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Abstract

Introduction: The burden of stroke is increasing globally. Reports on seasonal variations in
stroke occurrence are conflicting and long-term data is absent.

Methods: A retrospective cohort study using discharge registry data of all acute stroke
admissions in Finland in 2004-2014 for patients >18 years age. 97018 admissions for ischemic
stroke (IS) were included, 18252 admissions for intracerebral haemorrhage (ICH) and 11271
admissions for subarachnoid haemorrhage (SAH).

Results: The rate of IS admissions increased (p=0.025) while SAH admission rate decreased
(p<0.0001), and ICH admission rate remained stable during the study period. The lowest seasonal
admission rates were detected in summer and the highest in autumn for all stroke subtypes.
Seasonal variation of IS was more pronounced in men (p=0.020), while no sex difference was
detected in ICH or SAH. The seasonal patterns of in-hospital mortality and length of stay (LOS)
differed markedly by stroke subtype. Diagnoses of hypertension, atrial fibrillation or diabetes
showed no seasonality.

Conclusions: All major stroke subtypes occurred most commonly in autumn and most
infrequently in summer. Seasonality of in-hospital mortality and length of hospital stay appears to
vary by stroke subtype. The seasonal pattern of ischemic stroke occurrence appears to have changed

during the past decades.
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Key messages

- All major stroke subtypes (ischemic stroke, intracerebral haemorrhage, subarachnoid haemorrhage)
occurred most frequently in autumn and least frequently in summer

- Seasonal patterns of in-hospital mortality and length of stay differed markedly by stroke subtype

- The seasonal pattern of ischemic stroke occurrence in Finland seems to have changed compared to

1982-1992



Introduction

The global burden of disease is shifting towards ever larger proportion of death and disability
being inflicted by noncommunicable diseases such as stroke.(1) Probably because of improved
therapy, (2, 3) age-standardized stroke mortality has declined.(4) However, the absolute numbers of
stroke patients and disability-adjusted life-years lost continue to increase indicating a continuing
need to further our understanding of stroke determinants and burden worldwide.(4) The classical
risk factors of stroke, such as higher age, sex, smoking and hypertension are well established, but
factors that trigger acute stroke have been studied less. Alcohol abuse and infections are the best
known stroke triggers.(5)

The frequency of clinical infections varies by season.(6) Moreover, stroke risk has been
inversely associated with temperature.(7, 8) Most previous studies performed in populations of
mostly Caucasian descent have in general found that lowest rate of yearly ischemic stroke (1S)
occurs in summer but results of the season with the highest incidence are conflicting.(9-17)
Furthermore, two large studies from the USA and one smaller from the UK found no seasonality in
IS occurrence.(18-20) Seasonality of intracerebral haemorrhage (ICH) and subarachnoid
haemorrhage (SAH) have been studied less with conflicting findings in ICH and findings of no
seasonality in SAH.(12-19) Aside from comparing an earlier study performed in Athens with a later
one performed in Northern Greece suggesting no change in stroke seasonality in Greece, (15, 17)
there is no information as to whether the seasonal patterns of stroke incidence have changed within
populations over time.

Data on the seasonality of stroke in Scandinavia is scarce.(12, 13) There is no recent data on
the seasonal pattern of stroke occurrence in Finland and significant warming has occurred in recent
decades.(21) Given the inverse correlation between temperature and risk of stroke (7, 8) and the

importance of this question in the era of global climate change, we took the opportunity to study



seasonal trends of stroke occurrence nationwide in Finland in 2004-2014 using national, obligatory

healthcare registry data.

Materials and methods

Data collection

The Care Register for Health Care (CRHC), a mandatory database for all public health care
hospital discharges in Finland, was searched for all discharges from neurological, medical, surgical,
neurosurgical and intensive care units with ischemic stroke ( ICD-10 code 163.XX), intracerebral
haemorrhage ( 161.XX) or subarachnoid haemorrhage (160.XX) as the primary diagnosis between
January 1, 2004 and December 31, 2014. The search included all five university hospitals and 15
non-university central hospitals on mainland Finland as only these hospitals provide acute stroke
care. Hospital transfers were combined as one admission. Only patients >18 years of age were
included. The background population at risk consisted of 46,648,979 person-years. Young patients
were defined as aged 18-64 years on admission and old patients as at least 65 years of age on
admission. Charlson Comorbidity Index (CCI) including age was calculated as previously
described.(22) The study was approved by the National Institute for Health and Welfare of Finland

(permissions no: THL/143/5.05.00/2015 and THL/1349/5.05.00/2015).

Statistical methods

Patient characteristics were analysed with Chi-square or ANOVA tests as appropriate.
Monthly trends in number of admissions, length of stay as beginning days (monthly mean), and in-
hospital mortality were analysed using linear regression. Seasons were defined as December,
January and February being winter, March, April and May being spring, June, July and August

being summer and September, October and November being autumn. Seasonal and monthly



differences in number of daily admissions were analysed using negative binomial regression with
sex, study year, age (> 65 years or not) and sex*age included in the model. Difference in monthly
number of days was taken into account by using logarithm of days in corresponding month as an
offset parameter. In-hospital mortality was studied with Cox regression. Linear regression was
utilized for studying standardized length of stay (logarithmically transformed due to skewness).
These regression models included CCl, sex, usage of thrombolytic treatment (IS), sex*CCI and
study year (as strata in Cox modelling). Furthermore, logarithm of the number of IS/ICH/SAH
admissions in treating hospital during the study period was used as an offset parameter in regression
models to accommodate results for potential inter-hospital differences. When analysing differences
in length of stay, generalized estimating equations (GEE) to accompany repeated admissions from
individual subjects were used. Results of the analyses are presented as relative risks (RR) or hazard
ratios (HRs) with 95% confidence intervals (CIs) or 3 coefficients with SE. Statistical significance
was inferred at P-value < 0.05. Incidence rates were standardized with US 2000 standard population
and direct method. All analyses were conducted using SAS System for Windows, version 9.4 (SAS

Institute Inc., Cary, NC, USA).

Results

The study period included 97018 (46.7 % women) IS admissions with men being younger
(mean age 69.1 years, SD 12.0) than women (mean age 74.7 years, SD 12.4, p <0.0001). The
standardized incidence of IS was 227 / 100 000 person years. Over two thirds (71992 or 74.2%) of
these admissions comprised of patients older than 65 years of age and 51.5% (p<0.0001) of the
patients in this group were women whereas majority of the patients in the younger age group were
men (67.0%, p<0.0001). Altogether 3518 (3.6%) IS patients died while in hospital. Mean CCI score

of IS patients was 5.0 (SD 1.4) with no difference between seasons (p=0.407). During the study



period, the rate of IS hospitalizations showed an increasing trend (Suppl. Fig 1; Suppl. Table 1)
whereas the rates of in-hospital mortality and length of stay (LOS) showed a declining trend (Suppl.
Fig 2 and 3; Suppl. Table 1). Intravenous thrombolysis was administered to 2.65 % of all IS patients
with an increasing monthly trend from 2004 to 2014 (p = 0.007 SE 0.002, p=0.001). There was no
seasonal variation in the proportions of IS patients with diagnosed hypertension (27.36 %, p=0.14),
atrial fibrillation (17.20 %, p=0.067) or diabetes (8.22 %, p=0.13).

There were 18252 admissions for ICH (45.7 % women) of whom 3353 (18.4 %) died while in
hospital. The standardized incidence of ICH was 42 / 100 000 person years. Again, over two thirds
(68 %) were over 65 years of age and 51.1 % of these were women (p<0.0001). Women (mean age
72.9 years, SD 13.1) were older than men (mean age 66.9 years, SD 12.9; p<0.0001). There was no
significant change in monthly ICH admission rates over the study period (Suppl. Fig 1; Suppl.
Table 1) but in-hospital mortality and LOS decreased (Suppl. Fig 2 and 3; Suppl. Table 1). Mean
CCl was 4.7 (SD 1.5) with no seasonal variation (p=0.401). There was no seasonal variation in the
proportions of ICH patients with diagnosed hypertension (27.97 %, p=0.97) or atrial fibrillation
(7.64 %, p=0.25).

We found 11271 admissions for SAH (57.0 % women) with an in-hospital mortality of 12.6
%. The standardized incidence of SAH was 25 / 100 000 person years. Only slightly over a quarter
(27.2 %) of the SAH patients were over 65 years of age (65.0 % women; p<0.0001). Women with
SAH were older (mean age 57.9 years, SD 14.0) than men (mean age 54.8 years, SD 13.3;
p<0.0001). The admission rate (Suppl. Fig, 1) and LOS (Suppl Fig 2) for SAH showed decreasing
trends over the study period but there was no change in trend of in-hospital mortality during study
period (Suppl. Fig 3; Suppl. Table 1). No seasonal variation was observed in CCI (p=0.352), with
mean of 3.3 (SD 1.4). There was no seasonal variation in the proportions of SAH patients with

diagnosed hypertension (8.16 %, p=0.37) or atrial fibrillation (1.21 %, p=0.10).



Seasonal admission rates

The seasonal rate of IS admissions showed a roughly bimodal distribution with the highest
rates observed for autumn and the lowest for summer (table 1). Seasonal variation was more
pronounced in men than in women (p=0.0198), but there was no difference between young vs. older
patients. The highest rate of daily admissions was observed for May and the lowest for August
(p<0.0001 for monthly variation) (figure 1).

The highest seasonal rate of ICH admissions was observed in autumn and the lowest in
summer with 13.2% higher RR for admission during autumn (table 1; p<0.0001). There was no
difference in seasonal ICH admission rates between sexes or young and old patients. The highest
rate of daily ICH admissions was observed for November and the lowest for July (Figure 1,
p<0.0001 for monthly variation).

Largest seasonal variation in admission frequency between seasons was observed in SAH
with 17.5% higher relative risk for admission in autumn vs. summer (Table 1). Pattern of seasonal
variation in SAH admission was similar to that of ICH. The seasonal admission rates for SAH did
not differ between sexes or young vs. old patients. Highest monthly SAH admission rate occurred in

October and lowest in July (Figure 1, p<0.0001 for monthly variation).

Seasonality of in-hospital mortality rates

Compared to IS admission rates, the seasonal pattern of IS in-hospital mortality showed a
different pattern with the highest rate in winter whereas the lowest was observed in autumn
(p=0.010 for seasonal variation) (table 2). All subgroups (men and women, young and old) showed
the same in-hospital mortality pattern as the whole group overall. Mortality was higher in winter
(HR 1.16; CI1 1.05-1.27; p=0.002) and spring (HR 1.14; CI 1.04-1.25; p=0.007) than in autumn.
Overall, the highest in-hospital mortality rate was observed for February (4.1%) and the lowest for

August (3.2%) (Figure 2, p=0.072 for monthly variation).



The pattern of ICH in-hospital mortality rates was opposite to seasonal admission pattern with
the highest rate in summer and the lowest in autumn (table 2). The highest monthly mortality rate
was observed in June (20.2%) and the lowest in October (17.0%) (Figure 2, p=0.064 for monthly
variation).

There was no difference in SAH in-hospital mortality between seasons (table 2). Monthly
mortality was highest in July (15.1%) and lowest in March (10.5%), (p=0.3508 for monthly

variation, Figure 2).

Seasonal variation in length of stay

LOS for IS showed yet a new pattern as the longest mean stays had been recorded for winter
and the shortest for summer (table 3). The pattern was similar in all subgroups (women and men,
young and old). The longest lengths of stay were observed for February (mean 8.43 days) and the
shortest for June (mean 7.48 days) (p<0.0001 for monthly variation, Fig. 3).

Among ICH patients, LOS varied significantly on monthly basis (p=0.0021, Figure 3), but no
significant seasonal variation was observed (table 3). Longest admissions occurred in January
(mean 11.02 days) and the shortest in June (mean 8.77 days). For SAH patients, the pattern of LOS
was different than that of IS and ICH, with longest admissions in summer and shortest in autumn
(table 3; p=0.0019 for seasonal variation). The longest monthly admissions for SAH were observed
in July (12.73 days) and the shortest in September (11.05 days) (p=0.0140 for monthly variation,

Figure 3).

Discussion



This decade-long nationwide study with over 46 million observed person years found the
highest rate of daily hospital admissions to occur in autumn and the lowest in summer for all main
subtypes of stroke (IS, ICH, SAH). Seasonal patterns of in-hospital mortality and length of hospital
stay, where observed, differed between the subtypes. The sample size was the largest in mainly
Caucasian populations to date for ICH and SAH and outside the USA for IS.

Our finding of the lowest seasonal frequency of IS admissions in summer is in line with most
previous studies.(9, 10, 12-15) The highest seasonal frequency of IS admissions has been variably
attributed to winter (10, 12, 14), spring (9, 15, 16) and, in keeping with our result, autumn (13).
Interestingly, the only other study to find peak incidence rate in autumn was conducted very close
to Finland, in neighbouring Sweden. Otherwise, no geographic distribution is evident, which
corresponds to the previous finding of no association between stroke seasonality and climate region
(16). Furthermore, as already stated, some studies from the USA and the UK have reported no
seasonality.(18-20) This discrepancy may be related to ethnic differences as seasonal patterns of
stroke differ between African Americans and Caucasians (16) and Asian populations usually show
quite different seasonal stroke patterns compared to Caucasians. One possible contributor to
seasonal variation in stroke incidence is the distribution of public holidays and therefore rest and
travel around the year. Differences in this distribution might also explain some of the discrepancies
between results of studies performed in different populations.

Our results suggest that seasonal differences in IS occurrence may be more pronounced in
men, while no sex differences were detected for ICH and SAH. Risk factor profiles are somewhat
different between IS, ICH and SAH and the hazard incurred by diabetes as well as smoking, for
instance, on experiencing these types of stroke differ by sex.(23-25) Considering that stroke is more
common among men, but more severe in women (25) the sex-difference in IS seasonality might
indicate more frequent admissions of less severely afflicted men in autumn. Furthermore, the co-

occurrence of the highest frequencies of daily admissions and lowest in-hospital mortality rates for



IS and ICH in our study suggests that the proportions of less severe cases of these stroke subtypes
may increase in autumn in Finland. This would fit the pattern of lacunar strokes being more
common in men than in women.(26) As we had, however, no specific data on stroke severity, this
needs to be studied further.

Previous 1982-1992 study from Finland reported highest IS incidence in winter compared to
our finding of peak in autumn.(12) As the previous study was performed in three distinct regions
and our study was based on nationwide data, the results may however not be entirely comparable.
While our study cannot uncover any reasons for a possible relative decline of IS occurrence in
winter, five possible explanations may be suggested. Firstly, the mean annual temperature has risen
considerably in Finland (21) with the most considerable increases seen for winters (27). Given the
inverse correlation between temperature and stroke incidence,(7,8) this may partly explain our
result. Second, air quality in Finland is at its worst in winter and spring months but overall has
become markedly better in Finland during the last three decades.(28) Considering the inverse
correlation between air quality and stroke risk,(29, 30) this could also explain some stroke risk
reduction in winter. Third, infections are more prevalent in winter and act as important triggers of
stroke.(5) Epidemic infections have been reduced by consistently extending the free seasonal
influenza vaccination program during the study period.(31) Population wide Pneumococcal
vaccination of newborn babies introduced as a part of the national vaccination program, and
availability of vaccination to older children and adults, have reduced acute pneumococcal
infections, most prevalent in the winter, also in older age groups which may also lead to a decline in
the number of acute cardiovascular complications.(32-36) Fourth, seasonal variation of stroke
incidence may also have been affected by changes concerning social and working factors as, for
instance, the cold exposure of workers has reduced from the level of over 40% of the workforce in
1984 to 30% in 2013 (Statistics Finland). Lastly, although the recorded sales of alcohol products in

Finland have increased for all seasons when comparing 1982-1992 and 2004-2014, the increase has
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been most prominent for spring (THL). As alcohol abuse is a well-known trigger of stroke,(5) this
may also contribute to our results.

While our observation of the seasonal pattern of ICH occurrence was similar to that reported
in the previous Finnish study, our result of a seasonal pattern in SAH occurrence differed as the
previous study found no seasonality in SAH incidence.(12) This may however be attributable to our
study’s sample size being the largest ever to investigate SAH seasonality. The similarity of seasonal
admission patterns for all stroke subtypes in our study suggests that, despite differences in the
weight of risk factors,(37-40) very similar physiological processes drive the occurrence of all types
of stroke. However, the divergence of LOS and mortality findings in seasonality underscores their
well-known differences regarding phenotype and prognosis.(37-41) Interestingly, we observed no
seasonal differences in CCI scores indicating that the variation in LOS and in-hospital mortality
results from intrinsic features of the stroke subtypes and possibly from factors related to healthcare
service provision. In line with a previous study that found seasonal variation in the incidence of
first-ever ischemic stroke but not these patients’ stroke risk factors,(14) our results show no
association between stroke seasonality and presence of hypertension, atrial fibrillation or diabetes.
This suggests that the seasonal incidence variation is not mediated by traditional stroke risk factors
but rather triggering mechanisms that remain to be studied.

The increasing rate of IS admissions and decreasing rate of SAH admissions are in line with
previous reports,(2, 42) but it remains unclear why this decline was not observed in ICH rates. The
age-standardized incidence rate for IS largely corresponded to that reported earlier for Finland (43).
Although age-specific incidence rates of SAH are similar between our study (data not shown) and a
recent report from Finland (42), the differences in study design and inclusion of SAH patients from
all age-groups in the previous study (42) result in different overall SAH incidence estimates.

Our study is limited by usage of retrospective registry data. We did not have detailed risk

factor or clinical data available. Data on precise symptom onset was also unavailable and we did not
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have data on patients who did not reach hospital. We were also unable to differentiate between
incident and repeated strokes but do not think this to be crucial for the study question. The major
strengths of our study are the availability of complete national data spanning a decade from a
register that has been proven valid.(44)

In conclusion, we found all major types of stroke to occur most frequently in autumn and
most infrequently in summer in Finland. Furthermore, the seasonal pattern of ischemic stroke
occurrence appears to have changed during the past decades. Seasonality of in-hospital mortality
and duration of admissions varies by stroke subtype and proportion of less severe cases of IS and

ICH may increase in autumn compared to other seasons.
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Figure legends

Figure 1.
Monthly variation of number of daily stroke admissions for ischemic stroke (IS) (A), intracerebral

haemorrhage (ICH) (B) and subarachnoid haemorrhage (SAH) (C).

Figure 2.
Monthly variation of in-hospital mortality (%) for ischemic stroke (IS) (A), intracerebral

haemorrhage (ICH) (B) and subarachnoid haemorrhage (SAH) (C).

Figure 3.
Monthly variation of length of hospital stay (days) for ischemic stroke (1S) (A), intracerebral

haemorrhage (ICH) (B) and subrachnoid haemorrhage (SAH) (C).

Supplementary figure |

Trends for monthly admissions of ischemic stroke IS (A), intracerebral haemorrhage ICH (B) and
subarachnoid haemorrhage SAH (C) in Finland 2004-2014. Increasing linear trend (solid line) was
present for IS (A) and decreasing trend for SAH (C) while no significant trend was detected for ICH

(B). Dashed lines show 95% confidence intervals for trend.

Supplementary figure 11

Trends for development of in-hospital mortality (%) of ischemic stroke (IS) (A), intracerebral
haemorrhage (ICH) (B) and subarachnoid haemorrhage (SAH) (C) in Finland 2004-2014. Trend
was decreasing for IS and ICH, while mortality remained stable in SAH. Results are presented as

monthly means. Dashed lines show 95% confidence intervals for trend.

20



Supplementary figure 111

Trends for development of length of hospital stay (days) of ischemic stroke (IS) (A), intracerebral
haemorrhage (ICH) (B) and subarachnoid haemorrhage (SAH) (C) in Finland 2004-2014. Trend
was decreasing for all stroke subtypes. Results are presented as monthly means. Dashed lines show

95% confidence intervals for trend.
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Admissions Relative Risk

per day vs. summer (95% CI)

IS <0.0001
Autumn 24.42 1.046 (1.027-1.067) <0.0001
Winter 24.17 1.035 (1.016-1.054) 0.0004
Spring 24.40 1.042 (1.023-1.062) <0.0001
Summer 23.59 Reference

ICH <0.0001
Autumn 4.77 1.132 (1.086-1.180) <0.0001
Winter 4.56 1.088 (1.043-1.135) <0.0001
Spring 4.58 1.074 (1.029-1.119) 0.0009
Summer 4.26 Reference

SAH <0.0001
Autumn 2.97 1.175 (1.113-1.241) <0.0001
Winter 2.87 1.143 (1.082-1.201) <0.0001
Spring 2.82 1.102 (1.043-1.164) 0.0005
Summer 2.56 Reference

Table 1 Association of season and number of ischemic stroke (IS), intracerebral hemorrage (ICH) and subarachnoidal
hemorrage (SAH) admissions.



Mortality rate

Hazard Ratio

(%) vs. autumn (95% ClI)
IS 0.0102
Autumn 3.31 Reference
Winter 3.95 1.157 (1.053-1.270) 0.0024
Spring 3.77 1.140 (1.140-1.037) 0.0066
Summer 3.47 1.073 (0.974-1.182) 0.1565
ICH 0.0275
Autumn 17.8 Reference
Winter 18.8 1.049 (0.954-1.154) 0.3216
Spring 18.1 0.998 (0.907-1.098) 0.9721
Summer 18.9 1.136 (1.032-1.251) 0.0091
SAH 0.8708
Autumn 12.3 Reference
Winter 13.0 1.006 (0.870-1.162) 0.9401
Spring 11.9 0.966 (0.833-1.120) 0.6451
Summer 13.2 1.030 (0.888-1.194) 0.6986

Table 2 Association of season and in-hospital mortality rate of ischemic stroke (1S), intracerebral hemorrage (ICH) and

subarachnoidal hemorrage (SAH) admissions.
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Length of stay

Standardized B

(days) vs. summer (£ SE) i

IS <0.0001
Autumn 8.09 0.035 (0.011) 0.0010
Winter 8.29 0.050 (0.011) <0.0001
Spring 8.10 0.042 (0.011) <0.0001
Summer 7.77 Reference

ICH 0.0890
Autumn 9.81 0.037 (0.024) 0.1281
Winter 10.29 0.063 (0.025) 0.0112
Spring 10.28 0.030 (0.025) 0.2242
Summer 9.27 Reference

SAH 0.0019
Autumn 11.56 -0.125 (0.037) 0.0007
Winter 11.90 -0.078 (0.038) 0.0402
Spring 11.61 -0.122 (0.037) 0.0009
Summer 12.22 Reference

Table 3 Association of season and length of stay for ischemic stroke (1S), intracerebral hemorrage (ICH) and subarachnoidal
hemorrage (SAH) admissions.
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