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Abstract

Ischemic heart disease is the leading cause of death in Western countries. The incidence, prevalence and mortality rate of acute cardiac
events increase with age. Circadian rhythms allow organisms to prepare for their daily fluctuations brought on by day-night cycles, thus
playing an important role in the cardiovascular physiology. This can be sometimes a double-edged sword, since exaggerated responses
may not be beneficial or may be even harmful in individuals susceptible to adverse acute cardiovascular events. Remarkably, occurrence
of such events has been related to a circadian pattern with a peak in the morning hours. Of interest, elderly patients seem to have an
increased risk of acute coronary events, especially in the morning, though a bimodal distribution has also been observed. Further studies
are required to get more insights on age-related differential circadian patterns in acute coronary syndromes patients.
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1. Introduction
Ischemic heart disease (IHD) is the leading cause of

death in Western countries. Age is one of the main risk
factors for the development of coronary artery disease. Ad-
vances in medical knowledge during the past few decades
have associated longer life expectancy, resulting in aging
population in developed and developing countries. Subse-
quently, the overall incidence of acute coronary syndromes
(ACS) is continually increasing especially within the el-
derly population [1]. Besides, both incidence and preva-
lence of acute myocardial infarction (AMI) increase with
age, also entailing worse outcomes in terms of morbidity
and mortality. As a matter of a fact, more than 60% of AMI
in the United States occur in population older than 65 years,
and approximately one third in people older than 75 years
[2].

Cardiovascular risk factors are known to predispose to
the development of IHD, both in chronic and acute settings.
These factors have long been studied regarding their influ-
ence on the epidemiology, pathophysiology, management
and prognosis in these patients. Interestingly, some other
issues have been proposed to be involved in the pathophys-
iology of acute events, like circadian variability [1]. Ac-
tually, acute events, like ACS, sudden cardiac death, silent
ischemia, and stroke have been linked to a circadian pattern
of occurrence with a peak in the morning hours [3].

Our aimwas to review the evidence regarding the rela-
tionship between circadian rhythm and ACS in the elderly.

2. Pathophysiology of Circadian Rhythms

Circadian rhythms allow organisms to prepare for the
daily fluctuations brought on by day-night cycles, aligning
internal biological functions with environmental changes.
They are closely regulated by internal circadian clocks. The
“primary clock” is in the suprachiasmatic nucleus of the
hypothalamus (SNC), comprising around 20,000 neurons.
This central clock is connected with the peripherals, which
can be found in almost every tissue through neurohumoral
signals [4]. This all starts at the genetic level with a rhyth-
mic expression of clock-controlled genes. Interestingly, it
is thought that around 10% of genes are regulated by the
circadian clock [5]. The SCN is critically important regard-
ing coordination of molecular rhythms in all organs and
cells of the body. In all nucleated cells, four families of
core clock genes (Clock, Bmal1, Period and Cryptochrome)
form a transcription- translation feedback loop that cycles
every approximately 24 hours [6]. Besides, all such internal
clocks play an important role in the cardiovascular physiol-
ogy, since most factors involved in the cardiovascular sys-
tem show significant circadian variations [6].

The importance such pathways has been demonstrated
in animals, since disruptions may cause significant CV dis-
ease. Thus, for instance, Bmal1 knockout in mice causes
dilated cardiomyopathy, as well as heart failure and early
mortality [6]. Moreover, Bmal1 gene removal in murine
vascular smooth muscle cells entails that there are no longer
circadian variation in pressure [5,6]. Also of interest, there
is a study carried out with mice with the aim of demon-
strating that the circadian clock within the cardiomyocyte
influences diurnal variations in myocardial biology. Au-
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Fig. 1. The suprachaismatic nucleus (SNC) is the central clock, thus being critically important in coordination of molecular
rhythms in all organs and cells of the body. By neurohormonal signals, the SNC activates clock genes (Clock, Bmal1, Period and
Cryptochrome), that forms a transcription-translation feedback loop that cycles every approximately 24 hours. That provokes a morning
peak of cathecolamines, cortisol triggering higher heart rate and arterial pressure [4,6,8,9].

thors generated a cardiomyocyte-specific circadian clock
mutant (CCM) mouse to test this hypothesis throughMHC-
promoter-driven expression of the CLOCK. In such mice,
attenuation of heart rate diurnal variations and bradycardia
was observed. In addition, myocardial oxygen consump-
tion and fatty acid oxidation rates increased, whereas car-
diac efficiency decreased [7].

Accordingly, heart rate and blood pressure increase
during the day and decrease at night, depending on sym-
pathetic and parasympathetic modulation. Thus, sleep-to-
wake transitions occurring in the morning have been asso-
ciated with maximal shifts towards sympathetic autonomic
activation as compared to those occurring during the rest
of the day [8]. This is a result of higher levels of cate-
cholamines epinephrine and norepinephrine in the morning.
Similarly, cortisol has a morning peak [9,10] (Fig. 1, Ref.
[4,6,8,9]).

In addition, fibrinolytic activity has also been shown
to follow a diurnal rhythm. Fibrinolysis is initiated by
tissue-type plasminogen activator (t-PA), an enzyme se-
creted by endothelia cells which, in presence of fibrin, con-
verts the proenzyme plasminogen into its active form, plas-
min. In turn, plasmin proteolytically degrades the fibrin that
holds the thrombus together. The level of t-PA activity in

blood is regulated by a specific fast-acting plasminogen ac-
tivator inhibitor (PAI-1). PAI-1 activity and t-PA antigen
have been observed to be significantly higher in the morn-
ing. Thus, diurnal variations may reduce fibrinolytic activ-
ity in themorning in healthy individuals and in patients with
coronary artery disease [11]. Furthermore, greater platelet
reactivity and aggregation has been observed in the morn-
ing, with highly significant endogenous circadian rhythms
(with peaks between 8:00 AM and 9:00 AM) in platelet
surface activated glycoprotein (GP) IIb-IIIa, GPIb and P-
selectin [12].

This self-regulation can sometimes be a double-edged
sword. Morning exaggerated responses may not be ben-
eficial or may be even harmful in individuals susceptible
to adverse cardiovascular events, since increased vasocon-
striction and blood pressure due to catecholamines can pre-
cipitate both plaque erosion and rupture. This decreased
fibrinolytic activity and greater platelet aggregability may
increase the risk of more aggressive thrombosis or clot for-
mation [5].

Finally, there are age-related genomic elements of
some coagulation proteins. According to this, advanced age
has been directly associated with increased ischemic and
bleeding risks. So, higher levels of fibrinogen, factors VIII
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Fig. 2. Levels of coagulation factors V, VIII, IX, XIIIa, fibrino-
gen, von Willebrand factor and platelet activity in the elderly,
higher than those of their younger counterparts. This implies
an amplified thrombotic risk in the elderly [13].

and IX, and other coagulation proteins, without a propor-
tional increase in anticoagulant factors have been observed
[12]. Moreover, elderly patients may have an inflamma-
tory state with increased levels of interleukin-6 (IL-6) and
C-reactive protein, which may stimulate the formation of
plug, erosion or plaque rupture [13]. Interestingly, one of
the genes for aging-associated thrombosis is plasminogen
activator inhibitor-1 (PAI-1), a principal inhibitor of fibri-
nolysis. PAI-1 could play a key role in the progression of
cardiovascular aging by promoting thrombosis and vascular
atherosclerosis [14].

Since many studies have verified the circadian varia-
tion of the cardiovascular system, the use of chronotherapy
has been postulated with the aim of improving response to
treatment together with avoiding side effects. Aspirin is the
mainstay of treatment in both primary and secondary pre-
vention of cardiovascular events. Given the predominance
of cardiovascular events in the morning hours, it can be es-
sential to ensure adequate platelet inhibition during such
hours. Moreover, it has been observed that taking aspirin
at night leads to greater platelet inhibition than taking it
in the morning [15,16]. Regarding antihypertensive ther-
apies, hypertensive dippers benefit from taking treatment
early in the morning, while non-dippers may need to add an
evening dose or even use a single evening dose [17]. Also,
in patients with a history of ischemic heart disease, beta-
blockers are more effective than calcium channel block-
ers in reducing ischemic events during the night and early
morning [17].

3. Circadian Rhythm and Coronary Events
in Clinical Practice

There are multiple studies that support the hypothe-
sis of this circadian variability regarding acute coronary
events. In this regard, the use of long-acting medications
has been proposed for prevention of ACS since they also
confer protection in the morning hours [3].

A meta-analysis performed in 1997 including data
from 30 studies and more than 65,000 patients with AMI
analyzed the circadian pattern of AMI onset and sudden
cardiac death. Authors estimated the expected number of
events that could occur between 6 AM. and noon using the
average number of events in the remaining 18 hours of the
day. In this study, the incidence rate of AMI onset was
40% higher in the morning period than during the rest of
the day [3]. Moreover, an analysis performed in 2013 us-
ing a large American National Registry (NDCR) of patients
with ST-segment elevation myocardial infarction (STEMI)
(N = 45,218) thus classifying them by time of symptoms
onset, showed that patients with symptoms onset between
6:00 AM and 2:00 PM were significantly older than those
from to other times of the day [18].

Furthermore, this circadian variability has been asso-
ciated not only with the frequency of AMI but also with
its size. A study carried out in a total of 108 patients with
STEMI showed a significant association between the onset
of symptoms and the size of the necrosis independent of the
time of onset of the ischemic event. This finding was sig-
nificantly higher when the onset of symptoms was between
12:00 AM and 12:00 PM compared to the rest of the day
[19]. Two additional studies have supported this associa-
tion between infarct size and circadian variability. Firstly,
a retrospective analysis of 252 patients with AMI showed
a larger infarct size (measured by ultrasound and CK lev-
els) when it started between 6:00 AM and noon, compared
to the period from noon to 6:00 PM and 6:00 PM to mid-
night [20]. Secondly, a retrospective single-center analy-
sis including 811 STEMI patients admitted between 2003
and 2009 revealed a circadian variation regarding infarct
size. Both CK and TnI curves described similar patterns
over time, with maximum levels in patients presenting in
the morning hours, from 6:00 AM to noon, and minimum
values in those presenting from noon to 6:00 PM [21].

Besides that, a prospective cohort of older adults in
Hong Kong with a median follow-up of 11 years showed
an association between light at night and the risk of hospi-
talization and mortality from ischemic heart disease. This
exhibited a monotonic exposure-response function with no
variation across strata of the hypothetical risk factors [22].

4. Peculiarities in the Elderly Population
Age itself, together with traditional cardiovascular

risk factors, such as hypertension, hyperlipidemia and dia-
betes, particularly prevalent in the elderly population, play a
significant role in the development of cardiovascular events
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Fig. 3. Suggested bimodal pattern of acute coronary events related to circadian rhythms in the elderly in opposite with the
unimodal pattern described in their younger counterparts.

[2]. In addition, hemostasis also seems to be affected by
age. Relevant, an increase of coagulation factors V, VIII,
IX, XIIIa, fibrinogen and von Willebrand factor and an in-
crease of platelet activity have been observed with age.
Fibrinogen is the immediate precursor of fibrin and it is
converted by thrombin with the release of fibrinopeptides
[13]. The rise in fibrinogen has been documented over the
age range of 18 to 85 years in response to IL-6. Such in-
creased levels of IL-6 strongly correlate with aging, possi-
bly induced by higher catecholamines and lower sex steroid
levels in the elderly. Therefore, this prothrombotic situa-
tion implies an amplified thrombotic risk in the elderly [23]
(Fig. 2, Ref. [13]). On the other hand, comorbidities and
geriatric conditions are common in real-life elderly patients
[24], also contributing to worse prognosis [25–27], so that
a multidisciplinary approach is of great importance in this
scenario. However, whether ageing itself affects clocks and
thereby constitutes a driver of cardiovascular disease or it
is a risk factor for with affected clocks as a side-effect still
needs to be elucidated.

Observational studies provide most of the available
information regarding circadian rhythm and acute cardio-
vascular events in the elderly. Primary, an accentuation
of this morning peak has been observed, associated with
high plasma levels of catecholamines. Remarkably, a sec-
ond evening peak has also been described. This is in con-
tradistinction to the findings in younger patients. Indeed,
there are several studies in which this bimodal presentation
pattern of acute cardiac events has been observed. First,
an observational study including 4796 patients found this
peak in the onset of morning symptoms but there was also

a second lower peak (25%) in the afternoon, between 6:00
PM and 12:00 AM. Two peaks were then observed in pa-
tients older than 70 years of age (n = 1422) as opposed to
those younger than 70 years in whom there was one single
peak, only in the late morning, with no evidence of a sec-
ondary peak [28]. Morning and evening peaks have also
been observed in two other studies, one conducted between
1973 and 1987 and including more than 10,000 patients
with AMI in Sweden [29] and other conducted in nearly
1800 elderly patients undergoing surgical revascularization
[30] (Fig. 3). On the other hand, in another study includ-
ing nearly 55.000 patients with diagnosis of AMI and dis-
charges from a Coronary Unit between 1994 and 2003, pa-
tients were stratified by age (younger than 65 years, 65–74
years, 75–84 years and older than 85 years). Authors ob-
served that clinical presentation of AMI followed a circa-
dian rhythm with a morning predominance between 6:00
AM and 12:00 PM in the morning in all age subgroups (p
< 0.001). Curiously, however, the lowest frequency was
observed between 12:00 AM and 6:00 AM in the morn-
ing, except in patients over 85 years of age, in whom the
lowest incidence was between 6:00 in the afternoon and
midnight (12:00 AM) [31]. This accentuation of the morn-
ing peak in the oldest patients may have been due to an
increase in plasma concentrations of both epinephrine and
norepinephrine, together with a greater reactivity of their re-
ceptors, something previously observed in studies in which
norepinephrine excretion was found to be related to age and
body weight [32]. Finally, this bimodal distribution was not
observed in a Korean registry including nearly 20,000 pa-
tients (10% >70 years old) in which a morning dominance
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Table 1. Main clinical studies about circadian rhythm and acute coronary syndrome.
Authors Analysis N Peak of ACS

Cohen MC et al. [3] Meta-analysis (30 studies) 66635 6:00 AM–12:00 PM in all ages
Mogabgan O et al. [18] Restrospective analysis 45218 6:00 AM–2:00 PM in all ages
Arroyo úcara et al. [19] Restrospective analysis 108 Larger infarct size between 12:00 AM–12:00 PM
Hatem A et al. [20] Restrospective analysis 252 Larger infarct size between 6:00 AM–12:00 PM
Suárez-Barrientos A et al. [21] Restrospective analysis 811 Larger infarct size between 6:00 AM–12:00 PM

Hjalmarson A et al. [28] Restrospective analysis 4796
Two peaks in >70 years: 6:00 AM–12:00 PM

6:00 PM–12:00 AM

Hansen O et al. [29] Restrospective analysis 10791
Two peaks in >70 years: 6:00 AM–12:00 PM

6:00 PM–12:00 AM
Mitrovic P et al. [30] Restrospective analysis 1784 (10% >70 years old) 6:00 AM–12:00 PM in all ages

López-Messa JB et al. [31] Restrospective analysis 54249
6:00 AM–12:00 PM in all ages

<85 years old: lowest peak 12:00 AM–6:00 AM
>85 years old: lowest peak 6:00 PM–12:00 PM

Kim Oh H et al. [33] Restrospective analysis 19915 >75 years: 6:00 AM–12:00PM

was observed in all patients irrespective of age [33]. Ta-
ble 1 (Ref. [3,18–21,28–31,33]) summarizes most impor-
tant clinical studies in this scenario.

5. Conclusions
In this review, addressing circadian variations in the

appearance of ACS in the elderly population, a strik-
ing morning predominance is described as also found in
younger patients. Interestingly, data postulating the pos-
sibility of a unique bimodal distribution pattern in older pa-
tients, are discussed. More studies are required to get fur-
ther insights on age-related differential circadian patterns in
ACS patients.
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