Open access Original research

Worldwide 1-month case fatality of
ischaemic stroke and the temporal trend

Stroke and
Vascular
Neurology

To cite: Zhang R, Wang Y,
Fang J, et al. Worldwide
1-month case fatality of
ischaemic stroke and the
temporal trend. Stroke &
Vascular Neurology 2020;5:
e000371. doi:10.1136/svn-
2020-000371

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/svn-
2020-000371).

Received 4 March 2020
Revised 1 June 2020
Accepted 2 June 2020
Published Online First
13 July 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

'Department of Neurology,
Beijing Tiantan Hospital, Capital
Medical University, Beijing,
China

%China National Clinical
Research Center for
Neurological Diseases, Beijing,
China

*ICES, Toronto, Ontario, Canada

Correspondence to
Dr Gaifen Liu;
liugaifen1997@163.com

Runhua Zhang
Gaifen Liu @ '?
ABSTRACT

Background The 1-month case fatality of ischaemic
stroke is an essential epidemiological metric. Whereas

the case fatality after ischaemic stroke and the temporal
trend is uncertain. We aimed to estimate the 1-month case
fatality of ischaemic stroke and its temporal trend, as well
as its regional variation.

Methods We searched PubMed and Embase to identify
the studies for 1-month case fatality of ischaemic stroke

. The population-based studies were included. Two
investigators extracted the data and assessed the quality
independently. One-month case fatality of ischaemic stroke
was estimated using a random effects model. The temporal
trend was evaluated using a mixed-effect meta-regression
model.

Results A total of 59 articles with 77 time periods were
included. The worldwide 1-month case fatality of ischaemic
stroke was 13.5% (95% Cl 12.3% to 14.7%). The case
fatality was 10.8% (95% Cl 8.3% to 13.5%) in Asia, 14.2%
(95% Cl 12.6% to 15.9%) in Europe, 14.0% (95% Cl 11.2%
t0 17.1%) in South America and Caribbean, 14.0% (95%

Cl 9.5% to 19.1%) in North America and 12.5% (95% Cl
11.1% to 13.9%) in Australia and New Zealand. Overall,
there was a non-significant decrease of 0.1% per year in
case fatality. It decreased significantly in Europe (—0.2%
annually, 95% Cl —0.4% to —0.01%) and North America
(—0.2% annually, 95% Cl —0.4% to —0.04%), increased
significantly in Australia and New Zealand (0.2% annually,
95% Cl 0.1% to 0.4%), while no evidence of change in
other regions.

Gonclusion The 1-month case fatality of ischaemic stroke
and its temporal trend were divergent across regions.
Further studies are needed to address the reason of the
regional difference, which will be helpful to guide the effort
of reducing stroke burden.

In the past three decades, much progress has
been made in the diagnosis and treatment of
stroke.! Some prognostic scales are proposed
to predict the shortterm or long-term case
fatality after stroke.” Early intervention on
patients identified with a high risk of mortality
may increase the survival rate. It is suggested
that a stroke patient cared in a stroke unit had
a lower rate of mortality because of organised
care.’ Moreover, new neuroimaging technol-
ogies, intravenous thrombolysis and intra-
arterial therapy are introduced to improve the
outcome of stroke.* According to the Global
Burden of Disease 2015, the age-standardised
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mortality rate of stroke decreased by 21%
since 2005.° Moreover, the disability-adjusted
life years of stroke reduced from 2430.8 in
1990 to 1806.9 in 2018.° The reduction may
be associated with lower incidence and case
fatality. However, whether the case fatality of
stroke has decreased remains uncertain. A
systematic review with 44 time periods found
that the case fatality of intracerebral haem-
orrhage did not decrease significantly from
1980 to 2008.” By contrast, the 1-month case
fatality of aneurysmal subarachnoid haemor-
rhage decreased by 0.6% per year from 1973
to 2002." Although numerous studies have
reported the case fatality of ischaemic stroke,
the data of case fatality after ischaemic stroke
was conflicting and few studies have investi-
gated the temporal trend.

We aimed to estimate the l-month case
fatality of ischaemic stroke based on all avail-
able population-based studies and explore the
temporal trend of the case fatality after isch-
aemic stroke, as well as its regional variation.

METHODS

The meta-analysis was performed according
to the Meta-analyses of Observational Studies
in Epidemiology guidelines (MOOSE). The
authors declare that all of the data used in
this systematic review and meta-analysis are
available within the article and in the online
supplementary data.

Search strategy

We searched PubMed and Embase to identify
the studies published between 1 January 1980
and 31 December 2018. A search strategy was
developed in a combination of words in title
and abstract, Medical Subject Headings for
patients for each database. We used search
terms relating to stroke (eg, ‘ischemic stroke’,
‘cerebrovascular disease’ or ‘brain infarct’)
and mortality (eg, ‘fatality’, ‘death’) and
30-day or 28-day (eg, ‘thirty-day’, ‘one month’
or ‘twenty-eight’) and population (eg, ‘popu-
lation’, ‘community’ or ‘registry’) for studies
reported case fatality of ischaemic stroke.
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Additionally, we searched relevant reference lists of
retrieved studies by hand.

Study identification and selection criteria

Two investigators independently conducted screening
of titles and abstracts. Related studies were reviewed in
full-text to identify qualification. The discrepancy was
resolved after discussing it with the third reviewer.

We included population-based studies that reported
the 1-month case fatality of ischeamic stroke. The criteria
for inclusion were that: (1) they reported 30-day or 28-day
case fatality of ischeamic stroke and (2) the study was
population-based.

We excluded the studies if (1) all included stroke
patients were accompanied with specified diseases such
as myocardial infarction, atrial fibrillation, heart failure
or diabetes; (2) the rates of 1-month case fatality were
grouped with haemorrhagic stroke and transient isch-
aemic attack (TIA) and not available separately for
ischeamic stroke; (3) it was a case-control study or
randomised clinical trial or abstract or systematic review
or opinion; (4) the patients were identified by Interna-
tional Classification of Diseases code from the administra-
tive database; (5) the lower age limit was greater than 39
years; and (6) the upper age limit was lower than 74 years.

If the studies had the sources from the same cohort
or population in the same study period, we kept the one
with the largest number of patients. When the 1-month
case fatality of ischaemic stroke was reported by year, we
included different 1-month case fatalities from different
periods as separated ones. If the case fatality of ischaemic
stroke was reported with other types of stroke, we would
contact the corresponding author through email for clar-
ification of the data. If we could not obtain the data from
the author, the study would be excluded.

Data extraction

For each eligible study, the following information was
extracted if provided: first author’s name, publication
year, country, cohort name, study period, mean age of
patients, sample size, number of death and 1-month case
fatality.

One-month case fatality was defined as the percentage
of patients with ischaemic stroke who died within 1 month.
If possible, we recalculated the 1-month case fatality of
ischaemic stroke without other types of stroke (eg, TIA or
intracerebral haemorrhage).

Quality assessment

We assessed the quality of the individual study with refer-
ence to the Newcastle-Ottawa Scale.® The items in our
quality assessment were the following: representativeness
of the ischaemic stroke in the community, the rate of
brain imaging, sample size, the method of case finding,
whether there were reported mean age of the population
and the proportion of gender (online supplementary
table 1).

Statistical analysis

For each study, the 1-month case fatality was calculated
from the raw number of patients and populations, and
the corresponding 95% CI was derived. Concerning the
distribution of case fatality, we used arcsine transforma-
tions which were optimal for dealing with binary data
with low rates. We evaluated the heterogeneity between
studies with I* statistic which represents the percentage
of total variation due to heterogeneity between studies
rather than chance. Values of 25%, 50% and 75% signify
low, middle and high heterogeneity, respectively. If the
between-study heterogeneity was high, we would use
random effects models to pool the case fatalities. Other-
wise, we would use the fixed effect model. We grouped
the studies by geographical region and summarised the
1-month case fatality of ischaemic stroke separated by
North America, South America and Caribbean, Europe,
Australia and New Zealand and Asia. We used the meta-
regression to compare the difference between regions,
and we used the region of the lowest case fatality (Asia)
as the reference to calculate the risk ratio (RR). Also, we
adjusted the midyear of the study in the meta-regression
model to remove the effect of temporal trends. Gender-
specific and age-specific case fatality was calculated if the
corresponding case fatality rate of gender and age was
available.

We used the mixed effect meta-regression model to
assess the worldwide temporal trend of case fatality
of ischaemic stroke. The result was reported as the
percentage change of 1-month case fatality per calendar
year. To explore the divergent trends across continents or
countries, we estimated separately the temporal trends in
different regions by using linear regression.

When testing the sensitivity of the results, we did the
following analysis. First, we excluded the studies in which
the patients were not the first-ever stroke, to adjust for
the influence of first-ever and recurrent stroke. Second,
concerning the false diagnosis of ischaemic stroke, only
the study in which the brain imaging rate was higher than
80% was included to recalculate the case fatality. We used
the Egger test to examine the potential publication bias
and adjusted the estimation by using the method of trim-
and-fill when appropriate.

All analyses were conducted with R software (V.3.5.1)
and SAS (V.9.4, SAS Institute Inc, Cary, North Carolina).
All tests were two-sided and a p value less than 0.05 was
considered statistically significant.

RESULTS
Selection process and study characteristics
A total of 2678 studies were independently screened
through titles and abstracts by two reviewers (RZ and YW).
Thereafter, 335 potential related full-texts were assessed.
Finally, 59 articles with 77 time periods were included in
the meta-analysis (figure 1).

The systematic review and meta-analysis consisted of
58301 patients with ischaemic stroke and 7558 deaths
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2678 articles identified from EMBASE and PubMed
searches from January, 1980 to December, 2018,

2343 articles excluded based
on title and abstract

v

335 full text articles assessed for eligibility

278 articles excluded:
Patients with certain
disease: 68

*  With other types of stroke:
58

e Case-control: 7

¢ Methodology: 1
Systematic review or
opinion or abstract: 40
Patients identified by ICD
or hospital-based: 25
Beyond the age limits: 15
No report on related data:
18

¢ Duplicated results: 46

\4

2 articles searched by hand

\4 v

59 articles with 77 time periods available for meta-
analysis

Figure 1 Flow chart of the study selection. ICD,
International Classification of Diseases.

within a month. The study was based on population-based
case fatality data from Europe (43 time periods), Asia
(11 time periods), North America (seven time periods),
South America and Caribbean (eight time periods) and
Australia and New Zealand (eight time periods) (table 1).
Online supplementary table 2 summarised the charac-
teristics of the included study periods. The mid-years of
study periods were between 1955 and 2016, spanning
over six decades. A total of 64 (83%) study periods were
comprised of patients with first-ever ischaemic stroke.
There were 56 (73%) study periods with more than 80%
patients who underwent brain CT or MRI or autopsy. The
sample sizes ranged from 57 to 9074. The average age of
the ischaemic stroke patients was 71.6 (data were from 59
study periods with 40371 patients) and the average age
of ischaemic stroke was lower in Saudi Arabia, Asia (57.8
years) and higher in Perth, Australia (79 years).

One-month case fatality of ischaemic stroke

The 1-month case fatalities from identified study periods
varied from 5% to 37.6%. The case fatality of each study
period is listed in figures 2 and 3. Overall, the polled
I-month case fatality in patients with ischaemic stroke was
13.5% (95% CI112.3% to 14.7%).

When we re-estimated the case fatality according to
geographical region, and the 1-month case fatality in the
different regions varied (figures 2 and 3). The case fatality
was 10.8% (95% CI 8.3% to 13.5%) in Asia, 14.2% (95%
CI 12.6% to 15.9%) in Europe, 14.0% (95% CI 11.2% to
17.1%) in South America and Caribbean, 14.0% (95%
CI 9.5% to 19.1%) in North America, and 12.5% (95%
CI11.1% to 13.9%) in Australia and New Zealand. After
adjusted for mid-year, we identified that the 1-month case
fatality in Europe, and South America and Caribbean
was significantly higher than Asia (RR=1.04, 95% CI 1.00
to 1.06, p=0.041; RR=1.05, 95% CI 1.01 to 1.09, p=0.027,
respectively).

There were 17 study periods reporting the gender-
specific case fatality of ischaemic stroke. After pooling
these study periods, we found that the case fatality was
slightly higher in women than in men (for men, 12.1%,
95% CI 9.6% to 14.8%; for women, 13.9%, 95% CI 11.1%
to 16.9%), though the difference was not significant
(p=0.365). Nine studies with the age-specific case fatality
of ischaemic stroke were summarised to estimate the case
fatality in different age groups. The case fatality increased
with age (online supplementary table 3), and the case
fatality in patients more than 85 years old (24.6%, 95% CI
17.7% to 32.2%) was three times higher than in patients
less than 64 years old (6.6%, 95%CI 4.6% to 8.9%,
p<0.001).

Sensitivity analysis and risk of bias

When we used the first-ever stroke patients to investi-
gate the sensitivity, it was shown that the worldwide case
fatality did not change (13.3%, 95% CI 11.9% to 14.7%)
and the regional differences emerged. The case fatality
in North America attenuated to 11.5% (95% CI 4.1% to
21.9%) with three time periods, and in other regions, the
case fatality was almost unchanged (online supplemen-
tary figure 1). Concerning the diagnosis of ischaemic
stroke, we summarised the studies with at least 80% brain

Table 1 The regional distribution of included study periods

Region Country

Asia=11
Australia and New Zealand=8

Europe=43
Greece=2;

China=2; Iran=1; Japan=>5; Saudi Arabia=2; Russia=1
Australia=7; New Zealand=1
Croatia=1; Denmark=1; Estonia=1; Finland=4; France=5; Georgia=1; Germany=1;

Hungary=1; Ireland=1; Italy=12; Norway=4; Poland=1; Portugal=1; Scotland=1;

Sweden=5; UK=1
North America=7 USA=7

South America and Caribbean=8

Argentina=1, Brazil=3, Barbados=1, Chile=1, Martinique=2
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Region Source Country  Midyear }I:,t.i::ts Deaths Case fatality, % (95% CI)

Europe Numminen et al, 1996 Finland 1973 148 33 22.3(15.91029.9) [ —
Numminen et al, 1996 Finland 1979 188 46 24.5 (18.5t0 31.3) ——
Bamford et al, 1990 United Kingdom 1984 545 57 10.5 (8 to 13.3) .

Truelsen et al, 2002 Denmark 1985 439 63 144 (11.2t0 18) ——

Béjot et al, 2007 France 1987 943 126 13.4(11.3 t0 15.7) o
Riccietal, 1991 Italy 1987 286 28 9.8 (6.6 t0 13.8) —.—
Immonen-Raiha et al, 1997 Finland 1988 9074 1530 16.9 (16.1 to 17.6) L]
D'Alessandro et al, 2000 Italy 1989 171 21 12.3(7.8 10 18.2) -

Hallstrom et al, 2002 Sweden 1989 1421 152 10.7 (9.1 to 12.4) —a
Numminen et al, 2005 Finland 1990 469 91 19.4 (15.9 t0 23.3) ]
Khan et al, 1996 Sweden 1990 5086 415 8.2(7.4108.9) -

Weissbein et al, 2007 Poland 1992 407 153 37.6 (32.9 to 42.5) ——
Béjot et al, 1994 France 1992 1043 142 13.6 (11.6 to 15.8) -—

Lauria et al, 2003 Italy 1993 319 84 26.3 (21.6 to 31.5) —
Intiso et al, 1995 Italy 1993 57 14 24.6 (14.1 10 37.8) —_—
Intiso et al, 2003 Italy 1994 60 10 16.7 (8.3 t0 28.5) ——
Vemmos et al, 1999 Greece 1994 47 119 26.6 (22.6 to 31) i
Kolominsky-Rabas et al, 1997  Germany 1995 278 32 11.5(8t0 15.9) —.—

Ellekjaer et al, 2003 Norway 1995 322 35 10.9 (7.7 to 14.8) ——

Intiso et al, 1998 Italy 1995 57 8 14 (6.3 t0 25.8) —_—
Marini et al, 2005 Ttaly 1996 3530 714 20.2 (18.9 t0 21.6) -
Béjot et al, 2007 France 1997 909 105 11.6 (9.5to0 13.8) —
D'Alessandro et al, 2000 Italy 1997 284 44 15.5(11.5t020.2) —a—
Ovary et al, 2004 Hungary 1998 4875 443 9.2 (8.4 to 10) -
Vangen-Lonne et al, 2015 Norway 1998 375 36 9.6 (6.8 to 13) =

Di Carlo et al, 2013 Italy 1999 234 38 16.2 (11.8 to 21.6) =
Syme et al, 2003 Scottish 1999 419 46 11 (8210 14.4) =

Correia et al, 2005 Portugal 1999 554 59 10.6 (8.2 to 13.5) =

Appelros et al, 2002 Sweden 2000 274 27 9.9 (6.6 to 14) e

Béjot et al, 2007 France 2002 1045 82 7.8 (6.3 10 9.6) -

Manobianca et al, 2018 Italy 2002 92 10 10.9 (5.3to0 19.1) e
Tsiskaridze et al, 2004 Georgia 2004 125 24 192 (12.9 10 27.2) [
Aked et al, 2018 Sweden 2002 364 31 85(591t011.9) e

Vibo et al, 2007 Estonia 2002 332 73 22 (17.6 to 26.8) e
Vangen-Lonne et al, 2015 Norway 2003 413 33 8(5.6t0 11) =

Corso et al, 2013 Italy 2006 1057 114 10.8 (9 to 12.8) -

Kelly et al, 2012 Ireland 2006 390 64 16.4 (12.9 to 20.5) =

Pikija et al, 2013 Croatia 2008 748 128 17.1 (14.5 to 20) —

Janes et al, 2012 Italy 2008 506 85 16.8 (13.6 t0 20.3) =
Vangen-Lonne et al, 2015 Norway 2008 367 34 9.3 (6.5t0 12.7) =

Béjot et al, 2013 France 2009 1092 95 8.7(7.11t010.5) -

Tsivgoulis et al, 2018 Greece 2012 568 92 16.2 (13.3 t0 19.5) -

Aked et al, 2018 Sweden 2016 334 29 8.7(591012.2) i

Total: 1'=95.2% 40647 5570 14.2 (12.6 to 15.9) *

0 5 10 15 20 25 30 35 40 45

One-month case fatality of ischemic stroke (%)

Figure 2 One-month case fatality of ischaemic stroke by region in Europe.

scanning. The overall case fatality was almost unchanged
(18.3%, 95% CI111.9% to 14.8%). Still, Asia had the lowest
1-month case fatality (9.7%, 95% CI 7.4% to 12.2%). The
case fatality in other regions was not significantly changed
(online supplementary figure 2). We did not find the
potential publication bias through the result of Egger
linear regression (p=0.208).

Temporal trend of 1-month case fatality of ischaemic stroke

Although the overall temporal trend of the 1-month case
fatality was not significant over nearly six decades (-0.1%
per year, 95% CI -0.2% to 0.05%, p=0.063), we found a
regional variation of the temporal trend. Figure 4 shows
the temporal trends of 1-month case fatality in different
regions. The case fatality in Europe, South America and

North America, and Caribbean decreased during the
study periods, while in Australia, New Zealand and Asia
the case fatality increased. The case fatality decreased by
0.2% (95% CI 0.01% to 0.4%) per year in Europe from
1973 to 2016, and 0.2% (95% CI 0.04% to 0.4%) in North
America from 1982 to 2003. However, the case fatality
increased by 0.2% (95% CI 0.1% to 0.4%) per year in
Australia and New Zealand from 1986 to 2010. The case
fatality was not significantly changed in South America
and Caribbean (-0.4%, 95% CI -0.9% to 0.2%, p=0.167)
from 1999 to 2014, and Asia (0.1%, 95%CI -0.1% to
0.4%, p=0.396) from 1990 to 2011 (table 2). There were
six study periods from Japan in the region of Asia. When
confined the region within Japan, we identified a 0.1%
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Country  Midyear No. of

Case fatality, %

Region Source patient Deaths 95%CI)
Asia  Kimura et al, 1998 Japan 1990 1872 107 5.7 (4.7 t0 6.9) -
Kita et al, 1999 Japan 1991 262 28 10.7(7.2t015.1) ——
akRajeh et al, 1998 SaudiArabia 1991 339 34  10.0(7.0t0 13.7) ——
Feigin et al, 1995 Russia 1992 321 52 162(12.31020.7) ——
Kiyohara et al, 2003 Japan 1992 244 22 9.0 (5.7 to 13.3) ——
Hamad et al, 2001 Saudi Arabia 1997 173 21 12.1(7.7t0 18.0) —
Ovary et al, 2004 Japan 1998 1843 136 7.4 (6.2t08.7) -
Fang et al, 2004 China 2006 1184 123 10.4(8.7t0 12.3) -
Zhang et al, 2003 China 2006 869 147  16.9 (14.510 19.6) ——
Shoeibi et al, 2015 Iran 2007 530 94  17.7(14.61021.3) —.
Takashima et al, 2017 Japan 2011 1948 151 7.8 (6.6 10 9.0) -
Total: 1°=93.4% 9585 915 10.8 (8.3 to 13.5) N
Australia  Ward et al, 1988 Australia 1986 94 12 12.8 (6.8 t0 21.2) ——
and New (501, et 2], 2008 Australia 1990 173 15 87(4.9t0 13.9) ——
Zealand 4\ dersonetal, 1997  New Zealand 1991 376 45 12.0(89t015.7) ——
Islam et al, 2008 Australia 1996 166 24 145(9.51020.7) ——
Thrift et al, 2001 Australia 1997 200 24 12.0(7.8t017.3) ——
Thrift et al, 2009 Australia 1998 716 86  12.0(9.7to0 14.6) ——
Islam et al, 2008 Australia 2001 138 19  13.8(851020.7) ——
Leyden et al, 2013 Australia 2010 258 41 15.9 (11.7 t0 20.9) ——
Total: I*=0% 2121 266 12.5(11.1to 13.9) *
North  Brown et al, 1996 USA 1955 276 50  18.1(13.81023.2) ——
America  Sacco et al, 1982 USA 1962 286 43 15.0(11.11019.7) ——
Brown et al, 1996 USA 1965 513 96  18.7(15.41022.4) ——
Brown et al, 1996 USA 1975 553 72 13.0(10.3 to 16.1) e
Brown et al, 1996 USA 1985 781 114 14.6(12.21017.3) -
Vernino et al, 2003 USA 1987 444 74 16.7(13.31020.5) ——
Hartmann et al, 2001 USA 1994 980 47 4.8(3.5106.3) -
Total: 1°=94.6% 3833 496 14.0 (9.5t0 19.1) .
South  Olindo, 2014 Martinique 1999 463 55 11.9(9.1t015.2) ——
America  Corpin of al, 2004 Barbados 2001 276 64  23.2(18.31028.6) e
and 4 vados et al, 2005 Chile 2001 185 33 17.8(12.6t024.1) ——
Caribbean "y i ot al, 2007 Brazil 2004 69 9 13.0(6.110233) —
Cabral et al, 2009 Brazil 2006 610 86  14.1(11.4t017.1) —-—
Goulart et al, 2012 Brazil 2007 365 41 11.2(8210 14.9) ——
Olindo, 2014 Martinique 2012 439 40 9.1 (6.61012.2) —=—
Bahit et al, 2016 Argentina 2014 251 37 14.7(10.6t0 19.7) ——
Total: 1’=78.2% 2658 368 14.0 (11.2 to 17.1) .
Overall (including Europe): 1°=94.2% 58301 7558 135(123t0 14.7) L 4

Figure 3 One-month case fatality of ischaemic stroke by region.

(95% CI -0.1% to 0.3%) annual decline in 1-month case
fatality.

Sensitivity analysis of temporal trend

The sensitivity analysis revealed an overall decrease of
0.1% (95% CI 0.04% to 0.3%) in study periods with first-
ever stroke and 0.1% (95% CI -0.1% to 0.3%) in study
periods with at least 80% brain scanning. The corre-
sponding changes of case fatality in different regions
were list in online supplementary table 4.

DISCUSSION

This meta-analysis, including 77 study periods with 58 301
patients after ischaemic stroke from 30 countries, indi-
cated that the 1-month case fatality of ischaemic stroke
and its temporal trend were divergent across different
geographical regions. Overall, the 1-month case fatality

0 5

T T T T 1
10 15 20 25 30 35

One-month case fatality of ischemic stroke (%)

was 13.5% (95% CI112.3% to 14.7%), without obvious sex
difference. Though globally the case fatality rate did not
significantly decline over a period spanning nearly six
decades, it was estimated that the case fatality decreased
significantly by 0.2% (95% CI 0.01% to 0.4%) per year in
Europe and by 0.2% (95% CI 0.04% to 0.4%) in North
America.

Previous studies have deeply explored the disparity in
stroke mortality between blacks and whites,g_ll while the
difference between white and Asian or other ethnic has
not been studied in depth. In our study, it was found that
the 1-month case fatality of ischaemic stroke patients in
Asia was significantly lower than in Europe and in South
America and Caribbean. A multicentre study including
the young patients with first-ever acute stroke (18 to 45
years of age) showed that blacks and whites had about
threefold higher risk of l-month case fatality than
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L]
—o— Asia
~—&— Australia and New Zealand
~——&— Europe
0.3 —®— North America

~ & South America and Caribbean

0.2

One-month case fatality

0.1+

T T T
1960 1980 2000
Midyear

Figure 4 The temporal trend of 1-month case fatality after
ischaemic stroke by region. The solid circles with different
colours indicate the 1-month case fatality after ischaemic
stroke in different regions. The lines with different colours
indicate the estimated linear trends of the 1-month case
fatality after ischaemic stroke over time. The shaded area
represents the 95% ClI for the 1-month case fatality after
ischaemic stroke.

Asians."? This result was consistent with the finding in our
present study, though the patient was young and stroke
subtype was not specified. The study from New Zealand
showed that the crude 1-month case fatality of ischaemic
stroke was lower in Asian people compared with Euro-
peans, Pacific and Maori people.”” When adjusted for
age and sex, the case fatality was still lower for Asians in
comparison with Europeans and the ratio was 0.71 (95%
CI 0.54 to 0.92) between 2000 and 2004. However, the
sample sizes in these studies were small and this disparity
needs to be further corroborated by comparison between
regions or ethnic groups. There are some possible expla-
nations for this phenomenon. In terms of the ischaemic
stroke aetiology, Asians had a lower proportion of cardi-
oembolism than whites (8.1% vs 19.7%), who featured a
higher risk of long-term mortality."* !> On the contrary,
Asians had a higher proportion of small vessel occlusion,
characterised by a lower 30-day case fatality rate.'® ' Age

Table 2 Annual percentage change of 1-month case
fatality after ischaemic stroke according to geographical
region

Number
of study Annual change, %
Region periods (95% Cl) P value
Overall 77 -0.1 (-0.2 to 0.05) 0.063
Asia 11 0.1 (-0.1t0 0.4) 0.396
Australia and 8 0.2 (0.1 t0 0.4) 0.010
New Zealand
Europe 43 -0.2 (-0.4to -0.01) 0.037
North America 7 -0.2 (-0.4 t0o -0.04) 0.018
South America 8 -0.4 (-0.91t00.2) 0.167

and Caribbean

was an important risk factor to predict the I-month case
fatality of ischaemic stroke.'® ' It was suggested that in
some Asian countries the mean age of stroke onset was
almost 10 years younger compared with Western coun-
tries. 202! Moreover, the prevalence of risk factors, such as
smoking, alcohol intake and atrial fibrillation, was lower
in Asian, which might contribute to favourable outcomes
after stroke.'® In light of the regional difference, when
the I-month case fatality of ischaemic stroke was used as
an endpoint in a worldwide multicentre clinical trial, the
sample size in regions or countries should be estimated
individually.

Globally, the mortality rate of ischaemic stroke has been
declining, from 71.3 per 100 000in 1990 to 57.3 per 100 000
in 2013.° This decline can be attributed to the decrease
of incidence of stroke and lower case fatality rate.* It
was estimated that the incidence of ischaemic stroke per
100000 persons had declined from 113.3 in 1990 to 98.9
in 2013 for females and 147.4 in 1990 to 132.77 in 2013
for males.” It mainly resulted from cardiovascular risk
control, such as treatment of hypertension, diabetes and
dyslipidaemia, and smoking cessation programmes, which
improved overall people’s health.” On the other hand,
lower case fatality can lead to declining mortality. In our
present analysis, we observed a non-significant decrease
of annual 0.1% in the 1-month case fatality of ischaemic
stroke. The ideal method to examine the temporal trend
of case fatality is to observe in one region over a long time
using the standardised definition and method of data
collection.! Ten studies included in this analysis reported
at least two time periods. Some studies®*™ suggested
the case fatality was stable, while some™ ™ suggested it
had decreased. The temporal trends of case fatality after
stroke may be different between men and women. Data
from the Framingham Study suggested that the 30-day
case fatality of stroke declined significantly from 23% to
14% within about 50 years for men (annually decreased
by 0.2%), but not significantly for women (from 21% to
20%).34 However, it did not detail the changes of case
fatality in ischaemic stroke. Similarly, a study in a Norwe-
gian municipality revealed the l-month case fatality of
ischaemic stroke decreased significantly in men from 1995
to 2010, but not in women.*® Additionally, the temporal
trend may vary for different subtypes of ischaemic stroke.
A population-based registry in France revealed that the
28-day case fatality decreased significantly for the type of
lacunar infarct, but this was not observed in other types of
ischaemic stroke.” Geographical region is another factor
that may cause divergent temporal trends of case fatality.
We found that except for Europe and North America,
other regions did not see a significant decline in case
fatality. This can be partly explained by a small number
of studies in other regions. The decline of case fatality of
ischaemic stroke mainly contributed to mild strokes. This
resulted from beneficial changes in risk factors™ and the
improvement in stroke care, such as the door-to-needle
time, endovascular stroke therapy and comprehensive
stroke units.””” We should note that as the changes
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in case fatality over time was minor and the number of
included study periods relatively small for each region,
the results should be explained with caution.

To our knowledge, this is the largest study that
summarises the population-based studies to estimate
the 1-month case fatality of ischaemic stroke and inves-
tigate its temporal trend. There are several limitations
that should be noted. First, we cannot adjust for stroke
severity, as well as vascular risk factors and other poten-
tial risk confounders due to lack of data on confounding
factors. Future research controlling the impact of the
potential risk factors may be warranted. In addition,
this study is a systematic review and meta-analysis, rather
than a large epidemiological study. We observed a high
heterogeneity between studies in the meta-analysis. It
may be partly explained by different characteristics of
populations and the method of case identification. In this
analysis, we set strict inclusion and exclusion criteria to
ensure that the study can provide reliable case fatality of
ischaemic stroke and the methodology was comparable.
Furthermore, compared with Europe, studies in other
regions were relatively limited, such as in Africa. Finally,
we may have missed some ‘grey zone’ literature. In order
to reduce this bias, we searched literature by hand and
conducted sensitivity analysis.

Case fatality is an important epidemiological metric.
The magnitude of case fatality represents the severity of
certain diseases and the temporal trend of case fatality can
be an indicator of the changes in stroke management and
characteristics of patients. In the future, it is necessary to
observe case fatality after ischaemic stroke in a represen-
tative population over a long period, especially in coun-
tries without data to date. Since the subtypes of ischaemic
stroke are associated with the outcome,38 % we should
also contrive to evaluate the case fatality or incidence
according to the subtypes of ischaemic stroke. Moreover,
a substantial number of poststroke patients survive with
long-term disability; so, the morbidity after stroke should
be further studied to improve the prognosis. In addition
to stroke mortality and morbidity, the focus should also
be on the preventive strategy to decrease the incidence so
that stroke burden can ultimately be reduced.

CONCLUSION

In conclusion, the l-month case fatality of ischaemic
stroke and its temporal trend vary across different coun-
tries or regions. More studies should address the reason
for the decrease, which would contribute to reducing the
regional difference.
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