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PER1 polymorphism associated with shift work disorder
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Abstract

Workers with shift work schedules often experience shift work disorder (SWD). However, all shift
workers do not necessarily develop SWD. The aim of this cross-sectional study was to investigate the
association between susceptibility to SWD and clock gene polymorphisms. A total of 257 male
workers from a semiconductor factory were recruited in this study. Participants completed questions
about age, body mass index (BMI), shift work history, lifestyle, living conditions, the Epworth
Sleepiness Scale (ESS) score, the Pittsburgh Sleep Quality Index (PSQI) score and SWD, and were
genotyped with regard to the five clock gene polymorphisms. Workers were divided into two groups,
namely, shift workers with SWD (n = 172) and those without SWD (n = 85). ESS and PSQI scores were
significantly different between the two groups. The result of multiple logistic regression analysis
showed that the PER1 G/G (OR: 0.29; 95% CI: 0.08–0.97) and C/G (OR: 0.43; 95% CI: 0.19–0.96)
genotype were associated with SWD. The present study findings suggest that there is an association
between the PER1 polymorphism rs3027188 and susceptibility to SWD in Japanese shift workers.
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INTRODUCTION

In modern society, shift work is common among
employees in the public service and factory settings. It
has been reported that shift work can cause or perpetua-
tion of health problems such as cardiovascular and gas-
trointestinal disease,1 metabolic syndrome,2 and an
increased risk of cancer.3

Moreover, many shift workers experience excessive
sleepiness while working at night and insomnia during
the day when attempting to sleep after working at night.
This sleep disorder was named shift work disorder
(SWD),4 and it is diagnosed on the basis of the Interna-
tional Classification of Sleep Disorders-2 (ICSD-2) cri-
teria. SWD is a member of the class of circadian rhythm
sleep disorders (CRSD). A misalignment between the

endogenous circadian rhythms and sleep–wake cycles,
known as internal desynchronization, is considered the
primary cause of CRSD.5 However, all shift workers do
not necessarily develop SWD. It is thought to be impor-
tant for shift workers to be able to predict their risk for
developing SWD. However, SWD risk cannot be pre-
dicted correctly yet. We were interested in investigating
tolerance or susceptibility to SWD (individual difference
to SWD) as per the individual’s shift work schedule.

It was shown that diurnal preference is related to shift
work tolerance.6 In addition, this diurnal preference was
reported to be related to variations in clock genes, such
as a single nucleotide polymorphism (SNP) in PER2,7

and a variable number tandem repeat (VNTR) in PER3.8

Also, a relationship between CRSD and clock genes
has been reported.8–10 For example, PER3 VNTR was
associated with delayed sleep phase.8,9 A missense
mutation in PER2 was linked to familial advanced sleep
phase syndrome.10 Therefore, we hypothesized that
polymorphisms in clock genes could contribute to SWD
susceptibility. However, to our knowledge, few studies
have investigated the relationship between SWD and

Correspondence: Dr Yukari Taniyama, Department of
Public Health, Faculty of Medicine, University of Miyazaki,
5200 Kiyotakecho Kihara, Miyazaki-city 889-1692, Japan.
Email: yukari_taniyama@med.miyazaki-u.ac.jp

Accepted 23 March 2015.

bs_bs_banner

Sleep and Biological Rhythms 2015; 13: 342–347 doi:10.1111/sbr.12123

342 © 2015 The Authors. Sleep and Biological Rhythms published by
Wiley Publishing Asia Pty Ltd on behalf of Japanese Society of Sleep Research.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits
use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial

purposes.

mailto:yukari_taniyama@med.miyazaki-u.ac.jp
http://creativecommons.org/licenses/by-nc/4.0/


clock gene polymorphisms. We analyzed the relation-
ship between polymorphisms in clock genes (PER1,
PER2, PER3, CRY1, and CRY2) and SWD.

MATERIALS AND METHODS

Subjects

A total of 257 male employees, working rotating shifts in
the manufacturing unit of base materials for the semi-
conductor industry in Japan were recruited as partici-
pants during the period of August 2010 to July 2011.
The mean age was 39.5 ± 8.4 years (range: from 20 to 59
years). The experience of shift work varied from 0.4 to
35 years (mean: 16.4 ± 7.3).

There were two different work schedules (A and B) at
the factory, including two cycles. One cycle consisted of
working hours from 08.30 to 17.45 hours for three
consecutive days, followed by three consecutive night
shifts from 20.30 to 05.45 hours (workers did not work
for 27 h between day and night shifts), followed by 3
days off. The other cycle involved working for three
consecutive days from 10.45 to 20.30 hours, followed
by working from 22.45 to 08.30 hours for three con-
secutive days, followed by 3 days off. Schedule A con-
sisted of the two cycles repeating alternately, while
Schedule B consisted of only the first cycle. The Ethics
Committee of the Miyazaki Medical College approved
this study and a written informed consent was obtained
from each participant.

Questionnaires

Background data of participants

A questionnaire was filled out by the participants
regarding years of shift work experience, present
smoking habits (yes: every day and sometimes, no:
never), drinking habits (yes: every day and sometimes,
no: never), caffeine intake per day, and living conditions
(alone, with family). Medical history and body mass
index (BMI; kg/m2) details were obtained from the most
recent medical examination data.

SWD

Shift work disorder was defined on the basis of the four
ICSD-2 criteria:4 (i) complaint of insomnia or excessive
sleepiness temporally associated with a recurring work
schedule that overlaps with the usual time for sleep; (ii)
symptoms associated with the shift work schedule over

the course of at least 1 month; (iii) circadian and sleep-
time misalignment as demonstrated by sleep log or
actigraphy for 7 days or more; and (iv) sleep disturbance
that cannot be explained by another sleep disorder, a
medical or neurological disorder, mental disorder, medi-
cation use, or substance use disorder. We asked the
participants three questions as described by Waage
et al.11 to diagnose SWD: (i) do you experience difficul-
ties in sleeping or experience excessive sleepiness? (yes
or no); (ii) is the sleep or sleepiness problem related to
your work schedule where you have to work when you
normally would sleep? (yes or no); and (iii) have you
had this sleep or sleepiness problem related to the work
schedule for at least 1 month? (yes or no). Participants
who responded “yes” to all three questions were classi-
fied as the SWD group. These questions were also used
by Flo et al.12 who confirmed their reliability for assess-
ing SWD in epidemiological studies. In addition, we
excluded those individuals who were under medical
treatment for sleep apnea syndrome; neurological, psy-
chiatric, and urological disorders; or chronic allergies.

Evaluation of sleep status

We used the Japanese version of the Pittsburgh Sleep
Quality Index (PSQI)13 to evaluate the quality of sleep
conditions and identify sleep disorders during the pre-
vious month. The PSQI was not suitable for evaluation
of workers following a rotating shift schedule; therefore,
we asked shift workers to complete this questionnaire
with regard to only their night shift. The Japanese
version of the PSQI consisted of 19 self-rated questions
concerning sleep quality, sleep latency, sleep duration,
sleep efficiency, sleep disturbance, use of sleep medica-
tions, and daytime insomnia. Each question was scored
from 0 to 3, with total scores ranging from 0 to 21. A
score of >5 on the Japanese version of the PSQI indi-
cated a sleep disorder. Validity and reliability was veri-
fied to be the same as the original PSQI.

Evaluation of sleepiness

The sleepiness of subjects during the daytime was meas-
ured by the Japanese version of the Epworth Sleepiness
Scale (ESS).14 The ESS consisted of right questions and
each question was scored from 0 to 3. The total scores
were between 0 and 24, where a score of ≥11 would
indicate excessive daytime sleepiness.

Genotyping

Genomic DNA was extracted from hair samples using a
DNA Extractor FM Kit (Wako Pure Chemical Industries,
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Osaka, Japan). We detected genotypes of PER1, PER2,
CRT1, and CRY2 using real-time polymerase chain reac-
tion (real-time PCR) and the restriction fragment length
polymorphism method for PER3. The probes for PER1
(rs3027188), PER2 (rs934945), and CRY2 (rs2292912)
as well as the primers for PER3 VNTR polymorphism
were used, as described previously.7,9,15,16 Additionally,
we sourced the SNP site on CRY1 (rs55794336) from
The National Center for Biotechnology Information
dbSNP database (http://www.ncbi.nlm.nih.gov/snp;
Table 1).

For real-time PCR, we used the TaqMan SNP
genotyping assay kit (Applied Biosystems, Foster City,
CA, USA) as per the manufacturer’s protocol with a real
time thermocycler (Applied Biosystems 7300 Real-time
PCR System). For PER3, the forward and reverse
primers used were 5'-AAAATTTTATGACACTACCA
GAATGGCTGAC-3' and 5'-AACCTTGTACTTCCACAT
CAGTGCCTGG-3', respectively. The 50 μL PCR mix
was comprised of 1 μL genomic DNA, 0.25 μL of each
primer (100 μM), 10 μL 10 × buffer, 7 μL MgCl2

(25 mM), 1.5 μL dNTPs (10 mM), and 0.25 μL KAPA
Taq EXTRA. We performed 40 cycles using Taq poly-
merase (Genetics, Japan) under the following condi-
tions: denaturation at 95°C for 15 s, annealing at 55°C
for 15 s, and extension at 72°C for 1 min. The resultant
PCR products were separated on 2% agarose gel.

Statistical analysis

A χ2 test was used to determine the discrepancies of
distribution (Hardy–Weinberg equilibrium). Results for
continuous variables are presented as the mean ± stand-
ard deviation. The categorical variables are expressed as
frequencies. A t-test for continuous variables and χ2 tests
for categorical variables were used to investigate differ-
ences between data from the SWD group and the non-
SWD group. Odds ratios (OR) and 95% confidence
intervals (95% CI) were derived using multiple logistic
regression analysis in order to explore the associated

factors for SWD. Age, BMI, shift work experience,
smoking habits, drinking habits, caffeine intake per day,
living conditions, and clock gene polymorphisms were
included as independent variables in the multiple logis-
tic regression analysis. We considered P-values less
than 0.05 as statistically significant. All analyses were
conducted using R for Windows software (version
R-2.15.1).

RESULTS

We divided the participants into shift workers with
SWD (SWD group) and shift workers without SWD
(non-SWD group) on the basis of their responses to the
three questions described earlier. Table 2 summarizes
the characteristics of both groups. The SWD group con-
sisted of 172 participants, while the non-SWD group
had 85. There was no difference between the two groups
in terms of age, BMI, shift work experience, smoking
habits, drinking habits, and caffeine intake per day. The
rate of living alone was statistically higher in the non-
SWD group (16.7%) than that in the SWD group (5.9%)
(P = 0.01). The ESS and PSQI scores in the SWD group
were significantly higher than that in the non-SWD
group.

All genotypes evaluated were consistent with the
Hardy–Weinberg equilibrium. Multiple logistic regres-
sion analysis was conducted with SWD at dependent
variable (Table 3). The OR suggested no significant asso-
ciation between SWD and a number of variables: age,
BMI, shift work experience, smoking habits, drinking
habits, caffeine intake per day, living conditions, as well
as the genotypes PER2, PER3, CRY1, and CRY2.
However, the PER1 G/G (OR: 0.29; 95% CI: 0.08–0.97)
and C/G (OR: 0.43; 95% CI: 0.19–0.96) genotype
showed associations with SWD.

DISCUSSION

It is well accepted that shift work is important in our
present industrial society. According to the survey on the

Table 1 Clock genes polymorphisms analyzed in the shift workers

Gene dbSNP Region Location Major allele† Minor allele Major homo (%) Hetero (%) Minor homo (%)

PER1 rs3027188 Intron 17p13.1 C G 55.8 34.8 9.4
PER2 rs934945 Exon 2q37.3 G A 48.9 37.1 14.0
PER3 – Exon 1p36.23 4-repeat 5-repeat 66.5 29.1 4.4
CRY1 rs55794336 Intron 12q23-q24.1 A G 32.5 50.6 16.9
CRY2 rs2292912 Intron 11p11.2 G C 41.8 42.4 15.8

†Ancestral allele of PER1 and CRY2 is G and C, although major allele of PER1and CRY2 in Asian is C and G.
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state of employee’s health by the Ministry of Health,
Labour and Welfare, around 5.2 million people, repre-
senting about 9.2% of all workers in Japan, are engaged
in rotating shifts including night shifts (http://www
.mhlw.go.jp/toukei/list/49-19.html%20). Shift work
causes SWD. Previous studies indicate that about 26.1%
to 44.3% of rotating-shift workers were diagnosed with
SWD.11,12 We surmised that susceptibility to SWD is

related to clock gene polymorphisms. However, to our
knowledge, there are no reports on an association
between SWD and clock gene polymorphisms. There-
fore, we investigated the relationship between SWD and
a few clock gene polymorphisms (PER and CRY).

Circadian oscillation in mammals is driven by a nega-
tive feedback loop involving the Period (PER1, PER2,
and PER3) and Cryptochrome (CRY1 and CRY2) genes.
The translated proteins form heteropolymers with each
other and with casein kinase 1ε (CK1ε),17 which con-
tributes to the phosphorylation of specific sites that
influence protein stability and nuclear translocation.18

In the nucleus, these heteropolymers inhibit the positive
transcription factors (CLOCK/NPAS2 and BMAL1/2)
that stimulate PER/CRY transcription, thereby closing
the circadian cycle. The genetic basis of sleep homeo-
stasis is currently not well understood.19 However, in the
previous studies of clock gene polymorphisms, Gamble
et al. reported that nurses with the PER3 and NPAS2
polymorphisms experienced reduced dozing during
work timings and that the PER2 polymorphism was
associated with long sleep duration during the day shift-
work timings.20 It was reported that the PER3 VNTR
polymorphism has been associated with disrupted sleep
architecture and compromised cognitive performance.21

On the other hand, the CRY1 and CRY2 polymorphisms
have been reported to be associated with shift work and
a psychiatric disorder that may be affected by the bio-
logical rhythm, although the relation with sleep disorder
has not been described.22,23 The ratio of CRY1 gene
polymorphisms was different between day workers and
night workers in nurses and midwives,22 while CRY2
gene polymorphism was related to seasonal affective
disorder or winter depression.23 In the current study, we
were not able to show the relevance of PER3, PER2,
CRY1, and CRY2 polymorphisms in SWD. However,
the mutant PER3 is quite uncommon in the Asian

Table 2 Comparison between SWD group and non-SWD group

SWD group (n = 172) (mean ± sd) non-SWD group (n = 85) (mean ± sd) P value

Age (years) 40.0 ± 8.1 38.4 ± 8.9 0.17†

BMI (kg/m2) 22.7 ± 2.9 22.5 ± 3.2 0.60†

Shift work experience (years) 17.0 ± 6.8 14.9 ± 8.1 0.05†

Smorkers (%) 55.3 58.8 0.69‡

Drinkers (%) 71.6 68.2 0.68‡

Caffeinated drink (cups/day) 3.6 ± 2.1 3.7 ± 2.1 0.81†

Living alone (%) 5.9 16.7 0.01‡

ESS score 9.2 ± 4.5 6.8 ± 3.8 <0.01†

PSQI score 6.6 ± 2.5 4.6 ± 2.2 <0.01†

†t-test. ‡χ2 test.

Table 3 Results of multiple logistic regression analysis for
variables associated with shift work disorder

Variable OR 95%CI P-value

Age 1.02 0.96–1.08 0.539
Body mass index 1.08 0.95–1.23 0.232
Shift year 1.05 0.98–1.12 0.165
Living alone – no 1.00
Living alone – yes 0.87 0.22–3.63 0.839
Smoker – no 1.00
Smoker – yes 0.92 0.42–1.99 0.828
Drinker – no 1.00
Drinker – yes 1.31 0.56–3.04 0.536
Amount of caffeine intake 1.06 0.89–1.26 0.529
PER1 – C/C 1.00
PER1 – C/G 0.43 0.19–0.96 0.043
PER1 – G/G 0.29 0.08–0.97 0.045
PER2 – G/G 1.00
PER2 – G/A 2.01 0.87–4.82 0.108
PER2 – A/A 0.71 0.23–2.18 0.552
PER3 – 4r/4r 1.00
PER3 – 4r/5r 0.74 0.32–1.71 0.482
PER3 – 5r/5r 0.73 0.08–16.25 0.801
CRY1 – A/A 1.00
CRY1 – A/G 0.86 0.36–2.04 0.735
CRY1 – G/G 1.40 0.45–4.52 0.565
CRY2 – G/G 1.00
CRY2 – G/C 0.67 0.30–1.48 0.319
CRY2 – C/C 2.47 0.78–9.10 0.144

CI, confidence intervals; OR, odds ratio.
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population;24 therefore, the effect of these poly-
morphisms requires further investigation within a larger
population.

Our study has, for the first time, revealed that the
PER1 intronic polymorphism rs3027188 is associated
with susceptibility to SWD. Although a recent study
investigated the interaction between the PER1 polymor-
phism rs3027188 and shift work history with respect to
breast cancer,15 no significant interaction was detected.
In shift work, the mechanism by which PER1 influences
cancer and SWD may be different.

The PER1 intronic polymorphism rs3027188 is
located in the non-coding region of the CK1ε binding
domain; CK1ε binding is necessary for phosphorylation
of the PER/CRY protein. Phosphorylation of PER by
CK1ε affects the timing of the circadian cycle.10 SNPs in
introns are known to influence the regulation of tran-
scription, splicing, and other aspects of RNA processing
or stability.25,26 For instance, the intronic SNPs in FTO27

affect primary transcript levels and the risk allele of the
intronic SNP in the XPC DNA repair gene influences
splicing efficiency.28 Therefore, the polymorphism in the
intron of PER1 is likely to induce a functional deficit
because of decreased mRNA transcription levels or aber-
rant splicing of mRNA. In addition, it was reported that
PER1 and PER2 are linked to different downstream path-
ways.29 Thus, it is possible that downstream gene clus-
ters regulated by each clock gene are different and only
the PER1 rs3027188 polymorphism might be directly
associated with SWD. In addition, it was reported that
PER1 transcriptionally suppresses CRY2 as well as the
basic circadian mechanism.30 Therefore, it is also likely
that each clock gene regulates other transcription factors
or transcription regulatory factors and that the regula-
tion of gene clusters associated with SWD is disturbed
by the PER1 polymorphism indirectly. However, it is
currently unclear whether the SWD-associated intronic
SNP from the current study exerts a direct effect on
PER1 expression, or whether it is in linkage disequilib-
rium with another functional SNP.

In this study, the ratio of SWD was very high com-
pared with the rates found by other studies using the
same criteria for SWD. Asaoka et al. reported that the
prevalence of SWD among nurses in a Japanese popu-
lation working shift schedules was 24.4%.31 However,
these nurses were all female, did not engage in continu-
ous night work, and could take a nap during night
shifts. Therefore, sex and shift schedules are different
from those in our study. In a study involving subjects
with a similar shift schedule to our study, involving two
or three consecutive night shifts per week, Flo et al.

reported that the prevalence of SWD was 37.6% among
nurses.12 However, 90% of the subjects were female, and
they reported that the prevalence of SWD in females was
0.57-fold that in males. Furthermore, according to the
international HapMap project, the PER1 genotype dis-
tribution in Asian populations is C/C:C/G:G/G = 0.56:
0.40:0.04, while that in Europeans is 0.03:0.32:0.65.
Thus, the C/C genotype was much more common in
Asians than in Europeans, and the C/C genotype was
associated with SWD in this study. This may explain the
high ratio of SWD noted in this study.

Our study has some limitations. First, our findings
were limited to male rotating shift workers from a single
factory in Japan. Therefore, this may limit the ability to
generalize our results to female workers, other shift
schedules, other factories, and other ethnicities. Second,
we were not able to evaluate the influence of the amount
of work performed, including weekly work hours and
overtime hours. Third, only three questions were used
to define SWD, which may be a limitation. Three ques-
tions are not capable of detecting the severity of SWD.
Therefore, subjects with mild SWD who do not need
treatment may be mixed with a severely SWD-affected
subject who needs treatment. Finally, because a
polysomnography or a multiple sleep latency test was
not performed, we cannot evaluate objective sleep.
Thus, it is not entirely clear whether this association
with SWD is genuine. Further larger sample size study
and replication study are required to clarify an associa-
tion between genetic polymorphism and SWD for
prophylactic measures against SWD.

CONCLUSION

The present study findings suggest that there is an
association between the PER1 intronic polymorphism
rs3027188 and susceptibility to SWD in Japanese shift
workers, and that our findings may explain why suscep-
tibility to SWD varies among shift workers. Further
studies on larger populations and in vitro functional
analyses are required to determine the effects of such
polymorphism on SWD pathogenesis and susceptibility.
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