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Abstract. Background: Available evidence suggests a
peak in the incidence of cardiovascular events on
Mondays compared to other days of the week. The
exact magnitude of the excess risk and the role of age
and gender, however, remain unclear. Objective: To
quantify the excess risk associated with the Monday
peak in cardiovascular mortality and to explore the
role of age and gender. Methods: A meta-analysis of
available published studies reporting on weekly patterns in incidence of myocardial infarction and sudden cardiac death was performed. Results: Reports
based on routinely collected data from population
statistics (n ¼ 5) generally reported a lower odds ratio
(OR) of an event on Monday than studies with a

conﬁrmed diagnosis (n ¼ 16). The pooled OR estimate based on population statistics was 1.04 (95%CI:
1.03; 1.05), whereas the pooled OR estimate based on
conﬁrmed diagnoses was 1.19 (95%CI: 1.17; 1.21).
Subgroup analysis yielded an OR of 1.19 (95%CI:
1.07; 1.31) for men and 1.15 (95%CI: 0.99; 1.32) for
women. Odds ratios for patients younger than
65 years of age and 65 or older were 1.22 (95%CI:
1.09; 1.36) and 1.16 (95%CI: 1.07; 1.27), respectively.
The diﬀerences between subgroup odds ratios were
not statistically signiﬁcant. Conclusion: The incidence
of sudden cardiac death is markedly increased on
Monday, similar for men and women, and for subjects below and above 65 years of age.

Key words: Atherosclerosis, Cardiovascular disease, Circaseptan variation, Review, Sudden cardiac death

Introduction
Even though heart attacks and other cardiovascular
events generally strike by surprise, their occurrence is
by no means random. Over the past years we have
repeatedly been warned to beware of Monday
mornings in winter [1]. A range of studies has described cyclical patterns in cardiovascular mortality.
Peaks have been identiﬁed between 6: 00 and 12: 00
[2], during winter months [3], and on Mondays [1, 4].
In a review of 30 reports on the circadian (i.e., within
one day) pattern of cardiovascular events, Cohen
et al. [2] estimated that 8.8% of all acute myocardial
infarctions and 6.8% of sudden cardiac deaths are
attributable to the morning excess of cardiovascular
mortality. The magnitude of the excess incidence on
Mondays, however, remains unknown.
The main pathophysiological mechanism has been
proposed to be ‘triggering’ or disruption of a vulnerable atherosclerotic plaque [5]. Several possible
triggers have been suggested, including natural
rhythmic ﬂuctuations in ﬁbrinogen, cortisol, endothelial function and sympathetic stimulus [6]; but also
rhythms in human activity like the work-leisure cycle,
mental stress, physical activity [7], weekend binge
drinking [8] and even watching an important football
match [9].
To further explore the weekly pattern in cardiovascular mortality, we analysed the occurrence of

sudden cardiac death in a meta-analysis of studies
reporting on weekly variation in cardiovascular
events. Since potential triggering factors may diﬀer by
gender and age subgroup analyses were performed.

Methods
Selection of publications
A PubMed Medline (www.ncbi.nlm.nih.gov) search
of research papers in the English language, reporting
weekly variation in cardiovascular events, published
between January 1980 and September 2002 was performed. The bibliographies of the retrieved publications were reviewed and relevant citations were also
evaluated. All papers retrieved with this strategy were
entered in the ‘Science citation expanded’ database
(ISI web of Science – www.isi.com) to retrieve more
recent publications that refer to the former. In total,
27 papers were identiﬁed [4, 11–36]. These papers
were reviewed and the main results were extracted
separately by two of the authors (DW and MB). A
summary is shown in Table 1.
Studies with relevant data were selected to obtain
pooled estimates of the risk of a cardiovascular event
on Monday. Criteria for inclusion in the pooled
analysis were: deﬁnition of cases as ‘sudden cardiac
death’ or ‘myocardial infarction’, and tables or
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ﬁgures presenting absolute mortality, incidence rates
for each day of the week or the odds ratio and a 95%
conﬁdence interval for the occurrence of an event on
Monday.
Nineteen papers were selected [4, 11–22, 24–29],
reporting on 20 diﬀerent populations. Five reports
[25–29] based on routinely collected data from
national or regional death registries were analysed
separately from reports reporting conﬁrmed diagnoses [4, 11–22, 24] (hospital records or data collected as part of a study), in order to deal with the
considerable diﬀerence in numbers of patients, and
misclassiﬁcation of causes of death in routine registers. Data from our recent study in the city of
Rotterdam [37] was included in the latter group.
Pooled estimates were also obtained separately for
men and women and for those aged under and over
65 years, based on a subset of studies which provided these data.

Results
Table 1 summarises the studies found by our search
algorithm. For papers reporting results for diﬀerent
subgroups of patients [22] or for diﬀerent case definitions [14], all relevant subgroups are shown separately. Age categories are not shown separately.
The majority of the papers reported a higher incidence of sudden cardiac death or myocardial
infarction on Monday. This appeared not to be the
case for the miscellaneous group of ‘other events’,
where a Monday peak is only reported for the
occurrence of ventricular arrhythmias [30] and
ischemic stroke [36].
Reports based on routinely collected data from
population statistics, generally reported a lower OR
of an event on Monday, than studies with a conﬁrmed diagnosis (Figure 1). The pooled OR estimate
based on population statistics was 1.04 (95%CI: 1.03;
1.05), whereas the pooled OR estimate based on
conﬁrmed diagnoses was 1.19 (95%CI: 1.17; 1.21).
Three studies with conﬁrmed diagnosis provided
data for age and gender speciﬁc analyses [11,16, 37].
Pooled subgroup analysis yielded an OR of 1.19
(95%CI: 1.07; 1.31) for men and 1.15 (95%CI: 0.99;
1.32) for women. Odds ratios for patients younger
than 65 and 65 or older, were 1.22 (95%CI: 1.09;
1.36) and 1.16 (95%CI: 1.07; 1.27) respectively. The
diﬀerences between pooled subgroup odds ratios
were not statistically signiﬁcant.

Data analysis
Absolute incidence data were abstracted from ﬁgures and tables of the selected studies. For each
study, the odds of a cardiovascular event on Monday, compared to the other days of the week was
calculated, with a 95% conﬁdence interval. Pooled
estimates for the odds ratio of a cardiovascular
event on Monday compared to other days of the
week were calculated according to the general variance based method [38]. Possible sources of heterogeneity such as diﬀerences in age and gender were
analysed by calculating separate pooled estimates
based on the studies that provided detailed data for
these subcategories.

Discussion
The incidence of sudden cardiac death is markedly
increased on Monday. This increase is similar for
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Figure 1. Odds Ratios (OR) for a myocardial infarction or sudden cardiac death on Monday, per study, and in two pooled
estimates, for routinely collected data and for data collected within a study or conﬁrmed registry.
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men and women, and for subjects below and above
65 years of age.
A limitation in our meta-analysis is the small
number of studies reporting on subgroups of patients
by gender or age. The pooled subgroup analyses
presented in this paper therefore, have less precision
than the overall pooled analysis and fail to reach
statistical signiﬁcance.
Information on mechanisms underlying the rhythm
in occurrence of cardiovascular events comes from
studies in which the rhythm was attenuated or absent.
For example, the identiﬁcation of platelet aggregation as a mechanism behind the circadian pattern in
myocardial infarction in the Physicians Health Study
[38] came from ﬁnding a clear circadian pattern in the
placebo group, but not in the aspirin group. Similar
data exists for an attenuation of the circadian pattern
in patients using b-blockers [18, 39, 40], and for a
more pronounced circadian rhythm in the elderly
[41–43] compared to younger people. The underlying
mechanisms can be summarised as naturally occurring rhythmic ﬂuctuations in human physiology, and
socially determined rhythms in human behaviour.
Both however, are generally thought to lead to a
common ﬁnal step resulting in the cardiovascular
event; the disruption of a vulnerable atherosclerotic
plaque [44]. Triggers, either physical or mental,
internal or external, produce acute risk factors like
vasoconstrictive, haemodynamic (arterial pressure)
and haemostatic forces that, in turn, provoke disruption of the vulnerable plaque and lead to the
formation of an occlusive thrombus [46]. In the case
of weekly variation in incidence of cardiovascular
events, triggers are most likely external, in the absence of weekly biological rhythms. Most of the reports reviewed in this paper, point to the mental
stress of starting a new working week and the relative
increase in activity as likely causes of the Monday
peak. Apart from an explanation related to vulnerable plaque rupture, factors that initiate cardiac
arrhythmia may also be important as explanation.
Alcohol has been described as both underlying circadian and weekly variation curves as well as triggering cardiac arrhythmia [47–50].
Studies of routinely collected population data
yielded a lower pooled estimate than studies with a
conﬁrmed diagnosis. This diﬀerence can probably be
attributed to a higher degree of misclassiﬁcation of
causes of death in routine registry, leading to a
dilution of the eﬀect. The pooled odds ratio for the
studies with a conﬁrmed diagnosis therefore seems to
be more accurate.
An additional possible source of heterogeneity is
geographical location, or related diﬀerences in ethnicity. Two studies in a Chinese population did not
ﬁnd a peak on Monday, but rather a peak on Saturday [20], and a trough on Sunday [19]. Two Japanese studies, on cerebrovascular emergency [35] and
rupture of an aneurysm of the abdominal aorta [36],

found a Sunday low and no signiﬁcant variation,
respectively. The reason for the absence of a Monday
peak in east-Asian populations remains elusive.
Unfortunately, no evidence on weekly variation is
available from populations adhering to diﬀerent days
of rest, e.g. an Islamic or Jewish calendar. Finally,
nearly all studies reported a point estimate in favour
of an increased risk on Monday, although not all
studies were statistically signiﬁcant. This may be due
to the design of the studies (time window, deﬁnition
of case, ascertainment of cases) and the size of the
study (small, less precision).
An additional point of discussion is the practical
consequence of the calculated number of excess deaths
attributable to the Monday peak. Even though changes in weekly activity patterns or possibly medication
might reduce peaks in mortality, it remains unclear
whether these deaths are ultimately prevented, or if
intervention will only result in a delay of the moment
of death for a number of days. In the case of the
attenuation of the morning peak by aspirin [40], the
excess due to the morning peak has been shown to be
avoidable. As stated by Ridker et al. [50], antiplatelet
agents may exert at least part of their eﬀect by altering
the circadian variation of acute thrombosis, and by
preventing the conversion of chronic atherosclerotic
syndromes to acute disorders. In view of the common
mechanism of triggering, it seems likely that these
same concepts apply for the Monday peak. This has
however currently not been explored.
In summary, this meta-analysis shows that there is
a clear peak incidence of sudden cardiac death on
Monday compared to the rest of the week which is
similar for men and women and for subjects aged
below or above 65 years of age.
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