
 Scand J Work Environ Health 2013, vol 39, no 2 187

Original article

Scand J Work Environ Health 2013;39(2):187–194. doi:10.5271/sjweh.3303

Circadian gene expression in peripheral blood leukocytes of rotating night 

shift nurses

by Edyta Reszka, PhD,1 Beata Peplonska, MD, PhD,2 Edyta Wieczorek, MSc,1 Wojciech Sobala, MSc,2 
Agnieszka Bukowska, MSc,2 Jolanta Gromadzinska, PhD,1 Jenny-Anne Lie, PhD,3 Helge Kjuus, MD, PhD,3 
Wojciech Wasowicz PhD 1

Reszka E, Peplonska B, Wieczorek E, Sobala W, Bukowska A, Gromadzinska J, Lie J-A, Kjuus H, Wasowicz W. 
Circadian gene expression in peripheral blood leukocytes of rotating night shift nurses. Scand J Work Environ 
Health. 2013:39(2):187–194. doi:10.5271/sjweh.3303

Objective   It has been hypothesized that the underlying mechanism of elevated breast cancer risk among long-
term, night-working women involves circadian genes expression alteration caused by exposure to light at night 
and/or irregular work hours. The aim of the present study was to determine the effect of rotating night shift work 
on expression of selected core circadian genes. 
Methods   The cross-sectional study was conducted on 184 matched nurses and midwives, who currently work 
either day or rotating night shifts, to determine the effect of irregular work at night on circadian gene expression 
in peripheral blood leukocytes. Transcript levels of BMAL1, CLOCK, CRY1, CRY2, PER1, PER2, and PER3 
were determined by means of quantitative real-time polymerase chain reaction (PCR).
Results   After adjusting for hour of blood collection, there were no statistically signifi cant changes of investi-
gated circadian genes among nurses and midwives currently working rotating night shifts compared to nurses 
working day shifts. The highest expression of PER1 messenger ribonucleic acid (mRNA) was observed for 
women currently working shifts who had worked >15 years in rotating night shift work. PER1 gene expres-
sion was associated with the lifetime duration of rotating night shift work among women currently working 
night shifts (P=0.04). PER1 and PER3 transcript levels in blood leukocytes were signifi cantly down-regulated 
in the later versus early hours of the morning between 06.00–10.00 hours (β-coeffi cient -0.226, P=0.001 and 
β-coeffi cient -0.181, P<0.0001, respectively). 
Conclusions   These results suggest that current rotating night shift work does not affect circadian gene expres-
sion in human circulating leukocytes. In analysis of the peripheral clock in human studies, the hour of blood 
collection should be precisely specifi ed.
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Circadian rhythm, observed in various metabolic and 
physiological processes, is governed by the endogenous 
clock found in the suprachiasmatic nucleus (SCN) of the 
hypothalamus and by peripheral clocks. The circadian 
system of the organism acts independently of external 
cues, but it can adapt to environmental conditions, such 
as light, temperature, meals/feeding etc. The circadian 
clock in the SCN is synchronized to external cues, and 
it coordinates the peripheral clock by sending signals to 
peripheral tissues (1). The molecular mechanism of the 

self-sustained circadian system of the organism involves 
circadian genes. Circadian genes presenting oscillatory 
transcriptional-translational feedback loops have been 
found not only in the SCN, but also in peripheral tissues, 
including human peripheral leukocytes. The biological 
clock is controlled by several genes, including BMAL1, 
CLOCK, Period (PER) and Cryptochrome (CRY) (2). 

Some epidemiological studies have found that long-
term, night-working women have a higher risk of breast 
cancer than women who do not work at night (3). One 



188 Scand J Work Environ Health 2013, vol 39, no 2

Rotating night shift and circadian gene expression

of several proposed mechanisms underlying cancer risk 
among individuals exposed to light at night involves 
circadian genes expression alteration (4). Circadian 
genes may play an important role in the control of mul-
tiple biological processes (5), including DNA repair, 
oxidative stress, maintenance of genomic stability, cell 
proliferation, and apoptosis (6, 7). Therefore, they may 
have important relevance to the carcinogenic process. 
Alteration of circadian genes was found to be associ-
ated with various disorders in humans, including sleep 
and mental disorders, cardiovascular diseases, obesity, 
impaired glucose tolerance, alcohol abuse, and cancer 
(8–12).

It has been widely observed that a molecular feed-
back loop exists for specifi c clock genes that act as 
positive and as well negative regulators of the biologi-
cal clock. Moreover, circadian genes expression among 
humans is reported to be similar to that observed in 
rodent peripheral tissue, although tissue-specifi c clock 
genes expression patterns were also observed (1). The 
daily variations in expression of clock genes associated 
with different rhythmicity and maximal or minimal 
expression in various peripheral tissues of the human 
organism are the strongest for peripheral blood leu-
kocytes, probably due to the presence of various cell 
populations in that tissue. However, blood leukocytes 
subpopulations may be useful for the investigation 
of human circadian rhythms as circadian genes are 
expressed with the peak level occurring during the 
habitual time of activity (13). In leukocytes, including 
peripheral blood mononuclear cells (PBMC), the acro-
phase of PER messenger ribonucleic acid (mRNA) was 
observed in the early morning and morning (13–19). 
CRY1 and CRY2 mRNA expression level peaked also 
in the morning in circulating leukocytes (20), while 
the positive regulator of circadian rhythm – BMAL1 
mRNA – presented maximal expression in PBMC and 
leukocytes in the evening or midnight, as it is in approxi-
mate antiphase with the other negative regulators of 
circadian rhythm (15, 18, 20–22). Interestingly, in the 
majority of studies, various populations of blood leuko-
cytes presented lack of rhythmicity of CLOCK mRNA 
expression (17, 20). 

Humans are well synchronized to the external 
light–dark cycles. However, disturbances of these 
cycles by irregular sleep hours, shift work, or light at 
night exposure may induce alteration of the SCN and 
peripheral circadian rhythms. Therefore, the aim of our 
analysis, which forms part of a cross-sectional epide-
miological study of nurses and midwives (23), was to 
determine the effect of rotating night shift work on the 
expression of selected core circadian genes: BMAL1, 
CLOCK (positive regulators), CRY1, CRY2, PER1, 
PER2, and PER3 (negative regulators) as indicators of 
peripheral clock.

Methods

Study population

A cross-sectional study of 354 nurses and midwives, all 
female, currently working rotating night shifts and 370 
nurses who work only during the day was carried out in 
Lodz, Poland in 2008–2011 (23). Women were selected 
from the Local Registry of the Chamber of Nurses 
and Midwives. The questionnaire data and biological 
samples were collected in 2008–2010. The inclusion 
criteria for the nurses were age 40–60 years and current 
employment. Gene expression analysis was conducted 
among 92 pairs of nurses and midwives. The required 
number of rotating night shift workers were sampled 
from the study population. For each rotating night shift 
worker, one non-night shift nurse was randomly selected 
matched for age (within two years) and sampling season 
(March–September and October–February).

The study participants completed a structured ques-
tionnaire during in-person interviews. Data included 
information on demographics, occupational history, the 
current and previous jobs, physical activity [according 
to the International Questionnaire on Physical Activity 
(IPAQ)], sleep quality [according to the Pittsburgh Sleep 
Quality Index (PSQI)], chronotype (according to self-
reported preference), tobacco smoking, and alcohol use. 
Characteristics for the two groups are shown in table 1.

The Ethics Committee for Scientifi c Research at 
the Nofer Institute approved the study protocol, and a 
written informed consent was obtained from each study 
participant.

Gene expression analysis

Blood samples were collected into S-Monovette® 
heparinized test tubes (Sarstedt AG & Co, Nümbrecht, 
Germany) in the morning (06:00–10:00 hours). Tran-
script levels of BMAL1, CLOCK, CRY1, CRY2, PER1, 
PER2, and PER3 in peripheral blood leukocytes were 
determined by means of quantitative real-time poly-
merase chain reaction (PCR). Primers were designed 
with Beacon Designer 7.01 (PREMIER Biosoft Inter-
national, Palo Alto, CA, USA). Amplicon sequence 
complied with exon-exon boundaries (table 2). Total 
RNA was isolated from whole blood, immediately after 
delivery to the lab, by means of QIAamp RNA Blood 
Mini Kit (Qiagen). cDNA was synthesized on 250 ng 
RNA with Quantitect Kit (Qiagen, Syngen Biotech, 
Hilden, Germany). Expression of circadian genes 
was quantified with FastStart SYBR Green Master 
(Roche, Basel, Switzerland) and using glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) as the endog-
enous control, which presents stable expression levels 
in RNA isolated from peripheral blood leukocytes. 
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Reference gene-normalized relative quantification 
with efficiency correction for target and reference 
gene (Pfaffl method) was calculated using Q-Gene, a 
Microsoft Excel®-based software application (Micro-
soft, Redmond, WA, USA) coded in Visual Basic (24). 
PCR efficiencies were calculated using dilutions of five 
pooled cDNA samples, which were reverse transcribed 
from total human RNA isolated from leukocytes. All 
the samples were amplified in duplicate. Randomly 
selected pairs of samples were simultaneously ampli-
fied on the same plate for the eight genes examined. To 
determine inter-assay variability, 12 samples (6 pairs) 
were run over 2 separate occasions for ≤30 days of 
the experiment. Inter- and intra-assays coefficients of 
variability (CV) for the examined eight genes (calcu-
lated using relative expression values) were <15% and 
<10%, respectively. 

Statistical analysis

Arithmetic means with standard deviations (SD) and 
frequencies 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. The associations between rotating night shift 
work measures and circadian genes expression were 
computed by linear regression. All expression variables 
were log transformed except BMAL1 and CRY2. The 
list of covariates included age, current smoking status 
(yes/no), antidepressants use (yes/no), hour of blood 
collection, quality of sleep (expressed as PSQI), physi-
cal activity [expressed in metabolic equivalents of task 
(MET) hours per week], season of the year of blood 

Table 1. Selected characteristics of nurses and midwives under diff erent work shifts. [BMI=body mass index; MET=metabolic equivalents 

of task; PSQI=Pittsburgh Sleep Quality Index; SD=standard deviation]

Day workers (N=92) Rotating shift workers (N=92) P-value

Mean SD N % Mean SD N %

Age (years) 48.1 4.7 47.7 4.9 0.62

BMI (kg/m2) 26.7 4.8 27.3 4.7 0.41

Job duration (years) 27.0 5.5 26.7 6.4 0.72

Total night shifts work (years) 12.0 8.1 24.2 7.0 0.00001

Total night shifts work (categories)

<5 years 19 20.7 0 0.0001

6–15 years 38 41.3 8 8.7

>15 years 35 38.0 84 91.3

Time since quitting night shift work (years)

<5 years 24.6 15.4

6–15 years 17.8 8.6

>15 years 7.3 1.1

Menopausal status

Premenopausal 57 62.0 61 66.3 0.54

Postmenopausal 35 38.0 31 33.7

Physical activity (MET hours per week) a, 199.9 89.0 254.2 82.6 <0.0001

Quality of sleep (PSQI score) a, b 6.8 3.7 6.1 3.1 0.142

Chronotype

Morning type 51 55.4 41 48.9 0.56

Evening type 47 44.6 45 51.1

Smoking

Never smokers 36 39.1 38 41.3 0.49

Former smokers 29 31.5 22 23.9

Current smokers 27 29.4 32 34.8

Alcohol consumption a

No 70 76.9 90 97.8 <0.0001

Yes 21 23.1 2 2.2

Antidepressants use a

No 74 91.4 87 100 0.005

Yes 7 8.6 0

Fasting a

No 62 68.1 74 80.4 0.06

Yes 29 31.9 18 19.6

Blood sampling 

March–September 58 63.0 57 62.0 0.88

October–February 34 37.0 35 38.0

Hour 08:30 0.50 07:15 0.37 <0.0001

a Missing quality of sleep data for 1 woman, physical activity data for 11 women (1 day and 2 shift workers), alcohol consumption data for 1 day shift 
worker, antidepressants use for 16 woman (11 day and 5 shift workers), fasting status data for one day shift worker.

b 0-best quality of sleep.
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collection (March–September/October–February), body 
mass index (BMI), menopausal status (self-reported 
pre-/postmenopausal), alcohol drinking the day before 
blood collection (yes/no), and fasting (<6 hours of 
blood collection/≥6 hours of blood collection). Of these 
covariates in the fi nal models for each gene expression, 
only signifi cant confounders were retained (the list of 
confounders is provided in tables 3 and 4). Stepwise 
selection method was used with the Akaike information 
criterion (AIC) to include variables. 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 (7 clock 
genes) we applied Bonferroni correction method with 
signifi cance level of P<0.05/7=0.007.

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

Results

The average total shift work duration among women 
currently working rotating night shifts was signifi cantly 
longer (24.2 years) than among current day workers 
(12.0 years). All of the women and midwives who were 
current day workers had previously worked rotating 
night shifts. The majority (91.3%) of current rotating 
night shift workers had been working night shifts for 
>15 years. The proportion of women currently working 
day shifts who had previously worked >15 years on a 
rotating night shift schedule was 38.0%, with an average 
of 7.3 years since quitting night shift work (table 1).

Rotating shift nurses and midwives drank alcohol 
beverages the day before collection signifi cantly less 
frequently than day working women (P<0.0001). None 
of the rotating night shift nurses used antidepressants 
and women in this group were more physically active 

than day workers (P<0.0001). 
Among rotating night shift women, blood samples 

were collected at the end of night shift at 07:15 (SD 
0.37) hours and at the beginning of work [08.30 (SD 
0.50) hours] for day working nurses (P<0.0001). 

All subjects showed detectable transcript levels in 
blood leukocytes, however with large interindividual 
variation. For all analyzed circadian genes, the mRNA 
level of the particular gene presented positive correla-
tion with the mRNA level of other genes in the whole 
study group and subgroups defi ned by rotating work 
status, age, BMI, menopausal status, smoking status, 
or chronotype.

PER1 and PER3 mRNA expression was associated 
with the hour of blood collection. Transcripts level was 
signifi cantly down-regulated in the late versus early 
hours of the morning (06:00–10:00 hours) (β-coeffi cient 
-0.226, P=0.001 for PER1 and β-coeffi cient -0.181, 
P<0.0001 for PER3). 

An elevated circadian gene expression was observed 
among rotating night shift compared with day workers. 
However, we did not observed statistically signifi cant 
changes of investigated genes expression among nurses 
working night compared to day shifts, when confound-
ing factors that signifi cantly infl uenced particular gene 
expression were included in the analysis (table 3). In 
case of PER1, we observed a strong effect of collinear-
ity with time of blood sampling, as both variables were 
of borderline signifi cance but the joint test was very 
signifi cant (P=0.00008).

Circadian gene expression was not associated with 
the duration of rotating night shift work, specifi ed as 
three categories of total night shift work (<5, 6–15, 
and >15 years) among women currently and previously 
(current day workers) working night shifts (table 4). The 
highest expression of PER1 mRNA was observed among 
current rotating shift women (N=84) who had worked a 
rotating night shift work schedule >15 years compared 

Table 2. Oligonucleotides for gene expression analysis. [F=forward; R=reverse; NM=messenger RNA transcripts accession number; 

nt=nucleotide; bp=base pairs]

Gene Size NM number Primers a Amplicon size and position nt

BMAL1 2757 nt NM_001030272 F GCCGAATGATTGCTGAGG
R CACTGGAAGGAATGTCTGG

168 bp 1837–2004

CLOCK 5801 nt NM_004898 F ACGACGAGAACTTGGCATTG
R TCCGAGAAGAGGCAGAAGG

152 bp 1493–1644

CRY1 3273 nt NM_004075 F TGTGTTCAGATTCCTTGG
R TACCTTCATTCCTTCTTCC

198 bp 1802–1999

CRY2 4202 nt NM_021117 F TCTTCCAGCAGTTCTTCC
R GTAGTCCACACCAATGATG

185 bp 1356–1540

PER1 4656 nt NM_002616 F CAATGGTTCAAGTGGCAATG
R GGAGGCTGTAGGCAATGG

182 bp 334–515

PER2 6342 nt NM_022817 F AGCCAATGAAGAGTATTACCAG
R GCCACCGCAAACATATCG

141 bp 684–824

PER3 6203 nt NM_016831 F CCATCCTACTGCCACTGTTCTG
R ATATACTGCTGTCCGCTGCTTCC

98 bp 3286–3383

a Primer 5’ -3’.
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with day workers who had previously worked rotating 
shifts >15 years (N=35) (β-coeffi cient 0.264, P=0.03) 
(table 4). Moreover, the PER1 transcripts level was asso-
ciated with the lifetime duration of rotating night shift 
work among current night shift workers (ß-coeffi cient 
0.026, P=0.04), while we did not observe such an asso-
ciation among current day workers (ß-coeffi cient -0.006, 
P=0.50) (fi gure 1).

Discussion

Circadian gene expression patterns may be useful as 
peripheral clock biomarkers in circulating leukocytes. 
In the presented gene expression study, we analyzed 
circadian gene expression in peripheral blood leuko-
cytes of nurses and midwives who worked irregular 
night shifts. To exclude the majority of factors and 
conditions that may possibly infl uence leukocyte gene 
expression (25), we analyzed randomly selected nurses 
matched for age (within 2 years) and sampling season 
(March–September and October–February). In the total 
study group and subgroups of current day workers and 

rotating night workers, signifi cant correlations were 
observed between expression of positive and negative 
regulators of peripheral clock, regardless of meno-
pausal status, smoking, alcohol use, chronotype, age, 
BMI, sleep  quality or physical activity. It may confi rm 
dependence of circadian genes in peripheral tissue as 
they are linked to the same process of transcriptional-
translational feedback loop.

Further, we used a whole population of white blood 
cells, which includes mononuclear and polymorpho-
nuclear cells, as it was found that there is no differ-
ence in the expression of PER1 mRNA between these 
two populations of white blood cells (16). However, 
it should be pointed out that different rhythmicity of 
clock gene expression was observed for peripheral blood 
leukocytes, probably due to the presence of various cell 
populations in that tissue (14–22). In the majority of 
in vivo studies, daily monitoring of the expression of 
clock genes in human peripheral leukocyte populations 
has been extensively investigated. In human peripheral 
leukocytes, clock genes have demonstrated expression 
rhythmicity with PER and CRY mRNA maximal expres-
sion in the early morning or morning and BMAL1 mRNA 
maximal expression in the evening or midnight, while 

Table 3. Circadian gene relative expression among nurses and midwives under diff erent work shifts and correlation coeffi  cients between 

gene expression and rotating night shift work.

Day workers (N=92) Rotating shift workers (N=92) P-value β-coeffi  cient P-value a

Mean a SD Mean a SD

BMAL1 0.282 0.078 0.296 0.085 0.39 0.018 0.13

CLOCK 0.411 0.134 0.444 0.148 0.08 0.061 0.21

CRY1 0.483 0.174 0.506 0.216 0.43 0.007 0.90

CRY2 0.346 0.122 0.378 0.150 0.18 0.007 0.72

PER1 0.976 0.754 1.452 1.114 0.0001 0.264 0.03

PER2 0.242 0.082 0.256 0.083 0.25 0.041 0.37

PER3 0.112 0.049 0.134 0.053 0.004 0.129 0.09

a Adjusted for tobacco smoking, quality of sleep, antidepressants use (BMAL1); physical activity (CLOCK); age, tobacco smoking, physical activity, qual-
ity of sleep (CRY1); physical activity (CRY2); hour of blood collection; season of the year of blood collection (PER1); age (PER2); hour of blood collec-
tion, quality of sleep, antidepressants use (PER3).

Table 4. Circadian gene relative expression and diff erent categories of total night shift work in nurses and midwives under diff erent 

work shifts. [SD=standard deviation]

6–15 years (N=46) P-
value a

>15 years (N=119) P-
value a

Day workers 
(N=38)

Rotating shift workers 
(N=8)

Day workers 
(N=35)

Rotating shift workers 
(N=84)

Mean SD Mean SD Mean SD Mean SD

BMAL1 0.275 0.065 0.291 0.104 0.37 0.282 0.068 0.296 0.084 0.54

CLOCK 0.400 0.141 0.448 0.087 0.29 0.437 0.125 0.44 0.153 0.98

CRY1 0.482 0.174 0.482 0.230 0.96 0.511 0.165 0.522 0.208 0.57

CRY2 0.348 0.116 0.338 0.131 0.86 0.344 0.105 0.351 0.119 0.90

PER1 1.031 0.608 0.863 0.512 0.72 0.943 0.902 1.509 1.141 0.01

PER2 0.257 0.093 0.252 0.069 0.96 0.247 0.070 0.257 0.084 0.79

PER3 0.117 0.055 0.138 0.040 0.19 0.116 0.080 0.134 0.054 0.31

a Adjusted for tobacco smoking, quality of sleep, antidepressive drug use (BMAL1); physical activity (CLOCK); age, tobacco smoking, physical activity, 
quality of sleep (CRY1); physical activity (CRY2); hour of blood collection; season of the year of blood collection (PER1); age (PER2); hour of blood 
collection, quality of sleep, antidepressants use (PER3). 
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CLOCK mRNA expression shows lack of rhythmicity 
(15, 17, 20). In the present study, the venous blood was 
collected once, in the morning between 06:00–10:00 
hours, and we were, therefore, able to assess PER1, 
PER2, PER3, CRY1, and CRY2 mRNA expression at 
their approximate acrophase. At the same time, BMAL1 
mRNA expression was in an antiphase to these genes. In 
addition, the highest transcript level in circulating blood 
leukocytes, measured in the morning, was observed for 
PER1, while the lowest was observed for PER3. 

In the crude analysis of circadian gene expression in 
circulating leukocytes, we observed signifi cant up-reg-
ulation of constitutive PER1 and PER3 mRNA expres-
sion in circulating leukocytes of nurses and midwives, 
who currently work rotating night shifts, compared to 
day workers. When we adjusted gene expression for 
signifi cant confounding factors, the association between 
rotating shift work and circadian gene expression dis-
appeared. However, the highest expression of PER1 
mRNA was observed for women currently working 
shifts who had worked rotating night shift schedule >15 
years compared with day workers who had previously 
worked rotating shifts >15 years. Moreover, the results 
of our study suggested that up-regulation of PER1 
mRNA expression may be associated with the lifetime 
duration of night shift work among nurses and midwives 
who currently work rotating night shifts. These fi nd-
ings could result from a cumulative effect of night shift 
work on PER1 gene expression, associated with phase 
delay or advance of maximal circadian gene expression 
or direct effect of artifi cial light at night exposure. It 
is widely known that resetting of the peripheral clocks 
can occur through regulation of the expression of clock 
genes caused by internal or external cues. Generally, 
light exposure in the morning advances and light expo-
sure in the evening delays circadian systems in organ-

isms, which may cause serious effects due to irregular 
and disturbed wake–sleep cycle of humans (26). It was 
found that shift work caused a delay of the clock gene’s 
acrophase in human peripheral tissues. Results of a 
study on circadian gene mRNA expression (NR1D1, 
NR1D2, PER2, and PER3) in head hair follicle cells of 
rotating shift workers showed circadian gene expres-
sion phase delay after the second week of late shift 
work (27). Under short-term acute sleep deprivation 
(40 hours) and light conditions, PER2 mRNA expres-
sion in PBMC presented delayed phase shift and loss of 
circadian rhythmicity, while BMAL1 mRNA expression 
did not show any changes (28). James et al (22) found 
that a shifted sleep–wake schedule with light at night 
exposure signifi cantly affects circadian expression of 
PER1 and PER2 peripheral circadian oscillators in 
PBMC and centrally-driven melatonin secretion. Blue 
light reduced BMAL1 mRNA expression in PBMC of 
jaundiced neonates under light therapy with covered 
eyes (29), but short wavelength light at 460 nm (blue 
light) induced PER2 expression in oral mucosa during a 
2-hour exposure of human subjects in the evening (30). 

Circadian gene expression may be also regulated by 
both photic and circadian inducers because it has been 
widely observed that other clues, such as dietary and 
feeding habits (31), alcohol use (10), depression (32), 
age (33), chronotype (18), may also infl uence peripheral 
circadian rhythm measured in peripheral leukocytes. 
In our cross-sectional study, no association has been 
observed between BMI, fasting status, alcohol drinking, 
and circadian gene expression. 

Interestingly, we observed that PER1 and PER3 
transcripts level was signifi cantly down-regulated in the 
late versus early hours of the morning. The analysis of 
time of blood collection in the morning indicated that 
blood samples from rotating shift women were collected 
at 07:15 (SD 0.37) hours and 08:30 (SD 0.50) hours 
for day workers. This 1.15-hour difference in blood 
sampling of women under two work schedules may 
result from observed differences in PER1 and PER3 
gene expression in the crude analysis. Based on rhyth-
mic expression of circadian genes in various peripheral 
tissues, we might have observed increasing expression 
or acrophase of these two genes in the leukocytes of 
rotating shift women at 07:15 hours, while – among day 
workers – measured expression could have been attribut-
able to decreasing phase at 08:30 hours. Due to highly 
signifi cant collinearity of night shift work status and 
time of blood collection, we were unable to distinguish 
whether the effect we saw was attributed to the former 
or the latter. In comparison, the results from the only 
study on circadian genes mRNA expression analyzed in 
peripheral blood cells (collected at approximately 09:00 
hours) of 25 Japanese shift workers and 45 participants 
who kept regular hours showed that the PER3 transcripts 

Figure 1. Association between PER1 gene expression and the lifetime 

duration of rotating night shift work among nurses and midwives 

currently working night (ß-coeffi  cient 0.026, P=0.04) and day shifts 

(ß-coeffi  cient –0.006, P=0.50) (adjusted for hour of blood collection).
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level were higher among shift working women com-
pared to day workers (β-coeffi cient 0.31, P<0.05) (29). 

In summary, in our study, we did not observe a sig-
nifi cant association between circadian gene expression 
and rotating shift work; time of blood collection was 
found to be an important covariate in the analyses of 
PER1 and PER3 mRNA morning expression. Further 
studies with daily monitoring of circadian genes expres-
sion are needed to (i) confi rm the impact of irregular 
working hours and light at night exposure on peripheral 
circadian clocks in humans and (ii) elucidate the molec-
ular mechanisms of light-induced circadian gene altera-
tion in human circulating leukocytes. Importantly, when 
analysing the peripheral clock in human studies, the 
hour of blood collection should be precisely specifi ed.
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