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ARTICLE INFO ABSTRACT

Keywords: Purpose: Human physiological activities and diseases are under the control of the circadian rhythm. There are
Cardiovascular diseases strong epidemiological associations between disrupted circadian rhythms, sleep duration and diseases. Sleep
Chronotype disorders are associated with vascular outcomes, such as myocardial infarction (MI).
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Methods: We conducted an association study of genotype-phenotype interaction, to determine which circadian
clock gene variants might be associated with the circadian phenotypes in patients with ML In the present study,
we analyzed the allele frequencies of 10 single nucleotide polymorphisms in four circadian clock genes in two
independent samples: MI patients and controls. Chronotype was assessed using the Morningness - Eveningness
Questionnaire (MEQ) and daytime sleepiness using the Epworth Sleepiness Scale (ESS).

Results: Chronotype was associated with the ARNTL genetic variant rs12363415 in MI patients. The poly-
morphisms rs11932595 of the CLOCK gene and rs934945 of the PER2 gene were associated with daytime
sleepiness in the patient group.

Conclusion: Our data suggest that genetic variations in some circadian clock genes might be related to circadian

phenotype (i.e., chronotype and daytime sleepiness) in patients with myocardial infarction.

1. Introduction

Human physiological activities and diseases are under the control of
the circadian rhythm. Several physiological factors may trigger myo-
cardial infarction (MI), and several of these factors are known to fluc-
tuate with the circadian rhythm [1]. Circadian rhythm is under the
influence of lifestyle, and it may, consequently, lead to MI. MI is the
third leading cause of death in Croatia [2]. Despite numerous research
studies conducted on MI, its etiology is still largely unknown [3].

There is increasing data that circadian rhythms have a crucial role
in controlling homeostasis and proper body function, including cardiac
metabolism [4,5]. Circadian rhythm is associated with many cardio-
vascular parameters [6]. Many intrinsic vasoactive and cardioactive
substances such as angiotensin II, melatonin, plasminogen activator
inhibitor 1 (PAI-1), glucocorticoids, epinephrine, norepinephrine, and
nitrogen oxide show a specific circadian pattern. The circadian clock
regulates the endothelial response to vascular injury [7]. Several phy-
siological factors can stimulate the emergence of MI, and some of these
factors are known to oscillate with circadian rhythms [8]. Some of those
are blood pressure [7,9], glucose homeostasis [10], vascular

endothelial function, myocardial contractions and metabolism [11,12].
Metabolic syndrome is a significant risk factor for cardiovascular dis-
eases (CVDs) and contributes to the emergence of MI [12]. CVDs and
diabetes mellitus share common pathophysiological mechanisms un-
derlying insulin resistance and risk factors for CVDs. Excessive weight is
one of the primary causes because the fatty tissue is an active endocrine
organ that secretes low-level inflammatory mediators that promote the
development of metabolic syndrome and CVDs, among which is MI
[10]. Acute myocardial infarction as a consequence of circadian rhythm
is an issue of significant scientific interest [13]. Humans may be cate-
gorized into different circadian phenotypes (morningness, i.e. chron-
otype) depending on their preferred time of sleep and wakefulness [14].
Sleep is one of the primary requirements for the regular psychophysical
functioning of every person [15], and sleep disorders are associated
with vascular outcomes, such as MI [16]. Clark et al. in their study
showed that daytime sleepiness is an independent risk factor for car-
diovascular events [17] but, to the authors’ knowledge, there are no
studies regarding the association of chronotype and daytime sleepiness
with circadian clock gene variations in patients with MI. Some cardi-
ovascular risk factors, such as obesity, body mass index, type 2 diabetes
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mellitus and hypertension, are known to be associated with chronotype
and sleep [18,19]. Desynchronization of the circadian rhythm of the
organism from its environment, either through shift-work schedules or
genetic alteration, augments the risk of developing cardiovascular dis-
ease [20].

The circadian clock network consists of molecular components,
where ARNTL, CLOCK, CRY2 and PER2 genes represent the central
nodes in the system [21]. These clock genes constitute the internal
clock and are involved in negative and positive transcriptional and
translational feedback loops. Heterodimers of the ARNTL/CLOCK pro-
teins initiate the transcription of the CRY2, PER2, and other clock
genes. Heterodimers of the CRY2/PER2 proteins act as a negative
feedback loop, inhibiting the CLOCK and ARNTL transcriptional activity
[22,23].

We hypothesized that genetic variations of the ARNTL, CLOCK,
CRY2 and PER2 genes might be associated with circadian phenotypes
(i.e., chronotype and daytime sleepiness) in patients with myocardial
infarction. We undertook a case-control study of a population of pa-
tients with myocardial infarction, in comparison with a control popu-
lation.

2. Material and methods
2.1. Participants

Patients with myocardial infarction that were hospitalized at the
Clinical Department of Cardiovascular Diseases and Intensive Care of
the University Hospital of Osijek from August 2012 to December 2013,
and who survived, were included in the study. MI was defined as the
presence of at least two of the following: an average increase in the
biochemical marker of myocardial necrosis — cardiac troponin T (above
the 99th percentile), ischemic chest pain symptoms lasting more than
30 min, and electrocardiographic changes (ECG) indicative of ischemia
[24]. Patients were excluded from the study if they did not meet these
criteria. Some patients were excluded from the study because they
underwent percutaneous coronary intervention (20 patients) or cor-
onary artery bypass grafting (18 patients). Additionally, 53 patients
refused to participate in the study, and 9 patients withdrew from the
study (Fig. 1).

The control group consisted of 200 healthy sex- and age-matched
participants, whose medical documentation did not show any history of
cardiovascular diseases. They were chosen by their primary care phy-
sician in the doctor’s surgery after examination. Patients with cardio-
vascular disease, MI, type 2 diabetes mellitus or sleep problems were
excluded. We excluded any patient’s relatives from the control group
because of the complex heritability of cardiovascular risk factors
showed in monozygotic twins [25], and because of the heritability of

Total of 300 patients with
myocardial infarction
from August 2012 to December 2013
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chronotype features [20,26].
2.2. Questionnaires

Systematic information on their medical history was collected from
all participants. All data given were checked in the patients’ medical
records.

The Horne-Ostberg Morningness-Eveningness Questionnaire (MEQ)
was used to evaluate the individual chronotype after the patient’s
medical condition had been stabilized [27,28]. We used a previously
published Croatian version of the MEQ [29]. The MEQ consists of 19
questions, and it classifies participants as morning, intermediate, or
evening types.

Daytime sleepiness was assessed using the validated Croatian ver-
sion of the Epworth Sleepiness Scale (ESS, contact information and
permission to use: Mapi Research Trust, Lyon, France) [30-32], one of
the most commonly used scales in sleep medicine, also after the pa-
tient’s medical condition had been stabilized, in up to 48 h from pa-
tients” admission. The ESS score for each participant is the sum of the
results of their eight responses (range 0-24), and the sum can be con-
verted into four types of daytime sleepiness.

2.3. SNP selection and genotyping

In the present study, genetic variants in the four circadian rhythm
regulating genes, ARNTL, CLOCK, CRY2, and PER2 were genotyped.
Genes were selected for their involvement in the molecular mechanisms
of the regulation of circadian rhythms, and the SNPs chosen had been
associated with cardiovascular risk factors in previous studies (Table 1).

Genomic DNA was extracted from the peripheral blood lymphocytes
using the standard procedures (QIAamp DNA Blood Mini Kit, Qiagen,
Hilden, Germany). Genotyping was carried out by the real-time PCR
method performed on a 7500 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) using TagMan SNP genotyping as-
says. The allelic discrimination analysis was performed using SDS 7500
Software Version 2.3 (Applied Biosystems, Foster City, CA, USA).

2.4. Statistical analysis

The Chi-square test (x?) was used to obtain the significance of the
associations between allelic frequencies and chronotype and daytime
sleepiness. The association between the genotypes and chronotype and
daytime sleepiness was tested using one-way analysis of variance
(ANOVA), t-test and the Mann-Whitney U test. An additional level of
genotyping quality control was performed using the x2 goodness-of-fit
test with the SHEsis web tool [33], by comparing our genotype dis-
tribution with those predicted by the Hardy-Weinberg equilibrium. The

- 20 underwent

100 patients excluded
- 53 refused to participate in the study

PCI

- 18 underwent CABG
- 9 withdrew from the study

200 patients with myocardial infarction
included in the study

Fig. 1. Patient selection flow chart.

AND

200 age- and gender-matched healthy
controls

Abbreviations: CABG - coronary artery bypass grafting, PCI — percutaneous coronary intervention.
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Table 1

Circadian rhythm gene SNPs and references linked to cardiovascular risk factors.
Gene SNP Gene region Related phenotype Citation
ARNTL rs3789327 intronic region Hypertension and T2D Garaulet and Madrid [7]
ARNTL 154757144 intronic region Hypertension and T2D Woon et al. [5]
ARNTL 1512363415 intronic region Hypertension and T2D Woon et al. [5]
CLOCK rs11932595 intronic region Obesity Sookoian et al. [10]
CLOCK 156811520 intronic region Hypertension Leu et al. [9]
CLOCK 1513124436 intronic region Sleep disturbance Allebrandt et al. [46]
CRY2 1s2292912 intronic region T2D Kelly et al. [11]
CRY2 rs10838524 intronic region Depression Lavebratt et al. [58]
PER2 rs35333999 Coding (Iso/Val) Chronotype Lane et al. [55]
PER2 15934945 Coding (Glu/Gly) Metabolic syndrome Englund et al. [12]

T2D - type 2 diabetes mellitus.

significance threshold was set at p < 0.05. All analyses were adjusted
by age and performed using Statistica 12 (StatSoft, Inc., version 12,
Tulsa, OK, USA) system for Windows.

2.5. Ethical issues

This study was approved by the Ethics Committee of the Faculty of
Medicine, Josip Juraj Strossmayer University of Osijek (No. 2158-61-
07-12-21) and by the Ethics Committee of the

University Hospital Osijek (No. 25-1:3160-3/2012). The study was
conducted according to the Declaration of Helsinki and its later
amendments. Written informed consent was obtained from all partici-
pants of the study.

3. Results

The mean age of the study population was 64 = 13 years. Our
sample consisted mostly of males (114 males, 86 females in the patient
group, and 104 males, 96 females in the control group). Table 2 pre-
sents the relationship of cardiovascular risk factors with chronotype
and daytime sleepiness in MI patients. The MEQ score in the patient
group varied from 41 to 74, with a mean of 58.88 * 6.52, while the
observed MEQ score in the control group ranged from 32 to 72, with a
mean score of 58.46 + 7. The ESS score in the patient group ranged
from 0 to 13, and the mean score was 5.66 * 3.18, whereas the ESS
score in the control group was from 0 to 17, with a mean score of
5.85 + 3.65. There were no significant differences in MEQ (p = 0.601)
or ESS (p = 0.912) scores between the patient and control groups.

The genotype frequencies of the investigated polymorphisms were
as predicted by the Hardy-Weinberg equilibrium in the patient and
control groups (p > 0.05), except for rs6811520, which was excluded
from further analyses.

The association between ARNTL, CLOCK, CRY2, and PER2 allele
frequencies and self-reported chronotype and daytime sleepiness are

Table 2
The relationship of cardiovascular risk factors with chronotype and daytime
sleepiness in MI patients.

Chronotype® Daytime sleepiness”
Smoking 0.229 0.028
Hypertension 0.845 0.355
Dyslipidemia 0.429 0.005
Respiratory diseases 0.806 0.466
Thyroid gland diseases 0.428 0.331
Kidney diseases 0.565 0.158
Liver diseases 0.705 0.273
Positive family history of CVD 0.252 0.004

The family history of CVD was defined as evidence of coronary artery disease in
first-degree relatives before 60 years of age.
CVD - cardiovascular disease.

@ Mann-Whitney U test p-value.
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Table 3
The association between self-reported chronotype and daytime sleepiness
scores at allele level.

Chronotype* Daytime sleepiness*
Patients Controls Patients Controls
ARNTL
rs3789327 0.239 0.766 0.439 0.642
rs4757144 0.853 0.992 0.743 0.263
rs12363415 0.004 0.873 0.521 0.789
CLOCK
rs11932595 0.974 0.769 0.047 0.875
rs6811520° 0.520 0.311 0.480 0.318
1513124436 0.259 0.509 0.720 0.349
CRY2
rs2292912 0.672 0.028 0.096 0.336
rs10838524 0.590 0.799 0.652 0.927
PER2
rs35333999 0.907 0.027 0.616 0.391
rs934945 0.451 0.811 0.044 0.865

* p-value Pearson Chi-square test.
% CLOCK SNP rs6811520 showed a departure from the Hardy-Weinberg
equilibrium and was excluded.

presented in Table 3. For the ESS score in the patient group, significant
associations were found for AA-GG genotypes of the rs378927 of the
ARNTL gene (t = 1.99, df = 98, p = 0.017, t-test) and for the CT-TT
and CC-TT genotypes of the rs934945 SNP of thePER2 gene (t= —0.89,
df = 60, p = 0.001 and t= —0.82, df = 143, p = 0.007, respectively; t-
test). In the control group, an association was found only for the MEQ
scores and the CT-TT genotypes of PER2 gene, rs35333999 (t = 1.01,
df = 30, p = 0.016; t-test). ANOVA showed an association of the MEQ
scores and the following SNPs: rs13124436 of the CLOCK gene, and
rs12363415 of the ARNTL gene (p = 0.025 and p = 0.043, respec-
tively) in the control group. Table 4 shows the association between
cardiovascular risk factors and circadian clock gene SNPs in MI pa-
tients.

4. Discussion

We conducted an association study of a genotype-phenotype inter-
action to determine which circadian rhythm gene variants might be
associated with the circadian phenotypes (i.e., chronotype and daytime
sleepiness) in MI patients. We analyzed the allele frequencies of 10
single nucleotide polymorphisms in four circadian genes. We found an
association between gene variants of the ARNTL, CLOCK and PER2 gene
and chronotype or daytime sleepiness in MI patients, while CRY2
polymorphisms were not associated with circadian phenotypes in the
patient group.

Circadian rhythms are involved in a broad diversity of physiological
and metabolic functions, and any interruption of these rhythms may
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Table 4
The association between cardiovascular risk factors and circadian clock gene SNPs in MI patients.
ARNTL CLOCK CRY2 PER2
rs3789327 154757144 1512363415 1511932595 rs13124436 152292912 rs10838524 1535333999 rs934945
Smoking 0.421 0.072 0.595 0.170 0.390 0.518 0.940 0.723 0.870
Hypertension 0.741 0.983 0.326 0.086 0.073 0.747 0.585 0.652 0.009
Dyslipidemia 0.661 0.546 0.287 0.010 0.361 0.230 0.470 0.359 0.484
Respiratory diseases 0.505 0.512 0.528 0.086 0.797 0.755 0.221 0.666 0.345
Thyroid gland diseases 0.434 0.570 0.291 0.921 0.880 0.933 0.046 0.380 0.022
Kidney diseases 0.919 0.988 0.735 0.974 0.254 0.651 0.510 0.784 0.117
Liver diseases 0.747 0.231 0.508 0.851 0.255 0.221 0.929 0.871 0.550
Positive family history of CVD 0.882 0.104 0.561 0.623 0.774 0.800 0.470 0.314 0.138

Mann-Whitney U test p-value.

The family history of CVD was defined as evidence of coronary artery disease in first-degree relatives before 60 years of age.

CVD - cardiovascular disease.

influence human health [4]. There is a body of literature exploring the
association of chronotype, or diurnal preference, with human behavior,
performance, and disease [34,35]. Correlations between genotypes and
the elements of the circadian phenotype (such as chronotypes and
daytime sleepiness) have not been adequately investigated in order to
clarify the association between genetic susceptibility and related clin-
ical outcomes, in this case — myocardial infarction. Combining genetic
association studies of circadian clock gene polymorphisms and chron-
otypes and daytime sleepiness, as relevant phenotypes, might help to
identify susceptibility markers of MI and physiological pathways from
gene to phenotypic outputs. Disruption of the circadian rhythm has
been involved in the pathogenesis of cardiovascular disease, for which
hypertension is a significant factor [36]. In animal models, mutations in
circadian clock genes can lead to signs of metabolic syndrome [37],
which can lead to cardiovascular disease.

The ARNTL gene polymorphism rs12363415 was only associated
with chronotype in the patient group, which means that this SNP might
be a potential biomarker for MI. Genome-wide association studies
(GWAS) show that both circadian clock genes and non-circadian genes
are associated with individual differences in chronotype. Chronotype is
a phenotypic aspect of circadian activity in humans [38]. Genetic var-
iations of the BMALI gene, the mouse analog of the human ARNTL
gene, are associated with type 2 diabetes mellitus and hypertension,
providing evidence for the role of ARNTL variants in the pathology of
cardiovascular disease in humans [5]. Cardiovascular disease and type
2 diabetes mellitus share common pathophysiological mechanisms,
underlying insulin resistance and cardiovascular risk factors, such as
metabolic syndrome [39,40]. In people with diabetes, atherosclerotic
changes in blood vessels are more severe than in healthy people
[41,42].

Studies on CLOCK mutant mice indicate an essential role of the
myocardial CLOCK gene in energy metabolism, myocardial con-
tractility, and in diurnal heart rate control [43]. CLOCK is a tran-
scription factor and a master regulator of the circadian rhythm gene
expression of numerous transcription factors involved in the regulation
of a large number of circadian physiological and behavioral functions
[44,45]. GWAS studies show that circadian clock genes and non-cir-
cadian genes are associated with differences in sleep parameters [38].
Genetic variant rs11932595 of the CLOCK gene was associated with
sleep duration in two independent European populations [46]. In the
present study, rs11932595 was associated with daytime sleepiness in
MI patients. Other research by Vanderlind et al. found that rs11932595
is associated with sleep quality [47]. Short sleep time harms health and
is associated with increased mortality, coronary artery disease, type 2
diabetes mellitus, obesity, and hypertension. Loss of regular sleep leads
to changes in the immune system, leading to a proinflammatory state
that can eventually lead to obesity and increased risk for cardiovascular
disease. Apart from known cardiovascular risk factors, such as

hypertension, obesity, hyperlipidemia, and smoking, sleep problems are
also associated with coronary heart disease and myocardial infarction
[48].

In the present study, we found that rs11932595 SNPs of the CLOCK
gene are associated with dyslipidemia, and daytime sleepiness is asso-
ciated with dyslipidemia in MI patients. PER2 polymorphism rs934945
is associated with hypertension in MI patients. It is known that sleep
disorders are associated with a higher risk of developing hypertension
and dyslipidemia, and thereby increase the risk for cardiovascular
disease [48]. According to Laugsand et al., it is considered that problems
with falling asleep and irregular sleep are associated with the risk of
having the first myocardial infarction [49]. Sleep difficulties and sleep
maintenance are associated with an increased risk of cardiovascular
mortality, as demonstrated in the meta-analysis by Meng et al. [50].

We found that the PER2 gene, polymorphism rs934945, is asso-
ciated with daytime sleepiness in MI patients. This may be due to PER2
being an essential regulator of circadian rhythms and one of the most
crucial clock genes. A variant of PER2 is associated with contractions of
the iris furrow, and the same association was found in a GWAS study
[19]. This suggests a link between the iris function and chronotype and
daytime sleepiness. The cardiac PER2 has a vital role in fatty acid
metabolism, inflammation during myocardial ischemia and reperfusion
[51,52]. It has been shown that PER2 protein has a cardioprotective
role during myocardial ischemia in mice [4], and mutation of the PER2
gene is associated with the shorter circadian period during constant
darkness [53]. The PER2 polymorphism rs35333999 was related to self-
reported chronotype in three genome-wide association studies
[19,54,55]. In the present study, rs35333999 associated with chron-
otype in the controls, but not in the MI patients.

Genetic variability of the circadian genes might incline individuals
to be less capable of adjusting their circadian rhythms in harmony with
their environment, and to be prone to sleep disorders [56]. Our results
are consistent with new etiological assumptions, in which circadian
rhythm abnormalities are core vulnerability dimensions of MI. The
present study showed that there is a difference in the genetic back-
ground of chronotype and daytime sleepiness in MI patients. Most
studies investigated the association of chronotype and daytime sleepi-
ness with the genetic background of circadian rhythm in healthy vo-
lunteers.

A potential interpretation of why no associations were found for all
SNPs and circadian phenotypes, could be that polymorphisms in those
clock genes have a smaller contribution to determining chronotype or
daytime sleepiness independently, but only when they are taken to-
gether, where a specific combination of polymorphisms gives a sig-
nificant association. This is relevant, since circadian clock genes are
tightly linked together in the clock mechanism. A large number of genes
with modest influence contribute to a phenotypic manifestation be-
cause chronotype and sleep are complex traits [57].



I Skrlec, et al.

4.1. Limitations of the study

Some of the limitations of our study need to be considered. The set
of circadian genes that we selected based on previous publications
might be found to be limited since recent GWAS studies have demon-
strated the relevance of numerous other circadian and non-circadian
genes involved in the circadian clock and clock-controlled genes
[19,54,55]. Chronotype and sleep duration were self-reported, and
because we did not have objective measures of sleep or circadian
parameters, they are subject to reporting bias. Our sample had the
advantage of being relatively homogenous for demographic variables
such as age, ethnicity, and social environment, but the sample size was
relatively small and could yield a false positive result. For participants
in the control group, there is still a risk of developing some of the
cardiovascular diseases.

5. Conclusions

In conclusion, this genotype-phenotype interaction study suggests
that SNPs in ARNTL, CLOCK, CRY2, and PER2 might act on some es-
sential components of circadian rhythms observed in MI patients. These
findings might expand our understanding of the pathophysiological
processes involved in MI and require reproduction in separate samples
of MI patients tested for chronotypes and other relevant circadian
phenotypes. Further verification and mechanistic analysis of the cir-
cadian system in MI are possible.
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