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Abstract 
Background: Up to date data on incidence, mortality, and case-fatality for stroke are important for setting 

the agenda for prevention and healthcare. 

Aims and/or hypothesis: We aim to update the most current incidence and mortality data on stroke available by 

country, and to expand the scope to case-fatality and explore how registry data might be complementary. 

Methods: Data were compiled using two approaches: (1) an updated literature review building from our 

previous review and (2) direct acquisition and analysis of stroke events in the World Health Organizat ion  

(WHO) mortality database for each country providing these data. To assess new and/or updated data on 

incidence, we searched multiple databases to identify new original papers and review articles that met ideal 

criteria for stroke incidence studies and were published between 15 May 2013 and 31 May 2016. For data 

on case-fatality, we searched between 1980 and 31 May 2016. We further screened reference lists and citation  

history of papers to identify other studies not obtained from these sources. Mortality codes for ICD-8, ICD-

9, and ICD-10 were extracted. Using population denominators provided for each country, we calculated both 

the crude mortality from stroke and mortality adjusted to the WHO world population. We used only the most  

recent year reported to the WHO for which both population and mortality data were available.  

Results: Fifty-one countries had data on stroke incidence, some with data over many time periods, and 

some with data in more than one region. Since our last review, there were new incidence studies from 12 

countries, with four meeting pre-determined quality criteria. In these four studies, the incidence of stroke, 

adjusted to the WHO World standard population, ranged from 76 per 100,000 population per year in  

Australia (2009–10) up to 119 per 100,000 population per year in New Zealand (2011–12), with the latter 

being in those aged at least 15 years. Only in Martinique (2011–12) was the incidence of stroke greater in  

women than men. In countries either lacking or with old data on stroke incidence, eight had national clin ical 

registries of hospital based data. Of the 128 countries reporting mortality data to the WHO, crude mortality  

was greatest in Kazhakstan (in 2003), Bulgaria, and Greece. Crude mortality and crud e incidence of stroke 

were both positively correlated with the proportion of the population aged ? 65 years, but not with time. 

Data on case-fatality were available in 42 studies in 22 countries, with large variations between regions. 

Conclusions: In this updated review, we describe the current data on stroke incidence, case-fatality and 

mortality in different countries, and highlight the growing trend for national clinical registries to provide 

estimates in lieu of community -based incidence studies. 
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Introduction 

With the growing world-wide burden of stroke, there is a continued need to understand the characterist ics  

of the disease and its impact in various countries. As found with our first report on global stroke statistics  

published in the International Journal of Stroke (IJS) in 2014 having a common repository of the latest  

published informat ion on major determinants of the burden of stroke worldwide that  was focused on stroke 

incidence and mortality is important.1 We provide this update with additional informat ion and consider this  

work as complementary to the informat ion provided by the World Stroke Organizat ion (WSO) and Global 

Burden of Disease (GBD) program.2,3 As a flagship publication, we seek to regularly present compara t ive 

data for stroke in a readily accessible way, both in tabular and graphic form, using the latest available data 

at the time of publication which can be extracted from public records. We believe that such a compilat ion  

of data is a useful resource for all health care and related professions. This second report is part of an on -

going series to update informat ion on stroke mortality and incidence; and provides new informat ion on  

case-fatality and the issues of potentially outdated data for some countries. 

 



Page 2 

 

Aims 

Our aims are to: (i) update our repository of the most recent country -specific data on stroke; (ii) determine 

where data on incidence, mortality and case-fatality are missing; and (iii) determine countries where data 

on incidence, mortality and case-fatality from stroke are out of date. A further exploratory aim was to 

identify whether nationally-representat ive clinical registry data were being routinely obtained in co untries  

that had not undertaken an incidence study or had outdated stroke data to describe whether these were being  

used as a potential substitute for these data. 

 

Figure 1. Screening and selection of articles with data on incidence or case-fatality. 
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Figure 2. World map showing availability of studies with overall incidence. Old studies (in blue) indicate those 

that were included in the previous review, while new studies (in brown) indicate those published since that 

review.1 The map is based on crude and/or adjusted incidence of stroke irrespective of age restriction, or 

adjustment method. The countries highlighted are therefore different to those in Figure 6.  

 

Figure 3. World map showing availability of studies with sex-specific incidence. The map is based on crude 

and/or adjusted incidence of stroke irrespective of age restriction, or adjustment method, hence it is different to 

Figure 6. Old studies are indicated in blue and new ones in brown 

Methods 

We sought to present incidence, mortality and case-fatality data for 205 countries (source: www.info-

please.com/countries.html) out of which 194 are recognized by WHO (source: www.who.int/countries/en/), 192 

countries are members of the United Nations (source: www.un.org/en/members/), and 182 countries are 

recognized by the World Bank (source: www.world-bank.org/en/country). Incidence data were compiled by 

conducting an updated literature review with a major focus on original papers, using only population -based 

incidence studies. Additionally, case-fatality data from population-based studies were also compiled. Relevant 

data were also drawn from published systematic reviews on these topics. We also acquired mortality  data from 

the World Health Organization (WHO) mortality database, using the most current available estimates of stroke 

mortality and the corresponding population denominator. 
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Figure 4. Crude incidence from stroke according to (a) the proportion of the population aged_65 years  

(Y¼8.442*Xþ75.32, p<0.001) and (b) the mid-year that the study was conducted (Y¼_0.2400*Xþ661.4, 

p¼0.86). These are for all countries that have reported crude incidence, and for which population estimates were 

reported to the WHO.12,14,18–29 

Literature search and data extraction for incidence and case-fatality 

We searched multiple databases (Medline, Scopus, Pubmed, Google Scholar, WHO library, and WHO regional 

databases) to identify relevant original papers and review articles published from 15 May 2013 to 31 May 2016 

for data on stroke incidence around the globe. Similarly, an extensive search was conducted from 1980 and until 

31 May 2016 for data on case-fatality of stroke. 

The search strategy developed was adapted from our previously published review article.1 Our pre-defined 

inclusion criteria comprised population-based studies that met, or potentially met, the ideal criteria 

(Supplementary Online Table 1), and a comprehensive determination of the overall incidence of stroke or on 

incidence among men and women separately. Ideal criteria included reports of first-ever in a lifetime stroke only 

to ensure that no figures were inflated by the inclusion of recurrent events. We also accessed papers where the 

incidence of any stroke type was reported, just in case the article contained overall incidence rates relevant to 

our aims. Data on types of stroke are not reported here. In addition, the search for case-fatality information was 

undertaken using terms such as case-fatality, mortality, and survival. We included case-fatality only from those 

studies that conformed to the ideal criteria for stroke incidence studies to ensure comparability between studies. 

Furthermore, only studies with published data on 7-day, 28-day, or 30-day case-fatality following stroke are 

included in this review. 
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As previously, citations identified were first screened by title and abstract. After this first screening stage, the 

full text was read by a single reviewer (TT). We included only original papers and systematic reviews clearly 

meeting the inclusion criteria (as stated above). 

To supplement the database searches, we screened the reference lists of these papers to identify any poten tially 

missing original papers or systematic reviews. Data were only included from reference lists on the incidence or 

case-fatality of stroke, which adhered to the same criteria as those for the database searches. 

When new incidence or case-fatality data from one country were reported in more than one publication or online 

source, we linked the sources to prevent double-counting. For the heat maps on incidence, when there were data 

from the same country from both rural and urban regions, these countries were displayed as the mean value of 

these observations. Information from each paper was extracted by one reviewer (TT) and discussed among three 

reviewers (TT, AGT, DAC). All authors scrutinized the list of identified papers to assess whether any known 

papers were missing. 

Data on the location of stroke clinical registries that are considered in their country to represent a national 

standardized dataset for acute stroke care and outcomes were obtained from a recently published systematic 

review.4  

Incidence and mortality by age category 

We have previously provided details of the assessment of incidence and mortality versus age category.1 Briefly, 

for each country we undertook a regression analysis of crude incidence and/or mortality versus the proportion of 

the population aged >65 years. When possible, we used population data from the same year that incidence (and 

mortality) was assessed. When incidence was assessed over more than one year, the population data used was 

the mid-year of data collection. When the incidence studies spanned an even number of years, then the more 

recent of the two mid years was used. When there were no population data for the year in which the incidence 

study was conducted, we used the closest available year. For mortality, both population and mortality data were 

derived from the same year.  

Because all of the new studies had data adjusted to the WHO World standard popu lation, we only report data 

using this standard. 
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Figure 5. Incidence of stroke, adjusted to World Health Organization World population.7,10,12,14,16,18–20,22–

26,30,31,34–39 High income countries are shown in the white bars, and low and middle income countries are shown 

in the black bars. 

Collation and analysis of mortality data ability 

Data for mortality and population denominators were obtained from the WHO website at www.who.int/ 

healthinfo/statistics/mortality_rawdata/en/. These data comprise deaths registered in country civil registration 

systems, with deaths coded by the national authority within each country. Population data are also provided by 

many of these countries. The latest data files from WHO were updated on 25 November 2015. Not all countries 

are listed in the mortality files provided by WHO. This is because (1) WHO does not receive mortality data 

from all countries; (2) some countries may provide data using non-standard codes; and (3) deaths may not be 

certified by a medical practitioner. 

The files from WHO that we used include population denominators, country codes, and mortality data. The 

mortality codes used include those from ICD8, ICD9, and ICD 10 (Supplementary Online Table 2). 
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Data on deaths from cerebrovascular disease were merged with the population denominators for the same year 

as that in which mortality was coded. Crude mortality of stroke was obtained by dividing the overall deaths from 

cerebrovascular diseases for each country by the total population. These were then multiplied by 100,000 to 

obtain crude mortality per 100,000 population. The same calculations were conducted for men and women 

separately. We then calculated age-adjusted death rates standardized to the WHO world population using the 

direct method.5  

Where possible, adjustments were made using 5-year age bands. In some instances, data on mortality were only 

provided in 10-year age bands, and so 10-year age bands are used for these countries. Some countries also had 

different upper age bands for mortality, ranging between 65 years and 95 years. We used the best available data 

for each country and adjusted for age using the maximum number of categories. We then removed all but the 

latest year data for each country. 

 

Figure 6. Heat map showing incidence of stroke adjusted to the WHO world population by quartiles.5  

Table 1. Adjusted incidence of stroke in men and women. New studies are indicated by *. 

Country, study period 

Incidence rate per 100,000 population  

(95%  confidence interval) 
Standard 

Men Women criteria meta 

Age adjusted to the European standard 

population 

   

Belarus (Grodno), 2001–200324  356 (334–377) 236 (222–250) Yes 

Croatia (Varazˇdin county), 2007–200925  282 (256–309.9) 181.1 (165.6–197.6) No 

France (Dijon), 2000–200634  107.5 (98.3–116.8) 68.9 (62.7–75) Yes 

Italy (Sesto Fiorentino), 2004–200673,74 101.2 (82.5–123) 63 (48.5–80.7) Yes 

Italy (Valle d’ Aosta), 2004–200520  159 (127–190) 100 (75–125) Yes 

Kuwait, 1989, 1992, 199375  35.48 (35.39–35.56) 16.66 (16.59–16.73) No 

Lithuania (Kaunas), 200476  239.3 (209.9–271.6) 158.7 (135–185.4) Yes 

Poland (Warsaw), 200526  140 (132–147) 120 (114–127) Yes 

   (continued) 
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Country, study period 

Incidence rate per 100,000 population  

(95%  confidence interval) 
Standard 

Men Women criteria meta 

Spain (Castilla y Leo´n, Extremadura, and 

Comunitat Valenciana regions), 200535  

99 (81–117) 66 (53–80) No 

Spain (Menorca), 2004–200673,74 116.3 (96.1–139.5) 65.8 (50.9–83.8) No 

*Spain (La Rioja), 200916  206 (187.7–224.4) 139.3 (127.0–151.5) No 

United Kingdom (South London), 2004–200628  121.1 (100.5–144.7) 78.1 (61.8–97.5) Yes 

  Age adjusted to Segi’s World population 
  

 

China (Beijing), 200036  
147.6 (134.6–162.6) 124 (113–137.4) No 

China (Changsha), 200036  
190 (175.2–207.3) 119.1 (108.5–132.3) No 

China (Shanghai), 200036  
87.3 (78.5–98.2) 68.1 (61–77.3) No 

France (Dijon), 2000–200634  
72.5 (65.9–79.1) 47.3 (45.5–52) Yes 

Iran (Mashhad), 2006–200718  
208 (180–236) 198 (170–226) Yes 

Age adjusted to WHO World standard 

population 

  
 

*Australia (Adelaide), 2009–201012  
91 (73–112) 61 (47–78) Yes 

Belarus (Grodno), 2001–200324  
266 (250–282) 180 (169–191) Yes 

Bulgaria (Rural), 200277  
909 (729.67–1132.41) 667 (529.24–840.61) No 

Bulgaria (Urban), 200277  
597 (491.2–725.59) 322 (255.14–406.637) No 

Croatia (Varazˇdin county), 2007–200925  
213.1 (194–233.3) 137.6 (126.3–150.9) No 

India (Trivandrum, rural), 200531  
163.4 (122.4–204.4) 115.3 (83–147.6) Yes 

India (Trivandrum, urban), 200531  
141.7 (122.1–161.3) 130.1 (113.3–146.9) Yes 

India (Kolkata), 2003–200578  
117.1 (87.8–152.6) 178.0 (102.4–223.2) Yes 

Italy (Valle d’ Aosta), 2004–200520  
122 (94–150) 77 (55–99) Yes 

*Italy (Valle d’ Aosta), 2004–20087  
100 (89–112) 62 (53–71) Yes 

*Japan (Iwate State)15  
190 (172–209) 104 (91–118) No 

*Martinique (Caribbean)14  
90 (79–101) 69 (60–78) Yes 

*New Zealand (Auckland)10  
129 (120–138) 110 (103–119) Yes 

*Spain (La Rioja)16  
131.0 (119.3–142.6) 86.2 (78.6–93.8) No 

aStandard criteria 1/4 multiple overlapping sources, World Health Organization definition of stroke, incidence cases, no upper 

age limit, and prospective design. 
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Figure 7. Crude 

mortality from 

stroke in the most 

recent year reported 

to the World Health 

Organization, 

ordered according 

to the average 

mortality for men 

and women. Note 

that mortality data 

for China are for 

selected regions 

only and represent 

<10% of all deaths 

in the country. 
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Figure 8. Crude mortality from stroke according to (a) the proportion of the population aged at least 65 years (Y 

= 5.091*X þ 28.08, p < 0.0001) and (b) the year (Y = 0.4675*X – 856.90, p = 0.35). These are for all countries 

that have reported mortality to the World Health Organization, and are for the most recent year reported for each 

individual country. 

 

Comparison of crude incidence and crude mortality 

We assessed the relationship between the crude incidence and mortality for each country, using the same year 

for incidence and mortality, where possible. When the study was conducted over more than one year, we used 

population data from the middle year of the study, and when there was an even number of years the latter of the 

two mid years was used. When countries had not reported population data to WHO, even when mortality data 

were present, these countries were excluded. For countries that had no population data for the year in which the 

incidence study was conducted, but had population data for other years, the closest available year was used. 

Results 

Overall there were 12 countries in which new incidence data were reported. Of the 128 countries in which mor-

tality data had been reported to the WHO, in 57 (44.5%) the figures were new or updated since our last review. 

In addition, data on case-fatality were reported for 22 countries. 

Incidence 

The literature search yielded 600 publications (see Figure 1 for selection process). In the first stage of screening , 

we retrieved 20 potential new articles on stroke incidence. In 12 of these articles, total crude stroke incidence 

was reported6–17 with four conforming to our search criteria. In nine articles, separate rates were reported for 
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men and women,7–10,12–16 with four conforming to our strict criteria. Of those conforming to our strict methodo -

logical standards all were age-adjusted to the WHO population for both overall stroke incidence and sex-specific 

incidence rates.7,10,12,14 In Figure 2, the location of these new published studies are highlighted in brown for 

overall stroke incidence, while Figure 3 shows all countries that provided sex-specific incidence rates. The 

updated data on crude incidence of stroke, including both old and new studies, varies greatly among countries 

(Figure 4, Supplementary Online Table 3).12,14,18–29 Of the studies identified since our last review1 that met our 

criteria, the largest crude stroke incidence rate was observed in Italy 2004–8) at 212/100,000 population per 

year,7 with this population having a large proportion of people aged 65 years (19%; Figure 4(a)).15 In contrast, 

Saku (Japan) had a relatively high crude incidence of stroke (205 per 100,000 per year) in the presence of a 

small population at risk (7.5% aged 65 years; Figure 4(a)).22 Similar data are available for men and women in 

some regions (Supplementary Online Table 4).7–10,12–16,18,19,23–27,29–33 There was no difference in incidence 

according to the year that the study was conducted (Figure 4(b)). 

Using the WHO World standard population, the age adjusted incidence rates of the studies identified since our 

last review, and meeting our strict criteria, range from 76 per 100,000 population per year in Adelaide, Australia 

(2009–10) to 119/100,000/year in Auckland, New Zealand (see Figures 5 and 6, and Supplementary Online 

Table 5).7,10,12,14,16,18–20,22–26,30,31,34–39 This latter study was age-adjusted to the population aged 15 years and so 

incidence rates are greater than would occur if all age groups were included. New age-adjusted stroke incidence 

rates are greater in men than in women in all countries (Table 1).14  

Mortality 

Since our last review, where the most recent data available were for 2011, there are now new data for 2012 (14 

countries), 2013 (28 countries), and 2014 (67 countries; see Supplementary Online Table 6). 

Kazhakstan remained the country with the greatest crude stroke mortality (number of deaths per 100,000 

population per year) but there were no new data for this country since 2003. New data from Bulgaria and Greece 

(both 2012) were also similarly high (298/100,000 population per year for Bulgaria and 285/100,000 per year 

for Greece; Figure 7 and Supplementary Online Table 7). Countries with new mortality at the lower end of the 

spectrum included Qatar (2.2/100,000/year in 2012), Bahrain (7.5/100,000/ year; 2011), and Kuwait 

(10.4/100,000/year; 2013). 

Countries such as Austria and Switzerland have very low stroke mortality rates despite a large proportion of the 

population who are aged 65 years  (Figure 8(a)). The largest mortality rates in countries with a relatively small 

proportion of the population aged 65 years include Montserrat (1979), the Seychelles (1987), and the British 

Virgin Islands (1982), but these data are relatively old, and the latter is based on a very small population. 

The positive association between the year that the mortality data were collected and their crude mortality rates 

that we reported in our last review is no longer evident (Figure 8(b)), suggesting that crude morta lity is not 

increasing. 

When assessing mortality rates for stroke adjusted to the new world population, the countries with the  10 largest 

rates remain the same as in our past review. None of these countries have provided updated data to WHO, and 

so these data are relatively old (Figures 9 and 10; Supplementary online Table 7). 

There were 29 countries that had both crude incidence of stroke reported (all ages included) as well as mortality 

data provided to the WHO. There were an extra seven observations, as  some countries had more than one 

incidence study in more than one region. There is a strong positive association between incidence and mortality 

from stroke (Figure 11). Even when removing the two regions of Portugal with the greatest incidence of stroke,  

the regression shows a strong association and a steep slope (Y = 0.5652*X þ 109.8, p = 0.0002). 

 

 



Page 12 

 

Figure 9. Age-

adjusted 

mortality from 

stroke in the 

most recent year 

reported to the 

World Health 

Organization, 

ordered 

according to the 

average mortality 

for men and 

women. Note 

that mortality 

data for China 

are for selected 

regions only and 

represent <10% 

of all deaths in 

the country. 
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Figure 10. Heat map showing mortality from stroke adjusted to the WHO world population, by quintiles.5 

 

Figure 11. Regression of crude mortality from stroke versus incidence. These are for all countries that have 

reported mortality to the World Health Organization, and also have assessed the incidence of stroke for a similar 

year (Y¼0.4616*Xþ119.9, p<0.0001). 
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Figure 12. Overall 28-day and 30-day case-fatality of stroke that are reported in countries.7,12,14,19,23–25,31,37,38,40–60 

 

Case-fatality 

The literature search yielded 222 publications (see Figure 1 for selection process). In the first stage of screening, 

we retrieved 59 potential articles and 42 provided usable data. In two of these, overall 7-day case-fatality were 

reported, being 13.1% in Barbados (2000) and 33% in Kolkata (2003– 2010).19,40 In 20 studies, overall case-

fatality was reported at 28 days,7,12,19,23,24,31,37,40–51 and 16 provided 30-day case-fatality.14,25,38,45,52–60 Separate 

figures for men and women were reported for 17 studies.14,24,25,44,50,51,55,57,58,61–63 Among these articles, 10 had 

28-day sex-specific case-fatality,24,44,50,51,61–63 and the remainder had 30-day sex-specific case- 

fatality.14,25,55,57,58 

The data on case-fatality of stroke provide evidence for considerable variation among countries despit e the strict 

criteria for inclusion (Figures 12 and 13). The greatest overall 28-day case fatalities were observed in India at 

approximately 37–42% at 28 days.31,40 The least case-fatality was observed in Dijon (2000–2004) at 10% (28 

days; Table 2).43  
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Figure 13. Comparison of gender-specific 28-day and 30-day case-fatality of stroke that are reported in 

countries. ((a) men, (b) women)14,24,25,44,50,51,55,57,58,61–63 

 

Table 2. Crude case-fatality (%) of stroke in countries: reported at 28–30a days. 

Country Overall %  (CI) Men %  (CI) Women %  (CI) 

Australia (Adelaide), 2009–1012  18 (14–24) 
    

Australia (Melbourne), 1997–9950  22.5 (20.0–25.1) 18.3 (14.7–21.8) 25.8 (22.3–29.4) 

Australia (Perth), 1989–9041  24 (20–28) 
    

Belarus (Grodno), 2001–200324  26.1 
 

24.4 
 

27.8 
 

Brazil (Matao), 2003–0438a  18.5 (10.7–28.7) 
    

      (continued) 
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Country Overall %  (CI) Men %  (CI) Women %  (CI) 

Chile (Iquique), 2000–0257a  23.3 (18.1–29.5) 26.2 (18.9–35.3) 24.2 (16.4–34.4) 

Croatia (Varazˇdin County), 2007–0925a  23.5 
 

23.6 
 

23.4 
 

Estonia (Tartu), 2000–0363  
  

23 
 

35 
 

France (Dijon), 198943  17.8 (15.4-20.5) 
   

 

France (Dijon), 1990–9443  16.6 (14.4–19.1)     

France (Dijon), 1995–9943  13.9 (11.8–16.3)     

France (Dijon), 2000–0443  10 (8.3–12.1)     

French West Indies (Martinique), 1998–9914a  19.3 (15.5–24.1) 17.9 (12.9–24.8) 20.7 (15.3–28.0) 

French West Indies (Martinique), 2011–1214a  17.6 (13.3–23.4) 15.1 (9.2–24.6) 20.6 (14.8–28.7) 

Georgia (Tbilisi), 2000–0360a  34.8 (28.7–41.3)     

Germany (Erlangen), 1994–9649  19.4 (16.1–23.3)     

Greece (Arcadia), 1993–9551  26.6 (22.9–32.2) 26.3 (21.3–31.1) 27.1 (21.4–32.6) 

India (Kolkata), 2003–1040a  42 (38.6–45.6)     

India (Trivandrum, rural), 200531  37.1      

India (Trivandrum, urban), 200531  24.5      

Ireland (North Dublin), 2005–0623  21 (17.6–24.9)     

Italy (Aeolian Islands), 1999–200258a  24.2 (19.2–36.8) 23.1 (9.0–43.7) 25 (12.2–42.2) 

Italy (Belluno), 1992–9356a  33      

Italy (L’Aquila), 1994–9845a  25.6 (22.8–28.7)     

Italy (Udine), 2007–0948  20.6 (17.8–23.8)     

Italy (Umbria), 1986–8959a  20.3 (16.2–24.3)     

Italy (Valle d’Aosta), 198954a  31      

Italy (Valle d’Aosta), 2004–087  19      

Italy (Vibo Valentia), 199646  23.7 (19.0–28.3)     

Japan (Oyabe), 1977–8162    18 (19.2–21.8) 26.8 (22.1–31.5) 

Japan (Oyabe), 1982–8662    16.3 (12.2–19.8) 24.5 (19.4–29.6) 

Japan (Oyabe), 1987–9162    14.2 (10.4–17.4) 19.1 (14.9–23.3) 

Libya (Benghazi), 1983–8452a  17.3      

New Zealand (Auckland), 198144  32.2 (28.4–36.5) 27.1 (21.7–32.6) 37.6 (31.8–43.5) 

New Zealand (Auckland), 199144  24.1 (21.4–26.7) 21.9 (18.1–25.7) 25.8 (22.3–29.4) 

Portugal (Porto, rural), 1999–200053a  14.6 (10.2–19.3)     

Portugal (Porto, urban), 1999–200053a  16.9 (13.7–20.6)     

Russia (Novosibirsk), 199055a  32.3 (25.8–38.8) 39.4 (27.0–51.7) 28.4 (20.7–36.2) 

Russia (Novosibirsk), 199255a  22.7 (17.7–27.7) 29.1 (19.2–39.0) 19.1 (13.3–24.9) 

Sweden (Enko¨ping-Hâbo), 1986–8861   21  22  

      (continued) 
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Country Overall %  (CI) Men %  (CI) Women %  (CI) 

Sweden (Orebro), 1999–200042  19      

United Kingdom (Scottish Borders), 1998–
200037  

15.9      

United Kingdom (East Lancashire), 1994–9547  33.8      

USA (Barbados), 2001–0219  27.8 (24.9–34.8)     

a30-Day case-fatality. 

 

Discussion 

In this updated review of global stroke statistics, we include evidence from new studies of stroke incidence (n = 

12) and important updates of mortality data from 57 countries available from WHO. We also report case -fatality 

data as a new focus of attention. Important ongoing disparities in stroke incidence, mortality, and case-fatality 

were evident and provide an impetus for more effective prevention and improved clinical man agement of stroke. 

Incidence rates presented in our review differ somewhat to those presented in the GBD Study (Figure 14), even 

though both were adjusted to the WHO World population.64 These differences highlight the different aims of 

these studies. The GBD was undertaken to provide estimates of stroke in all regions using a systematic 

approach, and has the added advantage of enabling comparison across diseases. In contrast, our approach 

enabled us to identify countries with the most recent data on stroke incidence obtained using ideal meth -ods,65 

and has the advantage of highlighting countries where data are lacking or out of date. Both approaches enable 

one to determine where there are hotspots in stroke occurrence. High quality data are needed to help plan and 

develop approaches to improve access to preventive strategies  and stroke care. Knowing where important data 

are lacking, outdated or even where a country is ranked might help facilitate more research or greater policy 

attention in this field. This is important so that modifiable strategies that are within the contro l of health funders 

and providers of health care may be tackled using a data-driven approach. Recently, the WSO has provided 

guidelines and tools to support countries to review their health system and address improvements to the quality 

of care they provide for people who experience stroke.66 In addition, there are more options now for primary 

prevention monitoring accessible to consumers which may help to encourage risk factor modification.67 In 

particular, it is emphasized by WSO that although there are differences in resource availability among countries, 

it should always be feasible to increase stroke awareness, education, prevention, and treatment. By having 

standardized methods to compare and contrast countries over time it is possible to monitor p rogress. This 

includes the use of WSO Health System Indicators 66 recently showcased in the paper by Tse and colleagues 

whereby Australia, Singapore, and the USA68 were compared on how well they align with the WSO Health 

System Indicators and the sources of routine data available to make such comparisons. Our report herein 

provides important information for two of the 10 WSO Health System Indicators: stroke incidence rates adjusted 

for age and sex in the population; and case fatality at 7 and 30 days. 

Comparison of data for case-fatality provides two main challenges. First, case-fatality figures are presented in 

varying time periods; at 7 days, 28 days, and 30 days, making it difficult to compare outcomes across regions. 

Secondly, crude case-fatality figures do not take into account the fact that strokes occur at different ages across 

countries, and so greater case-fatality may actually reflect the age at which strokes are occurring and not 

differences in the management of stroke. Recommendations to provide data in stand ard time epochs, and 

providing case-fatality by 10-year age groups, would ensure better comparability among studies, including 

estimates of age-adjusted case-fatality figures. 

Interestingly, we have noted that where incidence studies are not being undertaken or where incidence, case -

fatality or mortality data are old, alternate methods of data collection are occurring in the form of clinical 

registries. In a recent systematic review, registries that were considered in their country to represent a national 

standardized dataset for acute stroke care and outcomes were summarized whereby 28 national stroke registries 
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from 26 countries were identified.4 When we overlaid the location of these registries to where the identified 

incidence studies had been undertaken we noted that in several countries this provided a reasonable explanation 

for why potentially more resource intensive community-based stroke incidence studies may not have been 

conducted or repeated (Figures 15 and 16). We accept that the majority of the included registries may not have 

full national coverage and in some countries there are large registries containing data on stroke that may inclu de 

several stroke-mimicking conditions or be regionally based for example Catalonia.4,69 However, these data 

provide an indication of changing methods of disease surveillance that may also be capturing aspects of the 

quality of care. In addition, hospitalization ratios differ between countries (e.g. '90% in Sweden,70 '10% in 

Japan).71 Therefore, registries may be a better proxy for important epidemiological measures in countries where 

the majority of incidence cases are treated in hospital. 

The main strengths of this review include its comprehensiveness, lack of fixed time period restrictions, and the 

use of high quality studies that met strict criteria. The limitations include that we were only able to provide 

information using the available data reported for a country and the methods used in obtaining these data vary. 

This potentially makes any direct comparisons less reliable. Further, since the incidence and case fatality data 

are often obtained from one geographical region and may not be representative of other geographical regions 

within a country, this is a potential source of over- or underestimation of stroke incidence rates and case-fatality. 

Because mortality rates have been declining over time,2,64 the rank position of a country may also be influenced 

by the currency of their data, differences in data collection policies for reporting deaths, and the potential 

misclassification of causes of death.72  
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Figure 14. Comparison of 

incidence rates, age adjusted 

to the WHO world population, 

between this review and the 

Global Burden of Disease 

study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. World map showing availability of studies with overall incidence and national registries (pins). 

These include studies with either crude incidence and/or adjusted incidence figures irrespective of age 

restriction, or adjustment method. 
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Figure 16. World map showing availability of studies with gender-specific incidence and national registries 

(pins). These include studies with either crude incidence and/or adjusted incidence figures irrespective of age 

restriction, or adjustment method. 

Conclusion 

In this updated data summary, we suggest that there is much that can be learned from countries that are 

managing to keep stroke incidence, case-fatality and mortality rates at low levels relative to other countries with 

similar demographic or socioeconomic circumstances. We further highlight the growing trend for national 

clinical registries to provide such estimates for stroke in lieu of community-based incidence studies. 
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