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Sickle cell anemia (SCA) is an inherited autosomal recessive disease. It is caused due to point mutation that substitutes glutamate
with valine at the sixth amino acid position of the beta chain of hemoglobin molecules leading to the sickling of the red blood cells
and decreased structural deformability. Silent cerebral infarcts are the most common neurological complication of SCA, while
overt stroke comprises substantial burden in patients with SCA. (is meta-analysis aimed to find the pooled prevalence of overt
stroke in SCA patients and discuss the importance of screening them. PubMed, Embase, and Google Scholar were the electronic
databases used to search the studies. A total of 765 articles were retrieved upon detailed searching in the abovementioned
databases. After a series of removing duplicate articles, title and abstract screening, and full-text review, 20 articles were found
eligible and included in the study.(e total number of participants from all the included studies was 3,956, and pooled prevalence
of stroke in patients with sickle cell anemia in Asia was found to be 5% (95% CI: 4%, 6%) with a range from 1 to 41%. Stroke
occurrence in sickle cell anemia patients is an emergency complication that needs immediate intervention and management.
Because of the high prevalence of stroke in patients with sickle cell anemia, clinicians should focus on its prevention and
treatment strategies.

1. Introduction

Sickle cell disease is a group of inherited red blood cell
disorders that affects the oxygen-carrying protein, hemo-
globin; of which, the most common type is known as sickle
cell anemia (SCA). It results in alteration in the shape and
function of hemoglobin. (is alteration subsequently results
in a lifetime of hemolytic anemia that is often complicated by
vaso-occlusion of various sites [1]. (e genetic basis of the
disease was first discovered in 1958 and was found to be the
substitution of glutamate with valine at the sixth amino acid
position of the beta chain of hemoglobin molecules. (is
point mutation results in a change in the hemoglobin
molecule leading to the sickling of the red blood cells in their
deoxygenated state [2]. (is sickling of RBCs makes them
break down prematurely that causes hemolytic anemia. (e
reduced deformability of RBCs causes them trapped inside

small vessels that eventually causes vaso-occlusive crises,
including serious complications like stroke, acute chest
syndromes, and renal failure [1].

Mutation in the globin chain-forming HbS is the most
common pathological hemoglobin mutation worldwide [3].
It is estimated that about 7% of the world’s population is a
carrier, and about 300,000–500,000 babies are born each
year with severe forms of the disease [3, 4]. (e greatest
burden of this disease is seen in Africa and Asia [5].

Neurological complications of SCA include seizures and
coma, sinovenous thrombosis, reversible posterior leu-
koencephalopathy, or acute demyelination [6]. (ough si-
lent cerebral infarcts are the most common neurological
complications of SCA, overt stroke comprises substantial
burden in patients with SCA [7–9]. (e pathophysiology of
stroke in such patients includes not only the occlusion of
blood vessels by trapping of sickled blood vessels but also the
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hypercoagulable state. (is hypercoagulable state is caused
due to an increased level of thrombin and a decreased level of
proteins C and S. Furthermore, it can cause flow-related
injury to the endothelial cells causing increased adhesiveness
of sickle cell to them and may lead to stroke [10].

In this article, we systematically review articles high-
lighting the prevalence of stroke in patients with sickle cell
anemia in Asia and estimate the pooled prevalence of overt
stroke in them. (is review tried to summarize the preva-
lence of stroke in SCA patients in Asia as the greatest burden
of SCA is seen in Africa and Asia, and no study has reported
it from Asia. We have emphasized on knowing the epide-
miology and not on the interventions. (e number thus
found by this study helps public health personnel focus on
developing measures to prevent stroke and decrease the risk
of stroke substantially in patients with SCA.

2. Materials and Methods

2.1. Search Strategy and Selection Criteria. (is study was
done in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment. First of all, a search strategy was developed, and three
of the major databases that include PubMed, Embase, and
Google Scholar were searched separately. All studies from
2000 to 2020 were included in the study.

In our search, 175 studies were obtained from PubMed,
438 studies from Embase, and 152 studies from Google
Scholar. Our systematic review was not previously registered
with any of the international systematic review registers.

(e search strategy used for Embase is given in Appendix
1. A total of 628 studies were identified after removing
duplicates. (e staged screening was performed; first, title
and abstract screening were done.

Inclusion criteria for our study were as follows:

(i) Study done in the Asian continent
(ii) Sickle cell anemia patients
(iii) Patients developing stroke in sickle cell anemia
(iv) Both ischemic and hemorrhagic stroke
(v) Prevalence data available
(vi) Observational studies
(vii) Diagnosis of stroke and sickle cell anemia by

standard methods

Exclusion criteria for our study included the following:

(i) Case reports, meta-analysis, editorials, and sys-
tematic review

(ii) Full text not available
(iii) Prevalence data not available in the study
(iv) Not a favourable outcome such as patients with

silent infarcts

Title and abstract screening were done by two authors
(Kuikel S and Giri S) using Covidence. (e third author
(Kharel S) came into play in cases of conflicts. All the studies
that qualified inclusion criteria were screened for full-text

review, which was again done by two reviewers (Kuikel S and
Rauniyar R). Overall agreement between the two reviewers
was very good (70%–80%).

2.2. Data Extraction. Data extraction was done in MS Excel
version 2016 by two reviewers (Bista A and (apaliya S)
followed by rechecking of the extracted data by the third
reviewer (Kuikel S). Data extraction template was made, and
the following data were extracted from each study: author,
study year, study design, study population, mean age of
study population, the prevalence of stroke in patients with
sickle cell anemia, and any interventions done in those
patients. We did not have to contact any authors to request
the data of their article. (e principal data was the preva-
lence of stroke in patients with sickle cell anemia.

2.3. Quality Assessment. (ree of the authors analyzed each
study using the Joanna Briggs Institute Critical Appraisal
tools for use in JBI Systematic Reviews Checklist for
Prevalence Studies. It consists of nine yes/no questions that
determine if the key components of an observational study
are present or not in that study. Two authors (Rauniyar R
and Paudel S) assigned scores for each study. A Kappa value
was obtained to assess the agreement between the two
authors.

2.4. Statistical Analysis. In this study, we analyzed the data
using STATAV16. Continuous variables are presented as
mean and range or as 95% confidence intervals (CI), whereas
categorical variables are presented as frequency and pro-
portion (%). We calculated the mean pooled prevalence of
stroke in patients with sickle cell anemia, and the outcomes
were presented as pooled mean prevalence and 95% CI. A
random-effects model was used as this study attempted to
generalize findings beyond the included studies to SCA
patients all over Asia. Statistical test for publication bias was
tested using Egger’s regression asymmetry test, and a funnel
plot was used to visualize publication bias amongst the
studies used for meta-analysis. Sensitivity analysis was
carried out by excluding one study at a time (leave-one-out
method).

3. Results

3.1. Study Selection. A total of 765 articles were retrieved
upon detailed searching in various databases (PubMed,
Embase, and Google Scholar). After the removal of 137
duplicate articles, 628 articles were eligible for subsequent
literature screening. Upon title and abstract screening, 282
articles were eligible for full-text screening, and 346 articles
were excluded. Using the predefined inclusion and exclusion
criteria, 20 articles were found to be eligible for including in
qualitative and quantitative synthesis. A total of 262 irrel-
evant articles were excluded after the full-text screening
amongst which 67 articles reported outcomes that were not
useful in our statistical calculation. (e PRISMA flow dia-
gram (Figure 1) depicts the study retrieval process used.
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3.2. Study Characteristics. (e total number of participants
from all the included studies (n� 20) was 3,956, and the
sample size ranged 20–396. Only the studies performed in
Asian countries were included, and we were able to obtain
eligible studies from Saudi Arabia, India, Pakistan, Turkey,
Oman, Kuwait, Yemen, and Lebanon. No studies were
available from the remaining Asian countries based on the
inclusion criteria. All patients with confirmed sickle cell
anemia attending or admitted to various hospitals were the
study subjects. (e characteristic of individual studies is
provided in Table 1.

3.3. Prevalence of Stroke. (e pooled prevalence of stroke in
Asian patients with sickle cell anemia was 5% (95% CI: 4%,
6%) with a range of 1%–41% (Figure 2). Upon subgroup
analysis based on country, the prevalence of stroke in sickle
cell anemia patients from Turkey, Kuwait, Yemen, Saudi
Arabia, Lebanon, Pakistan, and India was found to be 8.90%
(95% CI: 2.1%, 15.7%), 1.8% (95% CI: 0.6%, 3%), 4% (95%
CI: 2%, 6%), 5% (95% CI: 3.10%, 7%), 3.3% (95% CI: 2%,
4.6%), 8.6% (95% CI: 3.5%, 20.7%), and 2.9% (95% CI: 1.6%,

7.5%), respectively. (e pooled prevalence of stroke in sickle
cell anemia patients analyzed using articles with <200 and
≥200 sample size was 6.7% (95% CI: 3.5%, 9.9%) and 4.6%
(95% CI: 2.8%, 6.4%), respectively. (e prevalence obtained
from subgroup analysis based on the year of publication was
4.3% (95% CI: 2.6%, 5.9%) for studies published before 2015
and 6.8% (95% CI: 3.1%, 10.4%) for studies published from
2015 to 2020 (Table 2).

3.4. Methodological Quality. A Kappa value of 0.634 was
obtained that indicates substantial agreement between the
two authors for the assessment of the methodological quality
of the included study using the JBI scale. (e table showing
quality assessment is given in Appendix 2.

3.5. Sensitivity Analysis. Sensitivity analysis was carried out
by excluding one study at a time (leave-one-out method)
that showed no significant difference in the prevalence and
heterogeneity. (e table demonstrating sensitivity analysis is
depicted in Appendix 3.
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Figure 1: PRISMA flow diagram showing the study retrieval process.
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Table 1: Study characteristic table.

Author Year Nation Study design No. of participants Mean age (years) Male Female
Gujjar et al. [11] 2013 Oman Cross-sectional 59 13.9± 9.5 30 29
Acipayam et al. [12] 2015 Turkey Cross-sectional 20 21.4± 15 8 12
Adekile et al. [13] 2019 Kuwait Cross-sectional 396 19.2± 15.6 206 190
Akar and Adekile [14] 2008 Kuwait Cross-sectional 50 8.7± 2.8 30 20
Al-Ghazaly et al. [15] 2013 Yemen Cross-sectional 252 12.8 +−9.5 136 105
Al-Saqladi et al. [16] 2007 Yemen Cross-sectional 102 7.2 56 46
Hanafy et al. [17] 2018 Saudi Arabia Cross-sectional 237 7.87± 3.96 134 103
Inati et al. [18] 2007 Lebanon Cross-sectional 387 17.9 213 174
Alsultan et al. [19] 2012 Saudi Arabia Cross-sectional 159 17.8± 11.9 77 82
Alsultan et al. [20] 2017 Saudi Arabia Cross-sectional 376 20 196 180
Alsultan et al. [21] 2014 Saudi Arabia Cross-sectional 104 38.0± 13.3 47 57
Alsultan et al. [22] 2018 Saudi Arabia Cross-sectional 22 28 + 10.8 8 14
Al-Saqladi et al. [23] 2020 Yemen Cross-sectional 217 6.9± 4.6 103 66
Celik et al. [24] 2015 Turkey Cross-sectional 238 11.18± 4.35 120 118
Rafique et al. [25] 2015 Pakistan Cross-sectional 175 N/A 85 90
Haq et al. [26] 2019 Pakistan Cross-sectional 105 5.90 + 3.96 54 51
Inati et al. [27] 2019 Lebanon Cross-sectional 335 2.9 +−4.5 N/A N/A
Helvaci et al. [28] 2013 Turkey Cross-sectional 269 N/A 132 137
Nimgaonkar et al. [29] 2014 India Cross-sectional 137 14 N/A N/A
Jain et al. [30] 2010 India Cross-sectional 316 3.84 194 122
N/A� not available.
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Figure 2: Forest plot showing the pooled prevalence of included studies.
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3.6. Publication Bias. Publication bias was assessed using
Egger’s regression asymmetry test, and it was statistically
insignificant (p � 0.537) that shows no publication bias.
Figure 3 represents the funnel plot used to visualize pub-
lication bias amongst the 20 studies used for meta-analysis.

4. Discussion

To our knowledge, this is the first meta-analysis reporting
the prevalence of stroke in Asian patients with sickle cell
anemia. Our analysis found the prevalence of stroke in sickle
cell anemia to be 5% ranging 1%–41% between the studies.
(is wide range of prevalence reported from studies is due to
the interventions (hydroxyurea and blood transfusion either
alone or combined) done in the patients with SCA and also
due to the variability of the age of the study population.

(e prevalence rate reported in our study is in line with a
review done in Africa where the prevalence rate of stroke in
sickle cell anemia was reported to be 4.2% [31]. Similarly, the
results of a study conducted by Powars et al. also resonate
with the prevalence rate reported in the results of our study
[32]. Moreover, similar prevalence rates of 6.8% have been
reported in a study conducted in Uganda [33].

(e incidence of stroke is approximately 1.02% per year,
and children in the age group of 2–5years are most vul-
nerable where the possibility of stroke is reported to be very
high [34]. Sickle cell anemia leading to stroke can be defined
by a potential mechanism of induction of persistent endo-
thelial injury through the effects of profound hypoxia, in-
creased shear stress, irregular endothelial interaction that
lead to the formation of sickled red blood cells, and ulti-
mately reperfusion injury-induced inflammation [35].

Sickle cell anemia (SCA) patients are at 221-fold higher
risk of experiencing stroke and subsequently 410-fold in-
creased risk of developing cerebral infarction compared with
peers of the same age group without the disease. Also, the
incidence of ischemic and hemorrhagic strokes is increased
in adults with SCD relative to the general population. (e
prevalence of stroke is 3.75% in patients with SCD. Around
11% of patients have a clinically evident stroke by 20years of
age and 24% by 45years of age [36]. Both hemorrhagic and
ischemic strokes can occur in patients with sickle cell

anemia. Past episodes of transient ischemic attacks, high
systolic blood pressure, acute coronary syndrome, and
hypoxemia at night time are associated with ischemic strokes
[37]. Risk factors for intracranial hemorrhagic stroke in SCA
patients include older age, use of corticosteroid or NSAIDs,
and immediate blood transfusion (less than 2weeks of the
transfusion) [37, 38]. (e incidence of stroke is further
amplified by several risk factors such as severe malaria, acute
or chronic infections, meningitis, and malnutrition, which
are highly prevalent in low-income countries [7, 39].

Stroke in children with sickle cell anemia leaves them
cognitively impaired compared with their healthy siblings
[40]. Secondary prevention is required to escape the dev-
astating consequences of the stroke that are likely to occur in
patients with sickle cell anemia. If proper secondary pre-
vention is not taken, up to 70% recurrence rate has been
reported for overt ischemic stroke, and the highest risk of
recurrence is found to be within 36months of the initial
occurrence of the stroke [41].

Pathologically, elevated cerebral blood velocity confers
an increased risk of stroke in sickle cell anemia patients that
can be evaluated using transcranial Doppler (TCD)
screening [42]. (e greater risk of overt stroke in children

Table 2: Subgroup analysis.

Subgroups Total number of studies Effect size 95% CI I2 (%) p value
Sample size
<200 10 0.067 0.035–0.099 83.10 0.0001
>200 10 0.046 0.028–0.064 85 0
Country
Saudi Arabia 5 0.05 0.031–0.070 35.98 0
Turkey 3 0.089 0.021–0.157 82.14 0.0098
Yemen 3 0.04 0.020–0.060 29.81 0.0001
Lebanon 2 0.033 0.020–0.046 0 0
Pakistan 2 0.086 0.035–0.207 90.94 0.163
India 2 0.029 0.016–0.075 90.10 0.2057
Publication date
Before 2015 10 0.043 0.026–0.059 70.15 0
2015–2020 10 0.068 0.031–0.104 94.04 0.0003
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Figure 3: Funnel plot showing the publication bias.
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with sickle cell anemia is recognized by a noninvasive ul-
trasound procedure, transcranial Doppler [43]. TCD
screening is helpful in finding about 90% risk of stroke in
asymptomatic children and then successfully managing with
maintenance transfusion [43]. (e overt stroke risk came
down to 1.9% at 18years of age when an early newborn TCD
screening and transfusion program was implemented [38].
Transfusion on patients with sickle cell anemia reduces
stroke rates along with significant mortality and morbidity.
As a result of lesser vaso-occlusive and hemolytic events, the
growth and development of the patient is improved [44, 45].

(e disease association of stroke with the economic
burden is very high in low- and middle-income countries.
Effective measures of prevention particularly in vulnerable
groups of patients should be implemented along with
clinically proven screening techniques to bring down the
overall morbidity as well as mortality. (us, this review
highlights the high prevalence of stroke in vulnerable groups
of patients that are sickle cell anemia patients, thus neces-
sitating early interventions for both prevention and treat-
ment. (is helps reduce both the disease burden on an
individual and the economy of the country.

(emajor strength of this study is that it is the first study
exploring the rate of stroke occurrence in sickle cell anemia
patients. One of the limitations of our study is not con-
sidering the variation in the genotype of hemoglobin in
sickle cell anemia that may alter the clinical course and
presentation. Other limitations include not taking into
consideration the age group of patients with sickle cell
anemia as the risk of stroke increases with age [36]. Only a
limited number of countries (Oman, Turkey, Kuwait,
Yemen, Saudi Arabia, Lebanon, Pakistan, and India) were
included in the study due to the unavailability of studies
from many countries that met inclusion criteria. We only
included studies from Asia, and therefore, findings may not
be generalized to populations all over the world.

5. Conclusion

Stroke occurrence in sickle cell anemia patients is an
emergency complication that needs immediate intervention
and management. (ough specific interventions are not
available to prevent and manage these conditions, treatment
options such as hydroxyurea and early and timely blood
transfusion based on clinical judgement may help in the
reduction of complications like stroke. Many countries in
Asia have limited resources and lack adequate tools to
identify stroke in patients, especially in pediatrics. (us,
while viewing towards the increasing risk of stroke in sickle
cell anemia, clinicians should be aware of this complication.
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