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Abstract

We examined whether a variable-number tandem repeat (VNTR) polymorphism in the circadian clock
gene PER3 was associated with subjective ratings of sleep and diurnal preference in a Romanian
population with high levels of self-reported sleep problems. Individuals, self-reporting to their GP for
sleep disturbances, completed a battery of validated scales that assess the presence of insomnia,
sleep quality and diurnal preference and had their PER3 VNTR genotype determined. We found no
significant differences in chronotype, sleep quality or other psychometric measures according to
PER3 VNTR and conclude that diurnal preference or self-reported sleep measures are not associated

with PER3 genotype in this population.
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INTRODUCTION

Circadian clock genes, which underpin the functioning
of the circadian timekeeping system, have associations
with diurnal preference, sleep and several psychiatric,
neurological and metabolic diseases."? Some of the
strongest evidence for such links comes from PER3, a
member of the PERIOD clock gene family, identified as a
predictor of diurnal preference according to the geno-
type of the variable-number tandem repeat (VNTR;
short version with 4 repeats, long version with 5
repeats) present in the human version of this gene.® In a
British sample the shorter allele (PER3") was associated
with evening preference and delayed-phase sleep syn-
drome, whereas the longer one (PER3%) was associated
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with morning preference.* In contrast, other studies
have found that the frequency of the longer allele was
higher in Brazilians with delayed-phase sleep syndrome’
or that there was no link between PER3 and chronotype
in North Americans.® Associations of the PER3 VNTR
polymorphism with sleep homeostasis in differences of
sleep—wake structure, sleep propensity, and cognitive
performance after sleep loss have also been noted.” The
polymorphism has also been proposed as a predictor for
therapeutic response in insomnia® and as a marker for
individual items on diurnal preference instruments.®
Sleep parameters and diurnal preference may be
assessed with both objective and subjective methods.
There are a number of well-validated psychometric
instruments that assess such factors including the Pitts-
burgh Sleep Quality Index® and the Composite Scale of
Morningness." In the current study we set out to ascer-
tain whether the VNTR polymorphism in PER3 was
associated with such subjective ratings of sleep and
diurnal preference in a Romanian population with high
levels of self-reported sleep problems. To date no other
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study has examined the potential links between diurnal
preference and PER3 VNTR specifically in populations
with sleep problems, an issue that may be of conse-
quence given the interplay between sleep disturbance
and chronotype."

METHODS

Participants were recruited from those with sleep prob-
lems that presented at their general practitioner in Baia
Mare, Romania, and from their acquaintances with self-
reported sleep problems. Those suffering from major
conditions that affect sleep (e.g., severe heart failure,
psoriasis, stroke, Parkinson’s disease, epilepsy, chronic
obstructive pulmonary disease, chronic or acute psy-
chosis or dementia) were excluded. The study was
approved by the Ethics Committee of “Tuliu Hatieganu”
Medicine and Pharmacy University, Cluj-Napoca. Par-
ticipation was voluntary and anonymous. Patients
received a letter from their GP inviting participation and
explaining the nature of the research and ethical require-
ments for confidentiality. Once participants agreed to
take part in the study, they were given a battery of
questionnaires (Romanian translations of the Composite
Scale of Morningness (CSM),'® the Sleep Disorders
Questionnaire (SDQ),"” the Pittsburgh Sleep Quality
Index (PSQD? and demographic questions). All the par-
ticipants were also asked to recruit adults from their
acquaintances using snowball sampling. When the
questionnaire was returned, once informed consent was
obtained, blood for genotyping was collected by finger-
sticking with a lancet, then dropped and dried on FTA
cards (Whatman). A 2-mm punch from the card was

used for DNA extraction according to the manufactur-
er’s instructions. The DNA was amplified using Taq
polymerase (Qiagen, UK), using primers described by
Ebisawa et al.’> and amplification conditions as in Goel
et al.® Fragments were visualized on 2% agarose gel
stained with ethidium bromide, following separation
at 100 V in tris-borate electrophoresis buffer. The gels
were viewed under a trans-illuminator.

To examine the statistical significance of the differ-
ences, the likelihood ratio and Kruskal-Wallis test were
used, with P < 0.05 considered significant. Co-variate
analysis was by means of ANCOVA. Data analysis was
performed using SPSS (version 16.0.2). Allele frequen-
cies of the group were calculated by direct counting
from the genotypes observed and tested for the Hardy—
Weinberg equilibrium (HWE) with HWSIM software
(available at http://krunch.med.yale.edw/hwsim/) and
100 000 simulations.

RESULTS

One hundred and fifty-four adults were given the ques-
tionnaires, but only seventy-two (46.7%) agreed to
provide blood for genotyping. Forty (55.5%) were men
and thirty-two (44.5%) women, with a mean age of 48.6
* 12.4 years. Most of the participants were homozy-
gotes for the longer allele (n =31, 43.1%) and the PER3’
allele frequency was 0.61. There was no statistical devia-
tion from the HWE in the sample. Chi-square analysis
did not reveal any alterations in the distribution of PER3
genotypes between insomnia subtype or chronotype
(details in Table 1) or between genotype and classifica-
tion according to the PSQI (poor/good sleeper).

Table 1 Basic demographics, insomnia type and diurnal preference according to PER3 VNTR genotype

PER'* PER* PER>® Total

Sex Female 5 (15.6%) 13 (40.6%) 14 (43.8%) 32 (44.5%)
Male 10 (25.0%) 13 (32.5%) 17 (42.5%) 40 (55.5%)

Age 495 + 10.2 47.0 £ 14.5 495+ 11.6 48.6 £ 12.4
Insomnia’ Chronic insomnia 4 (16.7%) 9 (37.5%) 11 (45.8%) 24 (33.3%)
Acute insomnia 3(21.4%) 6 (42.8%) 5 (35.8%) 14 (19.4%)
Symptoms 8 (23.5%) 11 (32.4%) 15 (44.1%) 34 (47.2%)
Diurnal preference’ Eveningness 3(18.8%) 3 (18.8%) 10 (62.5%) 16 (22.3%)
(25/75 percentile) Neither 8 (21.1%) 16 (42.1%) 14 (36.8%) 38 (52.7%)
Morningness 4(22.2%) 7 (38.9%) 7 (38.9%) 18 (25.0%)

Total 15 (20.8%) 26 (36.1%) 31 (43.1%) 72 (100%)

Values for age and BMI represent means = SD; other values are total number of participants in each group with the percentage of the study
sample represented. "Chronic and acute insomnia as defined by International Classification of Sleep Disorders, 2nd ed. "The cut-off scores
were determined by three age groups: under 30, 30—-45 and above 45, as set in the validation study of the CSM: 29/39, 34/43 and 39/46,
respectively.
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Long-allele homozygotes scored lower in each of these
scales, but there were no significant differences. When
analyzing individual items in these scales, we found that
homozygotes for the longer allele reported difficulties in
getting up (n = 13, 18.1%) more frequently than those
of the shorter one (n =2, 2.7%) or heterozygotes (n = 3,
4.2%), and the differences reached the significance level
(X=17.4, P =0.008).

To address potential attenuating effects of age on
PER3 genotype influence on diurnal preference, an
analysis of co-variance was run with CSM score as the
dependent variable, PER3 as the independent variable
and age and sex as co-variates. This indicated no effect
of genotype on CSM score (F ¢ = 1.01, P = 0.37).
Further, when chi-square analysis was conducted for
genotype versus chronotype in three age groupings
(<30, 30-45, >45) there were no significant associa-
tions. To further examine whether the effects of PER3
VNTR on diurnal preference may be masked by the
influence of sleep problems, we controlled for insomnia
group and PSQI scores as co-variates in an ANCOVA
with CSM score as the dependent variable and genotype
as the independent variable, and no significant effect
was seen (Fu, ¢n = 0.46, P=0.63).

DISCUSSION

These preliminary findings of this pilot study do not
support the hypothesis that PER3 genotype is associated
with diurnal preference or self-reported sleep distur-
bance in a sample selected due to sleep problems. Despite
prior UK* and Brazilian® studies showing that the PER3
VNTR polymorphism is associated with diurnal prefer-
ence, we found no such association, although this may
well be due to the particular nature of the study sample in
the present work. Further, a previous study on a US
sample also failed to find an association between diurnal
preference and PER3 genotype.® Other possible explana-
tions are small sample size or ethnic differences in study
populations, as well as different instruments used for
assessing the diurnal preference: both Goel® and our-
selves used the CSM and smaller samples. There is also
the possibility that sleep problems mask effects of geno-
type on chronotype, although previous findings in Roma-
nian populations do not report significant associations
between measures of sleep quality or disturbance and
CSM scores,"” nor are there effects of genotype on CSM
score when sleep disturbance is controlled for in the
present study. We have also controlled for the potential
attenuating effects of age on PER3 genotype effects on
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diurnal preference,'* and do not find significant differ-
ences. We report a significant effect of genotype on
self-reported difficulty getting up in the morning, an item
on the Horne—Ostberg Questionnaire that did not signifi-
cantly discriminate between PER3 genotypes in a previ-
ous study.® The study of Ellis et al.® did find a strong
discrimination for PER3 genotype according to whether
an alarm clock was required in the morning, and seeing
as thisitem isnot on the CSM, perhaps there is a common
factor between these findings and the difficulty getting up
reported here.

Although the PER3" allele frequency reported here is
unusually low compared to interpolated results for this
geographic area, there has been considerable variation
in PER3 VNTR reported among global populations,®
with the lowest frequency in Papua New Guineans
(0.17) and highest in Mongolians (0.89). It is hypoth-
esized that differences in latitude could contribute in an
important manner to the selection of these polymor-
phisms in different geographical zones, but no conclu-
sive evidence was found.'>'* After performing a complex
analysis on the distributions of the PER2, PER3, CLOCK
and ARNTLI and ARNTL2 polymorphisms worldwide,
it has been concluded that is unlikely that a pattern of
natural selection has shaped the evolutionary process
of these genes, suggesting that a random process is
involved, possibly genetic drift."”

It is worth noting a number of limitations of the
present pilot study. First is the small number of partici-
pants, and the fact that this was a self-selected study
population. Further study will need to be undertaken to
corroborate these findings in larger samples of those
with sleep problems, and compared to study samples
without significant sleep disturbances. Alongside, as
noted above, the facts that sleep disturbance and diurnal
preference were self-assessed with psychological instru-
ments that are not as reliable as objective measures, and
that the specific causes of sleep disturbances were not
delineated, point to directions in which future studies
may go. However, given that this is the first study of the
PER3 VNTR in a population with high levels of sleep
complaints, we feel that the findings are novel and indi-
cate that pre-existing sleep complaints may impact on
the relationship between PER3 VNTR genotype and
diurnal preference.

ACKNOWLEDGMENTS

We acknowledge help and support from Professor
Johannes Thome and Alison Baird in performing the
genetic analysis. Nicoleta Zeca was of great help in

25

Sleep and Biological Rhythms © 2011 Japanese Society of Sleep Research



BI Voinescu and AN Coogan

collecting the biological samples. Special thanks to the
physicians who referred the patients to the research,
particularly to Dr Dorina Donca, Dr Sorina Birle, Dr
Mihaela Mociran, Dr Lavinia Pop, Dr Felicia Borz, Dr
Ligia Fanea, Dr Cornelica Ilea, Dr Erzsebet Hidegcuti,
Dr Coralia Ubelhart, and to all the participants taking
part in the research, who kindly devoted considerable
amounts of their time to be tested and providing the
data, as well as the biological samples.

REFERENCES

1 Franken P, Dijk DJ. Circadian clock genes and sleep
homeostasis. Eur. J. Neurosci. [Review]. 2009 May; 29
9): 1820-9.

2 Wullf K, Gatti S, Wettstein JG, Foster RG. Sleep and
circadian rhythm disruption in psychiatric and neurode-
generative disease. Nat. Rev. Neurosci. [Review]. 2010
Aug; 11 (8): 589-99.

3 Ebisawa T, Uchiyama M, Kajimura N et al. Association of
structural polymorphisms in the human period3 gene
with delayed sleep phase syndrome. EMBO Rep. 2001
Apr; 2 (4): 342-6.

4 Archer SN, Robilliard DL, Skene DJ et al. A length poly-
morphism in the circadian clock gene Per3 is linked to
delayed sleep phase syndrome and extreme diurnal pref-
erence. Sleep 2003 Jun 15; 26 (4): 413-5.

5 Pereira DS, Tufik S, Louzada FM et al. Association of the
length polymorphism in the human Per3 gene with the
delayed sleep-phase syndrome: does latitude have an
influence upon it? Sleep 2005 Jan 1; 28 (1): 29-32.

6 Goel N, Banks S, Mignot E, Dinges DF. PER3 polymor-
phism predicts cumulative sleep homeostatic but not
neurobehavioral changes to chronic partial sleep depri-
vation. PLoS ONE 2009; 4 (6): e5874.

7 Viola AU, Archer SN, James LM et al. PER3 polymor-
phism predicts sleep structure and waking performance.
Curr. Biol. 2007 Apr 3; 17 (7): 613-8.

26

8 Ellis J, von Schantz M, Jones KH, Archer SN. Association
between specific diurnal preference questionnaire items
and PER3 VNTR genotype. Chronobiol. Int. 2009 Apr; 26
(3): 464-73.

9 Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer
DJ. The Pittsburgh Sleep Quality Index (PSQI): a new
instrument for psychiatric research and practice. Psychia-
try Res. 1989; 28 (2): 193-213.

10 Smith CS, Reilly C, Midkiff K. Evaluation of three circa-
dian rhythm questionnaires with suggestions for an
improved measure of morningness. J. Appl. Psychol. 1989
Oct; 74 (5): 728-38.

11 OngJC, Huang JS, Kuo TF, Manber R. Characteristics of
insomniacs with self-reported morning and evening
chronotypes. J. Clin. Sleep Med. 2007 Apr 15; 3 (3):
289-94.

12 Violani C, Devoto A, Lucidi F, Lombardo C, Russo PM.
Validity of a short insomnia questionnaire: the SDQ.
Brain Res. Bull. 2004; 63: 415-21.

13 Voinescu BI, Vesa SC, Coogan AN. Self-reported
diurnal preference and sleep disturbance in type 2
diabetes mellitus. Acta Endocrinol. (Buc) 2011; 7 (1):
69-82.

14 Jones KH, Ellis J, von Schantz M, Skene D], Dijk DJ,
Archer SN. Age-related change in the association
between a polymorphism in the PER3 gene and pre-
ferred timing of sleep and waking activities. J. Sleep Res.
[Research Support, Non-U.S. Gov’t]. 2007 Mar; 16 (1):
12-6.

15 Nadkarni NA, Weale ME, von Schantz M, Thomas MG.
Evolution of a length polymorphism in the human PER3
gene, a component of the circadian system. J. Biol.
Rhythms. 2005 Dec; 20 (6): 490-9.

16 Barbosa AA, Pedrazzoli M, Koike BDV, Tufik S. Do Cau-
casian and Asian clocks tick differently? Braz. J. Med.
Biol. Res. 2010; 43: 96-9.

17 Ciarleglio CM, Ryckman KK, Servick SV et al. Genetic
differences in human circadian clock genes among
worldwide populations. J. Biol. Rhythms. 2008 Aug; 23
(4): 330-40.

© 2011 The Authors

Sleep and Biological Rhythms © 2011 Japanese Society of Sleep Research



