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ABSTRACT
Objectives: Understanding the temporal pattern of
stroke onset and exploring the possible triggers are
important strategies to reducing the incidence of
stroke. If stroke occurs frequently on a specific day of
the week, it is assumed that other factors, that is,
‘triggering factors’, induce stroke. The aim of the study
is to investigate differences in the incidences of stroke
among days of the week.
Design: Hospital-based registry stroke over an 11-year
period.
Setting: Kyoto Prefecture, Japan.
Participants: A total of 13 788 patients with stroke
identified from January 1999 to December 2009
inclusive in the entire Kyoto Prefecture and registered
in the Kyoto Stroke Registry (KSR).
Main outcome measures: Patients with stroke were
classified into seven groups based on the day of the
week on which stroke developed. We confirmed the
differences in the incidence among days using the
χ2 test and then performed multinomial logistic
analysis referring to the stroke incidence on Sunday to
calculate the OR and 95% CI of the stroke occurrence
on each day of the week.
Results: The OR (95% CI) for stroke occurring on
Monday, Tuesday, Wednesday, Thursday, Friday and
Saturday was 1.157 (1.030 to 1.293), 1.101 (0.981 to
1.236), 1.059 (0.943 to 1.188), 1.091 (0.972 to
1.225), 1.053 (0.938 to 1.205) and 1.074 (0.956 to
1.205), respectively. After stratification by stroke
subtypes, cerebral infarction occurred more frequently
on Monday than on Sunday (OR and 95% CI were
1.189 and 1.034 to 1.366, p=0.014) independent of
age and gender. There was no significant day of the
week variation in cerebral haemorrhage or
subarachnoid haemorrhage.
Conclusions: Some factors that arise periodically
appear to affect the incidence of cerebral infarction,
which gradually develops over years, and this suggests
an aetiological mechanism different from the
conventional cumulative effect of risk factors due to
long-term exposure. We propose a hypothesis that
there is a ‘triggering factor’ for the development of
cerebral infarction.

INTRODUCTION
Stroke is regarded as a lifestyle-related disease
based on the chronic deterioration of cere-
bral arteries in principle.1 Long-lasting expos-
ure to risk factors, such as hypertension,
hyperlipidaemia, diabetes mellitus, smoking
and so on, should give rise to damage of cere-
bral arteries, such as atherosclerosis,2 which
should lead to the obstruction of cerebral
blood flow at the final stage.3 Therefore, long-
term, yearly-based effort to reduce risk factors
should be important to prevent stroke.4 5 On
the other hand, transient hypertension such
as white coat hypertension without sustained
hypertension, for example, is not regarded as
a conventional risk factor of stroke.6 7

However, some studies reported that stroke
occurs more frequently on Mondays,8–11 and
so does myocardial infarction.12 Although
causes of weekly variation of a lifestyle-related
disease, such as cerebral infarction (CeI) and
myocardial infarction, remain unclear, it is of
great importance to verify the variation and

Strengths and limitations of this study

▪ The study is based on a large stroke registry
with 13 788 patients with stroke over an 11-year
period.

▪ Effects of a day of the week on stroke develop-
ment should be different among societies, since
lifestyles based on a day of the week are largely
determined by the society. In a contemporary
society where complex lifestyles prevail, the
effects of a day of the week on stroke develop-
ment should be less outstanding or may be
concealed.

▪ We confirmed that the incidence of cerebral
infarction was high on Monday independent of
age and gender.

▪ The reasons for the weekly variation of stroke
incidence remain unclear.
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search factors that possibly affect the variation. If CeI
occurs on a basis of atherosclerosis as a result of yearly
accumulation of risk factors, it should be unlikely that its
incidence differs among days of the week because the day
of the week on which the total of risk factors reaches a
level may be random. Therefore, if stroke, which is the
final step of atherosclerosis, occurs more frequently on a
specific day of the week, it is assumed that other factors, in
addition to atherosclerosis caused by cumulative risk
factors, that is, ‘triggering factors’, induced stroke.13

Similarly, if the incidence is low on a specific day of the
week, there may be ‘delaying factors’. Understanding the
temporal pattern of stroke onset and exploring the pos-
sible triggers are important strategies to reduce the inci-
dence of stroke. In Kyoto, there is an ongoing stroke
registry which covers the entire prefecture. We identified
the day of the week on which stroke developed in these
data, and examined the presence or absence of differ-
ences in the incidence, patients’ history, and prognosis
among days of the week employing multivariate analysis.
In this study, we investigated differences in the incidences
of the three major subtypes of stroke: CeI, cerebral haem-
orrhage (CH) and subarachnoid haemorrhage (SAH),
among days of the week.

METHODS
We analysed all new patients with stroke identified from
January 1999 to December 2009 inclusive in the entire
Kyoto Prefecture and registered in the Kyoto Stroke
Registry (KSR). The details of the KSR have been previ-
ously reported.14–18 Briefly, patients with stroke were
registered in the KSR in cooperation with all medical
institutions belonging to the Kyoto Medical Association
to investigate the actual state of patients with stroke in
the Kyoto Prefecture, and the data are analysed aiming at
promotion of countermeasures against stroke from pre-
vention to rehabilitation to improving impairment as
much as possible to avoid staying in hospitals and facil-
ities and returning home. The Kyoto Medical Association
distributes the registration form to all cooperative facil-
ities, and physicians in charge at cooperative facilities fill
the form and send it back to the Medical Association.
The data were summed by the Medical Association. The
registration items included age, gender, date and time of
onset, time of consultation, medical histories (hyperten-
sion, arrhythmia, diabetes mellitus and hyperlipidaemia),
blood pressure on consultation, presence or absence of
arrhythmia and history of examinations (CT, MRI).
Stroke was classified into three major subtypes (CeI, CH
and SAH) according to the WHO definition.19

This research was performed in accordance with the
ethical principles for medical research involving human
participants outlined in the Declaration of Helsinki.
Since all identifying personal information was stripped
from the secondary files before analysis, the boards
waived the requirement for written informed consent
from the patients involved.

All patients with stroke were divided into seven groups
(Sunday–Saturday) based on the day of the week on
which stroke developed. Since data were collected over
11 years starting on Friday and ended on Thursday, the
total number of days was 574 for each day of the week.
For a between-group comparison of patients’ history, the
basic statistics or frequency was calculated. On the
assumption that stroke development is independent from
days of the week, the expected value is 1/7 for each day
of the week. First, differences in the incidence were ana-
lysed among days of the week for the entire period using
the χ2 test, and a significant difference was detected.
Second, multinomial logistic analysis was performed
referring to the incidence at the start of the week
(Sunday), and the OR and 95% CI of the stroke occur-
rence on each day of the week compared to that on
Sunday were calculated, in which no multiplicity adjust-
ment was applied because a significant difference was
detected in the above χ2 test and to reduce the error of
the second kind (reduce the risk of overlooking differ-
ences). Using multinomial logistic regression, stroke case
across the week was modelled as a dependent variable.
From such models, three regression coefficients were esti-
mated, which provide estimates of the OR of stroke occur-
ring on Monday, Tuesday, Wednesday, Thursday, Friday
and Saturday versus Sunday as a reference. The OR was
calculated as eβ with 95%CI=e(β±1.96×SE). Here, ‘β’ is the
regression coefficient corresponding to Monday, Tuesday,
Wednesday, Thursday, Friday or Saturday (with Sunday as
a reference), and ‘SE’ is the SE of ‘β’.11 20 The subjects
were divided into two groups with an onset age of
64 years or younger and 65 years or older, and multi-
nomial logistic analysis with adjustment for this age cat-
egory and gender was performed referring to the
incidence with Sunday as a reference, as described above.
Third, the presence or absence of a medical history of
hypertension was added to the adjustment factors, and
multinomial logistic analysis was similarly performed. We
chose hypertension history as an adjustment factor, which
is the major risk factor of stroke and was the most preva-
lent in the study cohort. As described above, on the
assumption that there is no difference in the incidence
among days of the week, the expected value is 1/7 for
each day. The presence of a significant difference of
patients’ history was also investigated between patients
who developed stroke on Sunday or Monday and patients
who developed stroke on the other days, as well as among
patients who developed stroke on each day. The χ2 test
and Student t test were used for categorical and numer-
ical data, respectively. Statistical analyses were performed
using SPSS for windows, V.19.0 (IBM). All reported
p values were two-sided. Statistical significance was set
at p<0.05.

RESULTS
We reviewed 14 268 patients with stroke newly identified
in the Kyoto Prefecture from January 1999 to December
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2009. Of these, 12 774 (89.5%) underwent a CT, 9232
(64.7%) an MRI scan, 2504 (17.5%) an angiography
and 342 (2.4%) a scintigraphy for blood flow. The
number of patients who neither had CT nor MRI was
121 (0.9%). Excluding 480 (3.3%) unclassified patients,
the study cohort had 13 788 patients divided into 9011
(65.4%) CeI, 3549 (25.7%) CH and 1197 (8.7%) SAH
cases. A small number of patients had a combination of
stroke types as follows: 12 with CeI and CH, 4 with CeI
and SAH and 15 with CH and SAH.
Patients’ history is shown in table 1. Patients’ history in

each stroke subtype is summarised in online supplemen-
tary tables S1–S3. The significance (p value) of the dif-
ference of each variable among patients who developed
stroke on each day is summarised in online supplemen-
tary table S4.
The incidence of stroke by day of the week decreased

in the order of Monday, Tuesday, Thursday=Friday,
Wednesday, Saturday and Sunday. The results of multi-
nomial logistic analysis are shown in table 2. The crude
OR and 95% CI of CeI (vs that on Sunday) were sig-
nificantly high on Monday (1.182, 1.095 to 1.276,
p<0.001) and remained significant even after adjust-
ment for age group, gender and hypertension history.
On the χ2 test of the difference between the actual
incidence on each day of the week and the expected
value (1/7, about 14.3%) on the assumption of the
absence of a difference among days of the week, the
p values were, in the order from Sunday, 0.180, <0.001,
0.874, 0.214, 0.770, 0.826 and 0.562, respectively.
On the χ2 test between the combined value of Sunday
and Monday and the expected value, 2/7, was 0.139.
The incidence of CH was high on Tuesday (OR and
95% CI were 1.162 and 1.027 to 1.315, p=0.016), but
the difference after adjustment with the age and
gender was not statistically significant. The incidence
of SAH was not significantly different among days of
the week.

DISCUSSION
Acute cerebrovascular events, including not only stroke
but also transient ischaemic attack, are not randomly dis-
tributed over time but show specific temporal patterns
of occurrence.21 22 The incidence of stroke varied
among days of the week and it was high on Mondays,
confirming the results of previous reports.8–11 23 24 A
high incidence of myocardial infarction on Monday,
which is caused by the interruption of arterial blood
flow in a manner similar to CeI, has also been
reported.12 25 26 In our study, the weekly variation of the
incidence was statistically significant for all stroke and
for cerebral infarction. No significant weekly variation
was noted in the incidence of haemorrhagic stroke, that
is, CH and SAH. We calculated that the OR of develop-
ment on Monday compared to that on Sunday was esti-
mated after adjustment for age, gender and
hypertension history and found that the weekly variation
of the incidence of CeI was independent from the age,
gender and hypertension history.
It is difficult to identify the cause of this weekly vari-

ation. Date is socially determined and is not directly
associated with a disease. Monday preference has been
reported by several authors for acute cardiovascular dis-
eases, not only myocardial infarction12 25 26 but also
acute aortic dissection and rupture,27 sudden deaths
and cardiac arrests.28 29 Sunday is a holiday and Monday
is the day of starting work in general. There is an expres-
sion: Monday blues. Blood pressure elevation by stress
may be the cause. The weekly variability seems to be
independent of the presence of common risk factors
(age, gender, arterial hypertension, type 2 diabetes mel-
litus and dyslipidemia).27 30 The Monday preference of
CeI might be explained by different risk factors such as
biochemical factors associated with cardiovascular risk
that can be less favourable on this day.31–33 No signifi-
cant differences were noted in the medical history of
hypertension or blood pressure on consultation on

Table 1 Summary of basic information of patients with stroke by day of the week (n=13 788)

Characteristic Sunday (n=1863) Monday (n=2151) Tuesday (n=1986)

Age (mean±SD) 71.1±12.9 71.3±12.6 71.2±13.3

Gender (man % (n)) 54.9 (1022) 54.8 (1179) 55.1 (1095)

Systolic blood pressure (mean±SD) 161.3±30.9 161.4±32.4 161.3±31.7

Diastolic blood pressure (mean±SD) 87.4±18.9 87.7±19.0 87.7±19.5

Hypertension history, (%, with/without/missing (n)) 57.1/35.4/7.6

(1063/659/141)

57.0/35.5/7.5

(1226/763/162)

59.2/33.5/7.3

(1176/666/144)

Characteristic Wednesday (n=1943) Thursday (n=1962) Friday (n=1963) Saturday (n=1920)

Age 71.1±12.7 71.4±12.4 71.5±12.9 71.1±13.2

Gender 54.3/45.7 (1055/888) 54.6/45.4 (1071/891) 56.1/43.9 (1101/862) 53.8/46.3 (1032/888)

Systolic blood pressure 161.8±32.0 161.3±31.2 161.3±30.5 160.6±31.7

Diastolic blood pressure 88.0±19.0 87.7±18.7 87.7±18.2 87.6±18.9

Hypertension history 56.6/35.7/7.8

(1099/693/151)

59.0/34.9/6.1

(1157/685/120)

58.8/34.0/7.2

(1154/668/141)

58.9/33.6/7.5

(1130/646/144)
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between-group comparison. Assuming that there is no
difference in incidence among days of the week, the
expected value is 1/7 for each day. The incidence on
Sunday was significantly low, suggesting that rest delays
the development of stroke. There was no significant dif-
ference between the rate of combined patients who
developed stroke on Sunday and Monday and 2/7, sug-
gesting that stroke which might have occurred on
Sunday was ‘delayed’ and occurred on Monday. If there
is a factor delaying the development, it may lead to
stroke prevention. Further investigation is expected.
We would like to think about the risk factors. The day

of the week is not a risk factor as defined in health para-
meters. The epidemiological definition of risk factors
states that a factor is an attributable characteristic or
exposure of an individual that increases the likelihood
of a disease. Besides, can risk factors explain the phe-
nomenon that the incidence is significantly high on
some day and low on another day of the week? A factor
influencing the development is called as a risk factor.
However, ‘days of the week’ are markedly different from

risk factors, such as hypertension34 and obesity.35

Conventional risk factors increase the risk of diseases,
especially lifestyle-related diseases,36 through long-term
exposure, but days of the week act through only 1 day
exposure. The mean, median and most frequent age of
the CeI patients analysed in this study were 73.3, 74 and
75 years, respectively. Assuming that stroke occurred at
the age of 70 years, it developed at 70×365 days=25 550
days without consideration of the leap years, and
patients were exposed to each day of the week for
3650 days. Since the maximum difference in the fre-
quency of exposure to each day among days of the week
is 1 day, the numbers of Mondays in patients who devel-
oped stroke on Sunday and Monday were 3650 vs
3649 days, respectively, and the difference can be practic-
ally negligible. We might call Monday a risk factor. If so,
however, everyone has virtually the same amount of the
‘risk factor’. In contrast, the OR of Monday stroke devel-
opment compared to that of Sunday was 1.18 (1.03 to
1.37, p=0.014), which could not be explained with the
number of exposure days. Therefore, days of the week
act in a way different from that of conventional risk
factors, such as hypertension and obesity. Conventional
risk factors act through long-term or repeated exposure,
whereas this triggering or delaying factor acts through a
very short exposure. For example, ‘hypertension’ acts
through years of exposure in general. If Monday has a
risk factor like ‘hypertension’, the patients who devel-
oped stroke on Monday were exposed for 3650 Mondays
and those who developed stroke on the other day were
exposed for 3649 Mondays. It is unlikely that the inci-
dence differs between groups exposed for 3650 and
3649 days. Therefore, we termed factors inducing and
delaying stroke ‘triggering and delaying factors’, distin-
guished from the term ‘risk factors’.37 Our study and
several other studies showed a high incidence of CeI on
Mondays, suggesting that Monday contains a ‘triggering
factor’. Considering that the incidence was low on
Sundays, Sunday may contain a ‘delaying factor’. Less
stress, less anxiety, sufficient time to sleep and rest may
be a candidate for delaying factors.38 39 Triggering and
delaying are a matter of relativity. It cannot be clarified
in this study whether both factors are present or only
one of these is present. For example, the latter condition
can be interpreted to mean that Monday contains many
triggering factors while Sunday contains fewer triggering
factors, reducing the incidence. Since days of the week
are socially defined, it is unclear what biological factor
serves as a triggering40 or delaying factor. Stress and rest
are considered as candidates.39 41–43

The representative causes of CeI are considered to
gradually aggravate over years in general. The accumula-
tion of conventional risk factors results in the disease.
In contrast, factors of ‘days of the week’ may not act
through accumulation, as discussed above, and, at least,
it may not directly act on atherosclerosis, for example.
Dehydration,44 elevated blood coagulation45 and vaso-
spasm46 are considered as changes which influence the

Table 2 ORs and 95% CIs for the occurrence of stroke

OR
95% CI

p ValueLower Upper

Stroke

Sunday Reference

Monday 1.154 1.030 1.293 0.013

Tuesday 1.101 0.981 1.236 0.100

Wednesday 1.059 0.943 1.188 0.339

Thursday 1.091 0.972 1.225 0.139

Friday 1.053 0.938 1.183 0.379

Saturday 1.074 0.956 1.205 0.228

Cerebral infarction

Sunday Reference

Monday 1.189 1.034 1.366 0.014

Tuesday 1.069 0.929 1.231 0.358

Wednesday 1.011 0.876 1.167 0.877

Thursday 1.082 0.940 1.246 0.276

Friday 1.060 0.918 1.223 0.426

Saturday 1.087 0.944 1.251 0.250

Cerebral haemorrhage

Sunday Reference

Monday 1.044 0.830 1.313 0.713

Tuesday 1.170 0.934 1.466 0.171

Wednesday 1.165 0.928 1.463 0.188

Thursday 1.088 0.865 1.368 0.471

Friday 0.955 0.755 1.208 0.700

Saturday 1.013 0.802 1.279 0.914

Subarachnoid haemorrhage

Sunday Reference

Monday 1.201 0.779 1.852 0.408

Tuesday 1.157 0.740 1.809 0.523

Wednesday 1.195 0.773 1.846 0.423

Thursday 1.413 0.922 2.167 0.112

Friday 1.428 0.939 2.172 0.097

Saturday 1.165 0.753 1.804 0.493

Adjusted for age group, gender and hypertension history.
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development of CeI and occur within a short time. We
propose a hypothesis that some factor related to Monday
induces these changes, and that the changes trigger CeI.
Further studies are necessary to verify this hypothesis,
but we expect that it promotes studies, gives tips to con-
sider the developmental mechanism of CeI and leads to
the prevention of CeI.

LIMITATIONS
The study has all the limitations that a retrospective
cohort study may have. It was a retrospective analysis of
data coming from a local registry; data obtained from
registries might be biased towards under-reporting,
because the report of stroke cases was left to physicians
who had to fill a prespecified form and send it back to
the Kyoto Medical Association; moreover, this modality
of data collection may have introduced a selection bias,
lack of logistical data.
It would have been interesting to evaluate the differ-

ences between each day of the week such as: stroke
severity measured by the National Institutes of Health
Stroke Scale (NIHSS), thrombolytic treatment, ischae-
mic stroke subtype. However, those data are not available
in the KSR at the period of the study.
Risk factors for ischaemic stroke may be different from

risk factors for haemorrhagic strokes. Exposure to some
risk factors may be different by day. Lifestyles such as
sleeping and drinking habits may change by the day.
The causes of weekly variation of stroke occurrence
remain unclear.
Although statistically significant, weekly variation was

revealed only in ischaemic events; presumably, meaning-
ful weekly variation was noticed in haemorrhagic stroke;
Tuesday 1.170 (0.934 to 1.466) p=0.171; Wednesday 1.165
(0.928 to 1.463) p=0.188 in CH, and Thursday 1.413
(0.922 to 2.167) p=0.112; Friday 1.428 (0.939 to 2.172),
p=0.097 in SAH. The failure of the variation to reach stat-
istically significant levels in CH and in SAH might be due
to the lack of statistical power. This study could not
explain the different pattern among stroke subtypes.
However, the results suggest that there are different
mechanisms of triggering events among stroke subtypes.
Another limitation of this study was the lack of logis-

tical data.
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