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Objective   People living in industrialized societies have developed specifi c working schedules during the day 
and at night, including permanent night shifts and rotating night shifts. The aim of this study was to examine the 
association between circadian polymorphisms and rotating night shift work.
Methods   This cross-sectional study comprised 709 nurses and midwives (348 current rotating and 361 current 
day workers). Genetic polymorphism of selected clock genes BMAL1 (rs2279287), CLOCK (rs1801260), PER1 
(rs2735611), PER2 (rs2304672), PER3 (rs10462020), CRY1 (rs8192440), CRY2 (rs10838527, rs10838527) was 
determined using real-time polymerase chain reaction (PCR) assays.
Results   There were no differences in BMAL1, CLOCK, CRY2, PER1, PER2, and PER3 genotypes among nurses 
and midwives working rotating night and day shifts. The frequency of women with rare CRY1 TT genotype was 
higher in the group of rotating night shift than day workers (17.0% versus 13.9%, P=0.06). Moreover, CRY1 TT 
genotype was associated with the total rotating shift work duration, compared to women rarely working night shifts. 
Conclusions   These results suggest that CRY1 (rs8192440) polymorphism may infl uence the adaptation to the 
rotating night shift work among nurses and midwives.
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The endogenous and self-sustained circadian rhythm in 
humans can coordinate various molecular, biochemical, 
and physiological processes in response to environmen-
tal light and temperature changes during the day and the 
season, resulting in the adaptation of sleep–wake cycles, 
body temperature, energy metabolism, cell cycle, hormone 
secretion etc. (1). It has been suggested that disturbances 
of 24-hour sleep–wake rhythms, including shift work, may 
cause various reversible health problems such as insom-
nia, fatigue, and mood and appetite fl uctuations (2). More-
over, shift work that involves circadian disruption has 
been classifi ed by the International Agency for Research 
on Cancer as a probable human carcinogen, group 2A, 
based on limited evidence of carcinogenicity in humans 
and suffi cient evidence of carcinogenicity in experimental 
animals (3). As suggested, the disruption of the circadian 

cycle may be related to the etiology of hormone-related 
female breast cancer, due to alteration of melatonin syn-
thesis in pineal gland (4) and also in connection with the 
alterations of the circadian gene expression (5).

The biological molecular clock is controlled by sev-
eral genes forming autoregulatory transcriptional and 
translational feedback loops with both positive and nega-
tive elements (6). Moreover, the transcription-translation 
feedback loops of circadian genes may control the expres-
sion of a variety of genes involved in different biological 
processes (7). Micro array studies have shown that up 
to 10% of mammalian transcriptome in specifi c tissues 
(up to 50% in the liver) presents the circadian regulation 
(8, 9). It has been suggested that circadian genes may 
be involved in cell proliferation, apoptosis, cell cycle 
control, DNA damage repair, chromatin remodeling, and 
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cell signaling, and, therefore, their function is related to 
tumor suppressors (10). The area of interest in the bio-
logical clock alterations and their impact on cancer has 
been focused on several (at least 18 known) circadian 
genes: aryl hydrocarbon receptor nuclear translocator-like 
(ARNTL or BMAL1), ARNTL2, CLOCK, cryptochrome 
1 (CRY1), CRY2, Period1 (PER1), PER2, PER3, casein 
kinase 1, epsilon (CSNK1E) and delta (CSNK1D), neuro-
nal PAS domain protein 2 (NPAS2), basic helix-loop-helix 
family, member e40 (BHLHE40) and e41 (BHLHE41), 
nuclear receptor subfamily 1, group D (NR1D1), RAR-
related orphan receptor A and others, that might modulate 
the susceptibility of individuals to the chronodisruption 
effects (10, 11).

Shift workers may have disrupted circadian rhythm 
because of exposure to light at night during the working 
hours. The majority of association studies have indicated 
that polymorphisms in circadian genes among humans 
were implicated in diurnal preference and seasonality, 
psychobehavioral factors and mental disorders, obesity, 
metabolic syndrome, hypertension, type 2 diabetes and 
cancer (12). On the other hand, the question “How 
do shift working people develop different adaptation 
mechanisms in their sleep–wake cycle?” seems to be 
very important for public health. It appears that a com-
plete circadian rhythm adjustment is seldom achieved 
and only a minority of night shift workers may adapt 
their internal circadian clock to the nocturnal activity 
pattern (13). So far, only a few studies have investigated 
the association between night shift work and circadian 
rhythm polymorphism (14, 15). There is still lack of 
knowledge regarding the impact of circadian gene vari-
ants on the night shift work adaptation, and on the effect 
of exposure to light during the night working hours (1). 

We have undertaken this cross-sectional study of 
nurses and midwives currently working different sched-
ules to investigate if polymorphism of seven selected 
core circadian genes [BMAL1, CLOCK (positive regula-
tors of circadian rhythm), CRY1, CRY2, PER1, PER2, 
PER3 (negative regulators of circadian rhythm)] con-
tributes to rotating night shift work adaptive mechanism, 
also in relation to diurnal preferences.

Methods

Study design

The cross-sectional study was conducted among nurses 
selected from the Local Registry of the Chamber of 
Nurses and Midwives in Lodz. The questionnaire data 
and biological samples were collected in 2008–2010 
(16). The inclusion criteria for the nurses were age 
40–60 years and current employment. The study par-

ticipants completed a structured questionnaire during 
an in-person interview that provided information on 
occupational history, demographic characteristics, medi-
cal and reproductive history, physical activity [according 
to the International Questionnaire on Physical Activity 
(IPAQ)], sleep quality (according to the Pittsburgh Sleep 
Quality Index) (17), morning- and evening-typeness 
(according to self-reported preference and a question 
regarding “lark” or “owl” personality with the explana-
tion of the terms), smoking, and alcohol use (table 1).

The occupational data included information on the 
current and previous jobs. We calculated the lifetime 
total duration of night shift work. The average frequency 
of the night shifts at the current job was analyzed in two 
categories: 1–7 and ≥8 nights per month. Additionally, 
we used the data from a diary that the nurses completed 
during the week preceding the blood collection, with 
two categories formed and analyzed: 1–2 and ≥3 night 
shifts during the week. 

Blood samples were collected into S-Monovette® 
heparinized test tubes in the morning (06:00–10:00 
hours). At the end of the night shift, blood samples 
were collected from rotating night shift women, while 
samples were collected at the beginning of work from 
daytime working nurses.

The Ethics Committee for Scientifi c Research at the 
Nofer Institute approved the study protocol, and a writ-
ten informed consent was obtained from each woman 
before participation in the study. 

Genotyping

Blood samples were preserved immediately after deliv-
ery to the lab and stored at -20 °C until DNA isola-
tion. Genomic DNA was isolated from 709 samples 
of the whole blood using QIAamp DNA Blood Mini 
Kit (Qiagen GmbH, Hilden, Germany), according to 
the manufacturer’s instructions. Primers and probes for 
high-resolution-melt (HRM) and restriction fragment 
length polymorphism-polymerase chain reaction (RFLP-
PCR) assays were designed with Beacon Designer 7.01 
(PREMIER Biosoft International, Palo Alto, CA, USA) 
according to the GenBank® genetic sequence database, 
and genetic polymorphism was analyzed using real-time 
PCR assay. Single nucleotide polymorphisms (SNP) of 
circadian genes were selected based on position within 
the gene, predicted function and minor allele frequency, 
according to the SNP database in the National Center 
for Biotechnology Information (CRY1, CRY2) (18) and 
on the basis of relevant literature (BMAL1, CLOCK, 
PER1, PER2, PER3) (19–23) (table 2). Allelic discrimi-
nation for PER1 (rs2735611), PER2 (rs2304672), PER3 
(rs10462020), CRY2 (rs10838524), CRY2 (rs10838527) 
was analyzed and TaqMan® pre-design SNP assays and 
TaqMan® Genotyping Master Mix (Life Technologies 
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Corp, Grand Island, NY, USA) and BMAL1 (rs2279287), 
CLOCK (rs801260), CRY1 (rs8192440) genotypes were 
analyzed with HRM assay and SsoFastTM EvaGreen® 
Supermix (Bio-Rad Laboratories, Inc, Hercules, CA, 
USA). The analyzed genotypes were verifi ed by means of 
RFLP-PCR assays with specifi c endonucleases, except for 
PER1 and PER2 SNP. Genotyping was performed using 
control DNA samples with known genotypes and a nega-
tive control. Samples with ambiguous results were re-
tested and approximately 15% of all tests were repeated. 

Statistical analysis

Arithmetic means with standard deviations and frequen-

cies of the basic characteristics were calculated. The 
linear regression was used to compare means of the 
continuous variables, and the Pearson Chi-square test 
was calculated to compare the frequencies distribution 
among women working on rotating night shifts and day 
workers. A Chi-square test was used to determine any 
discrepancies of distribution from Hardy-Weinberg Equi-
librium (HWE). The associations between circadian gene 
polymorphism and rotating night shift work parameters 
were computed by logistic or multinomial regression. The 
associations with total duration of night shift work were 
analyzed using linear regression. To adjust for factors that 
may infl uence genotypes distribution, we formulated a list 
of potential confounders. The list included age, body mass 

Table 1. Selected characteristics of nurses and midwives in the cross-sectional study. [BMI=body mass index; SD=standard deviation; 

PSQI=Pittsburgh sleep quality index; MET= metabolic equivalents of task]

Day workers (N=361) Rotating shift workers (N=348) P-value

Mean SD N % Mean SD N %

Age (years) 50.2 5.3 48.3 5.2 <0.0001

BMI (kg/m2) 27.0 4.7 27.1 4.7 0.98

Job duration (years) 29.2 6.3 27.4 6.6 <0.0001

Total night shifts work (years) 12.4 8.3 26.7 7.2 <0.0001

Total night shifts work (categories)

<5 years 69 19.1 1 0.3 <0.0001

6–15 years 165 45.7 22 6.3

>15 years 127 35.2 325 93.4

Time since quitting night shift work (years) a

<5 years 59 16.8

6–15 years 87 24.8

>15 years 205 57.4

Quality of sleep (PSQI score) b 6.8 3.6 6.4 3.0 0.09

3–4 11 3.5 27 8.8

Physical activity (MET hours per week) 202.5 88.1 241.4 78.4 <0.0001

Chronotype

Morning type 192 53.5 178 51.2 0.54

Evening type 167 46.5 170 48.8

Menopausal status

Premenopause 186 51.5 229 65.8 <0.0001

Postmenopause 175 48.5 119 34.2

Smoking

Never smokers 155 43.0 146 41.9 0.03

Past smokers 110 30.5 81 23.3

Current smokers 96 26.6 121 34.8

Alcohol consumption

No 333 92.2 323 92.8 0.77

Yes 28 7.7 25 7.2

Antidepressants use

Yes 342 94.7 334 96.0 0.43

No 19 5.3 14 4.0

Marital status

Married 270 74.8 268 77.0 0.66

Single 16 4.4 19 5.5

Divorced/separated 52 14.4 44 12.6

Widow 23 6.4 17 4.9

Number of full-term births

1 126 40.0 109 35.6 0.02

2 178 56.5 170 55.6

Blood sampling

March–September 181 50.1 211 60.6 0.005

October–February 180 49.9 137 39.4

a Missing time since quitting night shift work for 10 day shift women.
b Missing quality of sleep data for 2 day shift women.
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index (BMI), alcohol drinking (drinks per week), antide-
pressants use and chronotype. Only age and BMI were 
signifi cantly associated with genotypes distribution and 
night shift work status and were included in the models. 
To investigate potential modifi cation of the associations 
between night shift work and genotypes by chronotype, 
we performed stratifi ed analyses in the strata (morning- 
and evening-type persons). Modifi cation of the effect was 
tested using likelihood ratio test comparing appropriate 
likelihood statistics between models with and without 
interaction terms. 

Moreover, we investigated initial selection after start 
of night shift work using Cox regression – with the Bre-
slow method for ties. We used period of fi rst fi ve years 
in analysis of relationship between polymorphisms and 
selection out of shift work. 

The value of P<0.05 for group characteristics was 
considered to represent statistical signifi cance, and the 
statistical tests were two-sided. To account for multiple 
comparison (eight polymorphisms), we applied the 
Bonferroni correction method with signifi cance level of 
P<0.05/8 = 0.00625. 

Statistical analyses were performed with STATA11 
(StataCorp, College Station, TX, USA) software.

Results

The selected characteristics of the study population are 
presented in table 1. The investigated nurses, 348 cur-
rent rotating shift workers and 361 current day workers 
differed signifi cantly for age (P<0.0001), menopausal 
status (P<0.0001), and the number of full-term births 
(P=0.05). Current smoking was more frequent among 
nurses working rotating night shifts than women work-
ing day shifts (P=0.02). There were no differences 
between the groups concerning the BMI and the qual-
ity of sleep. The physical activity of night shift nurses 
was signifi cantly higher than among daytime working 

women (P<0.0001). In both groups, the frequency of 
morning- and evening-types was similar.

The average total work duration was signifi cantly 
shorter (27.5 years) among nurses currently working 
rotating night shifts than day workers (29.2 years). 
The mean duration of night shift work among women 
currently working rotating shifts was 26.6 years. Day-
shift women had worked night shifts in the past with an 
average duration of 12.4 years. Of the women currently 
working day shifts, 35% had previously worked >15 
years on a rotating night shift schedule, while 19% of 
the day-shift women had previously worked <5 years on 
that schedule (table 1). 

The nurses working rotating night shifts in our study 
had been working 12-hour shifts, from 19:00–07:00 
hours. They reported working 2–14 nights per month, ≤4 
nights per week and ≤3 consecutive nights. The majority 
of the rotating-shift nurses worked on average 2–7 nights 
per month, 2 nights per week without any consecutive 
nights (data not shown). Rotating night shift work dura-
tion was negatively correlated with the age of the nurses 
(β-coeffi cient=-1.87, P<0.0001) (data not shown).

All SNP were in HWE, except from BMAL1 (P<0.01). 
The prevalence of minor allele CRY2 (rs10838524) was 
highest (0.48) and lowest in CRY2 (rs10838527) (0.08). 
Minor allele frequencies in the total analyzed group 
(N=709) are presented in table 2. There were no differ-
ences in BMAL1 (rs2279287), CLOCK (rs1801260), CRY1 
(rs8192440), CRY2 (rs10838524, rs10838527), PER1 
(rs2735611), PER2 (rs2304672), PER3 (rs10462020) 
genotype distribution among women working in the 
system of rotating night shifts and day shifts (table 3). 
Subjects with rare CRY1 TT genotype were more fre-
quent among nurses and midwives working rotating 
night shifts than day shift workers (17.0% versus 13.9%) 
(table 3). CRY1 TT genotype was associated with long 
total duration of rotating night shift work. It was more 
frequent among women who reported working on aver-
age ≥8 nights during the month and ≥3 nights during the 
preceding week (tables 4a, b and c) compared to women 

Table 2. Circadian genes single nucleotide polymorphisms analyzed in the cross-sectional study of nurses and midwives. [SNP=single 

nucleotide polymorphisms; mRNA=messenger ribonucleic acid; NA=not available; Ref=reference]

Gene SNP ID Chromosome mRNA 
position

Protein residues Region Major 
allele (1) 

Minor 
allele (2)

Minor allele 
frequency b

Ref

BMAL1 a rs2279287 11p15 NA 5’UTR C T 0.37 23

CLOCK rs1801260 4q12 3680 3’UTR T C 0.32 22

PER1 rs2735611 17p13.1-17p12 2485 Gly749Gly Exon 18 C T 0.14 20

PER2 rs2304672 2q37.3 226 5’UTR C G 0.14 19

PER3 rs10462020 1p23.23 2091 Val639Gly Exon 15 T G 0.20 21

CRY1 rs8192440 12q23-q24.1 1532 Gly212Gly Exon 5 C T 0.40 18

CRY2 rs10838524 11p11.2 NA Intron 1 A G 0.48 18

CRY2 rs10838527 11p11.2 2599 3’UTR A G 0.08 18

a Frequency not in Hardy-Weinberg equilibrium.
b  Frequency in total group of nurses and midwives (N=709).
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working rarely at night. PER1 (rs2735611) and PER3 
(rs10462020) polymorphisms were also associated with 
a high number of night shifts per week as reported in the 
diaries. We found a higher frequency of rare PER1 TT or 
rare PER3 GG homozygotes among nurses who worked 
≥3 nights compared to women who worked 1 or 2 nights 
during the preceding week (5.7% versus 0.7% and 5.7% 
versus 2.1%, respectively). However, the number of 
individuals in each genotype group was relatively small 
(3 versus 2 and 3 versus 6, respectively) (data not shown). 

Table 3. Circadian genotype frequencies among nurses and midwives in the cross-sectional study. 

11 a 12 a 22 a P-value b 12+22 a P-value c

N % N % N % N %

BMAL1 rs2279287

Day 156 43.2 147 40.7 58 16.1 0.63 205 56.8 0.34

Rotating 146 42.0 148 42.5 54 15.5 202 58.0

CLOCK rs1801260

Day 158 43.8 170 47.1 33 9.1 0.63 203 56.2 0.38

Rotating 164 47.1 149 42.8 35 10.1 184 52.9

PER1 rs2735611

Day 272 75.3 83 23.0 6 1.7 0.44 89 24.7 0.24

Rotating 249 71.6 94 27.0 5 1.4 99 28.4

PER2 rs2304672

Day 268 74.2 84 23.3 9 2.5 0.90 93 25.8 0.82

Rotating 256 73.6 85 24.4 7 2.0 92 26.4

PER3 rs10462020

Day 224 62.0 120 33.2 17 4.7 0.37 137 38.0 0.42

Rotating 227 65.2 112 32.2 9 2.6 121 34.8

CRY1 rs8192440

Day 143 39.6 168 46.5 50 13.9 0.14 d 218 60.4 0.08

Rotating 113 32.5 176 50.6 59 17.0 235 67.5

CRY2 rs10838524

Day 98 27.1 189 52.4 74 20.5 0.52 263 72.9 0.38

Rotating 83 23.9 184 52.9 81 23.3 265 76.1

CRY2 rs10838527

Day 298 82.5 63 17.5 0 0.29 63 17.5 0.34

Rotating 294 84.5 53 15.2 1 0.3 54 15.5

a 11-major homozygote, 22-minor homozygote, 12-heterozygote. For genotype decoding see table 2.
b Wald-type test based on logistic regression with age as covariate.
c  Age-adjusted compared to 11 genotype.
d Age-adjusted CRY1 CT versus CRY1 CC, P=0.18; CRY1 TT versus CRY1 CC, P=0.06.

Table 4a. CRY1 (rs8192440) polymorphism and total shift work 

duration, current average night shift work frequency per month 

and night shifts during the week preceding the blood samples 

collection. [SD=standard deviation; Ref=reference]

Total night shift work duration (years)

Mean SD Range Coeffi  cient P-value a

CRY1 CC 28.5 6.6 4.5–42.8 Ref 0.12

CRY1 CT 28.1 6.3 8.0–43.4 -0.15

CRY1 TT 29.0 7.1 7.3–42.8 2.15

a Wald test based on linear regression with age and body mass index as 
covariates; CRY1 CT versus CRY1 CC, P=0.87; CRY1 TT versus CRY1 
CC, P=0.07.

Table 4b. CRY1 (rs8192440) polymorphism and total shift work 

duration, current average night shift work frequency per month 

and night shifts during the week preceding the blood samples 

collection. [RRR=relative risk ratio; Ref=reference]

Average night shift work frequency per month

Day 1–7 
nights

≥8 
nights

P-
value a

≥8 ver-
sus 1–7 
nights

P-
value b

N % N % N % RRR

CRY1 CC 143 39.7 102 32.9 11 28.2 0.03 Ref 0.04

CRY1 CT 167 46.4 162 52.3 15 38.5 0.89

CRY1 TT 50 13.9 46 14.8 13 33.3 2.42

a Age-adjusted wald test based on multinomial regression with age and 
body mass index (BMI) as covariates

b Wald test based on multinomial regression with age and BMI as covariates; 
CRY1 CT versus CRY1 CC, P=0.78; CRY1 TT versus CRY1 CC, P=0.05.

Table 4c. CRY1 (rs8192440) polymorphism and total shift work 

duration, current average night shift work frequency per month 

and night shifts during the week preceding the blood samples 

collection. [RRR=relative risk ratio; Ref=reference]

Night shifts during the preceding week

Day 1–2 
nights

≥3 
nights

P-
value a

≥3 versus 
1–2 nights

P-
value b

N % N % N % RRR

CRY1 CC 146 40.1 96 33.2 14 25.5 0.09 Ref 0.17

CRY1 CT 168 46.2 149 51.6 27 49.1 1.22

CRY1 TT 50 13.7 44 15.2 14 25.5 2.14

a Age-adjusted wald test based on multinomial regression with age and 
body mass index (BMI) as covariates.

b Wald test based on multinomial regression with age and BMI as covariates; 
CRY1 CT versus CRY1 CC, P=0.78; CRY1 TT versus CRY1 CC, P=0.05.
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The likelihood of resigning from night shift work in 
the fi rst 5 years was lower among nurses and midwives 
who started their job with rotating night shift schedule and 
who were carriers of ≥1 minor PER1 T allele [hazard ratio 
(HR) 0.74, 95% confi dence interval (95% CI) 0.56–0.99, 
P=0.04] or ≥1 minor CRY2 G allele (rs10838527) (HR 
0.66, 95% CI 0.46–0.95, P=0.03) than among women 
with common genotype (data not shown). 

There were no differences in circadian genotype 
distribution in relation to the chronotype of nurses and 
midwives. Individuals with ≥1 minor CRY1 T allele were 
observed more frequently among morning- than eve-
ning-types (67.6% versus 59.9%) (table 5). We observed 
modification of the association between night shift 
work and CRY1 genotype by chronotype (P-value for 
heterogeneity=0.017). No difference in the distribution 
of CRY1 polymorphism by system of work was found 
among the morning-type women, while frequencies of 
specifi c genotypes differed among the evening-type 
women. Among evening-types, CRY1 TT genotype was 
>2-fold frequent [odds ratio (OR) 2.6, 95% CI1.3–5.1], 
while CRY1 CT genotype was approximately 1.5-fold 
frequent (OR 1.6, 95% CI1.0–2.6) among the rotating 
nigh nurses when compared to day nurses (table 6). 

Discussion

People living in industrialized societies have developed 
specifi c working schedules during the day and at night, 
including permanent and rotating night shifts. Light at 
night may disturb the internal clock, with suggested 
potential health consequences such as cancer, cardio-
vascular diseases, metabolic syndrome, etc. In response 
to endogenous circadian clues, people working night 
shifts develop different adaptation mechanisms in their 
sleep-wakefulness cycle to sustain the circadian rhythm. 
The complete circadian adjustment is seldom achieved 
and only a minority of night shift workers may adapt the 
internal circadian clock to the nocturnal activity pattern. 
It has been found that intermediate or slow rotations, 
rather than permanent night shifts, may lead to major 
disruptions of the circadian rhythm (13). 

In the present cross-sectional study, we analyzed the 
possible association of circadian polymorphism with the 
adaptation of circadian clock to shift work schedule. 
To the best of our knowledge, only a few studies have 
investigated the association between shift work and 
circadian rhythm polymorphism (14, 15), and there are 
no studies regarding the role of circadian polymorphism 
in relation to diurnal preferences in rotating night shift 
work. The analyzed circadian genes SNP were selected 
based on position within the gene and predicted func-
tion and minor allele frequency. Five SNP (BMAL1, 

CLOCK, PER1, PER2, PER3) were selected on the basis 
of relevant literature (19–23), while CRY1 (rs8192440), 
CRY2 (rs10833824), CRY2 (rs10838527) had not been 
studied previously and we selected them according to 
SNP database in the National Center for Biotechnology 
Information (18).

We observed that the distributions of BMAL1, 
CLOCK, PER1, PER2, PER3 and CRY2 genotypes were 
similar among day shift and rotating night shift workers. 
However, individuals with rare CRY1 TT (rs8192440) 
were more frequent in the rotating night shifts group. 
Interestingly, we found that nurses and midwives with 
CRY1 TT minor homozygotes had longer night shift work 
duration than CRY1 CC major homozygotes. Additionally, 
this genotype was associated with a higher frequency of 
night shift work at the current job, as evidenced both by 
the data collected through the interview and the diary. 
In our study, we found signifi cant modifi cation of the 
association between night shift work and CRY1 genotype 
by chronotype. Frequency of CRY1 TT and CRY1 CT 
genotypes in the rotating night shift women were higher 
when compared to evening-type day nurses. This fi nding 
may indicate that the variant allele may play a role in 
the night work preference among evening-type persons 
only. This result has to be interpreted cautiously, since 
we found that CRY1 TT genotype had similar frequency 
among morning- (15.7%) and evening-types (18.2%) 
who had worked under rotating night shifts. There was no 
association between chronotype and status of work and 
no difference in the CRY1 TT genotype among rotating 
night shift nurses by their reported chronotype. We used 
only a crude measure of chronotype, which may have 
introduced some misclassification, with potential for 
spurious interaction observed. Future studies with better 
tools for chronotype determination might clarify further 
the inferences observed in our study. However, our fi nd-
ings may indicate that women with CRY1 TT genotype 
may have stronger ability and better adaptation to rotating 
night shift work when compared to CRY1 CC carriers.

The transcriptional and translational feedback loops 
of the circadian auto-regulation system in the suprachi-
asmatic nucleus (SCN) and peripheral tissues require 
positive- and negative-acting circadian genes. Recently, 
it has been found that especially CRY1 serves also as a 
strong repressor of morning-time elements (E-box and E’-
box) and phase delay in CRY1 transcription is critical for 
the mammalian clock function (24). CRY1 may also play 
an important role in auto regulatory feedback loops of 
circadian apparatus and, in addition, may infl uence other 
key metabolic gene expression patterns (6). Although the 
investigated SNP in CRY1 gene (rs8192440) is localized 
in exon 5, it leads to synonymous mutation Gly212Gly. 
Therefore, the functional signifi cance of this SNP may 
be associated with the linkage with other SNP localized 
nearby, taking into account that CRY1 possesses a very 
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long sequence, is located on 12q23-24.1, and includes 12 
exons. Unfortunately, the comprehensive screening for 
CRY1 mutations and the linkage disequilibrium analysis 
has not covered this particular SNP (25). In addition, a 
recent study on patients suffering bipolar disorder indi-
cates that CRY1 T minor alleles were nominally associ-
ated with good lithium treatment response (26). 

Studies on shift workers indicated that CLOCK haplo-
type formed by rs1554483 and rs4864548 SNP modulates 
the risk of metabolic syndrome among rotating shift 
workers in Argentina (15), and CLOCK (rs1801260) 
polymorphism was not associated with night shift work 
among women in the US (14). To compare, this genetic 
polymorphism has been correlated with diurnal prefer-
ences (22, 27). In the Japanese population, individuals 

with CLOCK CC genotype possessed stronger evening 
preference, delayed sleep onset, and were character-
ized by shorter sleep time in comparison to the subjects 
with minor CLOCK T allele (27). However, studies 
on various Caucasian populations have not shown any 
associations between CLOCK polymorphism and diurnal 
preferences (28, 29). The results of the studies on the 
impact of PER1 (rs2735611) polymorphism on diurnal 
preference are also inconsistent (20, 30). PER1 T minor 
alleles were more frequent among subjects with extreme 
morning- compared to extreme evening-preference in the 
UK population (20). PER3 (rs10462020) polymorphism 
was associated with seasonal affective disorder among 
the US individuals (29). In the cross-sectional study, we 
observed that among woman with ≥1 PER1 T allele who 

Table 5. Circadian genes polymorphism and the chronotype of nurses and midwives in the cross-sectional study.

11 a 12 a 22 a P-value b 12+22 a P-value b

N % N % N % N %

BMAL1 rs2279287

Morning 159 43.0 145 39.2 66 17.8 0.23 211 57.0 0.89

Evening 143 42.4 148 43.9 46 13.7 194 57.6

CLOCK rs1801260

Morning 160 43.2 174 47.0 36 9.7 0.46 210 56.8 0.23

Evening 161 47.8 144 42.7 32 9.5 176 52.2

PER1 rs2735611

Morning 270 73.0 94 25.4 6 1.6 0.96 100 27.0 0.78

Evening 249 73.9 83 24.6 5 1.5 88 26.1

PER2 rs2304672

Morning 269 72.7 90 24.3 11 3.0 0.40 101 27.3 0.47

Evening 253 75.1 79 23.4 5 1.5 84 24.9

PER3 rs10462020

Morning 234 63.2 123 33.2 13 3.5 0.94 136 36.8 0.75

Evening 217 64.4 108 32.1 12 3.6 120 35.6

CRY1 rs8192440

Morning 120 32.4 189 51.1 61 16.5 0.11c 250 67.6 0.04

Evening 135 40.1 154 45.7 48 14.2 202 59.9

CRY2 rs10838524

Morning 91 24.6 189 51.1 90 24.3 0.27 279 75.4 0.58

Evening 89 26.4 183 54.3 65 19.3 248 73.6

CRY2 rs10838527

Morning 305 82.4 64 17.3 1 0.3 0.50 65 17.6 0.45

Evening 285 84.6 52 15.4 0 52 15.4

a 11-major homozygote, 22-minor homozygote, 12-heterozygote. For genotype decoding see table 2.
b Wald-type test based on logistic regression (crude).
c CRY1 TT versus CRY1 CC, P=0.12; CRY1 CT versus CRY1 CC, P=0.05.

Table 6. CRY1 (rs8192440) polymorphism and the chronotype of nurses and midwives under diff erent work schedules in the cross-

sectional study. P-value for heterogeneity=0.017.

Morning-type P-value a Evening-type P-value a

Day Rotating Day Rotating

N % N % N % N %

CRY1 CC 63 32.8 57 32.0 0.99 79 47.3 b 56 32.9 0.01

CRY1 CT 96 50.0 93 52.3 71 42.5 83 48.8 b

CRY1 TT 33 17.2 28 15.7 17 10.2 31 18.2 b

CRY1 T 129 67.2 121 68.0 0.96 88 52.7 114 67.0 0.01

a Wald type test based on logistic regression with age as covariate.
b CRY1 CT versus CRY1 CC, P=0.051; CRY1 TT versus CRY1 CC, P=0.005. 
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started their job with rotating night shift schedule, the 
likelihood that they would resign from night shift work 
in the fi rst 5 years was lower than for women with PER1 
CC genotype. We also observed no association between 
PER1 or PER3 polymorphism with current work pattern 
or the chronotype. However, these polymorphisms were 
associated with the number of night shifts during the 
preceding week. The majority of minor PER1 TT and 
PER3 GG homozygotes were found among nurses who 
worked more intensively on rotating shifts a week before 
the analysis (≥3 nights) than women who worked 1 or 2 
nights or who worked only during the day. PER2 SNP 
(rs2304672) has been linked to diurnal preference and 
the advanced sleep phase syndrome (19), seasonal varia-
tion in mood and winter depression (31), and depression 
vulnerability (11). The minor PER2 G alleles frequency 
were signifi cantly higher among Caucasian subjects with 
extreme morning-preference than those with extreme eve-
ning-preference (19), and in the present cross-sectional 
study, the prevalence of minor PER2 G alleles was more 
frequent in morning- than evening-types. Moreover, we 
did not fi nd any association between BMAL1 and CRY2 
genotypes and rotating shift work or between BMAL1 and 
CRY2 genotypes with the chronotype. Among nurses and 
midwives who started their job with rotating night shift 
schedule and who had CRY2 (rs10838527) AG and/or GG 
genotype, the chances that they would resign from night 
shift work in the fi rst fi ve years were lower than among 
women with CRY2 AA genotype. Moreover, it was found 
that CRY2 (rs10838527 and rs10838524) minor alleles 
were associated with bipolar disorder (32) and winter 
depression (33), and BMAL1 (rs2279287) was also associ-
ated with bipolar disorder (23, 34).

The adaptation to night shift work may be associated 
with different individual characteristics. For instance, 
younger age or low scores of morning-typeness have been 
associated with better night shift work tolerance. How-
ever, some studies indicate the opposite association and 
also a lack of association (1). The strength of this study is 
that it was conducted in a well-characterized population 
of women. Several limitations could have affected the 
results of our cross-sectional study, including insuffi cient 
coverage of SNP within circadian genes and the crude 
measure of diurnal preferences. In addition, the study was 
underpowered for the assessment of moderate or small 
effects for minor alleles. However, with this sample size 
(N=709) we had the power of ≥90% to observe associa-
tions of the magnitude of OR 2.0 with rare homozygotes 
with frequency of 10–20%. The present study’s fi ndings 
indicate that rotating night shift work adaptation is not 
associated with polymorphism of BMAL1, CLOCK, 
CRY2, PER1, PER2 circadian genes. However, CRY1 
(rs8192440) genetic polymorphism may infl uence the 
adaptation to rotating night shift work among nurses and 
midwives. Furthermore, CRY1 may be associated with a 

specifi c chronotype, but the effect of this polymorphism 
on diurnal preferences and the adaptation to work under 
different shift schedule, observed in the present study, 
requires further investigation within a larger population. 
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