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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 
variations in the frequency of incident stroke and its subtypes were evaluated by using Chi 
square 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 
: 9.1% ; September : 7.7 %), IS (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 
responsible for high frequency of incident stroke. 
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Introduction 
 
Stroke is defined as “abrupt impairment of brain function 
by a variety of pathological changes involving one (focal) 
or several (multifocal) intracranial or extracranial blood 
vessels” [1] . In 80% cases it occurs due to too little blood 
flow to the brain (Ischemic stroke) and in 20% it is a 
result of parenchymatous haemorrhage (Haemorrahagic 
stroke) which can be intracerebral or subarachnoid in 
nature [2] . There are approximately 111,000 stroke 
incidents in UK every year [3] responsible for 53000 
deaths [4]. Though there has been remarkable decline in 
the age-standardized stroke mortality rate since 1968 a lot 
of variability is still present within UK. The rates are 
highest in Scotland, followed by North England, Ireland, 
Wales and South England [5] . It is a known fact that 
strokes, like many other chronic disease has a complex 
multifactorial aeliogy. Genetics, familial history, age, sex, 
ethnicity and race are all non-modifiable risk factors. But 
other risk factors such as smoking, drinking, physical 
activity and diet can be modified to reduce the risk of 
stroke significantly. 
 
Variable stroke risks during different period of a year are 
well documented. A study conducted in Athens (2003) 
showed an overall enhancement in stroke admission from 
November to April along with a predominance of ICH 

and CES (cardio embolic strokes) cases in winter [6]. 

Belgium also found a great incidence of ICH in late 
autumn and winter months and it is hypothesized to be 
due to the effect of low temperature on blood pressure [7] 

. There has been a lot of variability in American studies 
and this may be due to large weather diversity in different 
regions of this continent. The temperature ranges from 
+570 C in California (Summer months) to -620 C in 
Alaska (winter months) [8] . Christie (1981) did an 
epidemiological study in Melbourne from 1978 – 1979 
and found a spastically significant relationship between 
mean ambient temperature and stroke incidence [9] . 

The aim of the present study is to find out if the 
frequencies of first stroke hospitalizations by months of 
the year are different to what we could expect if there was 
no association between stroke incidence and month of the 
year. A very large number of cases will be considered in 
present study to minimize the chance of error and at the 
same time attempts will be made to suggest measures to 
minimize the chance of having strokes. 
 
Methods 
 
Data relate to all incident hospitalization for stroke in 
Scotland between 1986-2005. The data set comprises of a 
sample size 157, 639 incident hospitalization.   
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Retrospective information’s about the details of patients 
were collected from following sources. 

1. Information Service Division (ISD) 

2. National Health Service (NHS) 

3. Scottish Morbidity Record (SMR) 

4. General Register Office of Scotland (GROS) 

Analysis was done using Chi-square goodness of fit test. 
For the analysis of variation in first stroke incidence as 
well as stroke subtypes through out different seasons, year 
was divided into four seasons as follows: 

1. Winter – December, January, February 

2. Spring – March, April, May 

3. Summer – June, July, August 

4. Autumn – September, October, November 

Subtypes of the stroke considered in the present analyses 
are as follows: 

1. Ischemic stroke (IS) 

2. Intracerebral Haemorrhage (ICH) 

3. Subarachnoid Haemorrhage (SAH) 

4. Non – specific 

 
Ethical approval was granted from faculty of Medicine 
Ethics Committee for Non-Clinical Research involving 
human subjects, University of Glasgow (Project No: 
FM00609). The retrospective data for research were 
approved by Privacy Advisory Committee (PAC). 

 
Results 
 
From Table 1, incident stroke hospitalizations for 157,639 
patients, analyzed by Chi square goodness of fit test 
(p<0.001) showed significant monthly variations from 
1986 – 2005. The highest stroke incidence was recorded 
in December 14,232 (9.0%, O/E = 1.06) and January 
14,066 (8.9%, O/E=1.05), 852.6 and 686.6 more than the 
expected frequency (13,379.4) for December and January 
respectively. This was followed by 13,996 (8.9%, O/E = 
1.05) incident stroke hospitalizations in March with the 
lowest incidence in September 12, 146 (7.7%, OE = 0.94) 
and August 12,452 (7.9 %, OE = 0.93) which were 801.8 
and 927.4 less than the expected number of 12,947.8 and 
13,379.4 respectively. 

From Table 2, Subarachnoid haemorrhage (SAH) was 
diagnosed in 10,113 (6.4%) of total cases. Maximum 
incidence hospitalizations for stroke took place in the months 
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, 28.7 more 
than expected 858.3). On the contrary least 816 (8.1 %, O/E 
= 0.95) incident strokes hospitalizations occurred in January 
(42.3 less than the expected 858.3). Almost equal number of 
incident strokes (8.5%, O/E = 1.00) , occurred between 
October and December. The Chi square goodness of fit test 
suggests that no significant monthly variation was observed 
in the stroke frequency (p=0.8) between 1986 – 2005. 
 
As shown in Table 3, 12,400 cases of ICH were reported in 
Scotland over the period 1986 – 2005. The months of 
December (1,130, 9.1% , OE = 1.07, 77.6 more than 
expected 1,052.4) and March (1,125, 9.1 % , O/E = 1.07, 
72.6 more than the expected 1, 052.4) recorded the highest 
number of ICH cases which was followed by May (1,077, 
8.7 %, O/E = 1.02) and January (1.075, 8.7 % o/E = 1.02). 
The Frequency of incident ICH declined in September (949, 
7.7%, O/E = 0.93, 69.5 less than the expected 1, 018.5) and 
August (878, 7.9%, O/E = 0.92, 74.4 less than the expected 
1,052.4).The Chi square goodness of fit test (p<0.001) found 
significant monthly variations in ICH frequency. 
 
A total of 43,498 (27.1%) incident stroke hospitalizations 
had diagnosis of ischemic stroke (IS) between 1986 and 
2005 (Table 4) contributing approximately two third (27.1% 
out of 41.9%) of the total (157,639). A relatively large 
number of IS admissions were observed in December 
(3,834, 8.8 %, O/E = 142.2 more than the expected 3,691.8) 
and March (3, 803, 8.7%, O/E = 1.03, 111.2 more than the 
expected 3, 691.8) whereas the number of such 
hospitalizations was less in June (3, 442, 7.9 % O/E = 0.96, 
130.7 less than the expected 3,572.7) and September (3,458, 
7.9 %, O/E = 0.97, 114.7 less than the expected 3, 572.7). 
The Chi square of fit test (p<0.001) indicates significant 
monthly variations in IS occurrence. 
 
The nonspecific category (Table 5) comprises of 91, 628 
(58.1%) incident stroke hospitalizations equivalent to more 
than half of all stroke hospitalizations over this period (1986 
– 2005). The frequency of non-specified incident strokes was 
highest in December (8,411, 9.2 %, O/E = 1.08) and 
January) 8,403, 9.2 %, O/E = 1.08) which was 634.2 and 
626.2 more than the expected count of 7,776.8 respectively. 
On the contrary, the lowest number incident, non-specific 
strokes were recorded in the months of September, August 
and July with incidence of 6,927 (7.6%, O/E = 0.92), 7,147 
(7.8 %, O/E = 0.92) and 7197 (7.99%, O/E = 0.93) 
respectively. The Chi square goodness of fit test recognizes 
this difference (p<0.001) in monthly stroke variations for NS 
category. 
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Table 1. All stroke incidence in Scotland (1986 – 2005) by months of Year 
 

 
Months of 
admission 

 
Observed frequency 
of Stroke 

 
n (%) 

 
Expected frequency 
of Stroke 

 
Observed/ 
Expected 

 
Observed/ 
Expected 

January 14,066 (8.9) 13,379.4 686.6 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) 13,379.4 -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    

 
Table 2.  All SAH stroke incidence by months of Year (1986 – 2005) 

 
 

Months of 
admission 

 
Observed frequency 

of Stroke 

 
n (%) 

 
Expected frequency 

of Stroke 

 
Observed 
Expected 

 
Observed/Ex

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 31.7 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 (1986 – 2005) 
 

Months of 
admission 

Observed frequency 
of Stroke 

n (%) Expected frequency  
of Stroke 

Observed 
Expected 

Observed/ 
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 (9.1) 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 (1986 – 2005) 
 

Months of 
admission 

Observed frequency 
of Stroke 

n (%) Expected frequency 
of Stroke 

Observed 
Expected 

Observed/
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 Year (1986 – 2005) 
 

Months of 
admission 

Observed frequency 
of Stroke 

n (%) Expected frequency 
of Stroke 

Observed 
Expected 

Observed/
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 
 
Constant striking finding was highest stroke incidence for 
overall as well as most of the subtypes (ICH, IS,NS) in 
December and January and least in September. However 
there was no statistically significant correlation between 
SAH and months of the year. Finding of an overall 
maximum stroke during winter as compared to summer 
occurred in majority of the studies on stroke so a globally [9-
12] . A report of increased stroke incidence found in autumn 
additionally supports the present observations of high risk in 
December [13]. 

 
It is assumed that respiratory infections such as influenza, 
pneumonia and bronchitis developed during low atmosphere 
temperature played a role in the aetiology of stroke. 
Administration of influenza  

 
vaccination alone declined 16% of cerebrovascular accidents 
in an elderly population [14].  
 
There is some evidence present that influenza causes compli-
cations in atherosclerotic disease by producing a hyper-
coagulable state [15] . 
 
High incidence of stroke frequency in December and 
January can also be attributed to serum concentration of 
plasma fibrinogen which enhances with lowering of 
temperature [16].  
 
Comparatively less emphasis is given to SAH incidence in 
context of seasonal variations despite its catastrophic 
consequences and minimal prior warning signs in 
comparison to other stroke sub-types [17] . 
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In the present analysis of incident stroke hospitalizations in 
Scotland (1986 – 2005) a statistically significant December 
and January increase in ICH incidence (p<0.001) was found 
which is in close agreement with many previous studies [18-
20].  
 
Ischaimic stroke frequency during December and March was 
found to be high which is in close agreement with many 
studies [10,21,22]. 
 
Some of the generalized assumptions for decrease stroke 
incidence during summer (September) include reduction in 
alcohol consumption [11,23] . 
This study has large sample size (157, 639) and is conducted 
over a period of 20 years. Thus the results are highly 
unlikely to be a product of chance. 
 
Protection from cold weather, decrease alcohol consumption 
and maintaining blood pressure within the safe range during 
winter season constitutes some of the precautionary 
measures. 
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