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Abstract
Introduction  The incidence of cardiovascular disease 
(CVD) is now at least threefold higher in HIV-infected 
patients as compared with the general population. 
Although platelet activation and reactivity are implicated 
in the development of CVDs in HIV-infected patients, its 
precise role remains inconclusive. We aim to assess the 
association between platelet activation and selected 
cardiovascular risk factors in HIV-1-infected individuals on 
highly active antiretroviral treatment (HAART).
Methods  This will be a systematic review and  
meta-analysis of published studies evaluating the 
association between platelet activation and CVD risk 
factors in HAART-treated adults. The search strategy will 
include medical subject headings words for MEDLINE, 
and this will be adapted to Embase search headings 
(Emtree) terms for the EMBASE database. The search will 
cover literature published between 1 January 1996 to 30 
April 2017. Studies will be independently screened by 
two reviewers using predefined criteria. Relevant eligible 
full texts will be screened; data will be extracted, and a 
qualitative synthesis will be conducted. Data extraction 
will be performed using Review Manager V.5.3. To assess 
the quality and strengths of evidence across selected 
studies, the Grading of Recommendations Assessment 
Development and Evaluation approach will be used. The 
Cochran’s Q statistic and the I2 statistics will be used 
to analyse statistical heterogeneity between studies. 
If included studies show high levels of homogeneity, a 
random effects meta-analysis will be performed using R 
statistical software.
Ethics and dissemination  This will be a review of 
existing studies and will not require ethical approval. 
The findings will be disseminated through peer-reviewed 
publication and presented at local and international 
conferences. An emerging patient management dilemma 
is that of the increased incidence of CVD in people living 
with HIV on HAART. This review may inform treatment and 
cardiovascular risk stratification of HIV-infected patients at 
increased risk of developing CVD.
PROSPERO registration number  CRD42017062393.

Introduction
The incidence of cardiovascular disease 
(CVD) in HIV-infected patients is on the 

rise in both developing and developed 
countries.1 2 The (HIV) pandemic continues 
to devastate resource-poor and developing 
countries. Globally, an estimated number 
of 34.5 million adults are living with HIV.3 
The East and Southern African regions have 
the highest number of people living with 
HIV (PLWH), with an estimated total of 
6.3 million PLWH.4 South Africa represents 
a quarter of the burden of HIV in sub-Sa-
haran Africa with an estimated  antiretro-
viral (ARV) coverage of 50.95%.4 Early 
initiation of highly active antiretroviral 
therapy (HAART) will ultimately commit 
HIV-infected individuals to prolonged 
antiretroviral drug exposure. The initiation 
of HAART is associated with an increased 
risk of CVD. Whereby, HAART induces 
dyslipidaemia,5 obesity,6 increased platelet 
reactivity7 8 and ultimately increases the risk 
of developing CVD.8–12 

HAART is based on protease inhibitors 
(PIs), which have been shown to exac-
erbate inflammation,13 induce insulin 
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Protocol

Strengths and limitations of this study

►► This review will comprehensively evaluate published 
literature on the primary research question, focusing 
on platelet function in HIV-infected individuals on 
highly active antiretroviral treatment  (HAART) and 
the risk of cardiovascular disease.

►► A comprehensive search strategy will be used to 
identify and retrieve articles relevant to our research 
question.

►► This will be the first systematic review and meta-
analysis aimed at addressing the controversial 
topic of platelet function in people living with HIV on 
HAART.

►► The main limitation will be the heterogeneity of the 
studies available in terms of clinical, methodological, 
study designs and outcome definitions.
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resistance,9 14 alter platelet function (reviewed 
in  ref  11) and increase the risk of CVD.12 PIs induce 
insulin resistance by altering lipid metabolism resulting 
in increased fasting triglycerides and free fatty acids. 
In addition, certain PIs interfere with the glucose 
transporter type 4-mediated glucose transport.14 15  
A steady increase in the incidence of metabolic 
syndrome has been reported in PLWH.16 An emerging 
patient management dilemma is that of the increased 
incidence of type 2 diabetes on the onset of HAART.17–19 
In fact, a fourfold increase in the prevalence of type 2 
diabetes has been reported in HIV-infected patients on 
HAART.20 In the large data collection on adverse events 
of anti-HIV drugs (D: A: D) cohort, HAART was associ-
ated with increased risk of type 2 diabetes.21

Both chronic inflammation and immune activation 
have been identified as key driving forces in the patho-
genesis of non-AIDS-related deaths.1 Platelets play a 
role in linking inflammation, chronic immune acti-
vation and microvascular dysfunction.22 The platelet 
reactivity index is a robust measure of the ratio of 
platelet aggregates in peripheral blood, and ratios 
above 1.05 have been associated with pathological 
platelet aggregation.23 The role of platelet activation 
and increased risk of CVD in HIV-infected patients has 
been described.8 24 However, contradictory findings on 
the activation status of platelets and the risk of CVD in 
HIV-infected patients have been reported,25 and a clear 
understanding of the underlying mechanism remains 
scarce.

The benefits of early treatment interventions are 
well described. However, analysis of data from the 
large Strategies for the Management of Antiretroviral 
Therapy  Study showed that markers of inflamma-
tion correlated with adverse outcomes in patients on 
antiretroviral regimens.26 Moreover, knowledge gained 
from studies conducted on simian immunodeficiency 
virus (simian equivalent of HIV) hosts suggests that 
chronic immune activation is a key contributor to the 
pathogenic infection.27 Therefore, despite adequate 
control of viral loads in first-world countries, an era 
of non-AIDS-related deaths, such as myocardial infarc-
tions and cerebrovascular accidents (CVAs), now 
prevails.28 Furthermore, studies have shown that levels 
of activated B and T cell lymphocytes remain high in 
HIV-infected individuals despite successful antiretro-
viral therapy (ART).29 In addition, an increase in acti-
vated CD8+ T cells after 6 months of suppressive ART is 
associated with a 1.6- fold increased risk of subsequent 
death.30 Persistent T  cell activation induces increased 
CD4+ T cell turn over, which may result in the exhaus-
tion of the immune system and alterations in the regen-
erative capacity of immune cells.31 To date, there are 
currently no published systematic reviews providing 
cumulative evidence on platelet activation and reactivity 
in patients with HIV and the risk of CVDs. This system-
atic review will aim to assess the available evidence of 
the association between platelet function (activation 

and reactivity) and cardiovascular risk in HIV-1-infected 
individuals on HAART.

Research question
1.	 Are activated platelets and their reactivity index asso-

ciated with cardiovascular risk factors (hypertension, 
diabetes, dyslipidaemia, metabolic syndrome, coagu-
lation factors) in HIV-infected patients on HAART?

Objectives
1.	 To estimate the overall measures of effect for the asso-

ciation between activated platelets and HIV infection 
in patients on HAART compared with untreated and 
uninfected individuals.

2.	 To estimate the overall measures of effect for the asso-
ciation between platelet activation and cardiovascular 
risk in HIV-infected patients on HAART.

3.	 To estimate the overall effect for the association of 
platelet hyper-reactivity and cardiovascular risk in 
HIV-infected patients on HAART.

Methods
The systematic review protocol has been prepared 
according to the Preferred Reporting Items for System-
atic Review and Meta-Analysis Protocols 2015 guide-
lines.32 Details pertaining the protocol for this systematic 
review were registered on PROSPERO (PROSPERO 
number: CRD42017062393) and can be accessed online 
(https://www.​crd.​york.​ac.​uk/​PROSPERO/​display_​
record.​asp?​ID=​CRD42017062393).

Eligibility criteria
Study design
All relevant cross-sectional and case control studies with 
a clearly defined control population will be included. 
In addition, randomised controlled trials (RCTs) and 
retrospective and prospective cohort studies with 
defined time points highlighting data points before and 
after intervention will be included. Case studies and 
case reports will be excluded from the review.

Participants
Studies evaluating platelet function in HIV-1-infected 
adults defined as 18 years or older will be included. 
We will include studies that have reported the baseline 
HIV-1 viral load and initial CD4 counts and platelet 
counts of all participants enrolled. In addition, we 
will also include studies that report the exclusion of 
participants on non-steroidal anti-inflammatory drugs 
or aspirin. Studies will be included regardless of the 
metabolic profile of participants included. Studies that 
include pregnant women, patients with a known history 
of malignancy and treatment with anticoagulants will be 
excluded.

Interventions
We will consider studies that have clearly defined 
HAART regime of either three or more antiretroviral 

https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017062393
https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017062393


� 3Nkambule BB, et al. BMJ Open 2017;7:e019468. doi:10.1136/bmjopen-2017-019468

Open Access

drugs. Furthermore, we will consider other forms of 
antiplatelet interventions provided the mode of admin-
istration and dose is reported. The primary compari-
sons that will made will include;

Comparators
Comparators will differ based on the study design and 
will include participants randomised not to receive 
antiretroviral intervention and participants who are 
not HIV infected (case–control studies and cohort 
studies).

Interventions that affect platelet function
1.	 The use of statins in combination to ART and antihy-

perglycaemic drugs.
2.	 Differences between the ART drug combinations and 

timing of interrupted treatment compared with unin-
terrupted treatment.

Outcomes
The clinical endpoints important for decision making 
include:

Primary endpoints
1.	 Platelet activation (reported as mean/median per-

centage platelet P-selectin expression or platelet 
monocyte aggregates).

2.	 CVD (proportion of incidents reported as Risk ratio 
(RR)):
a.	 Coronary artery events: fatal myocar-

dial infarction, non-fatal myocardial  
infarction, unstable angina and stable angina.

b.	 Cerebrovascular events: fatal stroke, non-fatal 
stroke (ischaemic or haemorrhagic), transient 
ischaemic attack and vascular events.

3.	 Type 2 diabetes (OR as a primary effect measure or 
HR as a secondary measure).

4.	 Metabolic syndrome (MetS) (reported as mean per-
centage of participants with MetS or the RR as an ef-
fect measure).

Surrogate outcomes
1.	 Cardiovascular risk (total cholesterol, high-density 

lipoprotein cholesterol level, systolic blood pressure, 
hypertension treatment, smoking, diabetes, dyslipi-
daemia and metabolic syndrome).

2.	 Hyper-reactive platelets (increased platelet aggrega-
tion and activation).

3.	 Increased levels of markers of coagulation (D-dimers, 
fibrinogen, von Willebrand factor and tissue factor).

4.	 Insulin resistance and impaired glucose tolerance.
5.	 Thrombocytopaenia (severe or mild).

All outcomes will be extracted from the included studies 
and reported. Due to the broad category of CVD, we will 
extract the type of cardiovascular event reported from 
each respective study. The surrogate outcomes for type 
2 diabetes will include insulin resistance and impaired 
glucose tolerance that may be reported based on varying 
outcome measures. The methods and classifications 

American Diabetes Association or WHO classification 
used will also be extracted and reported.

Literature searches
A search strategy will be developed using medical subject 
headings words for MEDLINE, and this will be adapted to 
Embase search headings (Emtree) terms for the Embase 
database (see  online  supplementary appendix 1). The 
search terms will also be applied to retrieve studies using 
the PubMed clinical queries. The electronic database 
search will be augmented by searching the Cochrane 
Central Register of Clinical trials (Wiley interface), the 
metaregister (www.​controlled-​trials.​com/​mrct/), Web of 
science and Global Index of Medicus. In addition, the 
reference list of selected studies will be scanned to iden-
tify relevant literature. The search strategy will be adapted 
for syntax used in Embase database. The strategy will be 
peer reviewed by a liberian specialist.

The systematic search will be conducted without 
any language restrictions. The literature retrieved will 
be restricted to human studies. The search strategy 
will consist of the following major keywords: Platelets; 
Platelet P-selectin; Platelet CD40L; Platelet monocyte 
aggregates; Platelet leukocyte aggregates; Platelet mono-
cyte complexes; HIV-1 infection; and diabetes. For each 
keyword, multiple synonyms will be searched in the title 
or abstract.

Study records
Data management
Collection process
To minimise data entry errors, the web-based EPPI-Re-
viewer V.4.0  software for research synthesis33 will be 
used for data extraction into predefined data forms and 
exported directly into statistical software. The Mendeley 
reference manager (V.1.17.10, Mendeley), will be used to 
identify duplicates.

Selection process
Two independent reviewers (BBN and PVD) will conduct 
the selection procedure. Each reviewer will screen the 
titles, abstracts and full  texts in contrast to the inclu-
sion criteria. The exclusion criteria for title and abstract 
screening phase will include:
1.	 Review articles.
2.	 Animal studies or animal models of HIV infection.
3.	 Non-HIV-1-related studies.

The additional criteria will be used for screening 
full text:
1.	 Full text not available.
2.	 Duplicate publication of the same study cohort.
3.	 Published conference abstracts.

Data items
The following relevant items will be extracted: author, 
year, original language, sample size, years of follow-up, 
outcome measures, patient characteristics (gender ratio, 
metabolic profile, levels of measured coagulation param-
eters, platelet counts, levels of immune activation or 

https://dx.doi.org/10.1136/bmjopen-2017-019468
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inflammation, mean CD4 counts HIV-1 RNA levels, dura-
tion of infection, duration and type of antiplatelet drugs 
used, type of HAART and dosage administered).

In addition, details related to the assays used to 
measure HIV-1 RNA and platelet function (activation or 
aggregation) as well as the use of platelet separation tech-
niques (preparation of platelet-rich plasma or platelet 
poor plasma) will be extracted. In instances where there 
are no reported data amputation techniques on priority 
outcomes and when the effect size cannot be calculated, 
the authors will be contacted for additional data.

Data simplification
Individual studies may report varying dosage of treatment 
interventions used. To reduce potential bias that may be 
introduced by multiple comparisons with a single control 
group, these will all be grouped into a single drug-specific 
treatment group.

Risk of bias in individual studies
To assess the potential risk of bias in RCT, information 
will be collected in accordance to the Cochrane collab-
oration tool for assessing bias.34 A judgement on the 
possible risk of bias of extracted information will be 
made based on each of the six domains. For observa-
tional studies, the relevant domains will be considered; 
these will include participant selection, measurement of 
variables, confounders and missing data. The judgement 
will be made independently by two reviewers (ZM and 
PVD) based on the criteria defined for judging the risk 
of bias. In an instance of disagreements between the two 
reviewers, BBN will be consulted for arbitration.

Data synthesis
Assessment of clinical and methodological heterogeneity 
will be performed first, and this will then be followed by an 
assessment of statistical heterogeneity. The Cochran’s 
Q statistic35 and the I2 statistics will be used to analyse 
statistical heterogeneity between studies.36 If studies show 
similarity with regards to (participants, intervention, 
comparisons, outcomes). If an efficient number of studies 
included are homogeneous in terms of extracted infor-
mation, we will conduct a meta-analysis using R statistical 
Software (The R foundation for statistical computing, 
Vienna, Austria). An I2 value of >25 will be considered as 
moderate or substantial heterogeneity. The random-ef-
fects model will be used should there be significant levels 
of unexplained statistical heterogeneity.23

In order to explore the sources of heterogeneity within 
the included studies, a subgroup analysis and meta-re-
gression comparing the study estimates from different 
study-level characteristics. which will include, age, gender 
of the study population, the study design and quality, 
location of the study and sample size, ART regimes, use 
of statin, use of aspirin, reported measure of platelet acti-
vation (CD62P,   Platelet monocyte aggregates (PMAs), 
sCD40,  sCD62P), intervention type (type of ARV drugs 
used  and type of antihyperglycaemic treatment) and 

any other important parameters identified during data 
extraction.

Cumulative evidence
Should there be insufficient homogeneity among the 
selected studies, the Cochrane collaboration tool for 
assessing the risk of bias34 will be used, and a qualita-
tive summary of the included studies will be tabulated. 
To assess the quality and strengths of evidence across 
selected studies, two independent reviewers (BBN and 
PVD) will review the studies using the Grading of Recom-
mendations Assessment Development and Evaluation 
approach.37 The approach will be implemented by the 
downgrading of studies based on several factors such 
as study limitations, indirectness of results  and publica-
tion or reporting bias. The scores will be upgraded for 
studies with a large effect size and reported methods for 
adjusting of confounders. Ratings for each outcome will 
be categorised as high, moderate or low. This will then 
be followed by the rating of the overall quality. The find-
ings will be summarised and presented in the summary of 
findings table.
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