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Abstract
Background and Objectives
Antiretroviral treatment (ART) era HIV-associated stroke data from sub-Saharan Africa are
limited. We determined the prevalence of HIV in patients presenting with acute symptomatic
stroke and compared risk factors, clinical characteristics, and brain imaging with age-matched
stroke patients without HIV.

Methods
We conducted a retrospective study of adults presenting with any type of stroke to Tygerberg
Hospital in a 12-month period. Patients living with HIV (PLWH) and HIV-uninfected (HIV−)
patients were matched based on age group (1:2 ratio). Patients were identified by keyword
search, while HIV status was ascertained from laboratory data. Clinical and imaging data were
extracted from medical records.

Results
Among 884 patients presenting with acute strokes, the minimum prevalence of HIV infection
was 9.3% (95% CI: 7.4%–11.2%), with 496 patients (56.1%) with negative HIV status and 306
patients with unknown HIV status (34.6%). The mean age at presentation in PLWH was 46
(±11) years compared with 55 (±14) years in HIV− patients (p < 0.001). Smoking was less
prevalent in PLWH with an adjusted relative risk ratio of RR = 0.58 (95% CI: 0.39–0.86).
Concurrent infection wasmore prevalent in PLWH (25.6% vs 4.9%, p ≤ 0.001) with an adjusted
relative risk ratio of RR = 2.07 (95% CI: 1.49–2.84), largely in patients with a CD4 count <200
cells/μL. PLWH with higher CD4 counts (≥200 cells/μL, 51.3%) had more traditional risk
factors and less concurrent infection. Among PLWH, 68.3% were on ART, and 39.3% of them
had been started or restarted on ART within the past 6 months. Basal ganglia infarcts (35.6% vs
18.3%, p = 0.014) and multiple vascular territory involvement (25.4% vs 7.7%, p = 0.002) were
more common in PLWH. Clinical presentation, ischemic stroke type, and in-hospital outcomes
did not differ between the groups.

Discussion
Stroke patients with HIV were younger, had less traditional cardiovascular risk factors, and
more concurrent infections than patients without HIV, especially those with a lower CD4
count. Recent ART initiation or reinitiation rates were high. Significant differences in CT brain
imaging findings were seen. Understanding themultifactorial mechanisms underlying increased
stroke risk, including associated infections and potential ART-associated immune re-
constitution, is crucial and needs further study.
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Stroke incidence in lower-income and middle-income countries
(LMICs) such as sub-Saharan Africa (SSA), particularly in
younger patient groups, is rising.1 Two-thirds of the world’s HIV
population live in SSA, with South Africa having the greatest
absolute number of HIV-infected individuals in the world.2,3 In
2016, South Africa adopted the recommendation by the World
Health Organization to initiate all patients living with HIV
(PLWH) on antiretroviral treatment (ART) regardless of their
CD4+ count.4 This approach resulted in approximately 5 million
PLWH receiving ART of approximately 7 million PLWH in
South Africa.3 However, data on HIV-associated stroke in SSA,
including SouthAfrica, and especially in theARTera, is limited.5-11

Most research on HIV-associated stroke originates from high-
income countries (HICs),12-19 and patient characteristics may
differ from those in LMICs. Differences in the median age and
traditional cardiometabolic risk factor prevalence have been
highlighted between PLWH and stroke patients without HIV
(HIV−) from different income settings.2 As PLWH age, their
prevalence of traditional stroke risk factors increases with an
accompanied elevation in the likelihood of stroke.20-22 These
risk factors include hypertension, dyslipidemia, diabetes
mellitus (DM), obesity, smoking, coronary artery disease, and
atrial fibrillation.19 HIC data indicate that HIV is an in-
dependent risk factor for ischemic stroke and higher stroke
rates are seen in PLWH, even after adjusting for known stroke
risk factors.2 The excess stroke risk that HIV infection confers
may be greater in younger patients and women.15,16 HIV-
specific risk factors are advanced diseases with low CD4+
counts (<200 cells/μL), unsuppressed viral load, ART na-
ivety, and potentially recent initiation of ART as part of a CNS
immune reconstitution inflammatory syndrome (IRIS).2,19,20

The sudden onset of focal neurologic deficits is the most
common presentation of stroke in both PLWH and HIV−
patients.19 However, less common features may present in
HIV-associated stroke.19 In PLWH, fever, seizures, and
coexisting opportunistic infections are more common.2

Stroke may be the first clinical manifestation of HIV infection
in a large proportion of patients (studies found a range of
42%–57%).2 There is paucity of data on the brain imaging
findings in PLWH vs HIV− stroke patients from LMICs, with
most of the data from HICs.13,15,17,23,24 A systematic review
indicated that ischemic stroke type was proportionally greater
in PLWH when compared with their HIV− counterparts.2

Recent SSA data indicate that stroke type (i.e., ischemic or
hemorrhagic) does not differ in PLWH.21,22,25 Regarding
subtype, some studies showed greater small vessel infarcts or
lacunar infarcts in PLWH compared with those in HIV- stroke

patients.21,25 A possible increased morbidity and mortality for
HIV-associated stroke patients is still uncertain, with multiple
studies finding dissimilar outcomes.2,21,22,25-27

In summary, while there has been greater ART access in the
high-prevalence subtype C HIV population from South
Africa, HIV-associated stroke prevalence data in the ART era
are limited. Moreover, there is a paucity of updated in-
formation on differences in these patients with unadjusted age
as a major confounder. Where studies have been performed,
they are often small,21 in specialist stroke units,22 or have
limited access to any imaging due to resource constraints.20,22

In this study, our primary aim was to determine the 12-month
period prevalence and the age and sex distribution of HIV-
associated stroke in Tygerberg Hospital, a tertiary hospital in
Cape Town, South Africa. We secondarily aimed to compare
differences in risk factors, clinical characteristics, and brain
imaging features of PLWH with an age-stratified sample of
HIV- patients presenting with stroke.

Method
Study Design and Setting
We conducted a retrospective study of hospital records of all
adult patients presenting with stroke to Tygerberg Hospital in
a 12-month period from January 1, 2019, to December 31,
2019. We further used a case-comparison design to compare
PLWH with a sample of HIV- stroke patients. Tygerberg
Hospital is the largest public sector tertiary hospital in Cape
Town and second largest in South Africa. It provides service
to more than 3.4 million people, chiefly vulnerable pop-
ulations from densely populated low-income or rural com-
munities. The Tygerberg Hospital catchment area treats a
diverse population representing all cultural groups including
Eastern Cape residents who travel to Cape Town for eco-
nomic opportunities and medical care.

Participant Identification
We included adult patients (aged 18 years or older) who
presented to Tygerberg Hospital with clinical or radiologic
evidence of any type of stroke in 2019. Patients were identi-
fied using the Picture Archiving and Communication System
(PACS). A key word search was performed on all CT brain
imaging reports in the PACS for the year of 2019, compiled by
the Tygerberg Division of Radiodiagnosis, using the following
search terms: stroke, cerebral vascular accident, ischemic in-
farct, cerebral artery infarct, brainstem infarct, cerebellar in-
farct, hypertensive hemorrhage, hemorrhagic venous infarct,

Glossary
ART = antiretroviral treatment; BP = blood pressure; CKD = chronic kidney disease; DM = diabetes mellitus; HIC = high-
income country; LMIC = lower-income and middle-income country; PACS = Picture Archiving and Communication System;
PLWH = patients living with HIV; SSA = sub-Saharan Africa.
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cerebellar hemorrhage, hemorrhagic infarct, and hemorrhagic
transformation of infarct.

To avoid missing potential patients, cases were also identified
using the Clinicom patient administration system using
stroke-specific International Classification of Disease-10 codes
I60–I69 in 2019. Duplicate results were removed.

Identified patients were assessed for eligibility, and the diagnosis
of stroke was established using relevant clinical information
extracted from stored medical records on the Electronic Con-
tent Management System and laboratory results on the South
African National Health Laboratory Service database. The first
stroke of the year was counted in patients with repeated pre-
sentations within the period.

Patients were excluded if no clinical notes were available; if the
presentation was due to stroke mimics, such as malignancy,
seizure, brain abscesses, CNS toxoplasmosis, or CNS tuber-
culomas (but not excluding stroke in the setting of infection
causing vascular dysfunction); if investigations found an al-
ternative diagnosis to stroke; or if patients presented with any
CNS or non-CNS trauma-related injuries (eTable 1, eTable 2,
links.lww.com/WNL/C108).

Outcomes and Data Collected
Detailed clinical record data were abstracted for PLWH and
a randomly selected age-stratified HIV- comparison group
and entered on a standardized case report form on
the REDCap database.28 Risk factors were identified in
physician discharge summaries, admission records, clinical
notes, and laboratory results. Traditional risk factors col-
lected were hypertension, DM type 1 or 2, dyslipidemia,
cardiac conditions such as atrial fibrillation, cardiomyopa-
thy, and valvular disease, obesity (when noted clinically),
recent or current infection, recent or current cancer di-
agnosis, and a history of transient ischemic attacks or stroke
events. Serious comorbidities that were associated with an
increased risk were collected and grouped (such as ische-
mic heart disease, other peripheral cardiovascular di-
agnoses, chronic kidney disease [CKD], pregnancy-related
conditions, and rheumatologic, neurologic, hematologic,
respiratory, or endocrine diagnoses, or a combination
thereof). Health-related behaviors that were collected in-
cluded current history of smoking, alcohol use, and sub-
stance use.

In the South African public sector, hypertension, DM, and
dyslipidemia are diagnosed as per the Adult Hospital Level
Standard Treatment Guidelines and Essential Medicines List.29

Patients were recorded as having a risk factor if it was clinically
noted, measurements or diagnostic readings were documented,
or special investigations provided evidence confirming the di-
agnosis. Controlled hypertension was defined therefore as a
known hypertensive with blood pressure (BP) readings of less
than 140/90 mmHg after admission or less than 130/80 if DM
or CKDpresent. ControlledDMwas defined as anHbA1c value

of <6.5%. Obesity was defined as any clinical note of raised body
mass index (BMI), increased waist circumference, and increased
central adiposity. Smoking, alcohol use, and substance use were
collected in the same manner.

Stroke presentation features that were collected were grouped
beforehand as follows: typical stroke features and less typical
stroke features. Typical stroke features were recorded as focal
weakness, focal sensory complaint, aphasia, neglect, homonymous
hemianopia, and cerebellar dysfunction (such as vertigo, nystag-
mus, and ataxia). Less typical ischemic stroke features were altered
mental status (Glasgow coma scale of 13/15 or less), progressive
or stepwise neurologic deficit (over hours or days), seizures (not
associated with epilepsy), and headache.18 More than 1 feature
could be noted per patient.

Based on radiologic description, stroke type was categorized as
follows: ischemic, hemorrhagic, TIA, venous infarct, ischemicwith
hemorrhagic transformation, or unknown. It was noted whether a
CT was performed. For each stroke type, the location of the
stroke and documented vascular territorywere recorded as per the
CT brain report. Multiple locations could be selected per patient.

The virologic, immunologic, and ART status was collected
for each PLWH. For HIV viral load, the laboratories use
either the Abbott Alinity M HIV-1 Test or the Roche
COBAS AmpliPrep/TaqMan HIV-1 Test, v2, which are
dependent on the sample volume tested and have lower
than detectable limits of either 20 or 100 RNA copies/mL.
All values less than 100 RNA copies/mL were considered to
be virally suppressed. We used an attributed value of one
half of the lower limit of detection for those with un-
detectable viral load. Previous defaulting of treatment or
poor adherence is the cessation of ART use by the patient
for whatever reason.

In-hospital mortality was recorded for both groups. Hospital
stay length was calculated using the date of admission and the
date of discharge or date of death.

Statistical Considerations and Matching of
Comparison Group
Data were analyzed using IBM SPSS Statistics for Windows,
version 27.0 (IBM Corp, Armonk, NY) and Stata MP Sta-
tistical software: Release 17 (StataCorp LLC, College Station,
TX). The calculation of the 12-month period prevalence of
PLWH presenting to Tygerberg hospital with stroke in 2019
was determined using a simple proportion calculation from
the entire eligible 2019 sample. From this sample, a subsample
consisting of all PLWH and an age-stratified comparison
group of HIV- patients in a ratio of 1:2 was randomly selected
for further statistical analysis. The age-group matching pro-
cess was as follows: PLWH and confirmed HIV- patients were
subdivided into those younger than 45 years (PLWH, n = 39
[47.6%] and HIV-, n = 109 [22.0%]) and older than 45 years
(PLWH, n = 43 [52.4%] and HIV-, n = 387 [78.0%]). We
then selected a random sample of double the HIV- patients
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from each age group. Therefore, 78 patients from the 109
young HIV- group (39:78 = 1:2) and 86 patients from the 387
old HIV- group (43:86 = 1:2) were selected. The PLWH
group was also divided into immunologically severely com-
promised (CD4 count of <200 cells/μL) or not (CD4 count
of ≥200 cells/μL). Certain continuous variables were cate-
gorized into clinical and statistically relevant groups for the
purposes of statistical analysis and intervariable compari-
son. The Pearson χ2 test or Fisher exact test was used for
categorical variables and the Mann-Whitney test for contin-
uous variables. Multivariable log binomial models were used
to assess adjusted relative risks using covariates that met the
0.05 level of significance in the unadjusted analyses. Statistical
significance was set at a p value of less than 0.05.

Standard Protocol Approvals, Registrations,
and Ethical Approval
Ethical approval for the study and a waiver of consent were
obtained from the Human Research Ethics Committee of
the Faculty of Medicine and Health Sciences of Stellen-
bosch University (reference number: N20/07/075), and
permission was obtained from the relevant hospital and
Western Cape Health Department authorities.

Data Availability
Deidentified data will be made available by the primary author
on reasonable request.

Results
Demographics
During 2019, 884 patients presented or were referred to
Tygerberg Hospital with an acute stroke; 82 (9.3%) were HIV-
positive, 496 (56.1%) were HIV-, and 306 (34.6%) were HIV
unknown, resulting in an HIV prevalence of 9.3% (95% CI:
7.4%–11.2%) (Figure 1). Assuming the HIV unknown stroke
group to have similar HIV prevalence to the Western Cape
provincial HIV prevalence of 12.6% (95% CI: 9.7–16.1)30

would result in a further 38 HIV-positive patients of 306 and a
total of 118 stroke PLWH, resulting in an adjusted prevalence
of 13.3% (95% CI: 11.1%–15.6%). The baseline characteristics
are summarized in Table 1.

Risk Factors and Comorbidities
We compared our HIV-associated stroke patients (n = 82)
with a group of randomly selected age-matched HIV- stroke
patients (n = 164). Hypertension was more prevalent among
the HIV- group (70.1% vs 53.7%, p = 0.011), especially
known hypertensives who were poorly controlled (74.8% vs
52.3%, p = 0.006). However, newly diagnosed hyperten-
sion was more common in the PLWH group (31.8% vs
15.7%, p = 0.023). Dyslipidemia was also more prevalent
among the HIV- group (29.9% vs 13.4%), p = 0.005).
Conversely, multivariable log binomial models found recent
or current infection (e.g., tuberculosis and syphilis) was
twice as prevalent in PLWHwith a risk ratio of 2.07 (95%CI:
1.49–2.84) (Table 1). Among health-related behaviors,

smoking was less prevalent in PLWH with an adjusted rel-
ative risk of RR = 0.58 (95% CI: 0.39–0.86). The prevalence
of obesity was more in the HIV- group but not statistically
significant.

HIV-Specific Information
Of the 82 PLWH, 64 patients underwent a viral load mea-
surement during stroke. Of them, 34 patients were virally
suppressed (53.1%). The median viral load log was 1.70 (IQR
1.32–4.54). Comparing the virally suppressed patients with
their unsuppressed counterparts, the only risk factor that
differed between the 2 groups was current infection (virally
suppressed, n = 6 [17.6%] vs n = 12 in the unsuppressed
group [40%], p = 0.047). The median CD4 count during
stroke was 205 (IQR 100–409) cells/μL with a median CD4
nadir of 155 (IQR 70–369) cells/μL. Patients with higher
CD4 counts had more traditional risk factors for stroke
(Table 2) despite similar mean age and sex.

Of the PLWH experiencing stroke, 68.3% were on ART
during stroke, and 39.3% of them had been started or
restarted on ART within the past 6 months, with a larger
proportion in the lower CD4 group (64.0% vs 20.0%, p =
0.001). Previous ART poor adherence was also greater in the
lower CD4 group (56.8% vs 31.4%, p = 0.031).

Key Features of Clinical Presentation
Table 3 summarizes the clinical features that the patients with
stroke presented with. There were no significant differences in
presentation between PLWHandHIV- patients. Patients with
a lower CD4 count were more likely to present with altered
mental status (44.7% vs 17.5%, p = 0.009).

Stroke Type and Radiologic Description
The stroke type and location comparison are summarized in
Table 4. Ischemic stroke was the most common stroke type
(66.3%), followed by hemorrhagic stroke (26.4%). For 3
patients in the HIV- group, the attending consultant decided
against CT brain scan owing to the poor prognosis in these
individuals.

PLWH had significantly more acute basal ganglia ischemic
infarcts (35.6% vs 18.3%) and greater multiple vessel territory
involvement (25.4% vs 7.7%). We did not find a significant
difference between the lower and higher CD4 count groups.

In-Hospital Mortality and Hospital Stay Length
We found no difference between the 2 groups regarding in-
hospital mortality (Table 5). There was also no difference for
hospital stay, whether one included only the living patients,
only those who demised, or all patients.

Discussion
In this study of PLWH and HIV- patients presenting with
acute stroke at a large tertiary hospital in Cape Town, South
Africa, PLWH were nearly a decade younger. We found a
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minimumHIV prevalence of 9.3% (95% CI: 7.4%–11.2%) in all
patients with acute stroke in the setting of a provincial HIV
prevalence of 12.6% (95% CI: 9.7%–16.1%).30 Compared with
age-matched HIV- patients presenting with acute stroke, PLWH
had less traditional risk factors for stroke and were more likely to
have a concurrent infection. This difference was more evident in
patients with CD4 counts of <200 cells/μL. Ischemic strokes in
PLWHweremore likely to involvemore than 1 vascular territory
and the basal ganglia compared with those in HIV- patients with
stroke. Our data add to the understanding of the evolving

interplay of HIV infection and noncommunicable disease in an
LMIC setting with a high prevalence of HIV in the ART era.

Our data echo the growing body of literature that PLWH ex-
periencing stroke are younger than HIV- patients. The exact
mechanism by which HIV leads to younger stroke is yet to be
confirmed, but it is likely multifactorial. Macrophages are in-
volved in the development of atherosclerosis, and the trans-
migration of HIV-infected macrophages and subsequent
cytokine release leads to endothelial dysfunction, which may be

Figure 1 Diagram of the Selection of Patients for Study Inclusion and Age-Matching Process

Eligible patients (n = 884) were grouped as confirmed HIV-
positive (HIV+, n = 82), confirmed HIV− (n = 496), and status
unknown (n = 306). Status unknown consisted of patients
who were either not tested or the HIV test was rejected by
the laboratory for too little specimen or a separate sample
not being provided. All patients in the abovementioned
groups were involved to complete the primary objectives of
prevalence and age and sex distribution. After this, we
grouped the HIV+ and confirmed HIV- patients into 2 age
groups: young (younger than 45 years) (HIV+, n = 39 [47.6%]
and HIV-, n = 109 [22.0%]) and old (aged 45 year or older)
(HIV+, n = 43 [52.4%] and HIV-, n = 387 [78.0%]). We then
selected a random sample of double the HIV- patients from
each age group. Therefore, we selected 78 patients from the
109 young HIV- group (39:78 = 1:2) and 86 patients from the
387 old HIV- group (43:86 = 1:2). The HIV+ group was further
divided into immunologically severely compromised (CD4
count of <200 cells/μL) or not (CD4 count of ≥200 cells/μL).
*ineligible patients delineated in supplemental tables (eTa-
ble 1 and eTable 2, links.lww.com/WNL/C108)
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responsible for accelerated atherosclerosis in PLWH.18 Histo-
pathologic postmortem findings have shown small-sized to
medium-sized vessel preclinical atherosclerosis in HIV-infected
male brains with no underlying opportunistic infections.31

Specific viral protein polymorphisms in South Africa’s Subtype
C HIV-1 may facilitate viral replication within macrophages
and have been associated with acute ischemic stroke.32 Non-
atherosclerotic intimal changes have also been described in the
vessels of PLWH.33 Coexisting infections also need to be
considered. Stroke patients withHIVweremore than double as
likely to have a current infection. TB is especially prevalent in
the Western Cape of South Africa,34 syphilis remains an

important cause of cerebral arteritis and stroke, and opportu-
nistic viruses such as varicella-zoster virus, although not fre-
quently tested in our setting, are implicated in vasculopathy and
stroke. Multiple studies indicate that systemic infection may
precipitate stroke.35 The risk is greater in bacteremia but in-
cludes other viral infections. These non-CNS infections may
trigger inflammation and thrombosis, and proposed viral-
relatedmechanisms include platelet activation and aggregation,
infection-triggered cardiac arrhythmias, and thrombosis in-
duced by inflammation, dehydration, or endothelial dysfunc-
tion.35 Underlying infection may serve as catalysts in an
inflammatory pathway when initiating or reinitiating ART, as in

Table 1 Characteristics of HIV-Positive (HIV+) ComparedWith Age-Matched HIV-Negative (HIV−) Patients PresentingWith
Stroke at Tygerberg Hospital in 2019

Characteristics of age-stratified
patients, n (%)

HIV+
(n = 82)

Age-matched
HIV2 (n = 164)

Overall
(n = 246)

Crude
p value

Adjusted
p value

RR
(95% CI)

Demographics

Median age, y, (IQR) 46 (38–59) 46 (40–54) 0.517 0.493

Male sex at birth 33 (40.2%) 77 (47.0%) 0.319

Stroke risk factors

Medical comorbidities

Hypertension 44 (53.7%) 115 (70.1%) 159 (64.6%) 0.011 0.243 0.81 (0.57–1.15)

Diabetes mellitus 16 (19.5%) 31 (18.3%) 47 (19.1%) 0.909

Dyslipidemia 11 (13.4%) 49 (29.9%) 60 (24.4%) 0.005 0.162 0.66 (0.36–1.18)

Obesity 4 (4.9%) 21 (12.8%) 25 (10.2%) 0.052

Atrial fibrillation 2 (2.4%) 10 (6.1%) 12 (4.9%) 0.209

Cardiac risk factors 3 (3.7%) 12 (7.3%) 15 (6.1%) 0.258

Current infection 21 (25.6%) 8 (4.9%) 29 (11.8%) <0.001 <0.001 2.07 (1.49–2.84)

TBM 7 (33.3%) 0 (0%)

Disseminated TB 6 (28.6%) 0 (0%)

Pulmonary TB 5 (23.8%) 3 (37.5%)

Syphilis 4 (19.0%) 3 (37.5%)

Cryptococcal meningitis 2 (9.5%) 0 (0%)

Other infections 2 (9.5%) 2 (25%)

Recent cancer diagnosis 0 (0.0%) 4 (2.4%) 4 (1.6%) 0.304

Previous stroke or TIA 11 (13.4%) 25 (15.2%) 36 (14.6%) 0.702

Other serious comorbiditiesb 11 (13.4%) 28 (17.1%) 39 (15.9%) 0.459

Health-related behaviors

Smoker 22 (26.8%) 85 (51.8%) 107 (43.5%) <0.001 0.007 0.58 (0.39–0.86)

Alcohol use 12 (14.6%) 35 (21.3%) 47 (19.1%) 0.207

Substance usec 8 (9.8%) 18 (11.0%) 26 (10.6%) 0.769

Abbreviations: CKD = chronic kidney disease; IHD = ischemic heart disease; TB = tuberculosis; TBM = TB meningitis; RR = risk ratio.
aThe mean age of the status unknown group was 62.22 (±12.71) years.
b IHD (n = 5), CKD (n = 5), rheumatological/vasculitides (n = 5), peripheral cardiovascular diagnoses (n = 3), pregnancy related (n = 3), neurologic (n = 6),
hematologic (n = 6), respiratory (n = 4), endocrine (n = 3), combination (n = 3).
c Methamphetamine (n = 16), cannabis (n = 13),mandrax (methaqualone) (n = 10)—Note: Total does not equal 26 because patients could bepolysubstanceusers.
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IRIS. Patients with a lower CD4 count are much more pre-
disposed to opportunistic infections.36 It is of importance that
the risk of IRIS is notably higher in patients with a lower
starting CD4 count.37

There is an increasing burden of cardiometabolic and be-
havioral risk factors as PLWH grow older. Our data suggest
that these risk factors are particularly important in patients

whose HIV disease is well-controlled. Stroke patients with
HIV were almost half as likely to be smokers. Hypertension
and dyslipidemia were significantly less prevalent in the
PLWH group, although multivariable analysis found that this
significance may have been because of the conferred risk of
smoking. This may reflect the established findings of HIV as a
separate risk factor for stroke, especially in patients younger
than 45 years.17 It is of interest that patients with a higher
CD4 count (≥200 cells/μL) had a greater prevalence of tra-
ditional risk factors in comparison with their immunologically
compromised counterparts, even with similar age and sex
distributions. This mirrored the differences of the PLWH
group overall to the HIV- group. Those with a higher CD4
count may still have an underlying HIV-associated vasculop-
athy, which, when combined with traditional risk factors,
compounds their risk of stroke and results in a younger age of
stroke incidence. In particular, hypertension was the most
prevalent risk factor overall, and a poor control in known
hypertensives was greater in the HIV- group. However, newly
diagnosed hypertension was more common in the PLWH
group. This may likely be due to the known phenomenon of
an acute rise in BP during stroke, partly due to a sympathetic
reaction, and the possibility that attending clinicians noted a
diagnosis of hypertension in the setting of an acute stroke
without confirmation at a later stage. Alternatively, the ex-
planation may be that PLWH are presenting sooner with
complications in the course of developing hypertensive
disease.

There are also the potential metabolic side effects of ART to
consider. The lipid-deranging effects of protease inhibitors
have been long-known. More recently, the ADVANCE study
conducted in South Africa randomized ART-näıve partici-
pants to standard doses of dolutegravir or efavirenz and
combined with other antiretrovirals, showed significant
weight gain in the dolutegravir arms.38 In our study, most of
the patients were on an efavirenz-containing regimen. In-
triguingly, further analysis of the ADVANCE data showed
greater weight gain in women and in the efavirenz extensive
CYP2B6 metabolizer genotype.39 Obesity as a major risk
factor for noncommunicable disease, particularly in females, is
a growing concern in SSA. On the contrary, slowmetabolizers
of efavirenz had impaired weight gain, likely due to
concentration-dependent mitochondrial toxicity and im-
paired adipocyte differentiation. The presence of mitochon-
dria in all cells, including those of the CNS, and the
implications of their dysfunction is a potential factor to con-
sider in stroke risk and outcome.40

Concurrent infection was more prevalent in the PLWH
group. This was largely driven by those with a CD4 count of
<200 cells/μL, who were also less likely to be virally sup-
pressed. It has been established that persistent HIV viremia
leads to chronic inflammation that increases stroke risk.36 The
possibility exists that traditional risk factors leading to stroke
were less likely to be documented in situations where other
priorities such as an opportunistic infection requiring

Table 2 Characteristics of PLWH Presenting With Stroke
Stratified by CD4 Count

Characteristic, n (%) except
where specified

CD4 <200
(n = 38)

CD4 ≥200
(n = 40)

Crude
p value

Demographics

Median age (IQR) 45 (41–54) 48 (40–55.50) 0.592

Male 17 (44.7%) 14 (35.0%) 0.380

Stroke risk factors

Medical comorbidities

Hypertension 14 (36.8%) 27 (67.5%) 0.007

Diabetes mellitus 6 (15.8%) 10 (25.0%) 0.314

Dyslipidemia 1 (2.6%) 9 (22.5%) 0.009

Obesity 0 (0%) 4 (10.0%) 0.045

Atrial fibrillation 2 (5.3%) 0 (0%) 0.234

Cardiac risk factors 0 (0%) 3 (7.5%) 0.241

Current infection 16 (42.1%) 5 (12.5%) 0.003

Previous stroke or TIA 11 (13.4%) 25 (15.2%) 0.702

Health-related behaviors

Smoker 7 (18.4%) 14 (35.0%) 0.099

Alcohol use 5 (13.2%) 6 (15.0%) 0.815

Substance use 2 (5.3%) 5 (12.5%) 0.432

HIV-specific factors

Virally suppressed 7 (22.6%) 26 (81.3%) <0.001

ART statusa,b CD4 <200
(n = 25)

CD4 ≥200
(n = 30)

Crude
p value

<6 mo since ART initiation 3 (12.0%) 2 (6.7%) 0.493

<6 mo since ART
reinitiation after
defaulting

13 (52.0%) 4 (13.3%) 0.002

On ART ≥6 mo 7 (28.0%) 23 (76.7%) <0.001

Unknown regimen 2 (8.0%) 1 (3.3%) 0.585

Previously defaulted 21 (56.8%) 11 (31.4%) 0.031

a 38(67.86%)of the56patientsontenofovir-emtricitabine-efavirenz (TEE),whichwas
the first-line treatment in 2019; 8 patients (14.29%) on zidovudine-lamivudine-lopi-
navir/ritonavir, 7 patients (12.50%) on abacavir-lamivudine-efavirenz, and 1 (1.79%)
patient on tenofovir-emtricitabine-atazanavir, for 2 patients (3.57%), the regimen
was unknown.
b Note that 1 patient was not included in table because CD4 count was not
known.
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treatment may have been at the forefront. Conversely, it is
feasible that the underlying mechanisms of stroke in patients
with higher CD4 counts of ≥200 cells/μL are more compa-
rable with that of patients without HIV.

We found many patients were initiated or reinitiated on ART
within 6 months before stroke and an overall high rate of pre-
vious defaulting of ART mostly in patients who had a lower
CD4 count. Lack of adherence has been associated with bio-
markers of chronic inflammation and has been implicated to
increase the risk of non-CVDmortality in PLWH, even in those
with virologic suppression.41 Two Malawian studies have hy-
pothesized potential immune reconstitution as a reason for
stroke in the period near ART initiation: the first found 20% (n
= 12) of patients with an adjusted OR for stroke of 15.6,20 and
the second found 25% (n = 16 of 64) of patients with stroke
within 6 months of ART initiation.33 Our data may support this
increased stroke risk because of possible immune reconstitution
and inflammation activation, with many of those initiating or
reinitiating ART in the lower CD4 group.

We found that the clinical presentation of PLWH with stroke
does not differ significantly from that of an HIV- patient. The
immunologically compromised group was more likely to present

with altered mental status, which may reflect the neurotropic
nature of HIV itself, a greater risk of delirium in these patients, a
consequence of another underlying infection, or a marker of
underlying HIV-associated neurocognitive disorder. The location
of strokes differed minimally between the 2 groups, except
PLWH had more basal ganglia infarcts and more strokes in-
volving multiple vascular territories. Multifocal strokes may sug-
gest a vasculitic, hypercoagulable, or cardioembolic process. The
etiology for this finding was not detected in this study. It is of
interesting that both lower and higher CD4 categories had brain
imaging findings of multifocality and basal ganglia predominance.
An underlying vasculopathy may be present independent of the
degree of immunosuppression or virologic status.

Overall, our findings are in line with evidence from higher
income countries and contribute to the growing literature in
LMICs that patients with HIV-associated stroke are younger
and have less traditional risk factors present than HIV- pa-
tients with stroke.17,19,21,22,25,27 A Zambian retrospective
study also identified hypertension as the predominant risk
factor in both PLWH and HIV- stroke patients, with signifi-
cantly greater prevalence in HIV- patients.27 Contrary to our
findings, the reported study did not show a statistical differ-
ence between other risk factors such as dyslipidemia and

Table 3 Stroke Presentation of HIV-Positive (HIV+) Compared With Age-Matched HIV-Negative (HIV-) Patients

Characteristic, n (%) except where specified HIV+ (n = 82) Age-matched HIV2 (n = 164) Overall (n = 246) Crude p value

Typical stroke features

Motor deficit 71 (86.6%) 131 (79.9%) 202 (82.1%) 0.196

Sensory deficit 9 (11.0%) 20 (12.2%) 29 (11.8%) 0.780

Homonymous hemianopia 3 (3.7%) 4 (2.4%) 7 (2.8%) 0.689

Aphasia 21 (25.6%) 29 (17.7%) 50 (20.3%) 0.145

Visuospatial neglect 3 (3.7%) 11 (6.7%) 14 (5.7%) 0.331

Cerebellar dysfunctiona 6 (7.3%) 12 (7.3%) 18 (7.3%) 1.000

Less typical stroke features

Altered mental status 25 (30.5%) 50 (30.5%) 75 (30.5%) 1.000

Progressive or stepwise neurologic deficit 4 (4.9%) 1 (0.6%) 5 (2.0%) 0.044

Seizures 5 (6.1%) 12 (7.3%) 17 (6.9%) 0.722

Headache 12 (14.6%) 31 (18.9%) 43 (17.5%) 0.406

HIV+ only characteristic, n (%) except where specified CD4 <200
(n = 38)

CD4 ≥200
(n = 40)

crude
p value

Less typical stroke features

Altered mental status 17 (44.7%) 7 (17.5%) 0.009

Progressive or stepwise neurologic deficit 3 (7.9%) 1 (2.5%) 0.280

Seizures 3 (7.9%) 1 (2.5%) 0.280

Headache 6 (15.8%) 5 (12.5%) 0.677

a Vertigo, ataxia, and nystagmus.
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Table 4 Stroke Type and Location of HIV-Positive (HIV+) Compared With Age-Matched HIV-Negative (HIV-) Patients

Characteristic, n (%)
except where specified HIV+ (n = 82) Age-matched HIV- (n = 164) Overall (n = 246) Crude p value

Stroke type 82 164 246 0.499

Ischemic 59 (72.0%) 104 (63.4%) 163 (66.3%) 0.182

Hemorrhagic 17 (20.7%) 48 (29.3%) 65 (26.4%) 0.152

Othera 6 (7.3%) 12 (7.3%) 18 (7.3%) 1.000

CT performed 82 (100.0%) 161 (98.2%) 243 (98.8%) 0.553

Acute ischemic stroke HIV+ (n = 59) Age-matched HIV2 (n = 104) Overall (n = 163) Crude p value

Location

Cerebral cortex and combined
white matter tractsb

42 (71.2%) 66 (63.5%) 108 (66.3%) 0.316

Brainstem 3 (5.1%) 9 (8.7%) 12 (7.4%) 0.402

Basal ganglia 21 (35.6%) 19 (18.3%) 40 (24.5%) 0.014

Cerebellum 5 (8.5%) 5 (4.8%) 10 (6.1%) 0.348

>1 acute focal lesion 10 (16.9%) 10 (9.6%) 20 (12.3%) 0.170

Unknown/no evidence
of acute strokec

8 (13.6%) 23 (22.1%) 31 (19.0%) 0.181

Vascular territory

Single vascular territoryd 34 (57.6%) 67 (64.4%) 101 (62.0%) 0.390

>1 vascular territory
involved

15 (25.4%) 8 (7.7%) 23 (14.1%) 0.002

Unknowne 10 (16.9%) 29 (27.9%) 39 (23.9%) 0.116

Acute hemorrhagic stroke (HIV+ n = 17) (Age-matched HIV2 n = 48) (Overall n = 65) Crude p value

Location

Parenchymalf 12 (70.6%) 28 (58.3%) 40 (61.5%) 0.372

Intracerebral/lobar 6 (50.0%) 7 (25.0%) 13 (32.5%) 0.122

Basal ganglia 4 (33.3%) 17 (60.7%) 21 (52.5%) 0.112

Otherg 2 (11.8%) 6 (12.5%) 8 (12.3%) 0.937

Subarachnoid 9 (52.9%) 28 (58.3%) 37 (56.9%) 0.700

Otherh 6 (35.3%) 6 (12.5%) 12 (18.5%) 0.037

HIV+ only characteristic, n (%)
except where specified

CD4 <200 (n = 38) CD4 ≥200 (n = 40) Overall n = 78 Crude p value

Stroke type

Ischemic 27 (71.1%) 31 (77.5%) 58 (74.4%) 0.515

Hemorrhagic 7 (18.4%) 7 (17.5%) 14 (17.9%) 0.916

Othera 4 (10.5%) 2 (5.0%) 6 (7.7%) 0.425

Acute ischemic stroke (HIV+ n = 27) (Age-matched HIV2 n = 31) (Overall n = 58) Crude p value

Location

Basal ganglia 9 (33.3%) 11 (35.5%) 20 (34.5%) 0.864

Vascular territory

Continued
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smoking, although they did note a significant limitation with
not having electronic medical records in their in-patient
neurology facility. Our findings are in agreement with a recent
South African retrospective study with similar resources to
ours that a greater prevalence of hypertension and dyslipi-
demia existed in HIV– stroke patients.21 Our methodology
allowed comparison between similar age groups because age
difference was a confounding factor present in other studies
that compared risk factors. Despite limited resources, we have
reliable laboratory, pharmacy, and radiography data and were
able to characterize HIV-specific patient characteristics and
ART data well.

Our study had a number of limitations. Tygerberg Hospital is
a large referral hospital, and it is possible that minor strokes
may have been managed at peripheral clinics or hospitals.
Sociogeographic patterns of stroke and HIV exist that may
not be accounted for.42 Furthermore, our prevalence result
may have been a conservative estimate by using all eligible
patients in the calculation and not only known HIV status
participants. This may have led to an underestimation of our
HIV prevalence, which was lower than the baseline HIV
prevalence in the Western Cape of South Africa.30 Assuming
provincial prevalence in the unknown group, the adjusted
prevalence was 13.3% (95% CI: 11.1%–15.6%). However, it
is plausible that those in whom the HIV status was not
known were more likely to be HIV negative. For example,

low clinical suspicion may have precluded testing, among
other possibilities. Hence, the conservative calculation may
be more representative of the true prevalence. We did not
match our comparison group for sex, and although the dif-
ference did not prove significant, this may have had an effect.
We were unable to perform multivariable analysis to assess
risk ratios stratified by CD4+ count (Table 2) because in-
sufficient events summarized in Table 2 beget a high likeli-
hood of type 2 errors. Our study design was retrospective,
and our data quality was dependent on the quality of routine
clinical data. For example, raised BMI was noted clinically,
which is likely an underestimate of the true prevalence of this
risk factor. Furthermore, 7-day blood pressure values or new
antihypertensive drug initiation on discharge are useful pa-
rameters to confirm newly diagnosed hypertension,
but could not be reliably assessed retrospectively. In our
resource-limited setting, more expensive workups are often
deferred. Our center is a large referral hospital that is fre-
quently operating at maximum capacity, and patients re-
ferred for CT scans are often seen and discharged within the
same day for further workup or step-down management at
the referring facility. This has implications for the in-hospital
mortality and hospital stay length findings; these were not
significantly different between the 2 groups, which agrees
with prospective studies in Cameroon and Botswana.25,26

However, others have shown worse outcomes in PLWH
hospitalized with stroke.22,43

Table 5 In-HospitalMortality andHospital Stay Length ofHIV-Positive (HIV+) ComparedWithHIV-Negative (HIV−) Patients

Characteristic, n (%) except where specified HIV+ (n = 82) Age-matched HIV2 (n = 164) Overall (n = 246) Crude p value

In-hospital mortality 13 (15.9%) 17 (10.4%) 30 (12.2%) 0.215

Hospital stay length in d (median, IQR) Mann-Whitney U Test asymptotic (2-sided)

Only living patients (n = 216) 4 (2–9) 5 (2–10) 0.479

Deceased patients (n = 30) 4 (0–10) 2 (0–6) 0.680

All patients (n = 246) 4 (1–9) 5 (1.5–10) 0.624

Table 4 Stroke Type and Location of HIV-Positive (HIV+) Compared With Age-Matched HIV-Negative (HIV-) Patients
(continued)

Characteristic, n (%)
except where specified HIV+ (n = 82) Age-matched HIV- (n = 164) Overall (n = 246) Crude p value

>1 vascular
territory involved

7 (25.9%) 8 (25.8%) 15 (25.9%) 0.992

ACA: anterior cerebral artery; MCA: middle cerebral artery; PCA: posterior cerebral artery.
a Ischemic with hemorrhagic transformation, venous infarct, TIA.
b Subcortical; Centrum semi ovale; Corona radiata; Internal capsule; Corpus callosum; External capsule; Periventricular white matter; Deep white matter not
defined (not the sum of its parts—if a patient had more than 1 of the abovementioned involved, counted as 1).
c Often either hyperacute, in which a CT brain may not detect changes, or the lesion was too early or small for CT detection.
d Includes MCA, ACA, PCA, and vertebrobasilar artery and branches (vertebral, posterior and anterior inferior cerebellar, basilar, superior cerebellar, and
pontine arteries).
e Repeat CT brains are not frequently available for comparison to confirm vascular territory or stroke location if not evident in initial scan.
f Parenchymal hemorrhage could be in greater than 1 parenchymal location per patient.
g Thalamic, brainstem.
h Nontraumatic subdural hemorrhage with acute clinical presentation, supraclinoid internal carotid artery–ruptured aneurysm.
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Potential future research could focus on assessing the risk
factors in a prospective study that are more difficult to as-
certain retrospectively, namely physical inactivity; waist-to-
hip ratio, calculated specific BMI; diet; psychosocial stress or
depression; ratio of apolipoproteins B to A1; and air pollution
exposure.44 In addition, the level of defaulting and reinitiation
of ART we found was concerning, and the potential associa-
tion between immune reconstitution and stroke should be
further investigated.

In conclusion, we found a minimum prevalence of 9.3% of
HIV in patients presenting in 2019 with acute stroke in
Tygerberg Hospital. Stroke patients with HIV were younger
and when age-matched, had less traditional cardiovascular risk
factors and more concurrent infections than patients without
HIV, especially those with a lower CD4 count. PLWH who
were well-controlled on ART with higher CD4 counts have
characteristics that were more comparable with the HIV-
group, except for radiologic imaging findings. ART has
transformed HIV into a chronic disease, with stroke as a se-
rious complication of the interplay between cardiovascular
risk factors and underlying HIV infection in an aging PLWH
population. Understanding the multifactorial mechanisms
underlying increased stroke risk, including associated infec-
tions and potential ART-associated immune reconstitution, is
crucial and needs further study. The implications of HIV and
the importance of control by consistent ART in these patients
warrants consideration by clinicians and policy makers in
stroke care in SSA, including South Africa.

Study Funding
No targeted funding reported.

Disclosure
The authors report no disclosures relevant to the manuscript.
Go to Neurology.org/N for full disclosures.

Publication History
Received by Neurology October 4, 2021. Accepted in final form
April 11, 2022.

References
1. Johnson W, Onuma O, Owolabi M, Sachdev S. Stroke: a global response is needed.

Bull World Health Organ. 2016;94(9):634. doi: 10.2471/BLT.16.181636
2. Abdallah A, Chang JL, O’Carroll CB, et al. Stroke in human immunodeficiency virus-

infected individuals in Sub-Saharan Africa (SSA): a systematic review. J Stroke Cere-
brovasc Dis. 2018;27(7):1828-1836. doi: 10.1016/j.jstrokecerebrovasdis.2018.02.016

3. United Nations Joint Programme on HIV/AIDS (UNAIDS). UNAIDS Data 2019;
2019:476. Accessed March 25, 2020. unaids.org/en/resources/documents/2019/
2019-UNAIDS-data

4. WHO | Consolidated Guidelines on the Use of Antiretroviral Drugs for Treating and
Preventing HIV Infection. WHO. 2018. Accessed March 30, 2020. who.int/hiv/pub/
arv/arv-2016/en/#.XoGywOHAya4.mendeley

5. Adeloye D. An estimate of the incidence and prevalence of stroke in Africa: a sys-
tematic review and meta-analysis. PLoS One. 2014;9(6):e100724. doi: 10.1371/
journal.pone.0100724

6. Tipping B, De Villiers L, Candy S, Wainwright H. Stroke caused by human immu-
nodeficiency virus-associated intracranial large-vessel aneurysmal vasculopathy. Arch
Neurol. 2006;63(11):1640-1642.

7. Hoffmann M, Berger JR, Nath A, Rayens M. Cerebrovascular disease in young, HIV-
infected, black Africans in the KwaZulu Natal province of South Africa. J Neurovirol.
2000;6(3):229-236. doi: 10.3109/13550280009015825

8. Tipping B, De Villiers L, Wainwright H, Candy S, Bryer A. Stroke in patients with
human immunodeficiency virus infection. J Neurol Neurosurg Psychiatry. 2007;78(12):
1320-1324. doi: 10.1136/jnnp.2007.116103

9. Allie S, Stanley A, Bryer A, Meiring M, Combrinck MI. High levels of von Willebrand
factor and low levels of its cleaving protease, ADAMTS13, are associated with stroke
in young HIV-infected patients. Int J Stroke. 2015;10(8):1294-1296. doi: 10.1111/
ijs.12550

10. Van Rensburg JJ, Mudzi W, Ntsiea V. The differences in functional recovery between
HIV-positive and HIV-negative stroke survivors. Turkish J Phys Med Rehabil. 2018;
64(4):314-321. doi: 10.5606/tftrd.2018.1708

11. Patel VB, Sacoor Z, Francis P, Bill PLA, Bhigjee AI, Connolly C. Ischemic stroke in
young HIV-positive patients in Kwazulu-Natal, South Africa. Neurology. 2005;65(5):
759-761. doi: 10.1212/01.wnl.0000174434.00402.b5

Appendix Authors

Name Location Contribution

Craig Corbett,
BSc, MBChB

Division of Clinical
Pharmacology,
Department of Medicine,
Stellenbosch University,
Cape Town Western Cape,
South Africa

Drafting/revision of the
manuscript for content,
including medical writing
for content; Major role in
the acquisition of data;
Study concept or design;
Analysis or intepretation
of data

Naeem Brey,
MBChB,
FCNeurol,
HIV(ManDip)

Division of Neurology,
Department of Medicine,
Stellenbosch University,
Cape Town Western Cape,
South Africa

Drafting/revision of the
manuscript for content,
including medical writing
for content; Study concept
or design; Analysis or
intepretation of data

Appendix (continued)

Name Location Contribution

Richard D
Pitcher, MBChB,
FCRadiol, PhD

Division of
Radiodiagnosis,
Department of Medical
Imaging and Clinical
Oncology, Stellenbosch
University, Cape Town
Western Cape, South
Africa

Study concept or design

Suzanne
O’Hagan, MBChB,
FCRadiol, MMed

Division of
Radiodiagnosis,
Department of Medical
Imaging and Clinical
Oncology, Stellenbosch
University, Cape Town
Western Cape, South
Africa

Drafting/revision of the
manuscript for content,
including medical writing
for content; Study concept
or design; Analysis or
intepretation of data

Tonya M
Esterhuizen, MSc

Biostatistics Unit, Division
of Epidemiology and
Biostatistics, Stellenbosch
University, Cape Town
Western Cape, South
Africa

Analysis or intepretation
of data

Felicia C Chow,
BA, MD, MAS

Departments of
Neurology and Medicine
(Infectious Diseases),
University of California,
San Francisco

Drafting/revision of the
manuscript for content,
including medical writing
for content; Study concept
or design; Analysis or
intepretation of data

Eric H Decloedt,
MBChB,
FCClinPharm,
MMed, PhD

Division of Clinical
Pharmacology,
Department of Medicine,
Stellenbosch University,
Cape Town Western Cape,
South Africa

Drafting/revision of the
manuscript for content,
including medical writing
for content; Study concept
or design; Analysis or
intepretation of data

e914 Neurology | Volume 99, Number 9 | August 30, 2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000200780
http://unaids.org/en/resources/documents/2019/2019-UNAIDS-data
http://unaids.org/en/resources/documents/2019/2019-UNAIDS-data
https://www.who.int/hiv/pub/arv/arv-2016/en/#.XoGywOHAya4.mendeley
https://www.who.int/hiv/pub/arv/arv-2016/en/#.XoGywOHAya4.mendeley
http://neurology.org/n


12. Sen S, Rabinstein AA, Elkind MSV, Powers WJ. Recent developments regarding
human immunodeficiency virus infection and stroke. Cerebrovasc Dis. 2012;33(3):
209-218. doi: 10.1159/000335300

13. Sen S, An H, Menezes P, et al. Increased cortical cerebral blood flow in asymptomatic
human immunodeficiency virus-infected subjects. J Stroke Cerebrovasc Dis. 2016;
25(8):1891-1895. doi: 10.1016/j.jstrokecerebrovasdis.2016.03.045

14. Rasmussen LD, Engsig FN, Christensen H, et al. Risk of cerebrovascular events in
persons with and without HIV: a Danish nationwide population-based cohort study.
AIDS. 2011;25(13):1637-1646. doi: 10.1097/QAD.0b013e3283493fb0

15. Chow FC, WilsonMR, Wu K, Ellis RJ, Bosch RJ, Linas BP. Stroke incidence is highest
in women and non-Hispanic blacks living with HIV in the AIDS Clinical Trials Group
Longitudinal Linked Randomized Trials cohort. AIDS. 2018;32(9):1125-1135. doi:
10.1097/QAD.0000000000001799

16. Chow FC, Regan S, Zanni MV, et al. Elevated ischemic stroke risk among women living
with HIV infection. AIDS. 2018;32(1):59-67. doi: 10.1097/QAD.0000000000001650

17. Chow FC, Regan S, Feske S, Meigs JB, Grinspoon SK, Triant VA. Comparison of
ischemic stroke incidence in HIV-infected and non-HIV-infected patients in a US
health care system. J Acquir Immune Defic Syndr. 2012;60(4):351-358. doi: 10.1097/
QAI.0b013e31825c7f24

18. Benjamin LA, Bryer A, Emsley HCA, Khoo S, Solomon T, ConnorMD. HIV infection
and stroke: current perspectives and future directions. Lancet Neurol. 2012;11(10):
878-890. doi: 10.1016/S1474-4422(12)70205-3

19. Bogorodskaya M, Chow FC, Triant VA. Stroke in HIV. Can J Cardiol. 2019;35(3):
280-287. doi: 10.1111/ijs.12550

20. Benjamin LA, Corbett EL, Connor MD, et al. HIV, antiretroviral treatment, hyper-
tension, and stroke in Malawian adults: a case-control study. Neurology. 2016;86(4):
324-333. doi: 10.1212/WNL.0000000000002278

21. Kroon L, van Zyl DG, Schutte CM, Smit C, Hiesgen J. Risk factors for stroke in HIV-
positive and-negative patients in pretoria, South Africa. J Stroke Cerebrovasc Dis. 2021;
30(8):105929. doi: 10.1016/j.jstrokecerebrovasdis.2021.105929

22. Nutakki A, Chomba M, Chishimba L, et al. Risk factors and outcomes of hospitalized
stroke patients in Lusaka, Zambia. J Neurol Sci. 2021;424(March):117404. doi:
10.1016/j.jns.2021.117404

23. Edwards NJ, Grill MF, Choi HA, Ko NU. Frequency and risk factors for cerebral
arterial disease in a HIV/AIDS neuroimaging cohort. Cerebrovasc Dis. 2016;41(3-4):
170-176. doi: 10.1159/000442755

24. Thakur KT, Lyons JL, Smith BR, Shinohara RT, Mateen FJ. Stroke in HIV-infected
African Americans: a retrospective cohort study. J Neurovirol. 2016;22(1):50-55. doi:
10.1007/s13365-015-0363-x

25. Bearden DR, Omech B, Rulaganyang I, et al. Stroke and HIV in Botswana: a pro-
spective study of risk factors and outcomes. J Neurol Sci. 2020;413(March):116806.
doi: 10.1016/j.jns.2020.116806

26. Mapoure YN, Mondomobe CAA, Nkouonlack C, Ayeah CM, Luma HN, Njamnshi
AK. HIV infection does not influence stroke outcomes in HIV-infected patients: a
prospective study. Rev Neurol (Paris). 2019;175(5):313-318. doi: 10.1016/
j.neurol.2018.09.020

27. Zimba S, Nutakki A, Chishimba L, et al. Risk factors and outcomes of HIV-associated
stroke in Zambia. AIDS. 2021;35(13):2149-2155.

28. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic
data capture (REDCap)–a metadata-driven methodology and workflow process for
providing translational research informatics support. J Biomed Inform. 2009;42(2):
377-381. doi: 10.1016/j.jbi.2008.08.010

29. Republic of South Africa National Department of Health. 2019 ART Clinical
Guidelines. Republic of South Africa National Department of Health; 2019.

30. Human Sciences Research Council.HIV Impact Assessment Summary: The Fifth South
African National HIV Prevalence, Incidence, Behaviour and Communication Survey, 2017.
2018.2017(July 2018):5-8. hsrc.ac.za/uploads/pageContent/9234/SABSSMV_Im-
pact_Assessment_Summary_ZA_ADS_cleared_PDFA4.pdf

31. Daramola O, Ali H, Mckenzie CA, Smith C, Benjamin LA, Solomon T. Pre-clinical
atherosclerosis is found at post-mortem, in the brains of men with HIV. J Neurovirol.
2021;27(1):80-85. doi: 10.1007/s13365-020-00917-1

32. McMullen K, Bateman K, Stanley A, Combrinck M, Engelbrecht S, Bryer A. Viral
protein R polymorphisms in the pathogenesis of HIV-associated acute ischaemic
stroke: a case–control study. J Neurovirol. 2021;27(1):137-144. doi: 10.1007/s13365-
020-00936-y

33. Benjamin LA, Allain TJ, Mzinganjira H, et al. The role of human immunodeficiency
virus-associated vasculopathy in the etiology of stroke. J Infect Dis. 2017;216(5):
545-553. doi: 10.1093/infdis/jix340

34. National Department of Health. The First National TB Prevalence Survey South Africa
2018; 2021. Accessed June 9, 2021. knowledgehub.org.za/elibrary/first-national-tb-
prevalence-survey-south-africa-2018.

35. Elkind MSV, Boehme AK, Smith CJ, Meisel A, Buckwalter MS. Infection as a stroke
risk factor and determinant of outcome after stroke. Stroke. 2020;51(10):3156-3168.
doi: 10.1161/STROKEAHA.120.030429

36. Harding BN, Avoundjian T, Heckbert SR, et al. HIV Viremia and risk of stroke among
people living with HIV who are using antiretroviral therapy. Epidemiology. 2021;
32(3):457-464. doi: 10.1097/EDE.0000000000001331

37. Müller M,Wandel S, Colebunders R, Attia S, Furrer H, EggerM; IeDEA Southern and
Central Africa. Immune reconstitution inflammatory syndrome in patients starting
antiretroviral therapy for HIV infection: a systematic review and meta-analysis. Lancet
Infect Dis. 2010;10(4):251-261. doi: 10.1016/S1473-3099(10)70026-8

38. Venter WDF, Moorhouse M, Sokhela S, et al. Dolutegravir plus two different pro-
drugs of tenofovir to treat HIV. N Engl J Med. 2019;381(9):803-815. doi: 10.1056/
nejmoa1902824

39. Griesel R, Maartens G, Chirehwa M, et al. CYP2B6 genotype and weight gain dif-
ferences between dolutegravir and efavirenz. Clin Infect Dis. 2020(Xx):2-9. doi:
10.1093/cid/ciaa1073

40. Liu F, Lu J, Manaenko A, Tang J, Hu Q. Mitochondria in ischemic stroke: new insight
and implications. Aging Dis. 2018;9(5):924–937.

41. Castillo-Mancilla JR, Cavassini M, Schneider MP, et al; Swiss HIV Cohort Study.
Association of incomplete adherence to antiretroviral therapy with cardiovascular
events and mortality in virologically suppressed persons with HIV: the Swiss HIV
cohort study. Open Forum Infect Dis. 2021;8(2):ofab032. doi: 10.1093/ofid/
ofab032

42. Gibbs A, Reddy T, Dunkle K, Jewkes R. HIV-Prevalence in South Africa by settlement
type: a repeat population-based cross-sectional analysis of men and women. PLoSOne.
2020;15(3):e0230105. doi: 10.1371/journal.pone.0230105

43. Patel UK,Malik P, Li Y, et al. Stroke andHIV-associated neurological complications: a
retrospective nationwide study. J Med Virol. 2021;93(8):4915-4929. doi: 10.1002/
jmv.27010

44. O’Donnell MJ, Chin SL, Rangarajan S, et al. Global and regional effects of potentially
modifiable risk factors associated with acute stroke in 32 countries (INTER-
STROKE): a case-control study. Lancet. 2016;388(10046):761-775. doi: 10.1016/
S0140-6736(16)30506-2

Neurology.org/N Neurology | Volume 99, Number 9 | August 30, 2022 e915

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://hsrc.ac.za/uploads/pageContent/9234/SABSSMV_Impact_Assessment_Summary_ZA_ADS_cleared_PDFA4.pdf
http://hsrc.ac.za/uploads/pageContent/9234/SABSSMV_Impact_Assessment_Summary_ZA_ADS_cleared_PDFA4.pdf
https://www.knowledgehub.org.za/elibrary/first-national-tb-prevalence-survey-south-africa-2018
https://www.knowledgehub.org.za/elibrary/first-national-tb-prevalence-survey-south-africa-2018
http://neurology.org/n



