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Abstract

Stroke data on 157,639 incident stroke hospitalization in Scotland between 1986-2005 were
obtained from Information Service Division Unit of Scotland. Monthly as well as seasonal
variationsin the frequency of incident stroke and its subtypes wer e evaluated by using Chi
squar e goodness of fit test. Overall incident strokes show statically significant monthly (P <
0.001; highest, December 9.0% and lowest : September 7.7%) variations. Depending upon
stroke subtypes monthly variation was in the incident strokes frequency for ICH (December
1 9.1% ; September : 7.7 %), |S (December; 8.8% ; September : 7.9%) and NS (December:
9.2 % ; September : 7.6 %). No statistically significant monthly variation was observed for
subarachnoid haemorrhage. Factors promoting hypercoagulable state seem to be
responsiblefor high frequency of incident stroke.
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| ntroduction and CES (cardio embolic strokes) cases in wintgr [6

Belgium also found a great incidence of ICH in late
Stroke is defined as “abrupt impairment of braindion  autumn and winter months and it is hypothesizethdo
by a variety of pathological changes involving ¢feeal)  due to the effect of low temperature on blood pres$r]
or several (multifocal) intracranial or extracrdriidood . There has been a lot of variability in Americdandses
vessels” [1] In 80% cases it occurs due to too little bloodand this may be due to large weather diversityifiergnt
flow to the brain (Ischemic stroke) and in 20%sdtd regions of this continent. The temperature rangem f
result of parenchymatous haemorrhage (Haemorrahagi? C in California (Summer months) to BZ in
stroke) which can be intracerebral or subarachnoid Alaska (winter months) [8] Christie (1981) did an
nature [2]. There are approximately 111,000 strokeepidemiological study in Melbourne from 1978 — 1979
incidents in UK every year [3lesponsible for 53000 and found a spastically significant relationshipgwezen
deaths [4]. Though there has been remarkable @etlin mean ambient temperature and stroke incidence [9]
the age-standardized stroke mortality rate sin&sS ¥lot
of variability is still present within UK. The regeare The aim of the present study is to find out if the
highest in Scotland, followed by North England)drel, frequencies of first stroke hospitalizations by tisnof
Wales and South England [5]it is a known fact that the year are different to what we could expediéfré was
strokes, like many other chronic disease has a lBxmp no association between stroke incidence and mdritieo
multifactorial aeliogy. Genetics, familial historgge, sex, year. A very large number of cases will be congiden
ethnicity and race are all non-modifiable risk ast But  present study to minimize the chance of error anthe
other risk factors such as smoking, drinking, pteisi same time attempts will be made to suggest measores
activity and diet can be modified to reduce thé& g  minimize the chance of having strokes.
stroke significantly.

Methods
Variable stroke risks during different period ofear are
well documented. A study conducted in Athens (2003Pata relate to all incident hospitalization foroki in
showed an overall enhancement in stroke admission f Scotland between 1986-2005. The data set commfses
November to April along with a predominance of ICHsample size 157, 639 incident hospitalization.
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Retrospective information’s about the details ofiggds From Table 2, Subarachnoid haemorrhage (SAH) was

were collected from following sources. diagnosed in 10,113 (6.4%) of total cases. Maximum
incidence hospitalizations for stroke took placth&nmonths
1. Information Service Division (ISD) of March (890, 8.9%, O/E = 1.04, 31.7 more than the
expected 858.3) and May (887, 8.8%, O/E = 1.03, 2ftre
2. National Health Service (NHS) than expected 858.3). On the contrary least 816%8.0/E
= 0.95) incident strokes hospitalizations occurredanuary
3. Scottish Morbidity Record (SMR) (42.3 less than the expected 858.3). Almost equaber of
incident strokes (8.5%, O/E = 1.00) , occurred betw
4, General Register Office of Scotland (GROS) October and December. The Chi square goodnesstestfi

suggests that no significant monthly variation whserved
Analysis was done using Chi-square goodness oédtt  in the stroke frequency (p=0.8) between 1986 — 2005
For the analysis of variation in first stroke ineite as
well as stroke subtypes through out different segsgear  As shown in Table 3, 12,400 cases of ICH were tegddn

was divided into four seasons as follows: Scotland over the period 1986 — 2005. The months of
December (1,130, 9.1% , OE = 1.07, 77.6 more than
1. Winter — December, January, February expected 1,052.4) and March (1,125, 9.1 % , O/E0¥,1
72.6 more than the expected 1, 052.4) recordedligiest
2. Spring — March, April, May number of ICH cases which was followed by May (Z,07
8.7 %, O/E = 1.02) and January (1.075, 8.7 % oE02).
3. Summer — June, July, August The Frequency of incident ICH declined in Septen(B49,
7.7%, O/E = 0.93, 69.5 less than the expected85Pand
4. Autumn — September, October, November August (878, 7.9%, O/E = 0.92, 74.4 less than fpeeted

1,052.4).The Chi square goodness of fit test (840.@und

Subtypes of the stroke considered in the presealyses significant monthly variations in ICH frequency.
are as follows:
A total of 43,498 (27.1%) incident stroke hospiaiions
had diagnosis of ischemic stroke (IS) between 1986
Intracerebral Haemorrhage (ICH) 2005 (Table 4) contributing approximately two thi¥.1%
out of 41.9%) of the total (157,639). A relativdyrge
number of IS admissions were observed in December
Non — specific (3,834, 8.8 %, O/E = 142.2 more than the expecBail®B)

and March (3, 803, 8.7%, O/E = 1.03, 111.2 more tha

Ethical approval was granted from faculty of Medii €xpected 3, 691.8) whereas the number of such
Ethics Committee for Non-Clinical Research involyin hospitalizations was less in June (3, 442, 7.9 #0.96,
human subjects, University of Glasgow (Project No:130.7 less than the expected 3,572.7) and SeptgB)458,
FMO00609). The retrospective data for research weré-9 %, O/E = 0.97, 114.7 less than the expect&¥3y).

approved by Privacy Advisory Committee (PAC). The Chi square of fit test (p<0.001) indicates ifiicant
monthly variations in IS occurrence.

1. Ischemic stroke (IS)

2
3. Subarachnoid Haemorrhage (SAH)
4

Results The nonspecific category (Table 5) comprises of 628

o o (58.1%) incident stroke hospitalizations equivalentnore
From Table 1, incident stroke hospitalizations¥67,639  than half of all stroke hospitalizations over thésiod (1986
patients, analyzed by Chi square goodness of §it te_ 2005). The frequency of non-specified incidentiats was
(p<0.001) showed significant monthly variations nfro highest in December (8,411, 9.2 %, O/E = 1.08) and
1986 — 2005. The highest stroke incidence was decbor January) 8,403, 9.2 %, O/E = 1.08) which was 63ha
in December 14,232 (9.0%, O/E = 1.06) and Januarge.2 more than the expected count of 7,776.8 ctiephy.
14,066 (8.9%, O/E=1.05), 852.6 and 686.6 more than On the contrary, the lowest number incident, narciic
expected frequency (13,379.4) for December andalgnu strokes were recorded in the months of Septemhegy#
respectively. This was followed by 13,996 (8.9%EG/  and July with incidence of 6,927 (7.6%, O/E = 0.92)47
1.05) incident stroke hospitalizations in March hwthe (7.8 %, O/E = 0.92) and 7197 (7.99%, O/E = 0.93)
lowest incidence in September 12, 146 (7.7%, OE94)0  respectively. The Chi square goodness of fit Esdgnizes

and August 12,452 (7.9 %, OE = 0.93) which were.801 thjs difference (p<0.001) in monthly stroke vadas for NS
and 927.4 less than the expected number of 12,848 category.

13,379.4 respectively.
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Table 1. All stroke incidence in Scotland (1986 — 2005) lonths of Year

Months

Observed frequency  n (%) Expected frequency  Observed/ Observed/
admission of Stroke of Stroke Expected Expected
January 14,066 (8.9) 13,3794 686.6 1.05
February 12,650 (8.0) 12,192.5 457.5 1.04
March 13,996 (8.9) 13,379.4 616.6 1.05
April 13,301 (8.4) 12,947.8 353.2 1.03
May 13,289 (8.4) 13,379.4 -90.4 0.99
June 12,629 (8.0) 12,947.8 -318.8 0.98
July 12,627 (8.0) 13,379.4 -752.4 0.94
August 12,452 (7.9) 13,379.4 -927.4 0.93
September 12,146 (7.7) 12,947.8 -801.8 0.94
October 13,274 (8.4) 13,3794 -105.4 0.99
November 12,977 (8.2) 12,947.8 29.2 1.00
December 14,232 (9.0) 13,379.4 852.6 1.06
Total 1,57,639 100.0

Table2. All SAH stroke incidence by months of Year (1926065)

Months of Observed frequency n (%) Expected frequency Observed Observed/Ex

admission of Stroke of Stroke Expected pected
January 816 (8.1) 858.3 -42.3 0.95
February 797 (7.9) 782.2 14.8 1.02
March 890 (8.8) 858.3 317 1.04
April 908 (8.0) 830.6 -21.6 0.97
May 887 (8.8) 858.3 28.7 1.03
June 842 (8.3) 830.6 11.4 1.01
July 838 (8.3) 858.3 -20.3 0.97
August 847 (8.4) 858.3 -11.3 0.99
September 812 (8.0) 830.6 -18.6 0.98
October 859 (8.5) 858.3 0.70 1.00
November 859 (8.5 830.6 28.4 1.03
December 857 (8.5) 858.3 -1.3 1.00
Total 10,113 100.0

Table 3. All ICH stroke incidence by months of Year (198%05)

Months of Observed frequency n (%) Expected frequency Observed Observed/

admission of Stroke of Stroke Expected Expected
January 1,075 (8.7) 1,052.4 22.6 1.02
February 1,044 (8.4) 959.1 84.9 1.09
March 1,125 (9.1) 1,052.4 72.6 1.07
April 1,014 (8.2) 1,018.5 -04.5 1.00
May 1,077 (8.7) 1,052.4 24.6 1.02
June 977 (7.9) 1,018.5 -41.5 0.96
July 985 (7.9) 1,052.4 -67.4 0.94
August 978 (7.9) 1,052.4 -74.4 0.92
September 949 (7.7) 1,018.5 -69.5 0.93
October 1,040 (8.4) 1,052.4 -12.4 0.99
November 1,006 (8.1) 1,018.5 -12.5 0.99
December 1,130 (9.2) 1052.4 77.6 1.07
Total 12,400 100.0
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Table 4. All IS stroke incidence by months of Year (1986052

Months of Observed frequency n (%) Expected frequency Observed Observed/

admission of Stroke of Stroke Expected Expected
January 3,772 (8.7) 3,691.8 80.2 1.02
February 3,412 (7.8) 3,364.3 47.7 1.01
March 3,803 (8.7) 3,691.8 111.2 1.03
April 3,680 (8.5) 3,572.7 107.3 1.03
May 3,629 (8.3) 3,691.8 -62.8 0.98
June 3,442 (7.9) 3,572.7 -130.7 0.96
July 3,607 (8.3) 3,691.8 -84.8 0.98
August 3,480 (8.0) 3,691.8 -211.8 0.94
September 3,458 (7.9) 3,572.7 -114.7 0.97
October 3,746 (8.6) 3,691.8 54.2 1.01
November 3,635 (8.4) 3,572.7 62.3 1.02
December 3,834 (8.8) 3,691.8 142.2 1.04
Total 43,498 100.0

Table 5. Non-specific stroke incidence by months of Yea8§192005)

Months of Observed frequency n (%) Expected frequency Observed Observed/

admission of Stroke of Stroke Expected Expected
January 8,403 (9.2) 7,776.8 626.2 1.08
February 7,397 (8.1) 7,086.9 310.1 1.04
March 8,178 (8.9) 7,776.8 401.2 1.05
April 7,798 (8.5) 7,525.9 272.1 1.04
May 7,696 (8.4) 7,776.8 -80.8 0.99
June 7,368 (8.0) 7,525.9 -157.9 0.98
July 7,197 (7.9) 7,776.8 -579.8 0.93
August 7,147 (7.8) 7,776.8 -629.8 0.92
September 6,927 (7.6) 7,525.9 -598.9 0.92
October 7,629 (8.3) 7,776.8 -147.8 0.98
November 7,477 (8.2) 7,525.9 -48.9 0.99
December 8,411 (9.2) 7,776.8 634.2 1.08
Total 91,628 100.0
Discussion vaccination alone declined 16% of cerebrovascualeidants

in an elderly population [14].

Constant striking finding was highest stroke inoicke for There is some evidence present that influenza & Ii-
overall as well as most of the subtypes (ICH, IS,N5 ; ] h I p di b d .mm
December and January and least in September. Howe\?@t'onf tl)rl] a;[ teroic,é: erotic disease by producingyjpe
there was no statistically significant correlatibetween coagulable state [15]

SAH. and months O.f the_year. Finding of an 0Vera"High incidence of stroke frequency in December and
maximum stro.ke. during winter as compared to Summejanuary can also be attributed to serum concemtrati
occurred in majority of the studles_on_ stroke ginha[ly [o- plasma fibrinogen which enhances with lowering of
12]. A report of increased stroke incidence foundutu@an temperature [16]

additionally supports the present observationsgif tisk in '

December [13] Comparatively less emphasis is given to SAH inaidein

context of seasonal variations despite its cafalsiro
consequences and minimal prior warning signs in
comparison to other stroke sub-types [17]

It is assumed that respiratory infections suchnflaenza,
pneumonia and bronchitis developed during low apinee
temperature played a role in the aetiology of sirok
Administration of influenza
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In the present analysis of incident stroke hospitibns in 9. Azevedo E, Ribeiro JA, Lopes F, Martins R, Cold H8:
Scotland (1986 — 2005) a statistically significBetcember risk factor for stroke ? J Neurol 1995; 242: 2P1-2
and January increase in ICH incidence (p<0.001)faiasd ~ 10. Tsemnetizis, SA, Kennet RP, Hitchcock E.R., G.U,J.S
which is in close agreement with many previousistif18- Beevers D.G. Seasonal variations of cerebrovascular
20]. disease. Acta Neurochirurgica 1991; 111: 80-83.

11. Bakonjic R, Zecn. Strokes and the weather. A gtiemti
Ischaimic stroke frequency during December and Maras statistical study. J Neurol Sci 1968; 6: 483-491.
found to be high which is in close agreement witanyn 12~ Laaidi K, Minier D, Osseby GV, Couvreur G, Besaraten
studies [10,21,22]. JP, Moreau T, G.|roud M. Seasonal variation in strok

incidence and the influence of the meterologicablitmns.
. . Rev Neural (Paris) 2004; 160: 321-320.

_So_me of the_generallzed assumptlons_for decreaslg?st 13. Nichol KL, nordin J, Mullooly J, Lask R, Fill brahd,
incidence during summer (September) include realua Iwane. M. Influenza vaccination and reductions in
alc_ohol consumption [11,23] i i hospitalizations for cardiac disease and strokengntbe
This study has large sample size (157, 639) acohiducted elderly. New England Journal of Medicine, 2003r8 34
over a period of 20 years. Thus the results arélyhig (14): 1322-1332.
unlikely to be a product of chance. 14. Turin TC, Kita Y, Murakami V, Rumana N, Sugihara H,

Protection from cold weather, decrease alcoholwapson
and maintaining blood pressure within the safeeahging

winter season constitutes some of the precautionary

Morita Y, Tomioka N, Okayana A, Nakamura Y, Abbott
RD, Ueshima H. Higher stroke incidence in the gprin
season regardless of conventional risk facros: Shakea
stroke registry, Japan, 1988-2001, Stroke 2008 B8a(3):

measures. 745-752.
15. Staut RW, Crawfer OV, seasonal variations in fibgien
concentrations among elderly people. Lancet 1938, 3
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