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Circadian patterns of ischemic stroke onset
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Abstract. Objective: The aims of our study are to investigate if the ischemic stroke and its subtypes follow a circadian pattern in occurrence
in Cluj-Napoca area and to examine the existence of an association between the conventional risk factors and this circadian variation. Material
and Method: Ischemic stroke data were collected from the Patient Records of a consecutive series of 969 patients admitted through Emergencies
Room at Neurology Departments I and II of the District Hospital of Cluj-Napoca, between 1 January 2012 and 31 December 2012. The clas-
sifiable onset time was assigned to one of four six-hours intervals: 00.01- 06.00 (night), 06.01-12.00 (morning), 12.01-18.00 (afternoon) and
18.01-24.00 (evening). Demographic data and vascular risk factors were recorded for each patient. Results: The circadian variation of onset for
all ischemic stroke subtypes was shown by descriptive analysis and confirmed by Fourier spectral analysis, with the peak of occurrence in the
morning hours and the lowest occurrence during nighttime. The Fourier analysis showed the presence of two cycles of 12 and of 24 hours. The
descriptive analysis and estimated odd ratio, for the occurrence of ischemic stroke for each of the four six-hours interval regarding the associa-
tion with the risk factors, did not revealed any influence of them in the circadian pattern of ischemic stroke onset. The mortality for the ischemic
stroke occurred in the afternoon hours has an odd ratio of 0.22 with a p value of 0.011. Conclusion: The cerebro-vascular events are not random-
ly distributed over time, but have a peculiar distribution along the day, following a circadian variation with the higher incidence in the morn-
ing and the lower in the night. This circadian pattern is independent by demographic data, vascular risk factors and history of previous stroke.
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to Neurology Department I and II of the District Hospital of
Cluj-Napoca (which serve the population of Cluj-Napoca City
and of the surroundings). The Cluj-Napoca Metropolitan Area
has a population of 411.379 inhabitants (Cluj County Regional
Statistics 2013).

The diagnosis of stroke was defined, according to World Health
Organization criteria, as rapidly developing clinical symptoms
or signs of focal or global loss of cerebral function with symp-
toms lasting more than 24 h or leading to death, with no appar-
ent cause other than vascular origin (WHO 1989) and was made
by a neurologist. For each patient we recorded demographic
data (gender, age), date of onset and the day-time interval/hour
where was specified, risk factors and comorbidities (hyperten-
sion (with or without previous treatment), diabetes mellitus,
hypercholesterolemia, coronary artery disease (CAD), atrial
fibrillation (AF), smoking status, history of previous transient
ischemic attack (TIA) or stroke, type of stroke and mortality
during hospitalization treatment). Lack of computed tomogra-
phy in the first 48 hours and of the date of stroke onset at least
was exclusion criteria. The stroke subtypes were diagnosed
according The Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) criteria (Adams et al 1993), the most widely used

Introduction

In the recent literature the concept of the temporal pattern for
distribution of the cerebro-vascular events onset, besides the
one of the cardio-vascular events, became more obvious. The
similarity between the patterns of diurnal variation of the two
types of pathology, regarding their onset time, suggests that
cerebro-vascular and cardio-vascular events share common
triggering factors (LeBlanc 2014 Shaw et al 2009, Terayama
2013, Turin et al 2009).

Even if the diurnal pattern of ischemic stroke (IS) onset was es-
tablished, data regarding the chronological variation of stroke
subtypes are limited (Casetta et al 2002, Turin et al 2009) and
only a few have reported the relationship between this circadi-
an pattern and the conventional vascular risk factors (Ali et al
2011, Casetta et al 2002, Turin et al 2009). Knowledge about
any periodicity in IS occurrence may provide clues for primary
and secondary prevention and treatment.

The objective of this study are to examine the existence of a
circadian pattern in IS occurrence and the association between
it and vascular conventional risk factors and whether there are
differences in this temporal variation regarding ischemic stroke

bt . . . . . .
Subtypes classification of ischemic stroke, in the following subtypes ac-
. cording to its etiology: 1) large-artery atherosclerosis (embo-
Material and Method lus/thrombosis) 2) cardio-embolism, 3) small-vessel occlusion

In our retrospective, hospital — based study, we included a  (lacune), 4) stroke of other determined etiology and 5) stroke of

consecutive series of 969 patients with IS admitted between 1
January 2012 and 31 December 2012 through Emergency Room
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undetermined etiology (two or more causes identified/ negative
evaluation/ incomplete evaluation). Diagnoses were based on
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clinical characteristics and on results of diagnostic tests such as
brain imaging (CT/MRI), cardiac imaging (echocardiography),
vascular imaging (duplex imaging of extra-cranial arteries, arte-
riography) and laboratory assessments for a pro-thrombotic state.
Precise or approximately determination of the hour or at least
the interval of symptoms onset was possible for 820 and was
assigned to one of four six-hours intervals: 00.01- 06.00 (night),
06.01-12.00 (morning), 12.01-18.00 (afternoon) and 18.01-24.00
(evening), arriving from the information available for each pa-
tient in Patient Records. For the remaining 149 patients the date
of stroke onset could be determined. The wake-up stroke (the
situation when the symptoms of stroke was first recognized to
the wake-up moment) were assigned equally between 00.01-
06.00 (night) and 06.01-12.00 (morning).

Statistical analyses were performed using Excel Microsoft and
SPSS software v. 17. The incidence of IS measured across the
time intervals and presented as proportions (P) with CI cal-
culated using Wilson’s method (CI 95% = P +/- 1.96 * (P(1-
P)/N)*1/2). The circadian rhythm was analyzed using Fourier
spectral analysis to identify any significant rhythms that might
be occurring and subsequent linear regression for modeling a
cosinor function for 12 and 24 hour periods. Multimodal lo-
gistic regression analysis was performed on data (IS as global
variable) with the time blocks modeled as dependent variable
(time point 00.01 —06.00 as reference category) and OR coef-
ficients were estimated for morning, afternoon, evening and
undetermined interval. The risk factors were modeled as inde-
pendent variable to calculate the respective odds. The signifi-
cance threshold 0.05 was considered for all statistical analysis.

Results

The demographic characteristics of the patients with IS are shown
in table 1. The man is counting for 53.63% (510 patients) and
women for 47.37 % (459 patients). The average age of wom-
en is 72.76+/-10.79 year comparing with that of man which is
69.04+/-11.2 year.

The total of 969 patients was classified, according TOAST
criteria in: 60 patients with IAT (6.2%), 153 patients with IE
(15.8%), 538 patients with IL (55.5%), 7 patients with of 10
(other determined etiology) (1%) and 211 patients with TU
(21.8%) (figure 1). For the next statistical analysis the patients
with IO were excluded because of their heterogenic etiology (4
patients diagnosed with stroke in the context of paraneoplastic
syndrome, 1 patient with cerebral infarct secondary to cerebral
metastasis of breast cancer, 1 patients with cerebral vascular
malformation and 1 patient with infarct caused by common ca-
rotid artery dissection).

Table 1. The demographic characteristics of the patients with
ischemic stroke stratified by subtypes

Age M mean (SD) F mean (SD)
IAT 63.8 (10.9) 66.7 (12.5)
IE 74.8 (8.2) 77.4(7.9)
IL 68.9 (11.3) 72.5(10.4)
1IU 68 (11) 70.8 (12.1)
Total 69 (11.2) 72.8 (10.8)
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Figure 1: The percentage classification of ischemic stroke subtypes

The description of the circadian pattern of variation is illustrated
in the figure 2 for all ischemic strokes and for each subtype onset
along the day, concerning the four six-hours intervals convened.
It shows an evident peak during the morning hour (correspond-
ing to interval 06.01-12.00), followed by a slow decrease dur-
ing afternoon (12.01-18.00) and evening (18.01-24.00) and a
trough during nighttime (interval 00.01-06.00) for each type of
stroke. The percentage of occurrence during the four six-hour
intervals for each subtype is described in table 2.

Figure 2: The distribution of stroke subtypes onset over the four
six-hour intervals during the day.

Using the Fourier spectral analysis for the detection of the hy-
pothesized circadian rhythmicity (cosinor function), after the
random distribution along the daytime of the patients with un-
determined onset time, we found two cycles of 24 and 12 hours
for IS (shown in Figure 3) and for IS subtypes (not mentioned
here, being similar). The cosinor indices for 24 hours cycle, for
each stroke subtype, are summarized in the table 3.

The total of ischemic stroke and its subtypes was stratified by the
presence of risk factors and comorbidities: anterior TIA/stroke,
arterial hypertension, DM, hypercholesterolemia, CAD, AF and
smoking status. Concerning the risk factors and comorbidities,
the proportion of each IS subtype is described in the table 4,
the circadian variation of IS is illustrated in figure 4 (first box-
es) and the relationship between odd ratios values (OR) for the
occurrence during each four six-interval of daytime is shown
in figure 4 (second boxes). The time interval 00.01 — 06.00 was
considered as reference category. For OR of all risk factors and
comorbidities we found a p value >0.05. The same representa-
tion was made for age and gender, with the circadian variation
of IS in figure 5 (first boxes) and the relationship between odd
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Table 2. The proportion of each stroke subtype assigned to the four six-hour intervals

Stroke type Night (0-6) Morning(6-12) Afternoon(12-18) Evening (18-24)
IAT 5% (-0.5-10.5) 58.3% (45.9-70.8) 5% (-0.5-10.5) 21.7% (11.2-32.1)
IE 9.2% (4.5-13.7) 57.5%( 49.7-65.3) 13.7% (8.3-19.2) 15.7% (10.0-21.4)
IL 7.3% (0.5-9.4) 42.4% (38.2-46.6) 17.7% (14.4-20.9) 16.4% (13.2-19.5)
1U 3.8% (1.2-6.3) 41.2% (34.6-47.9) 19.4% (14.0-19.0) 13.3% (8.7-17.8)

Table 3. The parameters from Fourier analysis (cosinor) of 24 hours rhythmicity

Stroke Type F p Mesor Amplitude Acrophase
IAT 9.201 0 0.04 0.03 12.37
IE 30.553 0 0.1 0.09 12.52
IL 54.875 0 0.3 0.2 13.44
U 21.033 0 0.1 0.1 14.26
Table 4. The presence of risk factors among the patients with ischemic stroke

Risk factor IAT % IE % IL % IU % Total IS %

Hypertension 86.7(78.0-95.2)  96.7(93.9-99.5) 89.4(88.0-93.0) 85.8(81.0-90.5) 89(88.3-92.2)
Diabetes Mellitus 21.7(11.2-32.1) 22.2(9.0-20.2) 23.2(21.4-25.0) 24.2(18.4-29.9) 24(21.5-26.9)

Hypercholesterolemia 50(37.3-62.7)
CAD 33(21.4-45.2)
AF 23.3(12.6-28.6)
Smoking habit 13.3(4.7-21.9)
Previous TIA/stroke 26.7(15.5-37.6)

21.6(15.0-28.1)
47(39.1-54.9)
85.6(82.7-92.2)
3.3(0.4-6.1)
27.8(20.4-33.2)

39(34.9-43.2)
55.5(51.3-59.7)
15.8(22.7-18.8)
4.7(42.9-51.3)

22(20.0-27.2)

23.7(18.0-29.5)
33.1(26.8-39.5)
3(1.8-0.4)
11.4(0.7-15.6)
21.8(16.2-27.3)

36.9(34.2-40.3)
37.6(34.7-40.9)
25(22.8-28.3)
7.2(5.6-8.9)
23.8(21.3-26.7)

ratios values (OR) for the occurrence in man/women and for
<65 years/ >65 years during each four six-interval of daytime
is shown in figure 5 (second boxes).

The circadian variation of stroke mortality during hospitaliza-
tion is shown in figure 6. The OR coefficients were estimated
and represented graphically for each time interval concerning
the mortality during hospitalization considering the time inter-
val 00.01 — 06.00 as reference category. A value of p=0.011 was
found for afternoon (12.01-18.00 interval) (Figure 6 and 7).

Discussion

The proportion between the five subtypes of stroke found in
our study is relatively different by other reports, with a higher
proportion of IL — 55% in comparison with 15-25% described
in the literature. A possible explanation is the high prevalence
of the known risk factors for IL between our patients with IS,
especially arterial hypertension (89% from total IS and 89.4%
from IL) and diabetes mellitus (24% from all IS and 23.2 from
IL) (Bailey et al 2012). The lower proportion of IAT (only 6% in
comparison with 13-21% reported) and of IE (16% in comparison
with 25-30%) is due by a relative high number of patients with
evidence of both cardio-embolic source and significant steno-
sis (>50%)/occlusion of a major brain artery or branch cortical
artery, this cases being included in the IU category (22% in our
study in comparison with 30-33% (figure 1) (Palm et al 2012).
Overall the men age is about 3.5 years lower than the age of
women, obvious for all stroke subtypes, reflecting the appearing
or worsening of the existing vascular risk factors after meno-
pause installation (table 1) (Bushnell 2008).

Our results regarding the circadian rhythmicity of ischemic
stroke are in accordance with the findings of previous reports
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available in the literature, with the highest incidence of occur-
rence during 06.01-12.00 noon and the minimum occurrence
during the night (00.01-06.00) (Butt et al 2009, Manfredini et
al 2005, Tsai et al 2013, Turin et al 2009, Wouters et al 2014),
for all ischemic stroke subtypes (Casetta et al 2002, Spengos et
al 2003, Turin et al 2009), including IL for which other authors
have reported a highest occurrence during nighttime (Castilla-
Guerra et al 2009, Naess et al 2011) (figure 2 and table 2).
There are previous studies which indicate a single peak in the
morning (Gupta et al 2005, Manfredini et al 2005) and others
showing a double peak of circadian variation for all IS or for
some of IS subtypes, with a second, less impressive, peak in
the afternoon (Casetta et al 2002, Omama et al 2006, Turin et
al 2012). Their study methodology was based on the division
of the daytime in more than four intervals (as in our study): six
4-hours, twelve 2-hours or even 24 1-hours. The data about the
patients with stroke from their Stroke Registries were more ac-
curate and permitted an increased precision in the stroke onset
time determination and consequently the possibility to obtain a
more detailed pattern of the IS diurnal rhythmicity.

We found this pattern, with significant increase of IS occur-
rence during morning hours, even in the settings of equally
distribution of the wake-up stroke number between the night
and the morning interval, related by the fact that there are opin-
ions that the stroke “concentration” at the time of awakening
is not due by the “concentration” of stroke occurrence, but to
that of its recognition (Omama et al 2006, Wouters et al 2014).
Regarding IS, the wake-up strokes count for 9.5% in compari-
son with 20-25% reported (Omama et al 2006, Rimmele et al
2014, Wouters et al 2014).
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Figure 4: The circadian variation (first boxes) and the relationship between the odds ratio coefficients (OR), (considering time
interval 00.01 — 06.00 as reference category) (second boxes) for the occurrence of ischemic stroke stratified by the presence
of risk factors and comorbidities: anterior TIA/stroke, arterial hypertension, diabetes mellitus (DM), hypercholesterolemia,
coronary artery disease (CAD), atrial fibrillation (AF) and smoking status.

Figure 5: The circadian variation (first boxes) and the relationship between the odds ratio coefficients (OR), (considering time

interval 00.01 — 06.00 as reference category) (second boxes) for the occurrence of ischemic stroke concerning age and gender
(y-years, M-man, W-women)
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Figure 6: The mortality during hospitalization concerning the
four six-hours intervals and ischemic stroke subtypes.

Figure 7: The OR representation for each four six-hour interval
concerning mortality during hospitalization (considering the
time interval 00.01 — 06.00 as reference category)

The spectral Fourier analysis of the hypothesized circadian vari-
ation onset of IS has exhibited the existence of two cycles: one
of 12-hours and one of 24-hours. Arriving from the graphic and
indices (figure 3 and table 4), we can speculate that the two cy-
cles are phase-shifted by approximately 90 degree. The analy-
sis of the 24 cosinor curve shows a hall-mark of the 12-hours
cycle in its first part. Initially the two cycles are antagonizing
each other and after 12-hours are synchronizing (producing a
synergic effect) leading to the probability in our opinion of the
existence of a protective mechanism against stroke in the 00.01-
06.00 interval. The hypothesis arising from this analysis is that
the nocturnal sleep protect against stroke, despite the old tra-
ditional teaching that strokes are more likely to occur at night
(Lago et al 1998), but it needs more studies for confirmation.

The circadian rhythmicity in IS occurrence appears to be inde-
pendent by the demographic factors: gender and age (figure 5)
and the history of the known risk factors (figure 4). This affir-
mation is suggested by the observed similar pattern of circadian
variation for each stroke subtypes in the condition of presence
and absence of the mentioned risk factors and comorbidities
(first boxes of figure 4), sex and age categories (first boxes of
figure 5). The estimated odd ratio (OR) values for the occur-
rence of IS for each interval, concerning age and sex were <1
for age and for man and were>1 for women, but with a p val-
ues >0.05 (considered as statistical significance threshold).

Volume 6 | Issue 3

Page 137

Fodor et al 2014

Concerning the vascular risk factors, the estimated OR were <1
for previous TIA/stroke, hypertension, CAD, AF and smoking
habit and >1 for diabetes mellitus and hypercholesterolemia,
but without statistical significance for none of them (figure 4,
second boxes). This finding is in accordance with other stud-
ies which showed no difference in the pattern of stroke onset
between the patients with or without risk factors (Casetta et al
2002, Turin et al 2012).

The conclusion that none of the common risk factors seems to
have a contribution to the circadian variation of IS onset sug-
gests that it may be triggered by other unknown factors, intrin-
sic for the morning hours. Probably the mechanism implies the
diurnal rhythmicity of a series of biologic factors such as blood
pressure (with physiological nocturnal decrease and morning
increase), hemostatic balance (with increased platelet agreeabil-
ity, hypercoagulability, hypofibrinolysis, and increases levels of
hematocrit with hyperviscosity of the blood in the morning),
autonomic system activity (with activation of the sympathetic
nervous system after the wake-up moment with consequence
on vascular tone, BP, heart rate). The diurnal rhythmicity of
the mentioned endogenous factors depend partially by the day-
night cycle of the physical activity and the assumption of the
up-right posture (as exogenous factors) associated with the
awaking moment (Atkinson et al 2010, Chrusciel et al 2009,
Kario et al 2010, LeBlanc 2014, Turin et al 2012). Taking the
example of BP (the best studied risk factor for cardio-vascular
and cerebro-vascular events), in our study the patients normo-
tensive and hypertensive with and without anti-hypertensive
medication had the same circadian variation of IS onset (figure
4). It suggest that the BP diurnal rhythmicity (related partially
by the abrupt shifting from the absence of physical activity dur-
ing sleep to sudden physical activity on awaking and arising
moment, via sympathetic activation) and not BP itself, play an
important role in the circadian chronobiology of the IS including
its onset. We have to mention that for the most patients, we did
not have information about their schedule of anti-hypertensive
medication. There are data that bedtime antihypertensive drugs
administration in comparison with conventional after-awaking
treatment is more effective in the control of BP and significantly
decrease the cardio-vascular morbidity (Hermida et al 2010).
There are reports suggesting the modification of the circadian
rhythm of BP post ischemic stroke (with decrease/increase of the
nocturnal BP decline, as a triggering factor for IS occurrence)
but we did not found a more impressive peak in the morning
for the patients with previous stroke in comparison with the pa-
tients with the first-ever stroke (Figure 3) (Castilla-Guerra et al
2011, Kwon et al 2014).

Analyzing the aspect of mortality during hospitalization, it
count for 10.9% from the total of IS in our study. The higher
proportion of mortality was observed between the patients with
IE (25.5%) related probably by the increased extension of this
subtype of stroke. The lower mortality (6.5%) was recorded for
IL, the infarct extension and clinical picture being less severe.
We found a mortality frequency of 10% for IAT and 12.3% for
IU, all in accordance with the data from the literature (de Jong
et al 2003, Turin et al 2012). Regarding the circadian variation
of IS subtypes mortality the pattern follow the one of IS on-
set (figure 6). Interestingly, analyzing the estimated OR values
for each four intervals described in figure 7 we can speculate
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a “protective effect” against mortality during hospitalization
for the stroke occurred in the afternoon (12.01-18.00), with a
p =0.011 (considering the time interval 00.01 — 06.00 as refer-
ence category).

The highest incidence of stroke in the morning has a sociologi-
cal dimension as information, with practical implication for the
current and future treatment for the patients with IS. The hos-
pitals / units that propose to treat IS patients require a higher
level of awareness and availability during morning hours. The
intra-venous or intra-arterial thrombolysis treatment seems to
have better outcome during diurnal compared with nocturnal
period (Vilas et al 2012). Another broad implication of the cir-
cadian variation of IS onset may be a preventive one, by treat-
ing the risk factors concerning their circadian variation too. We
can suppose that a chrono-therapeutic approach may be useful
for arterial hypertension (Hermida et al 2010), especially for
the BP morning surge and the situation with decrease of the
physiological nocturnal decline of BP (non-dipper and reverse-
dipper profile) and even in the case of antiaggregant/anticoagu-
lant treatment targeting the concurrent morning pro-thrombotic
condition (Haus 2007).

Conclusions

By our knowledge, this is the first Romanian study regarding
the circadian variation of ischemic stroke onset concerning its
subtypes too. Our results show that ischemic stroke and its sub-
types have a circadian variation with the highest peak in the
morning and the lowest occurrence during nighttime. The mor-
tality due to ischemic stroke follows the same circadian vari-
ation. This pattern of variation is independent by the presence
of conventional vascular risk factors (arterial hypertension, dia-
betes mellitus, hypercholesterolemia, coronary artery disease,
atrial fibrillation and smoking status), by previous stroke and
by demographic factors, suggesting that the circadian rhythmic-
ity of endogenous factors, influenced by the day-night cycle of
physical activity, not strictly risk factors itself, play a role in the
circadian pattern of stroke occurrence. This founding may lead
to therapeutic implications regarding the treatment with acute
interventions like thrombolysis and the chrono-therapeutic ap-
proach of the chrono-risk factors of ischemic stroke.
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