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Abstract

Background and aims Stroke is a leading cause of death and disability worldwide. However, our knowledge of the incidence of
stroke for Saudi Arabian population is not known. Thus, we aimed to determine the pooled annual incidence of stroke in Saudi
Arabia.

Summary of review We conducted a comprehensive literature search of PubMed, Web of Science, and SCOPUS, without
language or publication year limits. Outcomes of interest were stroke incidence rate for both first and recurrent. A total of five
studies met the inclusion criteria for this review. The pooled annual incidence of stroke in Saudi Arabia was 0.029% (95% CI:
0.015 to 0.047) equivalent of 29 strokes per 100,000 people annually (95% CI: 15 to 47).

Conclusion The findings indicate that there are 29 stroke cases for every 100,000 people annually for individuals residing Saudi
Arabia. Our values were lower than those of other high-income countries. Establishing a nationwide stroke registry is warranted
for monitoring and improving healthcare services provided to stroke survivors.
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Introduction

Despite the medical and rehabilitation advances, stroke is still
a leading cause of mortality and disability worldwide [1]. The
World Health Organization defined stroke as “rapidly devel-
oping clinical signs of focal (or global) disturbance of cerebral
function, lasting more than 24 h or leading to death, with no
apparent cause other than that of vascular origin™ [2].
Sustaining a stroke imposes a huge financial burden that
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impacts individuals as well as the health care system world-
wide. The estimated cost of care for stroke survivors in the
United States is approximately $34 billion each year and ex-
pected to increase [3]. In England, the economic cost of stroke
is around £7 billion a year [4]. In Saudi Arabia, there are no
available data about the cost of care for stroke survivors; how-
ever, cost is likely to be high given that the healthcare services
are primarily government-funded.

There has been conflicting evidence regarding the inci-
dence of stroke in Saudi Arabia. One study found the inci-
dence of stroke to be 29.8 cases per 100,000 people [5], while
another study found the incidence of stroke to be 43.8 cases
per 100,000 people [6]. A third study conducted in a rural area
of Saudi Arabia found the incidence of stroke to be 15.1 cases
per 100,000 people [7].

There are claims that the rate of incidence of stroke is less
than the western countries due to the younger age group in
Saudi Arabia. However, this is primarily attributed to the lim-
ited data on the incidence of stroke in Saudi Arabia.

The majority of the available pertaining to the nationwide
incidence of stroke are exclusive to a single community-based
hospital where the attendees are a specified group of the com-
munity [6-8]. Examining these studies may help explain the
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variation in the findings. For example, there were differences
in the methodologies used. Both were retrospective studies but
the durations were different, with one study lasting 10 years
[6] and the other study lasting 5 years [8]. While these studies
were useful regionally, they do not give a full representation
of the incidence of stroke in Saudi Arabia.

Determining the true incidence of stroke would help the
health care systems to properly monitor the incidence of
stroke nationwide, to audit the cost of care for stroke patients,
and to generate solutions for preventing and reducing the in-
cidence of stroke nationwide. Therefore, the aim of this study
was to conduct a systematic review and meta-analysis to de-
termine the pooled annual incidence of stroke among Saudi
adults.

Methods
Protocol

The systematic review protocol was registered in PROSPERO
(CRD42018094539). The presentation of the results from this
systematic review and meta-analysis follows the PRISMA
guidelines [9].

Eligibility criteria

Eligible studies for this review were (1) published as observa-
tional studies, (2) conducted in Saudi Arabia, and (3) included
as a registry of stroke incidence rate of stroke either recurrent
or first-time stroke.

Search strategy

We performed a computerized systematic literature search of
PubMed, Web of Science, and SCOPUS up to September
2019, without language or publication year limits to capture
all possible relevant titles. The key words and phrases (in
different combinations) searched were stroke, cerebrovascu-
lar accident, CVA, hemorrhage, incidence, and ischemic
stroke. The search was limited to studies conducted in Saudi
Arabia. References listed in included studies were also used to
identify additional eligible studies.

Study selection

Studies were evaluated for meeting the eligibility criteria. All
studies conducted in Saudi Arabia that were examining the
incidence of stroke were selected for review. The main
reviewed outcome was stroke incidence rate. Screening of
eligible studies was conducted by two of the authors (BA
and AA). Disagreements regarding eligibility were resolved
by a third reviewer (MA).
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Data extraction and quality assessment

A double coding approach was implemented to extract data.
Two of the investigators (BA and AA) extracted data using a
standardized data extraction form. Any disagreements were
discussed until a consensus was reached. The quality of in-
cluded studies was assessed using the Newcastle-Ottawa
Quality Assessment Scale [10]. The scale examined three
areas including study group selection, group comparability,
and outcome of interest. The final maximum score was 9 stars
for the nonrandomized studies. A consensus between re-
viewers was reached in the case of any scoring discrepancies.

Data synthesis and analysis

A random-effects meta-analysis on annual stroke incidence in
Saudi Arabia was conducted according to guidelines set forth
by Lipsey and Wilson [11] as well as Barendregt et al. [12]
Because the stroke incidence rates are close to zero numeri-
cally, the observed stroke incidence rates were transformed for
meta-analysis using a double arcsine transformation so that
the limits of the confidence intervals are between zero and
one and so that the variance estimates are not distorted [12].
The double arcsine transformed data are presented in the forest
plot for clarity of presentation. After conducting the meta-
analysis, the pooled stroke incidence estimate is back trans-
formed to a traditional percentage and then to the rate per
100,000 people annually for presentation to the reader.

Because of the small number of eligible studies, it is not
feasible to use risk factors to account for between-study vari-
ance using meta-regression. Consequently, there is no way to
empirically examine what accounts for between-study vari-
ance. The stated risk factors can be narratively reviewed so
that future research studies and future meta-analyses can fur-
ther explore the impact of the identified risk factors and stroke
incidence when more studies are available. The meta-analyses
were conducted in R [13].

Results

The literature search resulted in a total of 2268 studies
(PubMed: 1052, Web of Science: 877, and SCOPUS: 339),
of which a full text of 17 studies were identified and only 5
studies were eligible to be included in the meta-analyses.
Figure 1 presents the complete selection process for this sys-
tematic review and meta-analysis. The main reason of the
excluded studies is that studies did not provide numerical
estimates on incidence of stroke.

The sample size in the included studies ranged between
164 and 1249 (mean age of 64.6 years, 60% male). All
five included studies were cross-sectional and only exam-
ined the incidence of first stroke [14]. Only one study [14]
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Fig. 1 Flowchart of the systemtic
review and meta-analysis accord-
ing to the PRISMA guidelines

was conducted in the western region of Saudi Arabia, and
no studies have been conducted in the northern region of
Saudi Arabia. The recruitment period for the included
studies ranged from 12 months to 10 years. The total
incidence rate per 100,000 people ranged from 13.9 to

{ Inclusion ] [ Eligibility } [ Screening ] [Identiﬁcation]

Records identified through
database searching (N=2268)

y

Records screened

Non-relevant records

(n=2268)

A 4

Full-text articles assessed
for eligibility
n=17)

excluded (n=2251)
Records excluded

Full-text articles not eligible
for inclusion (n=12)

Studies included in
quantitative synthesis
(meta-analysis)
(n=5)

Using double arcsine units, the meta-analysis revealed a
pooled estimate of 0.034 (95% CI: 0.024 to 0.043). The
pooled estimate was statistically significant (Z=7.09,
p<0.001). There was significant between-study heterogene-
ity (#=98.97). Figure 2 presents the forest plot for these

57.6 (Table 1). findings.
Table 1  Characteristics of studies included in the systematic review
Author (year) Study Study design ~ Sample size Mean  Study Ischemic Outcomes Total incidence rate (per
region® (% male) age period stroke % 100,000 people)
Alshenqiti etal. Western  Cross-sectional 164 (55%) 67.5 12 months NR First ever stroke 13.9
2017) only
Ayoola et al. Southern  Cross-sectional 241 (61%) 64.5 2 years 65.6 First ever stroke 15.1
(2003) only
Alrajeh et al. Eastern Cross-sectional 488 (64%) NR 4 years 69 First ever stroke 29.8
(1998) only
Alrajeh et al. Central Cross-sectional 500 (68%) 63.7 10 years  76.2 First ever stroke 43.8
(1993) only
Alhazzani et al.  Southern  Cross-sectional 1249 (55%) NR 12 months NR First ever stroke 57.6

(2018)

only

# Study region within Saudi Arabia
NR not reported

The quality of all of the included studies ranged from 5 to 6 on the adapted Newcastle-Ottawa adapted scale, which indicates satisfactory study quality.
Three studies were scored as a 6 [7, 15, 16] (Table 2).
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Table 2 Quality assessment of the studies included in the systematic
review

Study Selection Comparability Outcome Total
Alshengiti et al. (2017) *%* NA Aok 5
Ayoola et al. (2003) R NA kg 6
Alrajeh et al. (1998) ok NA ok 6
Alrajeh et al. (1993) wok NA ok 5
Alhazzani et al. (2018)  *#* NA wekE 6

Because double arcsine units are not intuitively interpret-
able, these can be back transformed to proportions and the
incidence rate per 100,000 people annually. After converting
the pooled estimate and confidence interval limits to propor-
tions, the pooled estimate proportion was 0.029% (95% CI:
0.015 to 0.047). The stroke incidence rate per 100,000 people
annually was 29 strokes per 100,000 people annually (95%
CI: 15 to 47).

Discussion

This study aimed to determine the pooled annual incidence of
stroke among people in Saudi Arabia. Our findings suggest
that there are 29 stroke cases for every 100,000 people annu-
ally for individuals between mean age of 2.2 and 67.5 years.
A notable difference in the studies reviewed in this paper
was the variability in the definition of stroke and diagnostic
process of stroke. The majority of studies used the WHO
definition of stroke or definitions that are closely similar to it
[14, 15, 17]. This variation is expected due to the wide range
of definitions in the literature. However, the inconsistency in
the stroke definitions may lead to low internal validity and

Forest Plot of the Observed Stroke Incidence
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Fig. 2 Forest plot of the observed stroke prevalence
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misleading results. For the diagnostic process, some studies
used imaging approaches to confirm the stroke incidence such
as computed tomography (CT) scan, magnetic resonance im-
aging (MRI), or angiography plus CT [14-16], whereas others
used hematologic and biochemical investigation [6, 15]. One
study used sign and symptoms of stroke as inclusion criteria
and then utilized high evaluation procedure including CT and
MRI for further investigation [17].

Four out of seven studies excluded people who were
not from the targeted region based on the nationality
[14—17]; however, Saudi visitors from different regions
might be included. Three studies [6, 7] included all peo-
ple who admitted to the hospital, but it is expected that
several patients were transferred from outside the region
or being a visitor. Thus, we recommend future epidemi-
ological researches to consider the original region and
length of stay in the analysis to clarify the incidence
of stroke based on nationality and place of residence.
In addition, all studies excluded previous stroke except
three studies [6, 7] which might be not be ideal to ac-
count for the epidemiology of specific disease. Including
all type of stroke and expanding the analysis to include
sub-categories such as first stroke and recurrent stroke
will help in understanding the nature of disease
incidence.

The current study findings showed that the incidence of
stroke is lower than other populations. Our results after ex-
cluding stroke in children revealed that only 32 stroke cases
for every 100,000 persons annually. This incidence rate in the
current study was much lower recent pooled estimates from
different countries and regions [18]. Previous evidence has
estimated the incidence of stroke in China to be 354 cases
per 100,000 people compared to 32 cases in our study.
Furthermore, the lowest estimate of stroke incidence between
countries was in central Latin America, specifically El
Salvador by 97 cases per 100,000 people, and this estimate
is higher than our pooled incidence rate (only 32 stroke cases
for every 100,000 persons). Therefore, the incidence of stroke
is relatively in Saudi Arabia that is lower than other countries,
and this requires further population-based studies to confirm
our findings.

Considering environmental factor as a potential risk factor of
stroke [19], two studies were conducted in the Southern region of
Saudi Arabia [7, 16], one study in the Western region [14], two
studies in the Eastern region [15, 17], and two studies in the
Central region (one in the National Guard of the Central region
[6]. There are total six provinces in Saudi Arabia with varied
population rates, and we assumed that the results of this meta-
analysis generalize to the majority of these provinces. However,
due to low sample sizes and study sites, we recommend future
epidemiological research to investigate the rate incidence of stroke
on large databases using population-based cohort study that
covers all regions in Saudi Arabia.
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Aging is a risk factor of stroke [19], as most of the studies
recruited wide range of ages and showed increasing in the
incidence rate of stroke with aging [6, 7, 14—16]. These studies
and our meta-analysis were consistent with different studies
that are established in Europe [20], United States [21], Africa
[22], Asia [23], and global burden [24]. A previous study
showed that the lowest age-standardized incidence rate of
stroke was in Saudi Arabia as this rate is lower than most
studies established in Western countries [5]. We observed
low incidence rate of stroke via adjusting pooled estimates
in all seven reviewed studies. The low incidence rate of stroke
might be due to low sample sizes in the included studies.

It is of importance to indicate that some studies used a wide
range of time of recruitment [6, 15], which might eventually
end up with larger number of incidences compared to short
period studies within 5-year period [17] or < 2-year period [7,
14, 16]. We were not able to conduct sub-analysis based on
data duration because of the low reviewed studies, and we
recommend future studies to account for that.

Limitations

This meta-analysis only examined a small number of studies.
Consequently, the results of this meta-analysis should be ver-
ified once there are more studies on the issue. Additionally,
the small number of included studies prevented tests of pub-
lication bias from being used. Future meta-analyses on the
incidence of stroke in Saudi Arabia should attempt to assess
for publication bias in their findings. Although we used con-
servative approach in the meta-analysis [25] to overcome the
issue of study heterogeneity, the findings of this meta-analysis
should be interpreted with caution. The level of heterogeneity
across study review might be related to study design, region of
data collection, stroke definition, inclusion and exclusion
criteria, and recruitment period. The design of studies
reviewed in this paper is retrospective [6, 7], and prospective
data [14, 16, 17] (i.e., one study used data retrospectively and
prospectively). Both designs are suitable and reliable for ob-
servational studies; however, using longitudinal prospective
design may overcome multiple issues such as selection bias
and data entry errors [26]. The studies included in this paper
were conducted in disparate regions across Saudi Arabia;
hence, there may be differential base rates of stroke across
the country. Finally, the occurrence of reported risk factors
may be different between study samples, which may lead to
differing levels of stroke incidence between studies.

Conclusion

This systematic review and meta-analysis is the first to de-
scribe the pooled annual incidence of stroke in Saudi Arabia.
The findings of this study indicate that there are 29 stroke

cases for every 100,000 people annually for individuals be-
tween mean age of 2.2 and 67.5 years. Establishment of na-
tionwide stroke registry is warranted for monitoring and im-
proving healthcare services provided to stroke survivors.
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