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Abstract

Background: Acute cerebrovascular event is one of the leading causes of death in Israel and is the primary cause
of neurological disability in adults. Although some evidence indicates that the incidence rate of acute cerebrovascular
events in developed countries is stable or has been decreasing over the past decades, the number of events is
expected to increase in these countries due to projected changes in size and composition of the population. The
purpose of this study was to provide a forecast of the number of acute cerebrovascular events in Israel for the coming
decades.

Methods: We used data from the National Stroke Registry at the Israel Center for Disease Control and data from the
long-term population forecasts of the Israeli Central Bureau of Statistics. We generated forecasts of the annual number of
acute cerebrovascular events based on the mean annual incidence rates during 2014–2016 within population subgroups
defined by gender, age, and ethnicity, and on the projected population size of these subgroups for 2015–2040. The
forecasts were generated for various assumptions as to trends in the incidence rate and for alternatives as to the
projected population growth.

Results: Based on the intermediate population growth alternative, the annual number of acute cerebrovascular events is
expected to increase from 18,400 to 38,500, 34,800 or 26,400 events, assuming constant annual incidence rates,
decreasing annual incidence rates at a rate of 2% every 5 years, or decreasing annual incidence rates at a rate of 7.25%
every 5 years, respectively. Whereas, presently, events affecting Arab patients account for 15% of acute cerebrovascular
events and events affecting patients over 80 account for 33% of acute cerebrovascular events, by 2040 events affecting
Arab patients will account for more than 21% of the events and events affecting patients over 80 will account for 42% of
the events.

Conclusions: In view of the expected increase in the number of acute cerebrovascular events and the changes in the
demographic composition of adults suffering from such events, and in order to allow for optimal care and equity, it is
imperative to evaluate the preparedness of care provision and the geographical deployment of treatment services in the
short and long term.
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Background
Acute cerebrovascular event is one of the leading causes
of death in Israel, accounting for approximately 5.5% of
all deaths, and is the primary cause neurological of
disability in adults [1, 2]. Some studies estimate that
about a third of event survivors are disabled, have poor
post-event cognitive ability and poor mental health [3].

Acute cerebrovascular events are associated with an
increased economic burden, incorporating in-hospital
acute-care costs, and continuation, rehabilitation and
long-term costs in the community. In addition to direct
health care costs, cerebrovascular events involve societal
costs including informal care and productivity loss due
to death and disability. Cerebrovascular events are the
second most common cause of global disability-adjusted
life-years (DALYs), a measure of overall disease burden.
In Israel, cerebrovascular events due to ischemic stroke
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and hemorrhagic stroke during 2016, were estimated to
account for more than 45,000 DALYs [4].
Recently, the Medical Directorate in the Ministry of

Health (MOH) launched a National Plan for the Treatment
and Prevention of Stroke Damage. The components of the
national plan include raising public awareness of acute cere-
brovascular events, training specialized medical personnel,
and establishing stroke units, as well as introducing quality
measures for the treatment of acute cerebrovascular events
in emergency departments and in hospitalizing wards [5]. In
2014, an Israeli National Stroke Registry (INSR) was estab-
lished in the Israel Center for Disease Control (ICDC) [2].
The registry enables the identification of needs in the treat-
ment and prevention of acute cerebrovascular events, the
monitoring of changes in incidence rates and treatment
quality, as well as the planning of interventions and the
assessment of their efficacy [5].
During 2014–2016, the annual incidence rate of acute

cerebrovascular events in the adult population (18+) in
Israel was 3.3 cases per 1000 people or approximately 18,
000 cases per year [6]. It is known that the incidence rate
is higher among men, increases with age and, in Israel,
higher among Arabs compared with Jews and others [6].
It is unknown whether the difference in the incidence rate
across ethnicities emanates from a difference in the preva-
lence of modifiable risk factors (sedentary lifestyle, obesity,
prevention and management of disorders and diseases like
hypertension, dyslipidemia and diabetes), from a genetic
predisposition, or from a combination of both.
There is some evidence indicating that the incidence rate

of acute cerebrovascular events in developed countries had
leveled off and has even been decreasing in the past de-
cades. However, due to expected demographic changes in
the size and composition of the population in these coun-
tries, and in particular the aging of the population, the
number events and the associated economic burden is
expected to increase in the following decades [4, 7–9].
In Israel, based on the observed trends of fertility and

life expectancy in the past decades, it is projected that
substantial demographic changes in the joint distribution
of gender, age and ethnicity will take place. It is hypoth-
esized that these changes will bring an increase in the
incidence of acute cerebrovascular events. The objective
of this study is to provide a forecast of the expected
annual number of acute cerebrovascular events in Israel
for the coming decades.
A forecast of the expected number of acute cerebro-

vascular events in Israel is a tool to help policymakers
make judicious decisions about the volume of service
provision, quantify the need for additional profes-
sionals and infrastructure, as well as to evaluate the
future burden of care of acute cerebrovascular events
and address the associated organizational and eco-
nomic implications.

Methods
The forecast of the annual number of acute cerebrovas-
cular events in the adult population in Israel is based on
data from the INSR and the long-term population pro-
jection of the Israeli CBS.
Beginning from January 2014, the INSR in the ICDC

collects data from all the general hospitals in Israel
about admitted adults (aged 18+) who had an acute
cerebrovascular event [2]. The term ‘acute cerebrovascu-
lar event’ includes both ischemic and hemorrhagic
strokes, as well as transient ischemic attack (case identi-
fication is the recorded diagnosis at discharge according
to the International Classification of Disease, 9th edi-
tion), without distinction between a first or recurrent
event. The registry includes both demographic and clin-
ical data about the patient, the event and the treatment
provided during hospitalization. For each event, the data
we obtained from the INSR included date of birth, gen-
der, ethnicity, date of admission and type of event. We
obtained data about all acute stroke events reported
from January 2014 until the end of the third quarter of
2017.
The Israeli CBS publishes annual updated population

data [10]. These include data about the average size of
various population subgroups defined by age, gender
and ethnicity. In addition, periodically, the Israeli CBS
publishes long-term population forecasts. Based on
different assumptions about fertility, immigration and
life expectancy, the CBS generates three alternative
population forecasts (high, intermediate and low). We
used the CBS population forecasts for 2015–2065 [11].
Although the CBS population forecast enables to gener-
ate a forecast until 2065, we decided to present a fore-
cast until 2040, a time horizon that is more tangible for
practical planning.
Whereas the INSR partitions the population to either

‘Jews’, ‘Arabs’ or ‘Others’, the CBS partitions the popula-
tion to either ‘Jews and others’ or ‘Arabs’. Therefore, to
generate a forecast of the number of acute cerebrovascu-
lar events, we used the finest possible joint partition, i.e.,
‘Jews and others’ or ‘Arabs’.
We defined the age groups 18–39, 40–49, 50–59,

60–69, 70–79, 80–89, 90+. The partition to fine age
categories was guided by two principal facts: first, the
incidence of acute cerebrovascular events increases
with age in an exponential pattern [4, 12]. Second, the
life expectancy in Israel is high (80.2 years and 84.1
years for men and women, respectively, as of 2015)
and the projected changes in the population age distri-
bution emanate from substantial changes in the size of
the older age groups.
For each year during 2014–2016, and for each subgroup,

defined by gender, age group and ethnicity we calculated
the subgroup-specific annual incidence rate of acute
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cerebrovascular event. We calculated the subgroup-specific
mean annual incidence rate in these years. For each sub-
group, the expected number of acute cerebrovascular
events for each year was calculated as the product of the
subgroup-specific mean annual incidence rate by the sub-
group’s forecasted population size. The expected number of
acute cerebrovascular events for each year was calculated as
the sum of these products across all subgroups.
The CBS population forecast relies on specific assump-

tions about future mortality rates, projected from long-
term historical data [11]. It is reasonable to hypothesize
that the projected increase in life expectancy would be
associated also with changes in the prevalence of risk fac-
tors for cardiovascular disease in general and for acute
cerebrovascular events in particular. Hence, conforming
with evidence in the literature about steady or even de-
creasing incidence rates in the past decades, a forecast,
based on the assumption of constant annual incidence
rates, should be considered as an upper bound for the
future number of acute cerebrovascular events.
Information is scarce about projected changes in the

incidence of acute cerebrovascular events and there is
much uncertainty about the future prevalence of import-
ant risk factors for such events (e.g. the prevalence of
diabetes, obesity, hypertension and unhealthy lifestyle)
[13]. An important work from England (Oxford Vascular
Study) studied the change in the annual incidence rate
of acute cerebrovascular events [14]. First acute cerebro-
vascular events, which were diagnosed in hospital or in
ambulatory care were included, without making distinc-
tion between different types of stroke. Similar registra-
tion and validation methods were employed in the same
district, during two time periods 20 years apart. The
authors reported a 27% decrease in the annual incidence
rate of first acute cerebrovascular event between the
early 1980’s and early 2000’s. These findings underlie the
scenario assuming decreasing annual incidence rates at
the rate of 7.25% every 5 years. The likelihood that the
incidence rate of acute cerebrovascular events will con-
tinue to decrease at this rate in the future is low. Thus, a
forecast under this assumption should be considered as
a lower bound for the future number of acute cerebro-
vascular events.
A third, mid-way scenario, was generated assuming

decreasing annual incidence rates at a rate of 2% every 5
years. The two latter assumptions about the expected
trend of incidence rates of acute cerebrovascular events
were also employed in a similar work from Sweden [8].
The forecasts were generated for each of the three

alternative CBS population forecasts (low, intermediate
and high) until 2040. The main text addresses the inter-
mediate growth scenario, whereas forecasts for the low
and high growth scenarios are included in Additional file 1
supplements C and D, respectively. Supplement E includes

forecasts by event type (transient ischemic attack, ische-
mic stroke, hemorrhagic stroke), based on the intermedi-
ate population growth scenario.
Statistical analysis and tests were conducted using

SPSS. The forecasts and the figures were generated using
EXCEL.
The study was a joint project of the Medical Directorate

and the ICDC and it was conducted under the auspice of
the National Plan for the Treatment and Prevention of
Stroke Damage. It was therefore exempted from approval
of the MOH ethics committee.

Results
Subgroup-specific mean annual incidence rates of acute
cerebrovascular events during 2014–2016
From January 2014 until the end of the third quarter of
2017, 68,126 cases of acute cerebrovascular events in
adults were admitted to hospitals and were reported to
the INSR. Some patients had more than one event during
this time period: 53,246 patients (89% of all patients) had
a single event, 5553 (9%) had two events and 1144 (2%)
had more than two events. The annual number of acute
cerebrovascular events was similar during 2014–2017
(Table 1).
The annual incidence rate was higher as the popula-

tion was older, it was higher among men than among
women, and higher among Arabs, for both genders and
across all age groups but Arabs over 80 years old, among
whom, women had a higher incidence rate than men
and, at 90+, both genders had lower incidence rates

Table 1 Acute cerebrovascular events in Israel, adult population
(18+), from 2014 to the third quarter of 2017

Total Number of events (N) 68,126

By year (N)

2014 17,504

2015 18,494

2016 18,517

2017 (Q1-Q3) 13,611

By type (%)

Hemorrhagic stroke 7.2

Ischemic stroke 64.7

Transient ischemic attack 28.1

By gender (%)

Women 46.1

Men 53.9

By population group (%)

Jews 81.2

Others 3.8

Arabs 15

INSR data, Q = quarter
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compared to Jews and Others (Table 2, Additional file 1:
Table S1).

Israeli CBS population forecast for the intermediate
population growth scenario
By 2040 the adult population (18+) in Israel is expected
to increase 1.6-fold. The proportion of the Arab adult
population is expected to increase from 18 to 21%. The
proportion of men 70+ is expected to increase from 9 to
14%, and the proportion of women 70+ is expected to
increase from 12 to 17%. The proportion of men 80+ is
expected to increase from 3 to 6% and that of women
80+ from 5 to 8% (Fig. 1, Additional file 1: Table S2).

A forecast of the annual number of acute cerebrovascular
events 2015–2040 for the intermediate population
growth scenario
Based on the CBS intermediate population growth scenario,
assuming constant incidence rates across all population
subgroups, by 2040 the annual number of acute cerebrovas-
cular events within the adult population is expected to in-
crease from 18,400 to 38,500 events (annual incidence rate:
4.3 per 1000). Under decreasing incidence rates, assuming a
2% decrease every 5 years, by 2040 the annual number of
acute cerebrovascular events is expected to increase to 34,
800 (annual incidence rate: 3.9 per 1000), and to 26,400
assuming a 7.25% decrease every 5 years (annual incidence
rate: 3.0 per 1000) (Fig. 2, Additional file 1: Tables S2-S5).
By 2040, the population of Jews and others is expected

to increase 1.5-fold and the annual number of acute
cerebrovascular events in this population is expected to
increase 1.9-fold, assuming constant incidence rates, or
1.8-fold and 1.3-fold, assuming decreasing incidence
rates at a rate of 2% every 5 years and 7.25% every 5
years, respectively (Additional file 1: Tables S2-S5).
The Arab population is expected to increase 1.8-fold and

the annual number of acute cerebrovascular events is ex-
pected to increase 2.9-fold in this ethnic group, assuming
constant incidence rates, or 2.7-fold and 2.0-fold, assuming

decreasing incidence rates at a rate of 2% every 5 years and
7.25% every 5 years, respectively (Additional file 1: Tables
S2-S5).
Accordingly, whereas presently, events in Arab patients

account for 15% of acute cerebrovascular events admitted
to hospitals, by 2040 Arab patients will account for more
than 21% of the events (irrespective of the underlying
assumption on annual incidence rate).
The greatest proportional increase in the annual num-

ber of acute cerebrovascular events is expected within the
older age groups: the size of the population age groups
70–79, 80–89 and 90+ is expected to increase 2.1, 2.5 and
3.1-fold, respectively. The annual number of acute cere-
brovascular events within these subgroups is expected to
increase 2.2, 2.5 and 3.1-fold, respectively, assuming con-
stant incidence rates; 2.0, 2.3 and 2.8-fold, respectively,
assuming decreasing incidence rates at a constant rate of
2% every 5 years; and, 1.5, 1.7 and 2.1-fold, respectively,
assuming decreasing incidence rates at a constant rate of
7.25% every 5 years (Additional file 1: Tables S2-S5).
Accordingly, whereas presently, events in patients over

70 account for 59% of acute cerebrovascular events ad-
mitted to hospitals, and patients over 80 account for
33%, by 2040 patients over 70 will account for 68% of
the events, and patients over 80 will account for 42% of
the events (irrespective of the underlying assumption on
the annual incidence rate).

Discussion
The number of acute cerebrovascular events in Israel is
expected to increase substantially in the following decades.
The expected increase is attributed to demographic changes
in the size and composition of the adult population and, in
particular, to a significant rightward shift in the adult popu-
lation age distribution and to an absolute growth of the
Arab population in Israel.
The expected increase in the number of events and

the changes in the age distribution of adults affected by
acute cerebrovascular events have implications on
provision of both acute and long-term care: the preva-
lence of co-morbidities is higher among older adults,
and acute administration of reperfusion treatments for
ischemic stroke in these patients, pharmacological or
endovascular, is associated with a higher risk of compli-
cations. The prognosis of older adults after an acute
cerebrovascular event is worse, requiring complex and
prolonged rehabilitation and long-term care. A greater
proportion of patients will require long-term care
services. It is thus important to assess the availability
and quality of long-term care services for acute cere-
brovascular event patients, including nursing home care
and rehabilitation services. Because of the high inci-
dence rate within the Arab population, compared to
the Jewish population, the expected absolute growth

Table 2 Subgroup-specific mean annual incidence rate of acute
cerebrovascular events in Israel during 2014–2016, adult
population (18+) (number of cases per 1000)

Age
group

Jews and Others Arabs

Men Women Men Women

18–39 0.10 0.12 0.17 0.12

40–49 0.87 0.52 1.65 0.85

50–59 3.38 1.67 5.96 3.30

60–69 7.74 3.85 13.49 7.54

70–79 14.74 9.90 21.80 17.54

80–89 25.06 22.30 27.90 30.37

90+ 33.32 31.87 24.58 25.00

INSR data
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of this population significantly contributes to the ex-
pected increase in the number of acute cerebrovascu-
lar events. Regardless of whether the higher incidence
rate among Arabs emanates from a higher prevalence
of risk factors, from a genetic predisposition, or from
a combination of both, it is important to ensure that
the Arab population has access to high quality care
services, to increase its awareness and knowledge
about acute cerebrovascular event, and to employ ap-
propriate prevention strategies.
Alongside these changes, the economic burden associ-

ated with acute cerebrovascular events is expected to
increase due to increases in the volumes of both acute
hospital care and community-based intermediate and
long-term care. Thus, it is of great importance to plan
and implement effective programs for the prevention of

acute cerebrovascular events. The literature shows that
much of the burden associated with cerebrovascular
events can be attributed to modifiable atherosclerotic
risk factors [4]. A recently published work delineates an
action plan for stroke in Europe, emphasizing primary and
secondary prevention, among which are policies that tar-
get risk factors modification (metabolic, behavioral and
environmental) by means of pharmacological and non-
pharmacological interventions, at the primary care level,
as well as at the population level, through legislative
changes, media campaigns and educational and preventive
measures in schools, workplace and the community [3].
The types of acute cerebrovascular events differ in

terms of risk factors, severity, prognosis and treatment.
The timeline and the initial management of the different
event types, from symptom occurrence until after brain

Fig. 1 Israel’s adult (18+) population distribution by age and gender, intermediate growth scenario 2015 and 2040, by ethnicity
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imaging in the hospital, is very similar; therefore the
infrastructure of the emergency services that is required
to manage an acute cerebrovascular event is similar for
the different event types (transient ischemic attacks – di-
agnosed prior to or upon admission, based on the timing
of appearance and resolution of symptoms, for which
the work-up may be somewhat different, both in terms
of urgency and the type of evaluation – may be an
exception). Thus, a forecast of the number of acute cere-
brovascular events of any type is an appropriate tool for
the purpose of planning and improving acute care
services. However, the requirements for the intermediate
inpatient care and long term ambulatory care services
following different event types (transient ischemic attack,
ischemic stroke or hemorrhagic stroke) may be quite
different in terms of intensity and duration. The mean
length of stay of inpatients diagnosed with transient
ischemic attack, ischemic stroke or hemorrhagic stroke
was 3.8, 8.4 and 13.4 days, respectively. Further, as men-
tioned above, the prognosis for the different event types
varies considerably: the 30-day mortality rate was < 1%
for transient ischemic attack, 10% following ischemic
stroke and 30% following hemorrhagic stroke and 1-year
mortality rates were 7, 23 and 43% respectively [6]. Fore-
casts of the number of events for each of the event types
based on the intermediate population growth scenario
are included in Additional file 1 supplement D. These
forecasts may aid the planning and organization of inter-
mediate and long-term services for post-event patients.
The aforementioned action plan for stroke provides
guidelines about secondary therapy, rehabilitation and
life after stroke [3].

Study limitations
The INSR collects data about acute cerebrovascular
events in adults admitted to general hospitals in Israel,
without distinguishing between first or recurrent events.
Adults who experienced an event and did not seek treat-
ment in hospital were not included in the INSR data.
Such events may include mild, transient ischemic
attacks, but also severe events which were not referred
to hospital treatment (e.g. in care facilities or hospices)
or that were associated with death prior to any medical
treatment. The MOH estimate is that, presently, add-
itional 2000 acute cerebrovascular events not admitted
to hospital occur annually [5]. Thus, the annual inci-
dence rates upon which the forecasts are generated may
be an underestimate, from an epidemiological perspective.
In this work we generated forecasts until 2040. The

chance that these long-term forecast will turn to be
accurate in the future is low. It should be emphasized, as
the authors of the CBS population forecast do, that there
are interrelations between the population forecast and
the planning agencies, and this remark is also applicable
to the forecast provided in this work [11]. Nevertheless,
the different scenarios of the CBS forecast provide a
reliable range for the future population size and compos-
ition in the long term, which is essential and sufficient
for planning purposes. The forecasts in this work thus
provide a reliable estimated range of the future number
of acute cerebrovascular events in Israel, cardinally de-
termined by the size and the composition of the popula-
tion, an important input for planning health policies and
services that aim to improve acute cerebrovascular event
care. Similar works in the literature provide long term

Fig. 2 Forecast of the annual number of acute cerebrovascular events within the adult population (18+) in Israel, intermediate growth scenario
2015–2040, under various assumptions about expected change in incidence rate
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forecasts for similar purposes [8, 12, 13, 15]. These fore-
casts (including ours) were generated under certain as-
sumptions about the trend of the annual incidence rate
of acute cerebrovascular events, which were applied uni-
formly across the different population subgroups. These
assumptions are rather simplistic whereas more sophisti-
cated scenarios, assuming variable changes in the preva-
lence of risk factors for acute cerebrovascular events
across subpopulations, are possible.

Conclusions
The number of acute cerebrovascular events in Israel is
expected to increase substantially in the following de-
cades. In order to ensure both high-quality care and
equity, it is imperative to evaluate the preparedness of
short- and long-term services for acute cerebrovascular
event care and their geographical deployment thereof. It
is also of great importance to plan and implement effect-
ive programs for the prevention of acute cerebrovascular
events.

Additional file

Additional file 1: Table S1. Subgroup-specific annual incidence rate of
acute cerebrovascular events in Israel, 2014–2016, by gender, ethnicity
and age group (number of cases per 1000). Table S2. Population
forecast, intermediate population growth scenario 2015–2040. Table S3.
Forecast of the annual number of acute cerebrovascular events in the
adult population (18+) in Israel, intermediate population growth scenario
2015–2040, assuming constant annual incidence rates. Table S4. forecast
of the annual number of acute cerebrovascular events in the adult
population (18+) in Israel, intermediate population growth scenario
2015–2040, assuming decreasing annual incidence rates at a rate of 2%
every 5 years. Table S5. forecast of the annual number of acute
cerebrovascular events in the adult population (18+) in Israel,
intermediate population growth scenario 2015–2040, assuming
decreasing annual incidence rates at a rate of 7.25% every 5 years.
Table S6. Population forecast, low population growth scenario
2015–2040. Table S7. forecast of the annual number of acute
cerebrovascular events in the adult population (18+) in Israel, low
population growth scenario 2015–2040, assuming constant annual
incidence rates. Table S8. forecast of the annual number of acute
cerebrovascular events in the adult population (18+) in Israel, low
population growth scenario 2015–2040, assuming decreasing annual
incidence rates at a rate of 2% every 5 years. Table S9. forecast of
the annual number of acute cerebrovascular events in the adult
population (18+) in Israel, low population growth scenario
2015–2040, assuming decreasing annual incidence rates at a rate of
7.25% every 5 years. Table S10. Population forecast, high population
growth scenario 2015–2040. Table S11. forecast of the annual number
of acute cerebrovascular events in the adult population (18+) in
Israel, high population growth scenario 2015–2040, assuming constant
annual incidence rates. Table S12. forecast of the annual number of
acute cerebrovascular events in the adult population (18+) in Israel,
high population growth scenario 2015–2040, assuming decreasing
annual incidence rates at a rate of 2% every 5 years. Table S13.
forecast of the annual number of acute cerebrovascular events in the
adult population (18+) in Israel, high population growth scenario
2015–2040, assuming decreasing annual incidence rates at a rate of
7.25% every 5 years. Figure S1. Forecast of the annual number of
acute cerebrovascular events within the adult population (18+), for
alternative population scenarios 2015–2040, under various assumption
about stroke incidence rate. Table S14. Subgroup-specific mean

annual incidence rate of acute cerebrovascular events in Israel during
2014–2016, by gender, ethnicity, age group and type of event
(number of cases per 1000). Table S15. forecast of the annual
number of acute cerebrovascular events in the adult population
(18+) in Israel, intermediate population growth scenario 2015–2040,
assuming constant annual incidence rates, by event type, gender and
ethnicity. Table S16. forecast of the annual number of acute
cerebrovascular events in the adult population (18+) in Israel,
intermediate population growth scenario 2015–2040, assuming
constant annual incidence rates, by event type and age group. Table
S17. forecast of the annual number of acute cerebrovascular events
in the adult population (18+) in Israel, intermediate population
growth scenario 2015–2040, assuming decreasing annual incidence
rates at a rate of 2% every 5 years, by event type, gender and
ethnicity. Table S18. forecast of the annual number of acute
cerebrovascular events in the adult population (18+) in Israel,
intermediate population growth scenario 2015–2040, assuming
decreasing annual incidence rates at a rate of 2% every 5 years, by
event type and age group. Table S19. forecast of the annual
number of acute cerebrovascular events in the adult population
(18+) in Israel, intermediate population growth scenario 2015–2040,
assuming decreasing annual incidence rates at a rate of 7.25% every
5 years, by event type, gender and ethnicity. Table S20. forecast of the annual
number of acute cerebrovascular events in the adult population (18+) in Israel,
intermediate population growth scenario 2015–2040, assuming decreasing
annual incidence rates at a rate of 7.25% every 5 years, by event type and age
group. Figure S2. Forecast of the annual number of acute cerebrovascular
events within the adult population, 2015–2040, intermediate population
growth scenario, under various assumption about stroke incidence rate, by
type of event.

Abbreviations
CBS: Central bureau of statistics; ICDC: Israeli center for disease control;
INSR: National stroke registry; MOH: Ministry of health

Acknowledgements
We thank the reviewers for their important comments.

Authors’ contributions
ABS analyzed the data and was a major contributor in writing the manuscript.
SLB contributed in writing the manuscript. MS contributed in writing the
manuscript. IZ retrieved and organized the data and was a major contributor in
writing the manuscript. All authors read and approved the final manuscript.

Funding
The research was funded by Israel Ministry of Health.

Availability of data and materials
Israel CBS population forecast for 2015–2065 is publicly available online
(Accessed May 6, 2019) https://www.cbs.gov.il; INSR data is available from
the ICDC in Israel MOH.

Ethics approval
The study was conducted under the auspice of the National Plan for the
Treatment and Prevention of Stroke Damage. It was exempted from
approval of the MOH ethics committee.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Smokler center for health policy research, Myers-JDC-Brookdale Institute,
P.O.B. 3886, 91037 Jerusalem, Israel. 2Family Medicine, Clalit health services,
Jerusalem, Israel. 3General medicine, Ministry of Health, Jerusalem, Israel.
4Israeli Center for Disease Control (ICDC), Ministry of Health, Jerusalem, Israel.
5School of Public Health, Sackler Faculty of Medicine, Tel Aviv University, Tel
Aviv, Israel.

Ben Shoham et al. Israel Journal of Health Policy Research            (2019) 8:67 Page 7 of 8

https://doi.org/10.1186/s13584-019-0337-1
https://www.cbs.gov.il


Received: 15 May 2019 Accepted: 15 August 2019

References
1. Causes of death in Israel, 2015 (Hebrew) [Internet]. 2017 [cited 2019

Apr 2]. Available from: https://www.cbs.gov.il/he/mediarelease/DocLib/2
018/363/05_18_363b.pdf

2. Acute stroke registry (Hebrew) [Internet]. Ministry of Health; 2013 [cited
2019 Apr 2]. Available from: https://www.health.gov.il/hozer/mr44_2013.pdf

3. Norrving B, Barrick J, Davalos A, Dichgans M, Cordonnier C, Guekht A, et al.
Action plan for stroke in Europe 2018–2030. Eur Stroke J. 2018;3(4):309–36.

4. Johnson CO, Nguyen M, Roth GA, Nichols E, Alam T, Abate D, et al. Global,
regional, and national burden of stroke, 1990–2016: a systematic analysis for
the Global Burden of Disease Study 2016. Lancet Neurol. 2019;18(5):439–58.

5. Stroke (Hebrew) [Internet]. Israel Ministry of Health; [cited 2019 Apr 2].
Available from: https://www.health.gov.il/Subjects/disease/Pages/stroke.aspx

6. Israel National Stroke Registry 2014-2015 (Hebrew) [Internet]. Israel Center of
Disease Control; 2017 [cited 2019 Apr 2]. Available from: https://www.health.
gov.il/PublicationsFiles/stroke_registry_report_2014-2015.pdf

7. Mukherjee D, Patil CG. Epidemiology and the global burden of stroke.
World Neurosurg. 2011;76(6 Suppl):S85–90.

8. Hallstrom B, Jonsson A-C, Nerbrand C, Norrving B, Lindgren A. Stroke
incidence and survival in the beginning of the 21st century in southern
Sweden: comparisons with the late 20th century and projections into the
future. Stroke. 2008;39(1):10–5.

9. Benatru I, Rouaud O, Durier J, Contegal F, Couvreur G, Bejot Y, et al. Stable
stroke incidence rates but improved case-fatality in Dijon, France, from 1985
to 2004. Stroke. 2006;37(7):1674–9.

10. Israel annual statistical report 2017 (Hebrew) [Internet]. Israel Central Bureau
of Statistics; 2018 [cited 2019 Apr 2]. Available from: https://old.cbs.gov.il/
shnaton69/shnaton69.pdf

11. Faran S, Klinger A. Israel population forecast 2015–2065 (Hebrew) [internet].
Israel Central Bureau of Statistics; 2018 [cited 2019 Apr 2]. Available from:
https://old.cbs.gov.il/publications18/forcast_2016_15.pdf

12. Ovbiagele B, Goldstein LB, Higashida RT, Howard VJ, Johnston SC, Khavjou
OA, et al. Forecasting the future of stroke in the United States: a policy
statement from the American Heart Association and American Stroke
Association. Stroke. 2013;44(8):2361–75.

13. Howard G, Goff DC. Population shifts and the future of stroke: forecasts of
the future burden of stroke. Ann N Y Acad Sci. 2012;1268:14–20.

14. Rothwell PM, Coull AJ, Giles MF, Howard SC, Silver LE, Bull LM, et al. Change
in stroke incidence, mortality, case-fatality, severity, and risk factors in
Oxfordshire, UK from 1981 to 2004 (Oxford vascular study). Lancet (London,
England). 2004;363(9425):1925–33.

15. Hitzl W, Trinka E, Seyfang L, Mutzenbach S, Stadler K, Pikija S, et al. Projected
numbers of ischemic strokes recorded in the Austrian stroke-unit registry
from 2012 to 2075. J Clin Neurol. 2016;12(4):441–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ben Shoham et al. Israel Journal of Health Policy Research            (2019) 8:67 Page 8 of 8

https://www.cbs.gov.il/he/mediarelease/DocLib/2018/363/05_18_363b.pdf
https://www.cbs.gov.il/he/mediarelease/DocLib/2018/363/05_18_363b.pdf
https://www.health.gov.il/hozer/mr44_2013.pdf
https://www.health.gov.il/Subjects/disease/Pages/stroke.aspx
https://www.health.gov.il/PublicationsFiles/stroke_registry_report_2014-2015.pdf
https://www.health.gov.il/PublicationsFiles/stroke_registry_report_2014-2015.pdf
https://old.cbs.gov.il/shnaton69/shnaton69.pdf
https://old.cbs.gov.il/shnaton69/shnaton69.pdf
https://old.cbs.gov.il/publications18/forcast_2016_15.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Subgroup-specific mean annual incidence rates of acute cerebrovascular events during 2014–2016
	Israeli CBS population forecast for the intermediate population growth scenario
	A forecast of the annual number of acute cerebrovascular events 2015–2040 for the intermediate population growth scenario

	Discussion
	Study limitations

	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

