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Incidence of subarachnoid haemorrhage: a systematic review
with emphasis on region, age, gender and time trends
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Background and aim: To update our 1996 review on the incidence of subarachnoid haemorrhage (SAH) and
assess the relation of incidence with region, age, gender and time period.
Methods: We searched for studies on the incidence of SAH published until October 2005. The overall
incidences with corresponding 95% confidence intervals were calculated. We determined the relationship
between the incidence of SAH and determinants by means of univariate Poisson regression.
Results: We included 51 studies (33 new), describing 58 study populations in 21 countries, observing
45 821 896 person-years. Incidences per 100 000 person-years were 22.7 (95% CI 21.9 to 23.5) in Japan,
19.7 (18.1 to 21.3) in Finland, 4.2 (3.1 to 5.7) in South and Central America, and 9.1 (8.8 to 9.5) in the
other regions. With age category 45–55 years as the reference, incidence ratios increased from 0.10 (0.08
to 0.14) for age groups younger than 25 years to 1.61 (1.24 to 2.07) for age groups older than 85 years.
The incidence in women was 1.24 (1.09 to 1.42) times higher than in men; this gender difference started at
age 55 years and increased thereafter. Between 1950 and 2005, the incidence decreased by 0.6% (1.3%
decrease to 0.1% increase) per year.
Conclusions: The overall incidence of SAH is approximately 9 per 100 000 person-years. Rates are higher in
Japan and Finland and increase with age. The preponderance of women starts only in the sixth decade. The
decline in incidence of SAH over the past 45 years is relatively moderate compared with that for stroke in
general.

S
ubarachnoid haemorrhage (SAH) from a ruptured aneur-
ysm accounts for approximately 5% of all strokes. Because it
occurs at a young age and has a high case fatality, the loss of

productive life years in the general population from SAH is as large
as that from cerebral infarction, the most common type of
stroke.1 2 Important risk factors are a familial preponderance,
hypertension, smoking and alcohol abuse.3 In 1996, we performed
a systematic review on the incidence of SAH between 1960 and
1994.4 In that review, the incidence of SAH had remained stable at
around 8 per 100 000 person-years over 35 years. An interesting
finding was the high incidence in Finland in comparison with
other European and American populations. In a small subset of
studies, gender specific incidences were given, which indicated a
higher incidence in women.

Since the publication of that review, many new incidence
studies have been reported, including regions that were not
represented in the first review. The incidence for stroke in
general has declined over the past decade, and this has been
attributed to a declining proportion of people who smoke and to
better detection and treatment of hypertension.1 As smoking
and hypertension are also risk factors for SAH, a similar decline
in the incidence of SAH could be expected. We updated the
previous review with new information and assessed regional
differences in SAH incidence, as well as differences in incidence
according to age, gender and time period.

METHODS
Methods of literature search, inclusion criteria for studies and
diagnostic criteria for SAH were essentially the same as in the
previous overview.4 To update the review, we searched for
population based studies on the incidence of SAH by perform-
ing a MEDLINE search from 1993 until October 2005.
(Keywords: ‘‘stroke’’ or ‘‘subarachnoid haemorrhage’’ together
with ‘‘epidemiology’’, ‘‘population’’ or ‘‘incidence’’.) In addi-
tion, we searched the reference lists of all relevant publications,

searched for related articles given on MEDLINE and checked
the citation list of all references found, including those from the
previous version of the review. This method of cross checking
was continued until no further new studies were found. The list
of references thus found was compared with the personal
database of references from another author (GJER) to check if
references had been missed by the (retrospective) PubMed
search (which was not the case). This personal database has
been prospectively built by daily search of PubMed over the
past 10–15 years by means of the following terms ‘‘subarach-
noid hemorrhage [All Fields] OR aneurysm [All Fields] OR
arteriovenous malformation [All Fields] OR perimesencephalic
[All Fields] OR subarachnoid haemorrhage [All Fields] OR
aneurysm*’’.

Two authors (NKR and JAP) reviewed all eligible studies
independently and completed a data extraction form. These
forms included items regarding design of the study, study
population, case finding and diagnostic criteria of SAH. The
inclusion criteria were: (1) prospective design; (2) study
population is representative of the population in general; (3)
upper age limit for the study not below 75 years and lower age
limit not above 25 years; (4) for studies about stroke in general,
SAH should be considered as a separate entity; (5) results
include or at least allow calculation of the overall crude
incidence of SAH; (6) the majority of cases were reviewed by
the study investigator; (7) case finding methods include at least
involvement of all hospitals in the region, and either involve-
ment of general practitioners or reviewing death certificates
during the study period; and (8) diagnostic criteria include at
least lumbar puncture or autopsy in the pre-CT era, or in case
the proportion of patients investigated with CT was lower than
90%. In the event of disagreement in the data extraction forms,
the article was re-read by another author (GJER or FHHL) and

Abbreviation: SAH, subarachnoid haemorrhage
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discussed until agreement was achieved. Excellent case finding
was defined as involvement of all hospitals in the region as well
as involvement of general practitioners and reviewing death
certificates during the study period. Excellent diagnostics was
defined as more than 90% of SAH patients had undergone CT.

We used incidence rates relating to the entire population,
without adjustment for age or sex. Authors were contacted for
missing data on crude incidence of SAH if necessary. To assess
geographical differences, we compared studies by region. In
addition, we extracted gender and age specific incidence rates
for those studies that provided sufficient data.

Data analysis
For each of the selected studies, the overall incidence was
computed if necessary. Ninety-five per cent confidence intervals
were calculated with Poisson methods. We determined the
relationship of the incidence of SAH with region, age, gender
and time period by means of univariate Poisson regression.
Incidences by region were calculated with the subset of studies
from the specific area. Relationship of incidence of SAH with
age and gender was analysed using demographics of the study
populations, and age and gender specific incidences of SAH
were calculated with the subset of studies that provided
sufficient data. Time trend was analysed using midyear of the
study, taking into account regional differences. Multivariate
Poisson regression was used to asses the independent con-
tribution of age, gender and time trend to SAH incidence. To
examine the influence of design of the study, we selected a
subset of studies with excellent case finding and excellent
diagnostic criteria for sensitivity analysis.

RESULTS
Literature search
The literature search resulted in 42 new studies (fig 1).5–46

Thirty-three were relevant for overall analysis. The remaining

nine studies were not included in the overall analyses
because only incidences of limited age categories were
provided.6 14–16 19 28 32 34 38 These nine studies were included only
for analysis on age specific incidences. Eleven authors were
contacted for missing information; in four cases the informa-
tion was retrieved.14 15 39 45 Together with the 18 investigations
from the previous review,47–64 51 studies were used in the total
analysis. As four studies provided incidences for 2, 3 or 4
periods or areas,17 27 39 55 the number of study periods and study
regions that we analysed was 58, of which 39 were new. The
studies covered populations in 21 countries with 45 821 896
person-years of observation.

Calculated incidences, case finding methods and diagnostic
criteria from all of the included study periods and regions are
summarised in table 1. Table 2 represents the nine studies
describing study populations with limited age categories.

Region
There was wide variation in SAH incidence, ranging from 2 to 25
per 100 000 person-years, with most regional incidences between
7 and 13 per 100 000 person-years. We defined all countries other
than Japan, Finland and South or Central America as the
reference group. Overall incidences were 9.1 (95% CI 8.8 to 9.5)
per 100 000 person-years in the reference group (42 studies); 22.7
(95% CI 21.9 to 23.5) in Japan (seven studies); 19.7 (95% CI 18.1
to 21.3) in Finland (six studies); and 4.2 (95% CI 3.1 to 5.7) in
South and Central America (three studies) (fig 2). The incidence
in Japan was 2.5 (95% CI 2.4 to 2.6) times higher than that of the
reference region and in Finland 2.2 (95% CI 2.0 to 2.4) times
higher, whereas the incidence in South and Central America was
2.2 (95% CI 1.6 to 2.9) times lower.

Age
The mean age of the study population was mentioned in 37
studies, and univariate Poisson regression analysis was

Figure 1 Flowchart of literature search on
population based studies on subarachnoid
haemorrhage.
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performed for this subset of studies. In populations with a
mean age of 35 years, calculated incidence was 8.6 (95% CI 8.0
to 9.2), and for every year of increase in mean age, the
incidence was 1.06 times higher (95% CI 1.05 to 1.07).

Twenty studies, including the nine studies with only age
specified subsets of the population, reported separately on
incidences per age group.5 6 8–10 16 18–20 22 27 36 45 49 50 52 54 57 60 64 The
overall incidence of these 20 studies was 13.9 (95% CI 13.3 to
14.5) per 100 000 person-years. In this subset, incidence
increased with age: taking age 45–55 years as the reference
category, incidence ratios increased from 0.10 (95% CI 0.08 to
0.14) for age ,25 years, to 1.61 (95% CI 1.24 to 2.07) for
>85 years (table 3).

For Japan, incidences per age decade were given in two
studies. Based on these two studies, increase in age specific
incidence seemed to be steeper in Japan than in other regions,
ranging from 0.56 (95% CI 0.18 to 1.75) per 100 000 person

years for age ,25 years to 7.96 (95% CI 5.33 to 11.88) for
>85 years. For Finland, no age specific incidence per age
decade was available for analysis, and for South and Central
America, numbers were too small to provide reliable estimates.

Age adjusted incidences per 100 000 person-years in Japan
varied from 21 (95% CI 18 to 24) to 23 (95% CI 19 to 28),23–27

and in Finland from 14 (95% CI 10 to 19) to 30 (95% CI 22 to
40).17 58 From studies in South and Central America, age
adjusted incidence was given in only one study (4; 95% CI 2
to 6 per 100 000 person-years), which was also adjusted for
sex.9

Gender
Gender distribution was provided in 37 studies. Univariate
Poisson regression analysis showed that for each additional per
cent of women, the incidence became 1.07 times higher (95%
CI 1.04 to 1.10).

Table 1 Incidence, case finding methods and diagnostic criteria of subarachnoid haemorrhage in newly identified study periods
and regions*

Study population Region
Midyear
of study

No of
patient-
years

No of
SAH
patients

Incidence per
100 000 person
years (95% CI)

Additional
case finding
methods`

% of
patients
with CT

Additional
diagnostic
criteria��

Rochester39 USA 1955 331 081 29 8.8 (5.9 to 12.6) adhjm 0 AB
Rochester39 USA 1965 451 611 52 11.5 (8.6 to 15.1) adhjm 0 AB
Espoo17 Finland 1972 226 200 42 18.6 (13.4 to 25.1) ae 0 B
Rochester39 USA 1975 543 561 61 11.2 (8.6 to 14.4) adhjm 27� ABD
Espoo17 Finland 1979 273 700 33 12.1 (8.3 to 16.9) ae 11 B
Copenhagen46 Denmark 1984 295 470 49 16.6 (12.3 to 21.9) ak 47 ABE
Izumo city�27 Japan 1985 807 490 170 21.1 (18.0 to 24.5) a 991 ABC
Rochester39 USA 1985 617 554 43 7.0 (5.0 to 9.4) adhjm 85� ABD
Finland17 Finland 1990 269 608 39 14.5 (10.3 to 19.8) aeh 60 B
Izumo city�26 Japan 1990 496 074 123 24.8 (20.6 to 29.6) ai 1001 BE
Asturias37 Spain 1991 417 033 28 6.7 (4.5 to 9.7) b 70 ``
Ahmadi29 Kuwait 1992 291 199 4 1.4 (0.4 to 35.2) ab 100 A
Novosibirsk35 Russia 1992 158 234 14 8.9 (4.8 to 14.8) abehjm 0** BC
Auckland�31 New Zealand 1992 1 890 738 166 8.8 (7.5 to 10.2) ae 82 ABC
Belluno22 Italy 1992 211 389 12 5.7 (2.9 to 9.9) abefjk 90 AB
Sweden north42 Sweden 1993 8 212 800 984 12.0 (11.2 to 12.8) abkh 87 ABC
L’Aquila21 Italy 1994 297 838 24 8.0 (5.2 to 12.0) abcefj 89� AB
Shimokita�24 Japan 1994 899 910 198 22.0 (19.0 to 25.3) ai 1001 AC
Izumo City25 Japan 1994 509 124 123 24.2 (20.1 to 28.8) ai 98 ABC
Malmo45 Sweden 1995 2 674 144 197 7.4 (6.4 to 8.5) abde 89 AB
Izumo city�27 Japan 1995 763 686 188 24.7 (21.2 to 28.4) ai 98 ABC
Perth7 Australia 1995 134 000 4 3.0 (0.8 to 7.6) abdfj .78 BC
Sweden south40 Sweden 1996 1 140 000 106 9.3 (7.6 to 11.2) ai 100� ABC
Melbourne5 Australia 1996 133 816 12 9.0 (4.6 to 15.7) bdg 91� AB
London11 UK 1996 938 132 74 7.9 (6.2 to 9.9) abefj 88� AB
Vibo Valentia20 Italy 1996 179 186 12 6.7 (3.5 to 11.7) abdejk 96� B
Dijon43 France 1996 429 264 12 2.8 (1.4 to 4.9) abdeh 96 ``
Valle d’ Aosta44 Italy 1997 118 723 14 11.8 (6.4 to 19.8) abdej 97� AB
Erlangen10 Germany 1997 202 900 12 5.9 (3.1 to 10.3) abdejk 96 D
Kumamoto�23 Japan 1998 9 300 000 2115 22.7 (21.8 to 23.7) bij 1001 AC
Martinique30 Caribbean 1998 360 000 20 5.6 (3.4 to 8.6) abeijk 93 A
Scotland36 UK 1999 212 704 23 10.8 (6.9 to 16.2) abhfl 91 B
Portugal north33 Portugal 1999 246 224 23 9.3 (5.9 to 14.0) abdefhikm 97 B
Orebro41 Sweden 1999 123 503 11 8.9 (4.4 to 15.9) abdefkm 84 AB
Tartu13 Estonia 2000 101 122 8 7.9 (3.4 to 15.6) abei 92 B
Iqueque9 Chile 2001 396 712 15 3.8 (2.1 to 6.2) abdefgh 91 AB
Tbilisi18 Georgia 2002 140 926 23 16.3 (10.3 to 24.5) aehijl 781 A
Barbados8 Caribbean 2002 239 068 7 2.9 (1.2 to 6.0) abcdefh 96 B
Oxford12 UK 2003 181 084 16 8.8 (5.1 to 14.3) abefk 98� AB

SAH, subarachnoid haemorrhage.
*Studies listed in ascending order of midyear of data collection and are additional to those in the previous review.
�Studies based primarily on SAH, in contrast with general stroke studies.
`Case finding methods. For inclusion, involvement of all hospitals in the region necessary and at least a or b. a = death certificates; b = general practitioners;
c = rehabilitation; d = nursing homes; e = regular search; f = review radiology requests; g = media attention (campaign/newspaper); h = outpatient clinics, health centres;
i = sudden deaths, very early death; j = emergency, ambulance, on call medical services; k = ICD-codes; l = door-to-door, home visit, social services, phone calls;
m = autopsy reports.
1Studies providing the proportion of CT use in SAH patients exclusively, in contrast with % of CT in patients with stroke in general.
�Studies not providing the exact proportion of patients with CT exclusively, but only the proportion of patients investigated with CT, autopsy or MRI.
**CT was available after 1992, and before 1992, all patients were diagnosed with lumbar puncture or autopsy.
��Additional diagnostic criteria, besides CT. For inclusion, at least A or B was necessary in pre-CT era or when CT percentage was below 90%. A = Lumbar puncture;
B = autopsy; C = angiography; D = MRI; E = surgery.
``Proportion of patients investigated with CT or diagnostic criteria unknown, but inclusion after discussion among authors of this review.
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Eighteen studies reported incidences for men and women
separately.5 9 10 17 18 20 22 27 29 35 44 45 47 49 50 52 54 57 The overall inci-
dence in this subset of studies was 10.5 (95% CI 9.9 to 11.2) per
100 000 person-years; the incidence for men was 9.2 (95% CI
8.4 to 10.2) and for women 11.5 (95% CI 10.6 to 12.6). Thus the
incidence in women was 1.24 (95% CI 1.09 to 1.42) times
higher than in men. Separate women–men ratios per region
were 1.26 (95% CI 1.03 to 1.52) for the reference region, 1.16
(95% CI 0.95 to 1.42) for Japan, 1.58 (95% CI 1.08 to 2.30) for

Finland and 0.89 (95% CI 0.32 to 2.47) for South and Central
America.

Age and gender
In the 37 studies that reported mean age of the study
population and gender distribution, mean age and proportion
of women were analysed by multivariate analysis. After
adjustment for age, incidence increased by a factor of 1.03
(95% CI 0.99 to 1.06) for each additional percentage point of
women in the study population. After adjustment for gender,
incidence increased by a factor of 1.06 (95% CI 1.05 to 1.07) for
each additional year.

Incidences were reported separately for women and men by
age category in 16 studies.5 6 9 10 16 18–20 22 27 45 49 50 52 54 57 In this
subset of studies, the women–men ratio ranged from 0.65 (95%
CI 0.51 to 0.82) to 1.50 (95% CI 1.07 to 2.10). In the age group
25–45 years, incidence was significantly higher in men than in
women, but in the age group 55–85 years, incidence was
significantly higher in women than in men (table 3, fig 3).

Time trend
Midyear of the study was analysed by univariate and multi-
variate analysis for evaluation of a time trend. Because studies
in Japan and Finland were confined to more years, analyses on
time trend were performed for the reference region only. During
the observation period, incidence decreased by a factor of 0.994
(95% CI 0.987 to 1.001) per year in the reference region after
adjustment for gender and age. When all 42 studies were
analysed from the reference region without adjustment for age
and gender, the rate ratio was 1.001 (0.997 to 1.004) for year-
to-year annual change, thus showing no decrease in incidence.
In the subset of studies that reported on study periods after
1990 and that provided exact proportions of patients investi-
gated by CT, the rate ratio for use of CT on reported incidence
was 0.997 (95% CI 0.993 to 1.002) in the reference region
(n = 14), 0.963 (95% CI 0.908 to 1.022) in Japan (n = 4) and
0.963 (0.821 to 1.13) in South and Central America (n = 3).
Thus after 1990 there was no obvious relation between the use
of CT and reported incidence of SAH. To exclude the influence

Table 2 Incidence, case finding methods and diagnostic criteria of subarachnoid haemorrhage in newly identified studies
describing study populations with limited age categories*

Study population Region
Midyear
of study

No of
patient
years

No of
SAH
patients

Incidence per
100 000 person
years (95% CI)

Additional
case finding
methods`

% of
patients
with CT

Additional
diagnostic
criteria��

Restriction of
study
population:
age (y)

Oyabe28 Japan 1984 492 885 124 25.2 (20.7 to 29.6) abj `` `` .25
Novosibirsk34 Russia 1987 971 751 64 6.6 (5.0 to 8.2) aehjm ** AB 25–74
Turku15 Finland 1987 1 249 992 278 22.2 (19.6 to 24.9) abeam `` AB .25
FINMONICA�16 Finland 1988 3 863 088 956 24.7 (23.2 to 26.3) aeh 841 ABC 25–74
FINSTROKE14 Finland 1993 1 933 660 360 18.6 (16.7 to 20.5) aehk 86 AB 25–74
Arcadia19 Greece 1994 161 548 14 8.7 (4.1 to 13.2) abeh 82 AB .20
Manhattan38 USA 1994 428 775 39 9.1 (6.2 to 12.0) befikl 99� AC .20
Innhered32 Norway 1995 69 295 13 18.8 (8.6 to 29.0) abdegk 88 BD .15
ACROSS�6 Australia,

N Zealand
1997 4 916 154 400 8.1 (7.3 to 8.9) aefk 901 ABC .15

SAH, subarachnoid haemorrhage.
*Studies listed in ascending order of midyear of data collection and are additional to those in the previous review.
�Studies based primarily on SAH, in contrast with general stroke studies.
`Case finding methods. For inclusion, involvement of all hospitals in the region necessary and at least a or b. a = death certificates; b = general practitioners;
c = rehabilitation; d = nursing homes; e = regular search; f = review radiology requests; g = media attention (campaign/newspaper); h = outpatient clinics, health centres;
i = sudden deaths, very early death; j = emergency, ambulance, on call medical services; k = ICD-codes; l = door-to-door, home visit, social services, phone calls;
m = autopsy reports.
1Studies providing the proportion of CT use in SAH patients exclusively, in contrast with % of CT in patients with stroke in general.
�Studies not providing the exact proportion of patients with CT exclusively, but only the proportion of patients investigated with CT, autopsy or MRI.
**CT was available after 1992, and before 1992, all patients were diagnosed with lumbar puncture or autopsy.
��Additional diagnostic criteria, besides CT. For inclusion, at least A or B was necessary in pre-CT era or when CT percentage was below 90%. A = Lumbar puncture;
B = autopsy; C = angiography; D = MRI; E = surgery.
``Proportion of patients investigated with CT or diagnostic criteria unknown, but inclusion after discussion among authors of this review.

Figure 2 Incidence of subarachnoid haemorrhage by region. Incidences
per 100 000 person-years, with corresponding 95% CI. All countries other
than Japan, Finland and South and Central America were pooled in a
reference group. Overall incidences were 9.1 (95% CI 8.8 to 9.5) in the
reference group (42 studies); 22.7 (95% CI 21.9 to 23.5) in Japan (seven
studies); 19.7 (95% CI 18.1 to 21.3) in Finland (six studies); and 4.2 (95%
CI 3.1 to 5.7) in South and Central America (three studies). Age specific
incidences by region reveal the same trend (see text)
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of percentage of CT use, separate analyses were performed
including only studies after 1990. For this subset of 24 studies
after 1990 from the reference region, results were essentially
the same after adjustment for age and gender (table 4).

Sensitivity analysis
The criterion for excellent case finding was met by 33 studies
(20 new, 13 from the previous review) and the criterion for
excellent diagnostics by seven studies (five new, two from the
previous review). If we combine both ‘‘excellent’’ case finding
methods and ‘‘excellent’’ diagnostic criteria, none of the studies
fulfilled these criteria. Therefore, we were unable to perform a
sensitivity analysis with excellent studies.

DISCUSSION
We found that wide variation exists in the incidence of SAH.
The overall incidence of SAH was approximately 9 per 100 000
person-years but varied significantly by region, with doubled
rates in Japan and Finland and far lower rates in South and
Central America. The incidence was higher in women and
increased with age. The gender distribution varied with age. At
young ages, incidence was higher in men, while after the age of
55 years, the incidence was higher in women. The incidence of
SAH has probably decreased slightly over the past 45 years.

Several factors may contribute to the higher incidence in
Finland and Japan, but the extent of their contributions
remains speculative. In Japan and Finland, a higher risk of
rupture of intracranial aneurysms is described.65 Genetic factors
may also play an important role in both Japan and Finland.

The relatively older age in Japan may be another explanation.
Global statistics report the Japanese as being the oldest
population in the world, with a median age of 43 years in
2005.66 However, this older age cannot entirely explain the high
incidence, because age specific incidences were also higher in
Japan than in the reference population. Another explanation
may be better case finding, but case finding in the studies from

Japan was not more exhaustive than in other regions. Five of
the seven studies did not describe regular contacts with general
practitioners, and none mentioned contacting rehabilitation
facilities or nursing homes as a case finding method. However,
the majority of studies from Japan examined instances of
sudden death more extensively than studies from other regions.
Most studies from Japan used in addition to autopsy,
neuroimaging of patients who had died suddenly or during
transportation to the hospital. Probably more patients dying
early after SAH were detected by scrutinising all of these events,
which increased the incidence of SAH compared with studies in
which such instances of sudden death were not examined in
this way. However, sudden death accounts for only 12% of all
SAH patients67; more extensive examination of patients dying
early may contribute to, but cannot entirely explain, the higher
incidence in Japan. The proportion of patients in whom the
diagnosis of SAH was confirmed by CT scanning was almost
100% in Japan. However, a large proportion of patients
investigated by means of CT does not lead to a higher incidence.
In our previous review, we found a higher percentage of CT use
to be associated with a lower incidence of SAH and in recent
studies we found no relation between the proportion of patients
investigated by means of CT and the reported incidence. The
greater use of neuroimaging in Japan is therefore unlikely to be
an explanation for the high incidence rates reported in Japan.

Age adjusted incidences were also higher in Finland than in
the reference region. In Finnish studies, the proportions of
patients in whom the diagnosis of SAH was confirmed by CT
were low (varying between 0% and 60%). If we apply the rate
ratio for proportion investigated by CT on incidence found in
the previous version of the review, and if we assume a
hypothetical 100% proportion of patients investigated by CT,
the incidence of SAH would be 10.6 (95% CI 8.9 to 12.5) in
Finland, which is still higher than the incidence in the
reference region. Thus the low proportions of CT in Finnish
studies do not entirely explain the higher incidences found.
Case finding methods in Finnish studies were not more
exhaustive compared with other studies, thereby not increasing
the incidence found. Other explanations for the high incidence
in Finland include high prevalence of smoking and hyperten-
sion,68 and heavy episodic alcohol abuse.69

The low incidences in South and Central America can
perhaps be explained in part by the relatively young mean
age of people in these regions. Reported mean ages in the study
populations varied between 25 and 35 years, whereas for the
reference population this mean age was 37 years. However, the
age adjusted incidence given in one study was also lower than
in the reference region.9 Thus other factors are likely to be
involved in the lower incidence in this region. No differences in
case finding methods were noted, but access to hospitals in
these regions may be less than in other regions. Another
explanation might be racial differences, although in some

Table 3 Incidence of subarachnoid haemorrhage per age category in 20 studies

Age (y)
Incidence per 100 000
person-years (95% CI)

Incidence ratio
(95% CI)

Ratio women/men
(95% CI)

,25 2.0 (1.6 to 2.6) 0.10 (0.08 to 0.14) 1.36 (0.82 to 2.27)
25–35 7.7 (6.8 to 8.8) 0.40 (0.34 to 0.46) 0.67 (0.51 to 0.88)
35–45 10.5 (9.0 to 11.3) 0.52 (0.44 to 0.60) 0.65 (0.51 to 0.82)
45–55 19.5 (17.8 to 21.4) Reference 0.91 (0.76 to 1.09)
55–65 24.8 (22.7 to 27.2) 1.27 (1.12 to 1.45) 1.15 (0.95 to 1.38)
65–75 25.4 (23.1 to 28.0) 1.30 (1.14 to 1.49) 1.26 (1.04 to 1.54)
75–85 26.2 (22.5 to 30.4) 1.34 (1.13 to 1.60) 1.50 (1.07 to 2.10)
.85 31.3 (24.6–39.8) 1.61 (1.24 to 2.07) 0.84 (0.49 to 1.44)

Figure 3 Incidence of subarachnoid haemorrhage by age and gender.
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studies the incidence of SAH in black populations was higher in
comparison with white populations.70

In summary, none of these explanations can completely
explain the regional differences, and other factors are likely to
be involved.

The higher incidence of SAH in women was found in the
previous version of our review but the age dependent gender
difference is a new finding. While previous literature describes
a peak incidence in the sixth decade,71 some recent studies
found a continuous increase with age, or an age dependent
gender difference.6 The current review confirms these observa-
tions from some individual studies. The reasons for the overall
higher incidence in women are not clear, but hormonal factors
(including use of hormone replacement therapy) are a possible
explanation.72 73 Our finding that the preponderance of women
starts only after the sixth decade further supports this
suggestion.

Although several studies have reported a statistically
significant decline in stroke of approximately 2% per year over
the past two decades,12 74 75 it is still uncertain if the reduction in
cardiovascular risk factors has also translated into a reduction
in the incidence of SAH. Our study found a decrease in
incidence of 0.6% per year, which is modest compared with the
decline in stroke in general. In our analysis, the influences of
region, age, gender and improved diagnostic criteria by CT were
taken into account. In our previous review, we found that the
apparent decline in the incidence of SAH until 1990 was
entirely explained by the increasing proportion of patients
investigated by CT.4 In this update, we found that in studies
performed after 1990, the proportion of patients investigated by
means of CT was no longer significantly related to incidence in
any region. The most likely explanation is that after 1990,
almost all hospitalised patients were investigated using CT.
Thus the contrast between studies with small proportions
investigated by CT (with over reporting of SAH)76 and studies
with large proportions investigated by CT has disappeared. The
time trend found in our study is therefore not explained by
percentages of CT use for confirmation of diagnosis of SAH. The
small magnitude of the decline in incidence of SAH may in part
be explained by the stronger influence of genetic factors in SAH
than in stroke in general.77 However, genetic factors explain
only 10% of SAH, and most cases are attributed to smoking,
hypertension and excessive use of alcohol.77 Perhaps the
reduction in risk factors is more effective in older people
(where most stokes in general occur) than in younger people
(who are most at risk of SAH), but we have no data to support
this hypothesis.

It seems contradictory that the incidence of SAH decreased
over time, although the overall incidence in our update was
higher than the incidence found in our previous review.
However, by updating the review, we included five new studies
in the reference region published after 1993 presenting data
from before 1990. These five studies had a combined incidence of

10.4 per 100 000 person-years, which is higher than the overall
incidence from the studies that had been included in the
previous version of the review. The net result is that the
incidence of all studies (including the newly found ones) for
the observation period from the previous review (1972–1990)
has increased compared with that in the previous review. This
effect in part explains the paradox of higher incidence in the
current review despite declining incidence over time.
Furthermore, we found the decrease in incidence only after
adjustment for gender and age. Thus the increased incidence in
the updated version of the review may be explained in part by
inclusion of study populations with higher ages in the more
recent years.

The number of population based studies (51) and number of
person-years (45 821 896) included in this review was large
and therefore overall estimates are precise. Subgroup analyses
according to region, age, gender and time trend were based on
smaller numbers of studies and person-years. Nevertheless,
even for these analyses, CI values were narrow. This current
review also included data from additional parts of the world
compared with the previous version; only African, South Asian
and Chinese populations were not represented.

Our study shows that the incidence of SAH has declined over
the past decades, although to a lesser extent than that of stroke
in general. Moreover, incidence continues to increase until
older age, is higher in women than in men only after the fifth
decade and varies considerably per region. Further studies
should address the reasons for the relative moderate decline in
incidence of SAH, the higher incidence in women only after the
fifth decade and the regional differences in SAH incidence. The
answers to these questions will probably provide further clues
to the aetiology of SAH.
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Glossoplegia in a small cortical infarction

W
e recently observed a patient with
obvious contralateral tongue devia-
tion with minimal lower facial paresis

caused by a small cortical infarction confirmed
by MRI. The small cortical lesion, causing
obvious tongue deviation in our patient, was
located lateral to the precentral knob which is
known as a reliable anatomical landmark for
the motor hand area. We were able to localise
the cortical area for tongue movement to the
most lateral part of the precentral gyrus lateral
to the precentral knob.

A 63-year-old, right-handed man with a
1 year history of hypertension suddenly devel-
oped dysarthria. He was alert, fully oriented
and cooperative. There was no decline in
language function. On cranial nerve examina-
tion, he was found to have tongue deviation
toward the right with minimal right facial
paresis with forehead wrinkling (fig 1A). The
masseter and temporal muscles were normal,
and soft palate movements were symmetrical.
Muscle strength in the extremities, in parti-
cular the right arm and hand, was not
decreased. MRI of the brain (fluid attenuated
inversion recovery image (FLAIR), T2 and
diffusion weighted image (DWI)) showed a
small cortical infarction in the precentral
gyrus of the left frontal lobe (fig 1B–D).
There were no other abnormalities in the
cerebrum, brainstem or cerebellum, and mag-
netic resonance angiography showed normal
findings. The tongue deviation and dysarthria
gradually improved but persisted 2 months
after stroke onset.

To our knowledge, this is the first report of
obvious tongue deviation with minimal lower
facial paresis caused by a small cortical
infarction confirmed by MRI. In a previous
study with supranuclear vascular lesions, the
frequency of tongue deviation was 29%, and
marked facial/brachial paresis or hemiparesis
was usually associated.1 To localise the cortical
lesion in our patient, the anatomical marking
shaped like an omega in the axial plane of the
patient’s MRI (fig 1B–D), termed the ‘‘pre-
central knob’’, was clearly identified in the
precentral gyrus. The small ischaemic lesion,
causing obvious tongue deviation in our
patient, was located lateral to the precentral
knob which is known to be a reliable
anatomical landmark for the motor hand
area.2 Recently, a study reported that pure
dysarthria was seen in six stroke patients with
a small cortical stroke located lateral to the
precentral knob on DWI.3 However, the area
was not clearly defined as the motor tongue
area causing pure dysarthria because contra-
lateral tongue deviation was not noted in all
six and the lesion for pure dysarthria was
localised lateral to the precentral knob in only
two of the five patients with ischaemic stroke.
Furthermore, the lesion was not identified by

conventional T2 weighted MRI in all ischaemic strokes. In contrast, on FLAIR and T2 weighted
MRI, as well as DWI, in our patient, the precentral knob was clearly identified and we were able to
localise the cortical area for tongue movement to the most lateral part of the precentral gyrus
lateral to the precentral knob.
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Figure 1 (A) The protruded tongue deviating to the right about 1.5 cm from the midline. (B) Diffusion
weighted, (C) T2 weighted image and (D) fluid attenuated inversion recovery (FLAIR) magnetic
resolution images of the brain showed a small cortical infarction in the precentral gyrus of the left frontal
lobe. White and black arrows indicate the precentral knob representing the motor hand area.
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