
Circadian, circaseptan and circannual rhythms 
in acute ischemic stroke* 

H.Ferhan KÖMÜRCÜ1, Taşkın DUMAN2, Sabahat GÜRÇAY2 

1Dr.M.Ü.Acil Yardım ve Travmatoloji Hastanesi, 
2 Ankara Numune Hospital, Neurology Clinics, Ankara, T U R K E Y 

Most of the biologic activities in organism show periodic variation. It is considered that the endogenous and exogenous 
rhythms, and the interactions between diseases are effective on periodicity in stroke incidence. It is known that the 
precipitant factors affect the onset of stroke as well as the long-term risk factors. This study was planned to investigate the 
circadian, circaseptan and circannual rhythms of stroke, and to evaluate their relation with some risk factors. Patients with 
acute ischemic stroke admitted into our clinic between May, 28, 1992 and May, 28, 1993 were included to this study. 
Patients with a previous stroke history were excluded from the study. The patient group consisted of 214 subjects, 106 
female and 108 male. Their mean age was 62.47± 14.71. The statistical analyses were performed at intervals of one hour, 
two hour and four hour. The onset of infarcts were more frequent between the hours of O ^ - O S 0 0 , 08co-10°°, 1000-1200 

and W^-W00. The frequency was higher on weekdays than weekends and the peak was on Monday. We found the peak 
of the occurrence of stroke in April according to months and in Spring according to seasons. We investigated the relation 
between circadian, circaseptan, circannual rhythms and smoking, obesity, hypertension, antihypertensive therapy, atrial 
fibrillation, diabetes mellitus, age, sex, the activity degree, activity type. Identification of the periodicity of the onset of 
stroke might lead to measures that could help prevent stroke and to determine the pathophysiological mechanism. [Turk J 
Med Res 1995, 13(3): 101-105] 
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T h e p r e s e n c e o f c i r cad ian rhy thms in o r g a n i s m s has 
b e e n k n o w n s i n c e the H i p o c r a t t ime . I t h a s b e e n 
p r o v e d lately b io log ica l rh thms c a n af fect m o s t s y s 
t ems . O r g a n i s m that i s an o p e n s y s t e m to the env i ron
m e n t a l e f f ec t s h a s a d y n a m i c e q u i l i b r i u m in i tself . 
L iv ing b e i n g s s h o w var ia t ions d e p e n d i n g on t ime a n d 
c h a n g i n g per iod ic -aper iod ic su r round ing fac tors . T h e s e 
v a r i a t i o n s a r e in f luen t ia l o n m o l e c u l e , c e l l , t i s s u e , 
o rgan or o r g a n i s m . T h e si tuat ion o f o r g a n i s m anyt ime 
ref lects a l s o the t ime dependen t rhythmic f luctuat ions 
o f p h y s i o l o g i c a n d b e h a v i o r a l f unc t ions that a r e or 
d e r e d e n d o g e n o u s l y , b e s i d e s the p h y s i c a l a n d biot ic 
f ac to rs a f fect the o r g a n i s m d i rec t ly . 24 h o u r c y c l i c 
var ia t ions o f t h e s e funct ions ind icate d iurna l c h a n g e s . 
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Ci r cad ian , d ie l , so la r d a y a n d nyc themera l te rms have 
the s o m e m e a n i n g . T h e other b iorhythmic osc i l la t ions 
a re c i r casep tan , c i r camoun th ly a n d c i r cannua l rhy thms. 
O r g a n i s m s s h o w s a n n u a l var ia t ions d u e t o annua l o s 
ci l lat ions o f g e o p h y s i c a l fac tors . A n n u a l per iod is s i g 
nif icant s i nce i t ref lects s e a s o n a l var ia t ions. 

T h e in te rac t ion o f e n d o g e n o u s a n d e x o g e n o u s 
rhythms with d i s e a s e s is af fect ive on s t roke i nc idence . 
T h e determinat ion of the rhythmici ty o f i s c h e m i c s t roke 
is important in eva lua t ing the pat ients with s t roke r isk. 
Th is s tudy w a s car r ied out to invest iga te c i r cad ian , cir
c a s e p t a n , c i r cannua l rhy thms in o c c u r r e n c e of ce reb ra l 
infarct a n d their re lat ions with s o m e risk factors. 

MATERIALS AND METHODS 
T h e s tudy w a s ca r r i ed out p r o s p e c t i v e l y i n pa t ien ts 
with acu te i s c h e m i c s t roke admi t ted into our c l in ic b e 
tween M a y , 2 8 , 1 9 9 2 a n d M a y , 2 8 , 1 9 9 3 . Pa t ien ts with 
a history of a p rev ious s t roke w e r e e x c l u d e d from the 
study. T h e patient g roup inc luded 106 w o m e n (49.5%) 
a n d 108 m e n (50 .5%) . C e r e b r a l in farc ts o f pa t ien ts 
we re identif ied by CT s c a n n i n g . Information re lated to 
the onset o f s t roke w a s ob ta ined f rom the pat ients or 
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the i r r e l a t i v e s . T h e i r s i t ua t i on a n d p h y s i c a l ac t iv i ty 
dur ing the onse t of s t roke w a s in fo rmed. I f a n y s t roke 
h a d b e e n no t i ced after a pat ient w a s a w a r k e n , the 
onse t o f s t roke w a s a c c e p t e d as the t ime o f a w a k e n 
ing . T h e r isk fac tors s u c h as hype r tens ion , d i abe tes 
mel l i tus, atrial f ibri l lation a n d obes i ty we re reg is tered. 

D a t a we re eva lua ted by o n e hour, two hour, four 
hour , da i l y , s e a s o n a l a n d a n n u a l in te rva ls . Pa t i en t s 
we re d iv ided into s u b g r o u p s in te rms of the risk fac
t o r s , a n d the i r r e l a t i o n s w i th t i m e i n t e r v a l s w e r e 
s tud ied . T h e effect of the type a n d d e g r e e of activity 
dur ing the o c c u r r e n c e of s t roke of rhythmici ty w a s In
v e s t i g a t e d . C h i s q u a r e test w a s u s e d for s ta t i s t i ca l 
a n a l y s e s . 

RESULTS 
T h e pat ients a g e w e r e in the range of 17 and 95 , their 
m e a n a g e w a s 62 .41 ± 1 4 . 7 1 . 1 5 3 pa t ien ts (71 .5%) 
w e r e s m o k i n g , 1 1 5 p a t i e n t s ( 5 3 . 7 % ) w e r e o b e s e . 
T h e r e we re 108 hyper tens ive pat ients (50.5%) a n d 31 
o f t hem h a d never b e e n t reated with a n y ant ihyper ten
s i v e s . 26 of t hem regular ly and 51 of t hem irregularly 
w e r e tak ing ant ih iper tens ives. T h e r e we re 34 pat ients 
with at r ia l f ibr i l lat ion (15 .9%) , a n d 42 with d i a b e t e s 
mel l i tus (19.6%). 

T h e o n e h o u r , t w o h o u r , f o u r h o u r , w e e k l y , 
mounth ly a n d s e a s o n a l d istr ibut ions of onse t of st roke 

T a b l e 1. T h e distr ibut ion of t ime of onse t of cerebra l 
infarct acco rd i ng to one hour intervals 

Hour Number of Patients % 

00-01 3 1.4 
01-02 2 1.0 
02-03 7 3.3 
03-04 4 1.9 
04-05 6 2.9 
05-06 12 5.7 
06-07 15 7.2 
07-08 10 4.8 
08-09 16 7.7 
10-11 17 8.1 
11-12 15 7.2 
12-13 8 3.8 
13-14 8 3.8 
14-15 6 2.9 
15-16 10 4.8 
16-17 18 8.6 
17-18 12 5.7 
18-19 9 4.3 
19-20 6 2.9 
20-21 3 1.4 
21-22 5 2.4 
22-23 4 1.9 
23-24 2 1.0 

Total 209 100.0 

(Chi square-63.91 p<0.001) 

T a b l e 2 . T h e distr ibut ion of t ime of onse t of ce reb ra l 
infarct acco rd i ng to two hour intervals 

Hour Number of Patients % 

00-02 5 2.4 
02-04 11 5.3 -
04-06 18 8.6 
06-08 25 12.0 
08-10 27 12.9 
10-12 32 15.3 
12-14 16 7.7 
14-16 16 7.7 
16-18 30 14.4 
18-20 15 7.2 
20-22 8 3.8 
22-24 6 2.9 

Total 209 100.0 

(Chi square=54.36 p<0.001) 

T a b l e 3 . T h e distr ibut ion of t ime of onse t of ce reb ra l 
infarct acco rd ing to four hour intervals 

Hour Number of patients % 

00-04 16 7.7 
04-08 43 20.6 
08-12 59 28.2 
12-16 32 5.3 
16-20 45 21.5 
20-24 14 6.7 
Total 209 100.0 

irW, c m i a r o = A d A n ^ f l nfï l \ 
1 • 1 wv^uwiv* I—t.-r f-s -\s . \s \J • j 

T a b l e 4. T h e distr ibut ion of t ime of onse t of ce reb ra l 
infarct acco rd i ng to dai ly f r equency 

Days Number of Datients % 

Monday 37 17.3 
Tuesday 36 16.8 

Wednesday 33 15.4 
Thursday 35 16.4 

Friday 23 10.7 
Saturday 23 10.7 
Sunday 27 12.6 

Total 214 100.0 

(Chi-square=7.37 p>0.05) 

w e r e ind ica ted i n t ab les (Tab le 1,2,3,4,5,6). W e o b 
se r ved p e a k s a t 0 9 o o - 1 1 0 0 , and 17°° in te rms o f one 
hour e v a l u a t i o n ; b e t w e e n 0 6 o o - 0 8 o ° , 1 0 o o - 1 2 ° ° , a n d 
1 6 o o - 1 8 ° 0 hours in te rms of two hour eva lua t ion ; be 
tween 0 8 0 0 - 1 2 0 0 , a n d 1 6 0 0 - 2 0 0 0 hours i n te rms o f four 
hour eva lua t ion (F igure 1). T h e r e we re p e a k s on M o n 
day, in Apr i l and in Sp r i ng in te rms of dai ly, month ly 
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Table 5. T h e distr ibut ion of t ime of onse t of cerebra l 
infarct acco rd i ng to month ly f r equency 

Month Number of patients % 

January 20 9.3 
February 24 11.2 

March 25 11.7 
April 31 14.5 
May 21 9.8 
June 15 . 7.0 
July 24 11.2 

August 16 7.5 
September 10 4.7 

October 6 2.8 
November 11 5.1 
December 11 5.1 

Total 214 100.0 

(Chi-square=34.87 p<0.001 ) 

Table 6. T h e distr ibut ion of t ime of onse t of cerebra l 
infarct acco rd i ng to one s e a s o n a l f r equency 

Season Number of patients % 

Winter 55 25.7 
Spring 77 35.9 

Summer 55 25.7 
Fall 27 12.6 

Total 214 100.0 

(Chi-square-23.38 p<0.001) 

a n d s e a s o n a l eva lua t ion , respect ive ly . S t r o k e s o c c u r e d 
dur ing sitt ing in 66 pat ients (29.4%), dur ing wa lk ing in 
31 p a t i e n t s ( 1 4 . 5 % ) , d u r i n g e a t i n g i n 13 p a t i e n t s 
(6 .1%) , i n w a t e r c l o s e t i n 13 pa t i en t s (6 .1%) , a n d 
d u r i n g a n o t h e r ac t i v i t y i n 27 p a t i e n t s ( 1 2 . 6 % ) . I n 
eva lua t ion of 3 7 . 9 % of mild a n d 3 . 3 % of hard activity 

ac the t ime of s t roke onse t . T h e activity d e g r e e of a 
pat ient w a s u n k n o w n . F i v e pat ien ts w h o m w e c o u l d 
not learn the t ime of s t roke onse t w e r e eva lua ted just 
in te rms of w e e k l y , month ly a n d s e a s o n a l d ist r ibut ions. 

T h e r e w a s no cor re la t ion be tween t ime o f onse t 
o f s t roke a n d sex , a g e , s m o k i n g , history o f hyper ten 
s i o n , a n t i h y p e r t e n s i v e t h e r a p y o r a t r ia l f i b r i l l a t i on . 
W h e n d iabet ic pat ients w e r e invest iga ted acco rd i ng to 
one hour in terva l , i t s h o w e d prominent p e a k s at 0 9 ° ° , 
11°° , a n d 1 7 0 0 hou rs (p<0.05). 

T h e f r equency of onse t o f s t roke w a s s igni f icant ly 
h igh dur ing wa l k i ng , si t t ing a n d in water c lose t , a n d 
s h o w e d p e a k s b e t w e e n the t ime intervals o f 0 8 0 0 - 1 4 0 0 ; 
1 0 0 0 - 1 2 0 0 a n d l ô 0 0 - ^ 0 0 h o u r s respect ive ly (p<0.001). 

T h e r e w a s n o re la t ion b e t w e e n the s t roke d i s 
tr ibution a c c o r d i n g t o da i l y f r e q u e n c y a n d s e x , a g e , 
s m o k i n g , obes i ty , history of hyper tens ion , an t ihyper ten
s i ve therapy, atr ial f ibri l lat ion or d iabe tes mel l i tus. T h e 
s ta t is t ica l s i g n i f i c a n c e b e t w e e n act ivi ty t ype a n d the 
d i s t r i b u t i o n a c c o r d i n g t o d a i l y f r e q u e n c y w a s l o w 
(p -0 .0508) . 

T h e r e w a s n o re la t ion b e t w e e n the s t roke d i s 
tr ibution acco rd i ng to month ly f requency a n d sex , a g e , 
s m o k i n g , h i s t o r y o f h y p e r t e n s i o n , a n t i h y p e r t e n s i v e 
therapy, atr ial f ibr i l lat ion, d i abe tes mel l i tus or act iv i ty 
type. S ign i f i cant i n c r e a s e s of onse t o f s t roke w e r e ob 
s e r v e d in 3 rd , 4th a n d 7th mon ths in o b e s e pat ients 
(p<0.01). 

T h e r e w a s n o re la t ion b e t w e e n the s t roke d i s 
t r ibut ion a c c o r d i n g t o s e a s o n a l f r e q u e n c y a n d s e x , 
a g e , s m o k i n g , h is tory o f hype r tens i yon , an t ihyper ten
s i ve therapy, atr ial f ibr i l lat ion, d i abe tes mel l i tus or a c 
tivity type. T h e i n c i d e n c e s t roke w a s high in Sp r i ng in 
o b e s e pat ients (p<0.01). 

DISCUSSION 
O u r da ta s h o w e d p e a k s o f s t roke inc idence a t 0 6 ° ° -
08° ° , 0 8 o o - 1 0 ° ° , 1 0 o o - 1 2 o ° a n d 1 6 0 0 - 1 8 0 0 h o u r s i n 
te rms of 2 -hou r e v a l u a t i o n . In ear l ie r s t ud ies A g n o l i 
(1), T s e m e n t z i s (2), Mar i e r (3), M a r s h (4), Ox fo rdsh i re 
G r o u p (5),. A rgen t ino (6), Ga l l e ran i (7), Pasqua le t t i (8), 
H o s s m a n (9), W i n d t (10), i n c e (11) a n d K a p s (12) 
r e p o r t e d the p e a k o f o n s e t o f s t r o k e a t O 6 0 0 - 1 4 0 0 , 
1 0 o o . 1 2 o o 1 0 o o . 1 2 o O ) 0 6 o o _ 1 2 o O i 0 6 o o _ 1 2 o O j 0 6 o o _ 1 2 o O j 

O 6 0 0 - 1 4 0 0 , 0 2 o o - 0 8 o ° , 0 1 0 0 - 0 5 0 0 , O 6 0 0 - 1 8 0 0 , O 6 0 0 - 1 8 0 0 , 
a n d O 7 0 0 - 1 9 0 0 hou rs , respec t i ve ly . 

T h e s e c o n d p e a k s w e r e repo r ted a t 1 4 0 0 - 1 6 0 0 

hours in Ox fo rdsh i re G r o u p ' s s tudy a n d at 2 0 ° ° hour in 
C u g i n i ' s s t u d y (5 ,13 ) . I n th i s s t u d y w e f o u n d the 
s e c o n d p e a k be tween 1 6 0 0 a n d 2 0 ° ° hours . 

T h e i n c i d e n c e o f i s c h e m i c s t roke w a s h igher i n 
w e e k d a y s than w e e k e n d s in our s tudy, the p e a k w a s 
o b s e r v e d on M o n d a y . In s o m e other s tud ies the in
c i dence of s t roke w a s found h igh in w e e k d a y s wh ich i t 
w a s c o n s i d e r e d start ing work aga in after w e e k e n d w a s 
the r e a s o n of th is p e a k (1,13). Pasqua le t t i found the 
i n c i d e n c e o f s t r o k e w a s h i g h e r i n w e e k e n d s t h a n 
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w e e k d a y s a n d c o n c l u d e d the r e a s o n migh t b e the 
c h a n g e s in life sty le a n d the low f ibrinolyt ic activity in 
w e e k e n d (8). 

T h e p e a k s o f o n s e t o f c e r e b r a l in fa rc t w e r e 
repor ted i n S p r i n g a n d Win te r i n J a p a n , U S A , E n g l a n d , 
C a n a d a , D e n m a r k , a n d A u s t r a l i a . N o re la t i on w a s 
found be tween st roke i nc idence a n d s e a s o n s i n s o m e 
s tud ies in Y u g o s l a v i a , M e x i c o and Braz i l (14,15). O u r 
d a t a s h o w e d the p e a k i n S p r i n g (35 .9%) a n d the 
lowest i nc idence in fal l (12.6%). T h e h ighest i nc idence 
w a s in Apr i l (14.5%) acco rd ing to month ly distr ibut ion. 
S o b e l repor ted b imoda l p e a k s in 2 n d a n d 4th months 
in pat ients with cerebra l infarct (15). 

It w a s reported that, the factors important in the 
p a t h o g e n e s i s o f s t r oke s h o w e d d i u rna l rhy thmic i ty . 
T h o s e fac tors we re b l ood p r e s s u r e (2 -4 ,6 ,8 ,9 ,13 ,16) , 
myocard ia l i s c h e m i a (17), atr ial a n d ventr icu lar arrhyth
m ia (18,19) , p l a s m a c a t e c h o l a m i n e s (17), T S H release 
(17,20), Cortisol secre t ion (3,17), glomerular filtration rate 
(21), Na a n d K e x c r e t i o n s (20), f ib r ino ly t ic act iv i ty 
(4 ,6,22) , th romb in t ime (23), ac t i va ted part ia l th rom
boplast in t ime (23), pro thrombin t ime a n d platelet a g 
gregat ion (24), b lood v iscoe last ic i ty (25), hematocr i t (21), 
protein concen t ra t ions (20), inhibit ion of factor Xa (23), 
t i ssue p l a s m i n o g e n act iv i ty ( tPA) a n d fast ac t ing i n 
hibitory (PAI) leve ls (6,22,26) , cent ra l d o p a m i n activity 
(27) a n d ant i thrombin III (8,28). T h e leve ls of hematocr i t , 
protein concen t ra t ion , platelet aggregabi l i ty , hyper ten 
s ion , b l ood v iscoe las t ic i ty , s e r u m Cort isol a n d cent ra l 
dopamin activity i nc rease in the morn ing . S o m e of these 
factors s h o w s e a s o n a l var ia t ion (15). A n n u a l rhythmici ty 
in b a s a l metabo l i c rate, b lood p r e s s u r e , pu l se rate, body 
temperature , a n d s e r u m cho les te ro l concent ra t ion w a s 
identif ied (17 ,29 ,30-32) . F a c t o r VII, ant i thrombin III a n d 
cho lestero l s h o w pos i t ive corre la t ion with tempera tu re 
but n e g a t i v e c o r r e l a t i o n w i t h f i b r i n o l y t i c a c t i v i t y 
(28,30,32). P la te le t a n d red b lood ce l l coun ts , b lood v is 
cosity, ca theco lam in sec re t ion Increase at low d e g r e e 
tempera tu res (14,33). F ibr inolyt ic act ivi ty a n d ant i throm
bin III leve l d e c r e a s e s in morn ing . So there is a tendency 
to t h rombos i s in morn ing . I t c a n be c o n s i d e r e d that diur
nal var ia t ion ef fect ing the no rma l equi l ibr ium b e t w e e n 
th rombos is a n d th rombo lys i s is the ident i fy ing factor of 
onset o f s t roke . T h e phys io log ica l fac tors l ike phys ica l 
and menta l s t r e s s , i n c r e a s e in sympha te t i c tens ion a n d 
intradiurnal tempera tu re var ia t ion after gett ing up in the 
morning m a y effect onse t of s t roke. I t w a s repor ted that 
there a re p e a k s of fatal pu lmonary e m b o l i s m in the morn 
ing h o u r s (34) . B e s i d e s , m y o c a r d i a l in fa rc t ion (Ml ) 
( 3 , 6 , 1 3 , 1 7 , 1 9 , 2 2 , 2 4 , 3 4 , 3 9 ) , a n g i n a p e c t o r i s 
(13,17,19,39) , i s c h e m i c S T d e p r e s s i o n (6,39,40) a n d 
s u d d e n c a r d i a c d e a t h ( 3 , 1 7 , 1 9 , 2 2 , 2 4 , 3 4 , 3 9 , 4 0 , 4 1 ) 
showed p e a k s in morn ing . 

S e v e r a l s tud ies repor ted s e c o n d p e a k s o f M l a n d 
sudden c a r d i a c death in the even ing hours (13,42) . A l 
though s o m e s tud ies c l a im that asp i r in , warfar in a n d 
d ipyr idamole h a v e no effect on d iurnal rhythmici ty of 
M l a n d c e r e b r a l infarct (1 ,4,43) , s o m e o ther s t ud ies 
report that a s p i r i n a n d be ta b l o c k e r s d e c r e a s e the 
peak in morn ing (19 ,35-38 ,44 ,45) . 

KÖMÜRCÜ, DUMAN, GÜRÇAY 

T h e r h y t h m i c i t y i n s t r o k e i s a s i g n i f i c a n t 
ep idemio log ica l factor. B e s i d e s , the p r e s e n c e of per i 
od ic r isk a n d the pred ic t ion of recu r rence wil l p rov ide 
i m p o r t a n t i n f o r m a t i o n i n u n d e r s t a n d i n g o f t h e 
p h y s i o p a t h o l o g i c a l m e c h a n i s m a n d c o n t r o l l i n g t h e 
causa t i ve fac tors . T h o s e m a y help in the eva lua t ion o f 
pat ients hav ing s t roke r isk. 
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