score; cART: combined 

antiretroviral therapy; CS: Cross-sectional; CVE: Cardiovascular events; D:A:D: Data Collection on Adverse events of Anti-HIV Drugs; FRS: Framingham 

CVD Risk Score; HAART: Highly active antiretroviral therapy; hsCRP: High-sensitivity C-reactive protein; HCV: Hepatitis C virus; MetS: Metabolic 

syndrome ;MIP-1α: Macrophage inflammatory protein-1; NNRTI: Non-nucleoside reverse transcriptase inhibitors; RCO: Retrospective cohort; SCORE: 

Systematic Coronary Risk Evaluation; TNF-α: Tumor necrosis factor-α 
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Traditional risk factors for cardiovascular disease in people living with HIV and obesity 1 

Three (21%) of the included studies reported age as a risk factor for CVD (48,49,52). Two of these 2 

studies reported on age as a predictor for developing cardiometabolic disease in ART-treated patients 3 

living with HIV and obesity (49,52) with the pooled OR was 0.74 (95%CI: 0.00, 1.48). The substantial 4 

level of heterogeneity was (I2=97.92%, p<0.001) (Figure 3). Notably, females were reported to have a 5 

two-fold risk of obesity and metabolic disorders compared to males (47,51) [OR: 1.61 (95%CI 0.66, 6 

2.57)] with the evidence of substantial level of heterogeneity (I2=97.01%, p<0.001) (Figure 3). 7 

Moreover, women were more likely to have a favourable CVD-risk profile compared to men (51). In 8 

addition, elevated total cholesterol to HDL ratio was significantly associated with fatal CVD in males 9 

(53). 10 

Four (29%) of the included studies reported on BMI as a predictor for CVD (40,44,46,48). Of these, 11 

three reported a higher BMI in ART-treated patients compared to ART-naïve patients (40,44,48) . 12 

However, one study(41) reported that ART-treated patients living with HIV were less likely to be obese. 13 

Furthermore, then reported that PLWH have relatively high risk of developing CVD according to a 5-14 

year CVD-risk estimation  Systematic Coronary Risk Evaluation (SCORE).  These differences  may be 15 

due to the lack of accounting for differences in the use of antidiabetic or antihypertensive drugs and the 16 

fact that the BMI was often not measured, or the measurements were not recorded and the analysis 17 

relied on imputed data. In addition, one (46) study reported that patients living with HIV and obesity 18 

had a higher incidence rate ratio of CVD after ART-initiation. Two studies reported that higher BMI 19 

(≥30 kg/m2) is significantly associated with high prevalence of hypertension (44) and metabolic 20 

syndrome (40) in PLWH [OR: 1.34 (95%CI 0.47,2.20)] with the presence of substantial level of 21 

heterogeneity (I2=99.56%, p<0.001) (Figure 3). 22 

 23 

 24 

 25 

 26 

 27 
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Figure 3: Prognostic factors of cardiovascular risk in people on antiretroviral therapy living with human 45 

immunodeficiency virus and obesity. 46 

 47 

 48 

  49 
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HIV-Specific factors in people living with HIV and Obesity 50 

Four studies (29%) reported on an additive effect of CD4 count and obesity as a CVD predictor 51 

(44,46,47,50), and one study (50) showed that a higher CD4 count in obese patients with HIV was 52 

independently associated with CVD-risk in ART-treated patients [OR:1.16 (95%CI 0.90, 1.42) (Figure 53 

3). However, there was a substantial level of heterogeneity between these studies (T2=0.04, I2= 96.03%, 54 

p< 0.001.) Conversely, a single study reported on an inverse association between the BMI and CD4 55 

counts (46). Lastly, inflammatory biomarkers as predictors of CVD-risk were reported in only three of 56 

the included studies (9,43,45). One study reported elevated levels of IL-6, hsCRP and sCD163 to be 57 

significantly associated with obesity in ART-treated patients living with HIV (45),. Consistent with the 58 

results of the study (43) that reported on elevated IL-6, hsCRP, monocyte chemoattractant protein-1 59 

(MCP-1), and TNFR-1 and TNFR-2 to be strongly associated with an increased BMI in ART-treated 60 

patients living with HIV. Notably, another study reported that hsCRP was the most frequent aggravating 61 

factor >3.0 mg/L found in 32.1% of participants (9) and the pooled OR was 2.57 (95%CI 2.05, 3.10) 62 

without statistical significance and substantial level of heterogeneity (T2=0.08, I2=31.70%%, p= 0.23) 63 

( Figure 3). 64 

 65 

66 
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Discussion 67 

The aim of this systematic review and meta-analysis was to provide a synthesis of prognostic factors 68 

for cardiometabolic disease in adult PLWH. To our knowledge, this is the first systematic review and 69 

meta-analysis focused on risk factors for cardiometabolic disease in PLWH and obesity. The reported 70 

candidate predictors in both univariate and multivariate analyses, estimated the risk of cardiometabolic 71 

disease such as dyslipidemia(42), hypertension (44), obesity (9,43,45,47,48) and metabolic syndrome 72 

(40). The spectrum of CVD in the aging population with HIV is broad and includes peripheral artery 73 

disease (54), ischemia heart disease and cerebrovascular disease (55). Although several traditional and 74 

HIV-specific risk factors for cardiometabolic disease have been reported in ART-treated PLWH, the 75 

relevance of these factors in PLWH and obesity remains uncertain, with only a few studies that have 76 

evaluated the associations between these factors and established CVD risk scores (9,41,46,49,51). In 77 

these studies, women were at higher risk of metabolic disease (40,46), however had lower CVD risk 78 

scores in comparison to men (49). 79 

In the univariate analyses PLWH and obesity, age (48,51), smoking (51,52), low levels of HDL (9,42) 80 

were associated with increased CVD-risk. Notably, incongruent findings on HIV-specific factors have 81 

been reported and a trend towards a significant association with the CVD risk profile has been reported 82 

(42), while others have shown no association between nadir CD4 counts and baseline viral loads with 83 

the CVD-risk profile of PLWH on ART (42,48,51). The confirmation of prognostic factors was based 84 

on statistically significant findings in multivariate analysis and the direction of effect estimates in the 85 

included studies. Amongst the five prognostic factors included the meta-analysis, sex, IL-6 levels and 86 

CD4 counts (100-199 cells/mm3) were the only factors that met the criteria for confirmation of 87 

prognostic factors (figure 3).  Despite a high prevalence of MetS in WLHIV, the CVD risk scores were 88 

lower in females in comparison to males living with HIV on ART (49,51).  89 

There is a lack of multi-ethnic studies reporting on CVD risk models in cohorts comprised of PLWH, 90 

due to many studies reporting on populations predominantly derived from the North America, and 91 

Europe. In this systematic review, only a few of the included studies reported on CVD risk scores, these 92 

included the FRS (9,41,49,51), D:A:D (9,46,51) and SCORE equation (41). The D:A:D equation is the 93 

most accurate score for the prediction of CVD in PLWH (33) and the risk assessment is modified by 94 

incorporation of CD4 counts (56). While the inclusion of CRP levels in the FRS enhances the global 95 

coronary risk in the intermediate risk group (57). Despite the reported association between ART 96 

initiation and platelet activation (58,59) and endothelial dysfunction (60), the current CVD risk 97 

prediction models do not account for how basal levels of endothelial or platelet activation may 98 

potentiate CVD risk in PLWH on ART. The incorporation of basal levels of platelet and endothelial 99 

activation prior to the initiation of ART, may enhance the precision of prediction models and improve 100 

the prognostication of PLWH and obesity.  101 
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The strengths of the current meta-analysis include the quality of the included studies and the 102 

methodological approach used to provide pooled effect estimates derived from multivariable analysis. 103 

Majority of the included studies were graded as either good or fair based on the QUIPS tool. There are 104 

a few caveats that should be considered in the interpretation and generalizability of the findings of this 105 

systematic review and meta-analysis. Firstly, there were methodological limitations due to limited 106 

number of studies reporting on similar prognostic factors in PLWH and obesity. Therefore, our random 107 

effects meta-analysis and subgroup analysis was limited to the reported prognostic factor and further 108 

exploration of sources of heterogeneity such geographical and clinical differences were not determined. 109 

Lastly, caution should be taken when interpreting the confirmed prognostic factors as these were 110 

restricted to populations predominantly derived from the North America, and Europe. Therefore, future 111 

multi-ethnic prospective cohort studies are required to determine the predictive value and relevance of 112 

these reported prognostic factors in PLWH and obesity. In addition, the incorporation of markers of 113 

platelet activation and endothelial function in prognostication of PLWH on ART should be considered 114 

and validated in large cohort studies. 115 

Conclusion 116 

In this systematic review and meta-analysis, we identified and confirmed nadir CD4 counts between 117 

100-199 cells/mm3, and IL-6 levels prior to initiation of ART as prognostic factors strongly associated 118 

with cardiometabolic risk in PLWH and obesity. Future studies incorporating platelet activation and 119 

endothelial function to these confirmed prognostic factors, in the risk modelling of PLWH and obesity 120 

on ART, could further enhance the precision of prediction models and improve the prognostication of 121 

PLWH and obesity. 122 
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Chapter Prologue 334 

The next chapter is presented as an original manuscript addressing the association between platelet 335 

activation, endothelial activation and cardiovascular risk in WLHIV and obesity. 336 
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Abstract 353 

Background: Women living with HIV (WLHIV) in South Africa have the highest prevalence of obesity 354 

than to men. Obesity is an independent risk factor for metabolic disease and is associated with increased 355 

risk of cardiovascular disease (CVD). CVD-related complications. Therefore, this study aimed to assess 356 

the association between platelet activation, endothelial activation, and cardiovascular risk in WLHIV 357 

and obesity in South Africa.   358 

Methods: In this study, 33 normal weight (18.50-24.99 kg/m2) and 33 overweight/obese (≥25 kg/m2) 359 

female participants living with HIV were co-enrolled in the Integration of cardiovascular disease 360 

SCreening and prevention in the HIV Management plan for women of reproductive age (ISCHeMia) 361 

study which is a sub-study of a prospective multi-country PEPFAR PROMise Ongoing Treatment 362 

Evaluation (PROMOTE) study from the Umlazi clinical research site. In this sub-study, the time of 363 

blood draws ranged from December 2018- November 2019.  We measured the levels of high sensitivity 364 

c-reactive protein (hsCRP), lipid profiles (HDL, LDL, TC and TG), platelet activation (sP-selectin, 365 

sCD36 and PF-4) and markers of endothelial activation (ET-1 and vWF). 366 

Results: Woman living with HIV and obesity displayed significantly elevated levels of soluble CD36  367 

4.36[2.71-9.53]  when compared to the control group 2.79[2.24-3.55]  , p=0.0064. In addition, the levels 368 

of von Willebrand Factor (vWF) were elevated in WLHIV and obesity 8.83[1.59-9.78]   when compared 369 

to controls 5.34[0.65-7.7]  p=0.0009. However, the levels of soluble P-selectin, PF4 and endothelin-1 370 

were comparable between two study groups (p>0.05). Lastly, the levels of hsCRP levels were 371 

significantly higher in WLHIV and obesity (7.71±9.95) when compared to controls (3.68±5.89) p= 372 

0.0005. 373 

Conclusion: WLHIV and obesity are at an increased risk of developing CVD-related complications 374 

despite the success of ART. Therefore, measurements of platelet and endothelial activation may be of 375 

value in predicting CVD-risk in WLHIV and obesity thus preventing CVD-related complications.  376 

Keywords: Cardiovascular disease, platelet activation, endothelial activation, obesity, HIV 377 

 378 
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 380 

 381 

 382 



33 
 

Introduction 383 

People living with HIV (PLWH) on antiretroviral therapy (ART) are at an increased risk of developing 384 

cardiovascular disease (CVD) compared to their ART-naïve or HIV-negative counterparts with similar 385 

CVD-risk profile (1,2). The mechanism underlying CVD-risk in PLWH on ART is not entirely 386 

understood but has been attributed to a higher prevalence of modifiable risk factors for CVD prior ART 387 

initiation. These include smoking, obesity, hypertension, and dyslipidaemia (3). Several antiretroviral 388 

drugs are associated with weight gain and dyslipidaemia (4), with a disproportionately greater 389 

incremental effect of each unit increase in BMI on risk of diabetes in PLWH (5,6). In large 390 

epidemiologic studies, body mass index (BMI) has been reported as a strong predictor for 391 

cardiovascular events in PLWH (7–9).  392 

The prevalence of modifiable risk factors such as obesity and dyslipidaemia and HIV-related risk factors 393 

including chronic immune activation and inflammation have been reported in PLWH on successful 394 

ART (8). However, the mechanisms that link immune activation, inflammation, endothelial 395 

dysfunction, and an increased risk of CVD in HIV infection remain elusive (10,11). Platelet activation 396 

has been implicated as a possible link (8,12) and the off target effects of some antiretroviral 397 

drugs(13),(14) . In our previous work, we have reported on increased platelet activation and platelet 398 

hyperreactivity in PLWH, which persists despite successful ART (15–17). 399 

Previous studies have reported high prevalence and incidence of obesity in PLWH, with women having 400 

a disproportionate burden of obesity compared to men (18,19). Also, a relatively high rate of metabolic 401 

syndrome (a risk factor for CVD) has been reported in women compare to men in Sub-Sahara (20–22). 402 

There is growing evidence suggesting that platelets, through complex interaction with intact endothelial 403 

cells plays a major role in the initiation of the atherosclerosis(23,24). Platelets play an important role in 404 

thrombotic and inflammatory processes (10). The circulation of activated platelets has been shown to 405 

be one of the initial causes of atherosclerosis development. This is mediated by the interaction between 406 

the glycoprotein IIb-IIIa (GPIIb-IIIa) of activated platelets, ICAM-1 in endothelial cells(25) and P-407 

selectin (CD62P) expressed in activated platelets which bind to the endothelium (26).Although a  link 408 

between platelet function and CVD risk in PLWH has been investigated (27), the association between 409 

platelet activation, endothelial activation and CVD-risk in PLWH and obesity remains unclear. 410 

Therefore, this study aimed to assess the association between platelet activation, endothelial activation, 411 

and cardiovascular risk in WLHIV and obesity on ART.   412 

  413 

Methods  414 

Study design and Participants 415 



34 
 

The study included adult WLHIV co-enrolled in the Integration of cardiovascular disease SCreening 416 

and prevention in the HIV MAnagement plan for women of reproductive age (ISCHeMia) study which 417 

is the sub-study of the prospective multi-country PEPFAR PROMise Ongoing Treatment Evaluation 418 

(PROMOTE) study from the Umlazi clinical research site, Durban, South Africa. The ISCHeMia study 419 

is a quasi-experimental study comparing a primary health care intervention plan guided by the WHO 420 

PEN (Package of Essential Non-Communicable (PEN) Disease Interventions) in poor resource settings, 421 

with usual care in adult WLHIV. Eligibility criteria for the ISCHeMiA study included adult women 422 

who were younger than 50 years of age and on ART for at least 1 year. A full description of the 423 

ISCHeMiA study design and participant recruitment process, inclusion, and exclusion criteria have been 424 

provided in Appendix F. A complete description of the PROMOTE study is described elsewhere (28). 425 

In this additional sub-study analysis of stored blood specimens, 66 WLHIV were stratified into two 426 

major subgroups based on the World Health Organization (WHO) classification of body mass index 427 

(BMI). Our study sample comprised of 30 normal weight (18.50-24.99 kg/m2) and 27 overweight/obese 428 

(≥25 kg/m2) WLHIV and obesity. The time of blood draws ranged from December 2018- November 429 

2019. This sub study was approved by the University of KwaZulu-Natal Biomedical Research Ethics 430 

Committee (BREC) study approval number (BFC220/18). 431 

Anthropometric measurements 432 

The measurements were conducted according to a standard protocol, and these included standing height, 433 

waist circumference and weight. Waist circumference was measured using a measuring tape, placed 434 

horizontally around the abdomen immediately above the iliac crest at the level of the umbilicus. BMI 435 

was calculated using the formula: weight(kg)/height(m2). We categorized BMI of 18.50-24.99 kg/m2 as 436 

normal and BMI of (≥25 kg/m2) as overweight or obese. Patients with a measured systolic blood 437 

pressure (SBP) ≥140 mm-Hg and/or diastolic blood pressure (DBP) ≥90 mm-Hg were considered 438 

hypertensive. Smoking status and history of CVD were obtained through questionnaires or recorded 439 

from medical records.  440 

Blood collection and plasma preparation 441 

Whole blood was collected using acid-citrate dextrose (ACD) 1ml tubes and centrifuged (Hettich, 442 

Fohrenstrabe, Tuttlingen, Germany) at 130 g for 15 minutes to obtain platelet-rich plasma (PRP). 443 

Plasma was transferred into 1 ml tubes (BD Vacutainer, San Jose, CA) and sent to Neuberg Global 444 

laboratory, Amanzimtoti, South Africa for biochemical assays. Neuberg Global Laboratory is South 445 

African National Accreditation System (SANAS) accredited clinical laboratory. 446 

Blood glucose and lipid measurements 447 
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The serum levels of glucose were measured using the enzymatic hexokinase method (Beckman Coulter, 448 

CA, USA). High-density lipoprotein cholesterol (HDL-CA, USA) levels were measured via enzymatic 449 

immunoinhibition – End Point (Beckman Coulter, USA). Low-density lipoprotein cholesterol (LDL-C) 450 

(mmol/L) were measured by enzymatic selective protection – End Point (Beckman Coulter, CA, USA). 451 

Triglycerides (TG) (mmol/L) were estimated using Beckman Coulter AU analyser (Beckman AU, 452 

Beckman Coulter, USA). 453 

High sensitivity CRP measurements 454 

High sensitivity CRP was measured using the Beckman Coulter AU analyser (Beckman Coulter, CA, 455 

USA) with a detection limit of 0.2–160 mg/L.   456 

HIV-1 RNA and CD4 T cell count measurements  457 

HIV-1 RNA (cp/mL) was measured using COBAS AmpliPrep/COBAS TaqMan HIV-1 test (Roche 458 

Diagnostics, Indianapolis, USA). CD4 count was determined using the Becton Dickinson Facscalibur 459 

flow cytometer (BD Bioscience,NJ USA). Both HIV-1 RNA and CD4 count testing were performed by 460 

the SANAS-accredited CAPRISA Research Laboratory. 461 

CVD-risk assessments  462 

To assess the CVD risk profile of WLHIV and obesity, we made use of the Framingham 5- and 10-year 463 

CVD risk equation (28). We also made use of the Data collection on Adverse Events of Anti-HIV Drugs 464 

Study (D:A:D) coronary heart disease (CHD) equation (29). 465 

Measures of platelet activation 466 

To determine the levels of platelet activation in WLHIV and obesity, the levels of soluble P-selectin 467 

(sCD62P), platelet glycoprotein IV (CD36) and Platelet Factor 4 (PF-4) were measured using the 468 

enzyme-linked immunosorbent assay (ELISA) (Thermofisher Scientific, Waltham, MA, USA), 469 

according to the manufacturer’s instructions.  470 

Endothelial activation  471 

To determine the levels of endothelial activation in ART-treated WLHIV and obesity, we measured the 472 

levels of von Willebrand Factor (vWF) and Endothelin-1 (ET-1) using an ELISA method (Thermofisher 473 

Scientific, Waltham, MA, USA).  474 

Statistical analysis  475 
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The primary outcomes of the sub-study were the levels of platelet activation (CD36 and sP-selectin) 476 

and endothelial activation (ET-1 and vWF) markers. We estimated that the sample size of 33 normal 477 

weight and 33 overweight/obese female participants would provide 81.6% power to detect a difference 478 

of 14 ng/ml of sP-selectin between the two independent groups. The sample size estimation assumed a 479 

medium to large effect size (d) of 0.7 and the alpha (α) set at 0.05. The pooled standard deviation of 480 

21.11 ng/ml was used to compute the Cohen’s effect size (d).Independent T-test was used to compare 481 

differences between markers of platelet and endothelial activation in WLHIV and obesity and lean 482 

WLHIV(sP-selectin). Normality was assessed using Shapiro-Wilk test and one sample Kolmogorov-483 

Smirnov test. For nonparametric data we performed a Mann-Whitney U test. All statistical analyses 484 

were performed using Prism 5 (GraphPad software, San Diego, CA). Significance was considered when 485 

p was <0.05. Data were reported as mean ± standard deviation (SD) or median interquartile range [IQR].   486 

Results  487 

This study consisted of a total of 66 WLHIV (33 normal weight, and 33 patients with obesity). The 488 

characteristics of the study participants are tabulated in Table 1. There were no differences in the age 489 

of the included participants across the study groups (p>0.05). Patients with obesity had a larger waist 490 

circumference (92.58±13.22) when compared to controls (75.80±5.41), p<0.0001) (shown in Table 1). 491 

High sensitivity CRP levels were significantly higher in WLHIV and obesity (7.71±9.95) when 492 

compared to controls (3.68±5.89), p= 0.0005. The study groups had a similar mean duration of ART (4 493 

years) with most participants on EFV/FTC/TDF ART regimen and 86% of our participants had a 494 

clinically undetectable viral load (HIV-1 RNA ≤20 cp/mL). There were no patients who reported 495 

previous history of co-morbidities and/ or on any medication. 496 

Baseline characteristics of haematological parameters  497 

Patients with obesity had a significantly higher red blood cells count (RBC) (4.06±0.38) vs controls 498 

(3.87±0.35) p=0.0431, haemoglobin (HGB) (12.43±1.21) vs control group (11.52±1.71), p=0.0296, 499 

haematocrit (HCT) (0.38±0.04) vs (0.35±0.04), p=0.0053, and mean corpuscular haemoglobin (MCH) 500 

(30.76±2.63 vs 29.68±3.21) p<0.0001 as shown in Table 1.  501 

Elevated LDL-c levels and decreased HDL-c levels in ART-treated WLHIV and obesity 502 

The obese group had significantly higher LDL-c levels (2.44±0.93) compared to the control group 503 

(2.02±0.64 (p=0.0383). However, the levels of HDL-c were significantly lower in WLHIV and obesity 504 

(1.20±0.30), when compared to lean controls (1.46±0.38, p=0.0.05). The levels of total cholesterol and 505 

triglycerides were similar between the two groups (p>0.05).  506 

Elevated levels of CD36 and vWF levels in ART-treated WLHIV and obesity 507 
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The levels of platelet activation were determined by measuring the levels of sP-selectin (sCD62P) and 508 

CD36 (platelet glycoprotein IV). WLHIV and obesity had significantly higher levels of CD36 509 

4.36[2.71-9.53] compared to the lean controls 2.79[2.24-3.55] p=0.0064 (shown in Figure 1A). 510 

However, the levels of sP-selectin (4.43±1.88 vs 5.31±2.74) and levels of PF-4 (19803[19234-2029] vs 511 

20085[19629-20335]) were comparable between the two groups ( (Figure 1B and 1C). Interestingly, 512 

vWF levels were significantly elevated in WLHIV and obesity 8.83[1.59-9.78] compared to lean 513 

controls 5.34[0.65-7.7] p=0.0009. Whereas the levels of ET-1 were comparable between the study 514 

groups(4.36[3.58-5.04] vs 3.9[3.14-4.96)]) (p>0.05) (Figure 1D and 1E). When we performed a 515 

sensitivity analysis omitting viraemic participants (RNA viral load>20 cp/mL) and smoking, the results 516 

obtained were similar. CD36 and vWF levels were elevated in ART treated WLHIV and obesity. In 517 

addition, there were no correlation between the markers of platelet and endothelial activation with age 518 

and CD4 count. Please see supplementary file 1.  519 

CVD- risk assessment 520 

The median Framingham Risk Score (FRS) for assessing 5-year CVD-risk for WLHIV and obesity was 521 

0.15[0.10-0.43] and 0.10[0.00-0.20] for the lean controls. For long-term 10-year CHD assessment by 522 

FRS, WLHIV and obesity had a median 10-year CVD risk of 0.50[0.20-1.10] in comparison to 523 

0.30[0.15-0.50] of lean WLHIV. Lastly the median CVD-risk by D:A:D was 0.20[0.10-0.30] for 524 

WLHIV and obesity and 0.10[0.10-0.20] for lean WLHIV. 525 

  526 
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corpuscular volume, PLT: Platelet count, RBC: Red blood cell, SBP: Systolic Blood Pressure, TC: 533 

Total cholesterol, WCC: White cell count   534 



40 
 

   535 

 536 

Figure 1: Platelet and endothelial activation in women living with HIV and obesity vs  lean women 537 

living with HIV (control). The levels of platelet activation are shown in figure A-C. Figure (A) 538 

demonstrates the levels of sCD36 (sGPIV), while figure (B) shows sP-selectin levels and figure (C) 539 

illustrates the levels of platelet factor-4 (PF4) in woman living with HIV and obesity compared to lean 540 

women living with HIV. Figure D-E show the levels of endothelial activation, with figure (D) showing 541 

von Willebrand Factor (vWF) levels.  and figure (E) illustrating endothelin-1 (ET-1) levels Data is 542 

presented as mean±SD or median (IQR), with a Bonferroni-corrected critical significance threshold set 543 

at p-value <0.01. 544 

Discussion 545 

In this study, we evaluated the association between platelet activation, endothelial activation, and 546 

cardiovascular risk in WLHIV and obesity. In the general population, high levels of hsCRP are a well-547 

established risk marker for CVD events. Several studies have demonstrated that hsCRP and IL-6 are 548 

associated with HIV viral replication and CVD-related risk (30–32). Furthermore, elevated levels of 549 

hsCRP have been observed in ART-treated patients when compared to ART-naïve patients (33). 550 

Obesity is a pro-inflammatory condition and is associated with increased circulating inflammatory 551 

biomarkers (such as IL-6 and hsCRP) (18,34). Notably, in our study the obese group had elevated levels 552 
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of hsCRP compared to the lean group. The results of our study significantly extend these findings by 553 

demonstrating that obesity, independent of traditional factors is associated with an increased risk of 554 

CVD in WLHIV and obesity. In addition, inflammation is reported to be a key process underlying 555 

cardiovascular disorders that is accompanied and amplified by activation of platelets and consequent 556 

binding of such platelets to the endothelium (35). 557 

Epidemiological studies have reported that high plasma levels of HDL-c protect against the 558 

development of atherosclerosis(36). Notably, HDL-c has antithrombotic and anti-inflammatory 559 

properties (37,38). In our study, WLHIV and obesity had lower HDL-c levels compared to lean 560 

WLHIV. This was expected, due to obesity being a pro-inflammatory condition.  561 

This is the first study to report on the association between platelet activation, endothelial activation and 562 

CVD risk in WLHIV and obesity. However, previous studies have reported on elevated levels of platelet 563 

activation in ART-treated PLWH compared to uninfected individuals (17,39). Notably, our results 564 

demonstrated that a platelet activation marker CD36 was significantly higher in WLHIV and obesity. 565 

These findings were not affected by the inclusion of viraemic participants or those who were current 566 

smokers (Supplementary File 1). In our study the levels of sP-selectin and PF-4 were comparable 567 

between lean women and those living with obesity.  Notably in a previous study by Gori et al., which 568 

included ART-naïve and ART-treated patients, reported elevated levels of sP-selectin and PF-4  in 569 

PLWH (40). 570 

Markers of endothelial activation such as soluble intercellular and vascular cell adhesion molecules are  571 

associated with CVD-risk in the general population and are elevated in PLWH compared to their 572 

negative counterparts (41–43). These markers indicate chronic endothelial activation and subsequent 573 

endothelial dysfunction, which results in inflammation (41). In addition, CRP is thought to induce the 574 

secretion of markers of endothelial activation (44).  The CRP-induced secretion of endothelial activation 575 

markers is inhibited by HDL-c (45). Our study showed lower HDL-c and higher levels of hsCRP and 576 

vWF in WLHIV and obesity compared to lean WLHIV. Therefore, an inflammatory response was 577 

thereby clearly activated, resulting in endothelial injury. However, unexpected results were that, 578 

although there has been evidence of chronic inflammation and endothelial damage, the levels of ET-1 579 

were comparable between WLHIV and obesity and lean WLHIV.  580 

Markers of endothelial activation such as soluble intercellular and vascular cell adhesion molecules are  581 

associated with CVD-risk in the general population and are elevated in PLWH compared to their 582 

negative counterparts (41–43). These markers indicate chronic endothelial activation and subsequent 583 

endothelial dysfunction, which results in inflammation (41). In addition, CRP is thought to induce the 584 

secretion of markers of endothelial activation (44).  The CRP-induced secretion of endothelial activation 585 

markers is inhibited by HDL-c (45). Our study showed lower HDL-c and higher levels of hsCRP and 586 
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vWF in WLHIV and obesity compared to lean WLHIV. Therefore, an inflammatory response was 587 

thereby clearly activated, resulting in endothelial injury. However, unexpected results were that, 588 

although there has been evidence of chronic inflammation and endothelial damage, the levels of ET-1 589 

were comparable between WLHIV and obesity and lean WLHIV.  590 

To date there are limited studies on platelet activation, endothelial activation CVD in WLHIV and 591 

obesity. Although this the first study to report on the associations between platelet activation in WLHIV 592 

and obesity, this study had several limitations which include the lack of in-depth platelet phenotyping. 593 

Our measurements of platelet activation were restricted to soluble markers which do not infer platelet 594 

dysfunction. Future longitudinal studies aimed at assessing platelet function and platelet phenotypes in 595 

WLHIV and obesity are needed to ascertain the clinical relevance of elevated platelet activation and 596 

endothelial activation in this distinct population of WLHIV.  597 

Conclusion 598 

The levels of platelet and endothelial activation are elevated in WLHIV and obesity despite successful 599 

ART Moreover, the levels of inflammation were high in obese WLHIV on  ART. Therefore, WLHIV 600 

and obesity are at an increased risk of developing CVD.  601 
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 CHAPTER 4: SYNTHESIS 758 

The global prevalence of HIV-associated CVD has disproportionally increased over the past two 759 

decades, with Sub-Saharan Africa being the worst affected region (1,2). People living with HIV present 760 

with a 1.5- to 2-fold higher risk of CVD compared with uninfected individuals (3). Endothelial 761 

activation has been reported in several conditions associated with enhanced risk of CVD and 762 

atherosclerosis (4). In PLWH endothelial activation has been reported shortly after the diagnosis. 763 

Notably, increased levels of endothelial activation markers (ICAM, VCAM) (5,6) and a marker of 764 

platelet activation (sP-selectin and PF-4) has been reported in PLWH (7). This study aimed to assess 765 

the prognostic factors associated with CVD in ART-treated PLWH and obesity and the association 766 

between platelet activation, endothelial activation and CVD-risk in WLHIV.  767 

  768 

In our systematic review we reported on BMI, age, sex and IL-6 levels as prognostic factors strongly 769 

associated with cardiometabolic risk in PLWH and obesity. However, only CD4 counts, and IL-6 were 770 

confirmed prognostic factors of CVD-risk. Since IL-6 was the only non-HIV specific confirmed 771 

prognostic factor, this may suggest that persistent inflammation plays a major role in the development 772 

of CVD in PLWH and obesity on ART.  773 

 774 

Although the prevalence of metabolic syndrome is more prevalent in females in our systematic review 775 

and meta-analysis, sex was not confirmed as a prognostic factor. Previous studies have reported on a 776 

higher prevalence of obesity in women; hence we evaluated the association between platelet and 777 

endothelial activation and CVD-risk in ART-treated South African WLHIV and obesity. In our 778 

findings, WLHIV and obesity had elevated levels of endothelial activation and platelet activation 779 

compared to the lean WLHIV. However, more noticeable finding was that levels of sP-selectin, a 780 

common marker of both platelet and endothelial activation were comparable between the control group 781 

and the obese group. This provides a new insight, highlighting persistent platelet and endothelial 782 

activation in WLHIV which may account for increased CVD-risk despite lower risk scores (8). 783 

  784 

The main strength of our study is that our meta-analysis included the quality of the included studies and 785 

the methodological approach used to provide pooled effect estimates derived from multivariate analysis 786 

and to our knowledge, this was the first study to report on the associations between platelet activation, 787 

endothelial activation and CVD-risk in WLHIV and obesity. There are a few caveats that should be 788 

considered in the interpretation and generalizability of the findings our study Firstly, our systematic 789 

review and meta-analysis had methodological limitations due to limited number of studies reporting on 790 

similar prognostic factors in PLWH and obesity. Therefore, our random effects meta-analysis and 791 

subgroup analysis was limited to the reported prognostic factor and further exploration of sources of 792 

heterogeneity such geographical and clinical differences were not determined. Lastly, caution should 793 
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be taken when interpreting the confirmed prognostic factors as these were restricted to populations 794 

predominantly derived from the North America, and Europe. Therefore, future multi-ethnic prospective 795 

cohort studies are required to determine the predictive value and relevance of these reported prognostic 796 

factors in PLWH and obesity. 797 

  798 

In addition, the experimental study had several limitations which include the lack of in-depth platelet 799 

phenotyping. Our measurements of platelet activation were restricted to soluble markers which do not 800 

infer platelet dysfunction. To date there are limited studies on platelet activation, endothelial activation 801 

CVD in WLHIV and obesity. Therefore, future longitudinal studies aimed at assessing platelet function 802 

and platelet phenotypes in WLHIV and obesity are needed to ascertain the clinical relevance of elevated 803 

platelet activation and endothelial activation in this distinct population of WLHIV.  804 

 805 

Our results suggest that women faced with a dual epidemic of HIV and obesity, may be at a high risk 806 

of developing CVD related complications. Therefore, these findings add to the evidence to linking 807 

increased CVD-risk and obesity in WLHIV and obesity despite successful ART. Notably, the 808 

measurement of platelet and endothelial activation levels of inflammatory biomarkers may be of value 809 

in the risk stratification and modelling of CVD-risk in PLWH and obesity. 810 

 811 

  812 
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Abstract 877 

Introduction: The incidence of cardiovascular disease (CVD) is now at least three-fold higher in 878 

antiretroviral therapy (ART)-treated patients living with HIV and obesity compared with the general 879 

population. Therefore, this systematic review and meta-analysis will provide a comprehensive synthesis 880 

of prognostic factors in patients living with HIV and obesity.  881 

Method: A comprehensive search will be conducted using medical subject headings for MEDLINE, 882 

adapted to the EBSCO host database. Two reviewers (SAM and ZAM) will independently screen 883 

studies. Data items will be extracted using a predefined data extraction sheet. Moreover, the risk of bias 884 

and quality of the included studies will be assessed using the Quality in Prognostic Studies (QUIPS) 885 

tool. While the quality and strengths of evidence across the selected studies will be evaluated using the 886 

Grading of Recommendations Assessment Development and Evaluation (GRADE) approach. The 887 

Cochran’s Q statistic and the I2 statistics will be used to analyze statistical heterogeneity across studies. 888 

If the included studies show substantial level of statistical heterogeneity (I2>25%), a random-effects 889 

meta-analysis will be performed. 890 

Ethics and dissemination: This systematic review and meta-analysis will not require ethical approval, 891 

and the findings will be published in peer-reviewed journals.  892 

Systematic review registration: PROSERO number: CRD42021234560. 893 

 894 

Keywords: Platelets, cardiovascular disease, obesity, antiretroviral therapy 895 
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Introduction  907 

The incidence of human immunodeficiency virus (HIV) infections remains a significant challenge in 908 

developing countries 1. In the past decade, considerable efforts made towards increasing the roll-out 909 

and access to antiretroviral therapy (ART) have yielded a significant reduction in acquired 910 

immunodeficiency syndrome (AIDS)-related mortality and an overall improvement in the quality of 911 

life in people living with HIV (PLWH)2,3. However, an increasing incidence of noncommunicable 912 

disease (NCD) has emerged in the ageing population of PLWH on ART 4,5. This incidence is partly 913 

driven by a higher prevalence of modifiable risk factors for cardiovascular disease (CVD) before ART 914 

initiation, which includes smoking, obesity, hypertension and dyslipidaemia in PLWH6. Several 915 

antiretroviral drugs are associated with weight gain and dyslipidaemia 7. Notably, the body mass index 916 

(BMI) is associated with an exacerbated inflammatory response, particularly in PLWH who are on ART 917 

[10,13]. Despite CVD and obesity being common in the PLWH population, the risk factors associated 918 

with poor clinical outcomes in ART-treated patients remain unclear.  919 

Obesity and dyslipidaemia in PLWH are common in both treatment-naïve and treated patients7,8. In 920 

PLWH, altered lipid profiles are characterized by hypertriglyceridemia and decreased high-density 921 

cholesterol levels9. This atherogenic lipid phenotype is independently associated with poor patient 922 

outcomes following statin-based lipid-lowering therapy10. Recent studies have reported on the changes 923 

in risk factors of CVD in ART-treated patients11,12. Notably, contradictory findings on the synergy 924 

between HIV infection and noncommunicable disease on the traditional risk factors of CVD in PLWH 925 

exist13–15. Although the evidence on the association of ART and CVD risk has been synthesized16,17 , 926 

the predictive value of these risk factors in PLWH and obesity remains unclear. Therefore, this 927 

systematic review and meta-analysis will provide a timely comprehensive synthesis of the prognostic 928 

factors of CVD in PLWH and obesity. Moreover, in this systematic review and meta-analysis, we will 929 

assess the predictive value of the traditional risk factors in both treatment-naïve and treated patients.  930 

 931 

 932 

Research Question 933 

i) What are the prognostic factors strongly associated with poor clinical outcomes in PLWH 934 

and obesity? 935 

ii) Are synergistic effects of ART and obesity on traditional risk factors for CVD? 936 

 937 

Objective  938 

i) To assess the predictive value of prognostic factors associated with CVD in ART-treated 939 

patients living with obesity  940 
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 941 

Methods  942 

This protocol for systematic review was prepared following the Preferred Reporting Items for 943 

Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 guideline18. Systematic review 944 

PROSERO registration number: CRD42021234560. 945 

Eligibility criteria 946 

Types of studies 947 

Both randomized and non-randomized controlled trials will be included. In addition, retrospective and 948 

prospective cohort studies will also be included. 949 

Exclusion criteria 950 

Reviews and case studies will be excluded. 951 

Participants 952 

This review will include ART-treated adults (defined as 18 years and older) living with HIV and obesity 953 

Index prognostic factor 954 

The predictive factors included in the Framingham risk score19 and the World Health Organisation 955 

(WHO) risk prediction charts20  956 

Comparators 957 

We will consider the following comparators, 958 

1. Uninfected adults with normal body weights  959 

2. Treatment naïve and treated PLWH and obesity 960 

Outcome 961 

Primary outcome 962 

1. Fatal or non-fatal CVD, reported as odds ratio (OR) or hazards ratio (HR) 963 

 964 

Timing and setting 965 

Predictive markers at baseline measurements before the initiation of ART and after treatment will be 966 

considered. In addition, both inpatient and outpatient cohorts will be included. 967 

 968 

Search strategy and study selection 969 

A comprehensive search strategy will be developed using medical subject headings (MeSH) for 970 

MEDLINE, and this will be adapted for the EBSCOhost search engine. We will search the databases 971 

from inception to the 30th of April 2021. The search strategy will consist of search terms that include 972 

obesity, cardiovascular diseases, HIV-infection, Platelet P-selectin, antiretroviral therapy 973 

(Supplementary file 2). Two independent reviewers (SAM and ZAM) will search and select the relevant 974 

studies. In cases of disagreement, a third reviewer (BBN) will be consulted for arbitration.  975 

 976 
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Data management  977 

Data items  978 

The reviewers (SAM and ZAM) will develop a data extraction that will include the following data 979 

items; first author’s name, year of publication, country, study design, aim of the study, primary outcome, 980 

and main findings study. The reviewers will also independently carry out data extraction and check for 981 

the correctness of all extracted data items. The reviewer (BBN) will be consulted for arbitration in case 982 

of any disagreement. 983 

 984 

Data simplification  985 

Studies will be primarily grouped based on the backbone ART (nucleoside reverse transcriptase vs. 986 

non-nucleoside reverse transcriptase) and reported duration of treatment. In addition, a subgroup 987 

analysis based on the gender ratio, and age of included participants will be performed. 988 

 989 

Risk of bias and quality assessment  990 

Two independent reviewers (SAM and ZAM) will assess the quality of the included studies using the 991 

Quality in prognostic studies (QUIPS) tool21. A third reviewer (BBN) will be consulted in cases of 992 

disagreements. 993 

Data synthesis 994 

The potential risk factors will be summarized using effect measures which will include the hazards 995 

ratio, odds ratio, and mean ratios. A random-effects model will be used in the meta-analysis if there is 996 

substantial statistical heterogeneity between studies. The levels of heterogeneity will be assessed using 997 

the I2 statistic and an I2 >25% will be considered as substantial22, and a p-value of <0.05 will be 998 

considered as significant. To explore the sources of heterogeneity within the reported prognostic effect 999 

estimates a subgroup analysis will be performed based on (I) Reported prognostic factor (II)duration of 1000 

disease or ART usage.  1001 

 1002 

Confirmation of prognostic factors 1003 

Only prognostic factors with effect estimates in the same direction across the included studies will be 1004 

considered as confirmed. Moreover, prognostic factors that are consistently significant in the majority 1005 

of studies following univariate and multivariate analysis will be considered as confirmed prognostic 1006 

factors. 1007 

Discussion  1008 

The use of predictive models based on a single factor usually performs poorly in heterogeneous 1009 

conditions such as CVD. Whereby multiple mechanisms are associated with the progression and 1010 

severity of the disease. In the HIV and obesity syndemic, a complex convergence of numerous 1011 

signalling pathways results in the aberrant expression of several inflammatory and metabolic proteins. 1012 

Although several biomarkers strongly associated with obesity and CVD, such as the monocyte 1013 
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chemoattractant protein 1 (MCP-1) and F2 isoprostanes been reported. Although the c reactive protein 1014 

(CRP) has been extensively explored in obesity and CVD, the reactive protein is not specific for HIV 1015 

infection or obesity. The recently reported leucocyte-based biomarkers are rarely measured in 1016 

longitudinal studies and usually not incorporated in CVD-risk prediction models. Hence, the evaluation 1017 

of biomarkers that are specific and applicable to PLWH and obesity are needed in the clinical setting. 1018 

Such biomarkers may be helpful in the prognostication of PLWH, who may be misclassified using the 1019 

current traditional risk factors. 1020 
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APPENDIX C: PATIENT’S CONSENTS FORMS 1117 
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APPENDIX D: TURNITIN REPORT 1126 
 1127 

 1128 
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APPENDIX E: ELISA PROTOCOL 1129 

` 1130 

ELISA methodology  1131 

Note: The steps in the ELISA assays performance were somehow similar for CD36, PF-4 and vWF, 1132 

with a difference in standards and samples dilutions. Also, sP-selectin and ET-1 assay were different.   1133 

 1134 

Reagent’s preparations  1135 

1X Wash Buffer- Diluted 20 mL of the Wash Buffer Concentrate into 380 mL of deionized or distilled 1136 

water.  1137 

1X Wash Buffer for ET-1- Diluted 15 mL of  20x wash solution concentrate with 285 mL of distilled 1138 

water. 1139 

Diluent B- Diluted  2 mL of 5x diluent B with 10 mL of distilled water (2x to be used for biotin conjugate 1140 

and streptavidin-HRP preparation) 1141 

Diluent D- Diluted 2 mL of 5x diluent B with 10 mL of distilled water ( to be used for standards and 1142 

samples dilution) 1143 

Biotin conjugate – Diluted 120 μL of biotin conjugate concentrate and 9570 ul of diluent B to make up 1144 

for 96 wells 1145 

Streptavidin-HRP- Diluted 2000 μL of streptavidin-HRP with 8000 ul of diluent B 1146 

1x Assay Buffer for ET-1 – Diluted 14 mL of 5x Assay Buffer with 56 mL distilled water.  1147 

 1148 

Standards dilutions 1149 

To make standard dilutions for CD36, 480 μL 1X Assay Diluent D  was added into the vial to prepare 1150 

a 500 ng/mL standard solution. The powder was dissolved thoroughly by a gentle mix. Then we pipetted 1151 

300 μL 1X Assay Diluent D into each tube. We thereafter used the 500 ng/mL standard solution to 1152 

produce a dilution series by mixing each tube thoroughly before the next transfer. 1X Assay Diluent D 1153 

serves as the zero standard (0 ng/ ) 1154 

To make standard dilutions for sP-selectin, 225 μL of Sample Diluent was added into each tube. A 1155 

reconstituted standard (80 ng/mL) of 225 μL  was pipetted into the first tube and mixed to make a 1156 

concentration 40 ng/mL. Then, 225 μL of this dilution was transferred  into the second tube to produce 1157 

a dilution series by mixing thoroughly before the next transfer. 1158 

 1159 

To make standard dilutions for PF-4, 400 μL Assay Diluent C was added into the lyophilized standard 1160 

vial to prepare a 140 ng/mL standard solution. The powder was dissolved thoroughly by gentle mixing. 1161 

We added 75μL PF-4 standard from the vial of reconstituted standard, into a tube with 625μL Assay 1162 

Diluent C to prepare a 15,000 pg/mL standard solution. Then we pipetted 400 μL Assay Diluent C into 1163 

each tube. Assay Diluent C serves as the zero standard (0 pg/mL). 1164 
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To make standard dilutions for vWF, we added 440 μL Assay Diluent A into the lyophilized standard 1165 

vial to prepare a 30 ng/mL standard. Standard solution was gently mixed to dissolve the powder 1166 

thoroughly. We pipetted 300 μL Assay Diluent A into each tube. We used the 30 ng/mL standard 1167 

solution to produce a dilution series by mixing each tube thoroughly before the next transfer. Assay 1168 

Diluent A serves as the zero standard (0 ng/mL). 1169 

 1170 

To make standard dilutions for ET-1, we added 10 μL Endothelin-1 Standard to one tube containing 1171 

990 μL 1X Assay Buffer and labelled it as 100 pg/mL ET-1. Thereafter, added 150 μL Standard Diluent 1172 

Buffer to each of 8 tubes labelled as follows: 50, 25, 12.5, 6.25, 3.125, 1.563, 0.781, and 0 pg/mL ET 1173 

1.Then we made serial dilutions of the standard by mixing thoroughly between steps to the next transfer.  1174 

 1175 

Samples dilutions 1176 

For CD36: 33 μL of sample and 67 μL of Diluent D 1177 

For sP-selectin:  10 μL of sample and 90 μL of  Sample diluent  1178 

For PF-4: 20 μL of sample and 80 μL of Diluent C 1179 

For vWF: 2 μL of sample and 398 μL of Diluent A 1180 

For ET-1: We were not instructed to dilute our samples  1181 

 1182 

 ELISA performance 1183 

We made use of the ELISA to detect and quantify the levels of sCD36, PF-4 and vWF. Briefly, 100 μL 1184 

of standards and 100 μL  of diluted samples were added in duplicates to each of the 96-well plate coated 1185 

with specific human (sCD36 or PF-4 or vWF) antibody (Thermofisher, Scientific, Waltham, MA, USA 1186 

). The plate was covered and incubated for two and a half hours at 37°C. After incubation, the solution 1187 

was removed by emptying and adding 300 μL Wash Buffer in each well and blotting the plate against 1188 

clean towels to remove excess wash buffer. This was repeated four times.  1189 

Thereafter, 100 μL of biotin conjugate was added to each well. The plate was incubated for one hour at 1190 

37°C  with gentle shaking (manually) and was then washed as mentioned before. After incubation and 1191 

thoroughly washing , 100 μL of streptavidin-HRP solution (prepared by  was added to each well. The 1192 

plate was covered and incubated for 45 minutes at 37°C  with gentle shaking and then washed as before. 1193 

After the incubation and washing of the streptavidin-HRP solution, 100 μL  of TMB-substrate was 1194 

added to each well and incubated for 30 minutes in the dark. A blue colour was developed and was 1195 

stopped by adding 50 μL of stop solution in each well where colour changed from blue to yellow. The 1196 

plate was read spectrophotometrically at 450 nm.  1197 

 1198 

To detect and quantify the levels of sP-selectin in the plasma, the 96-well plate was firstly washed two 1199 

times by adding 400 μL  Wash Buffer and discarding the contents. 100 μL of standards and 100 μL of 1200 

diluted samples were added in duplicates to each of the wells. Thereafter, 50 μL of HRP-conjugate was 1201 
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added to all wells then covered and incubated for two hours at 37°C. After incubation, the plate was 1202 

washed two times with 400 μL Wash Buffer. Then immediately added 100 μL TMB substrate solutions 1203 

to all wells and incubated the plate for 30 minutes in the dark. The enzymatic reaction was stopped by 1204 

adding 100 μL of Stop Solution in each well. The plate was immediately read on the plate reader (Bio-1205 

Rad Laboratories, California, USA) at 450 nm.  1206 

To detect the levels of ET-1 in the plasma, 50 μL of diluted standards and 50 μL samples were added 1207 

in each well. The plate was covered and incubated for 60 minutes at 37°C. The solution was discarded, 1208 

and the wells were washed by adding 300 μL Wash Buffer and aspirating it and blotting the plate against 1209 

clean towels four times. Thereafter, 50 μL of ET-1 conjugate was added into each well and incubated 1210 

for 60 minutes at 37°C. Then washed as mentioned before. After incubation and washing of the 1211 

conjugate, 100 μL of substrate was added in each well and incubated for 30 minutes. To stop the 1212 

enzymatic reaction, 50 μL of the stop solution was added into each well. The plate was then read on the 1213 

microplate reader (Bio-Rad Laboratories, California, USA) at 450 nm. 1214 

 1215 

 1216 

 1217 

 1218 

 1219 

 1220 

 1221 

 1222 

 1223 

 1224 

 1225 

 1226 

 1227 

 1228 
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APPENDIX F: DESCRIPTION OF THE STUDY 1237 

`Research design and methods  1238 

Overview 1239 

 1240 

1. Study Setting: Umlazi/Philasande Research Clinic and Gateway Umlazi Clinic 1241 

2. Study Design: This study is a prospective two-arm, quasi-experimental design comparing a primary 1242 

health care intervention plan with usual care. 1243 

3. Target Population: HIV infected women attending PHC   1244 

4. Study population: HIV infected women aged from 18 to 49 years of age and receiving HIV care at 1245 

PHC clinics. 1246 

5. Inclusion criteria 1247 

• HIV infected women   1248 

• On ART for at least 1 year  1249 

• Equal to/older than 18 years of age 1250 

• Equal to/younger than 49 years of age 1251 

• Plans to remain in the study catchment area for at least 3 years 1252 

6. Exclusion criteria 1253 

• Participant declines study participation  1254 

 1255 

7. Sampling 1256 

 1257 

• Size of sample  1258 

400 HIV-infected women consisting of an intervention arm of 200 women co-enrolled in the 1259 

PROMOTE study at the Umlazi CRS (see method of sampling for details), and a control arm of 1260 

200 women receiving HIV care at the PHC. With a 20-30% estimated prevalence of metabolic 1261 

syndrome in people living with HIV without any specific intervention in the risk factor 1262 

modification of cardiovascular disease and a proposed 10-15% estimated incidence of metabolic 1263 

syndrome in the intervention arm, 132 participants per arm would allow for 80% power. An 1264 

additional 10% can be added to allow for loss to follow-up. The larger proposed sample size will 1265 

allow for external validity / generalizability. 1266 

 1267 

• Method of selecting sample 1268 

Two HIV-infected female cohorts will be matched for receipt of ART duration >1 year and for age 1269 

will be compared in the study. Method of selection will be via convenience sampling.   1270 

Intervention group: There are 245 HIV infected women between 18 and 49 years of age, who 1271 

have been on ART for more than 1 year and attending the CAPRISA Research Clinic in Umlazi. 1272 

These women were enrolled into the PEPFAR PROMise Ongoing Treatment Evaluation 1273 

(PROMOTE) observational study from May-June 2017. This study has been implemented to 1274 

provide long-term follow-up data on safety outcomes of widespread use of combination 1275 

antiretrovirals (cART) among an already well-characterized cohort of HIV infected mothers and 1276 

their children who previously enrolled in the multi-site PROMISE study.   This cohort was selected 1277 

for the proposed intervention arm because the principal investigator is based at the research clinic. 1278 

Women will be briefed at their next PROMOTE study visit and the 1st 200 interested candidates 1279 

meeting all eligibility criteria will be co-enrolled into the Intervention arm of the Sub-study.   1280 

Control group: The Tier data base will be used to select HIV infected women aged between 18-1281 

49 years, receiving ART for more than 1 year at the Umlazi Gateway PHC.  Scheduled clinic visits 1282 
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Modifiable Smoking (Current, Never, Past)  Smoking (Current, 

Never, Past) 

Unhealthy Diet  Unhealthy Diet 

Exercise (minutes per week)  Exercise (minutes per 

week) 

ART duration in years ART duration in years ART duration in years 

ARV regimen ARV regimen ARV regimen 

Viral load Viral load Viral load 

CD4 count CD4 count CD4 count 

BMI (6monthly) BMI (6monthly) BMI 

Waist Circumference (6 monthly)  Waist Circumference 

Systolic BP (6monthly) Systolic BP Systolic BP 

Pulse (6monthly)  Pulse 

Fasting Glucose (annual)  Fasting Glucose 

Fasting Lipogram (annual) Fasting Lipogram Fasting Lipogram 

hsCRP (annual)  hsCRP 

Urine Microalbumin (annual)  Urine Microalbumin 

*Carotid intima media thickness  Carotid intima media 

thickness 

 CVD risk % by Framingham  CVD risk % by 

Framingham 

 CVD risk % by D:A:D  CVD risk % by D:A:D 

 CVD risk % by WHO/ISH  CVD risk % by 

WHO/ISH 

*Only at year 3 in women aged over 40 years       **Data collection through chart review               1314 

12. Plan for Data collection   1315 

• Intervention group: The prevalence of CVD risk factors will be determined by data 1316 

collection through history taking, physical examination, and laboratory and radiology 1317 

investigations as per the data collection tool. CVD risk assessment will be performed 1318 

annually using a combination of the WHO and International Society of Hypertension 1319 

cardiovascular risk prediction (WHO/ISH) and the D:A:D CHD equation. The 1320 

intervention proposed is a modified WHO PEN algorithm incorporated into HIV 1321 

management guidelines at study entry. Trends in all risk factors will be monitored, and 1322 

new risk factors identified, with 6 monthly intervention during the first year, and 1323 

annually for three years thereafter. 1324 

 1325 

• Control group: Following informed consent, data will be collected from the 1326 

participants ARV clinic medical chart as per the data collection tool. Standard of care 1327 

HIV management and primary health care will be provided by public sector clinic staff 1328 

according to current national guidelines. No study investigations or study 1329 

questionnaires will be carried out at entry visit until the final study visit. There will be 1330 

regular telephonic follow up with the participants to maintain study retention. Chart 1331 

review data collection at 6 monthly intervals. CVD risk factors, as per outcomes 1332 

described above, will be measured by the study at a single 3 year final study visit. 1333 











77 
 

PHYSICAL ACTIVITY: All individuals encourage to do at least 30 minutes of moderate physical activity (e.g. brisk 1377 
walking) a day, through leisure time, daily tasks and work-related physical activity. 1378 
WEIGHT CONTROL: All individuals who are overweight or obese should be encouraged to lose weight through a 1379 
combination of a reduced-energy diet and increased physical activity 1380 

Ethical Considerations  1381 

 1382 

• Permissions needed to conduct the study will be obtained from the University of KwaZulu- 1383 

Natal Biomedical Research Ethics Committee, Prince Mshiyeni Memorial Hospital, KwaZulu-1384 

Natal Department of Health and the PROMOTE protocol team. 1385 

• Written informed consent form will be obtained prior to any study procedure. 1386 

• All study procedures will be conducted in a manner to protect participant privacy and 1387 

confidentiality. 1388 

• There will be no additional reimbursement in the intervention arm of the proposed sub study. 1389 

Participants enrolled in the PROMOTE study are reimbursed using PROMOTE funds. There 1390 

will be no reimbursement in the control arm with the exception of the final study visit, during 1391 

which additional lab assessments will be carried out during their routine PHC visit. . 1392 

 1393 
 1394 

  1395 






