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ABSTRACT
Objective The present study was designed to 
demonstrate the relationships among shift work, hair 
cortisol concentration (HCC) and sleep disorders.
Design A cross- sectional study.
Setting Three petroleum administrations in Karamay city 
of Xinjiang, China.
Participants 435 individuals including 164 males and 
271 females participated in the research.
Outcome measures Information on shift work was 
collected by a self- administered questionnaire. HCC 
was determined using an automatic radioimmunoassay 
instrument. Sleep quality was measured on the Pittsburgh 
Sleep Quality Index scale.
Results Shiftwork was associated with an increased 
prevalence of sleep disorders compared with the fixed 
day shift (two shifts: OR 3.11, 95% CI 1.57 to 6.19; three 
shifts: OR 2.87, 95% CI 1.38 to 5.98; four shifts: OR 2.22, 
95% CI 1.17 to 4.18; others: OR 3.88, 95% CI= 1.36 to 
11.08). Workers with different shift patterns had higher 
HCC levels than day workers ((fixed day shift: geometric 
mean±geometric SD=2.33±1.65; two shifts: 3.76±1.47; 
three shifts: 3.15±1.64; four shifts: 3.81±1.55; others: 
3.60±1.33) ng/g hair, η2=0.174) and high HCC was 
associated with the higher prevalence of sleep disorders 
(OR 4.46, 95% CI 2.70 to 7.35). The mediating effect of 
HCC on the relationship between shift work and sleep 
disorders was 0.25 (95% CI 0.09 to 0.41).
Conclusion We found that, when compared with the fixed 
day shift, shiftwork was associated with both the higher 
HCC, and also with an increased risk of sleep disorders. 
High HCC was associated with the occurrence of sleep 
disorders. In addition, HCC had mediating effect in shift 
work and sleep disorders. Thus, HCC can be considered as 
an early marker of shiftwork circadian disruption to early 
detection and management of sleep disorders.

INTRODUCTION
Sleep disorders are very common in the 
general population. A study of 150 000 resi-
dents of 36 US states found that the preva-
lence of sleep disorders for men ranged 
from 13.7% to 18.1%, and for women the 
prevalence ranged from 17.7% to 25.1%.1 
Shift work is an indispensable part of the 

lifestyle of a large proportion of the popula-
tion. In Europe, about 20% of the working 
population, on average.2 The percentage in 
Asia has been estimated to be at least 30%.3 
Shift work has been shown to be one of the 
causes of sleep disorders. The prevalence of 
sleep disorders in shift workers (39.0%) was 
significantly higher than that in day workers 
(24.6%) in the study by Kerkhof.4 A statisti-
cally significant increase in risk of sleep disor-
ders (OR=8.8) was observed in a study of 
403 females employed in shift work and 205 
females employed in administrative units of 
the same enterprise.5 There are few studies 
on the relationship between different shift 
patterns and sleep disorders, although the 
findings may allow enterprises to choose shift 
patterns reasonably. Therefore, it is important 
to study this question.

Cortisol is a glucocorticoid hormone that 
is released by the adrenal cortex through 
stimulation of the hypothalamic–pituitary–
adrenal axis.6 It is commonly known that 
cortisol is a stress hormone as it is released 
in larger amounts under pressure.7 Present 

Strengths and limitations of this study

 ► As we know, this is the first study researching the 
mediating effect of hair cortisol concentration (HCC) 
between shift work and sleep disorders.

 ► We used HCC reflecting the long- term cortisol expo-
sure which is important in the aetiology of chronic 
disease related to hypothalamic–pituitary–adrenal 
axis activation.

 ► The relatively small sample size and recall bias may 
influence the results of the study.

 ► Cross- sectional study design does not allow estab-
lishing causality among shiftwork, HCC and sleep 
disorders.

 ► Some important confounding factors, such as de-
pression and stress, were not taken into account.
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studies suggest that sleep disorders are associated with 
cortisol concentrations. A study testing the association 
between sleep and neuroendocrine activity in children 
proposed that the lower the children’s sleep sufficiency, 
the higher the overall level of salivary cortisol and the 
smaller the decrease salivary cortisol during the day.8 
Insomniacs with a high degree of objective sleep disor-
ders, when compared with individuals with a low degree 
of sleep disturbance, secreted a higher level of cortisol.9 
The secretion of cortisol fluctuates according to the circa-
dian rhythm, and the concentration of cortisol in blood, 
urine and saliva is easily affected by external factors so 
that it does not reflect the cortisol exposure of individ-
uals accurately.10 Hair cortisol can reflect the cumula-
tive secretion and the long- term cortisol exposure of 
subjects. The hair cortisol concentration (HCC) is more 
stable than cortisol concentrations in blood, urine and 
saliva.10 Therefore, HCC was adopted in this study in 
order to obtain more accurate results. Manenschijn et al 
found that shift workers had higher hair cortisol levels 
than day workers: 48.53 pg/mg hair vs 26.42 pg/mg hair 
(p<0.001) in the group under 40. But in the group over 
40, there was no significant difference in HCC between 
shift workers and day workers.11 Janssens et al found a 
significantly lower mean HCC in shift workers compared 
with day workers, adjusted for age,12 which is inconsistent 
with the proposed mechanism and most similar studies. 
The reasons are worth exploring.

Based on previous researches, we believe that there may 
be a correlation between shift work, HCC and sleep disor-
ders, and that different shift patterns may have different 
effects on HCC and sleep disorders, as different shift 
patterns may lead to different shift frequency, working 
hours and rest hours. Therefore, we studied different shift 
patterns separately and put forward the following hypoth-
eses: (1) shift work is associated with sleep disorders; (2) 
employees with sleep disorders have a higher level of HCC 
and (3) HCC is a mediating variable between shift work 
and sleep disorders. It is also worth investigating whether 
the difference in HCC levels between shift workers and 
day workers is age- related.

METHODS
Population
A total of 460 workers of three petroleum administrations 
in Karamay city of Xinjiang were randomly selected as 
a target group for the study. The sampling method was 
as follows: There were five factories in the three petro-
leum administrations, each with 4 teams and a total of 
20 teams. These 20 teams were numbered, and randomly 
selected 10 teams according to random number table 
method. A total of 460 petroleum workers from 10 teams 
were used as research objects. The inclusion criteria were 
as follows: (1) participants aged 20–60; (2) those who had 
worked for more than 1 year. The exclusion criteria were 
as follows: (1) participants with incomplete questionnaire 
data (n=15); (2) participants with previous depression, 

schizophrenia and other diseases that may lead to sleep 
disorders (n=2) and (3) participants with hair shorter 
than 3 cm (n=8). Finally, 435 individuals, 164 men and 
271 women, participated in this research and their hair 
samples were collected.

Shift work
Information on the shift work was obtained using a ques-
tionnaire. We defined the normal day shift employees as 
having a fixed day shift, and the others as undertaking 
shift work. Shift work was divided into ‘two shifts,’ ‘three 
shifts,’ ‘four shifts’ and ‘others’ according to the shift 
mode. ‘Two shifts’ included a day shift and a night shift, 
12 hours per shift. Considering the biological rhythm of 
employee, two shifts were rotated once for one or 2 weeks, 
which means that an employee would work around the 
clock at least twice a month. This shift pattern may lead 
to longer working hours and make workers more tired. 
‘Three shifts’ meant that employees were divided into 
three groups. There were two groups of employees 
worked every day (divided into day shift and night shift, 
12 hours per shift) and one group rest. They worked in 
turn according to the arrangement order. ‘Four shifts’ 
meant that employees were divided into four groups, 
three groups worked (divided into day shift, mid shift 
and night shift, 8 hours per shift) and one rest. ‘Others’ 
referred to all shift patterns except the modes mentioned 
above.

Sleep disorders
The Pittsburgh Sleep Quality Index scale was used to 
assess the sleep quality of the participants over the past 
month. It consists of 19 self- evaluation items generating 
seven components: subjective sleep quality, sleep latency, 
sleep duration, habitual sleep efficiency, sleep distur-
bances, use of sleeping medication and daytime dysfunc-
tion, and five items evaluated by family members that 
were not counted in the total score. Each of the seven 
components was scored 0–3, and the total score range was 
0–21. Higher scores indicated worse sleep quality. It was 
considered as sleep disorder if the cumulative score was 
more than 7.

Hair cortisol concentration
Hair samples of 2–3 cm and 20–30 mg were collected 
from the hair roots of the participants. The pretreatment 
process for hair sampling followed the experimental proce-
dures described in the patent ‘a pretreatment method 
for detecting cortisol content in hair.’ The hair samples 
were washed and exfoliated with 2–3 mL isopropanol 
for 5 min; the exfoliated hair samples were frozen with 
liquid nitrogen for more than 4 hours and then crushed; 
the crushed hair samples were placed in centrifuge tubes, 
5 mL methanol solution and 3 mL ether solution (meth-
anol: ether volume ratio 5:3) added, and placed in a water 
bath at 50.8°C for 16 hours for extraction and incubation. 
The analytical process involved mixing the hair debris by 
inversion several times and centrifugation at low speed 
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(3500 rpm) for 15 min. The supernatant was removed and 
put it into a 4 mL Eppendorf tube; a nitrogen blower was 
used to dry the mixture after extraction; 2 mL phosphate 
buffer solution was added, and the sample placed in a 
refrigerator at −4°C for cold storage until the test day. A 
radioimmunoassay kit for detecting iodine [125I] cortisol 
and an automatic radioimmunoassay instrument were 
used to determine HCC.

Covariates
In this study, we collected covariates, including gender, 
age, ethnicity, education, marital status, monthly income 
(yuan), physical exercise, smoking status, alcohol 
consumption, length of service (years) and type of work, 
using a self- administered questionnaire. Age was divided 
into ‘<30,’ ‘30–,’ ‘40–’ years; ethnicity was divided into 
‘Han,’ ‘Uighur’ and ‘others’; education was divided into 
‘high school and below,’ ‘junior college’ and ‘bachelor 
degree and above’; marital status was divided into ‘single,’ 
‘married’ and ‘others (divorced, widowed and remar-
ried)’; monthly income (yuan) was divided into ‘<3000,’ 
‘3000–5000’ and ‘≥5000’; physical exercise was divided 
into ‘never,’ ‘<3 times/week,’ ‘≥3 times/week’ and ‘irreg-
ular’ according to the frequency; smoking status was 
divided into ‘frequently’ (≥1 cigarette/day), ‘occasion-
ally’ (<1 cigarette/day), ‘quitted’ and ‘never’; alcohol 
consumption was quantified in ‘g’ for beer, rice wine, red 
wine, white wine and divided into ‘frequently’ (≥8 g/day), 
‘occasionally,’ (<8 g/day) ‘quitted’ and ‘never’; length of 
service (years) was divided into ‘<20’ and ‘≥20’; type of 
work was divided into ‘oil transportation,’ ‘oil extraction,’ 
‘refinery’ and ‘others.’

Statistical analysis
HCCs were log transformed to obtain a normal distribu-
tion and were presented in table 1 as the median (first 
quartile (Q1) to third quartile (Q3)) and geometric 
mean±geometric SD (GM±GSD) of the original HCC. 
Binary logistic regression was used to calculate descriptive 
statistics for demographic variables, compared between 

those with and without sleep disorders. Variance analysis 
and the student t- test were used to estimate the relation-
ships between demographic variables and transformed 
HCC. Cohen’s d and η2 were used to describe the effect 
sizes of t- tests and variance analyses.

Logistic regression was used to estimate the differ-
ence in the prevalence of sleep disorders between shift 
workers and day workers. ‘Shift work’ was divided into 
five groups according to the shift patterns and entered 
into the logistic model as an independent variable, and 
the referent level was ‘fixed day shift’. As previous studies 
showed that high HCC level may related to sleep disor-
ders, while the normal reference range of HCC has not 
been confirmed. When we analysed the relationship 
between HCC and sleep disorders, HCCs were divided 
into ‘low and intermediate HCC’ (referent level) and 
‘high HCC’ at the Q3(4.71 ng/g hair) threshold as an 
independent variable. Model 1 analysed the relationship 
between shift work or HCC and sleep disorders without 
adjusting for any covariables; model 2 adjusted for gender, 
age, ethnicity, education, marital status, monthly income, 
type of work, and length of service. Model 3 adjusted for 
smoking status, alcohol consumption and physical exer-
cise with the covariates in model 2.

Mediation analysis is conducted to understand the 
mechanisms through which one variable influence 
another. The coefficient between shift work and sleep 
disorders is the total effect. The direct effect is the coeffi-
cient between shift work and sleep disorders with HCC as a 
mediator. The mediating effect, that is, indirect effect can 
be obtained by subtracting the direct effect from the total 
effect.13 The Karlson, Holm and Breen (KHB) method14 
is a general decomposition method that is unaffected by 
the rescaling or attenuation bias that arises in cross- model 
comparisons in nonlinear models. We used the method 
to verify the significance of mediating effect of HCC by 
decomposing the direct effect and indirect effect (online 
supplemental material). HCC fully mediated the rela-
tionship between shift work and sleep disorders when the 

Table 1 The relationship between shift work and HCC

Shift work N (%)

Original HCC
Median (Q1–Q3)
(ng/g hair)

Original HCC
GM±GSD
(ng/g hair)

Total <40 ≥40

Fixed day shift 127 (29.20) 2.15 (1.55–3.21) 2.33±1.65 2.32±1.67 2.34±1.65

Two shifts 87 (20.00) 3.61 (2.94–5.25) 3.76±1.47* 3.59±1.52† 3.99±1.39‡

Three shifts 64 (14.71) 3.24 (2.01–4.59) 3.15±1.64* 3.18±1.66† 3.12±1.63‡

Four shifts 135 (31.03) 3.84 (2.63–5.20) 3.81±1.55* 3.64±1.52† 4.01±1.58‡

Others 22 (5.06) 3.38 (2.16–5.81) 3.60±1.33* 3.45±1.66† 3.24±1.86‡

η2 0.174 0.145 0.211

η2: the effect size of the variance analysis.
*†‡: there was no significant difference between groups marked with the same letter.
GM±GSD, geometric mean±geometric SD; HCC, hair cortisol concentration.

https://dx.doi.org/10.1136/bmjopen-2020-038786
https://dx.doi.org/10.1136/bmjopen-2020-038786
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total effect and the indirect effect are significant while 
the direct effect is not,15 but it acts as a part mediator 
when the effect are all significant.16 In this study, shift 
work was divided into two categories named ‘day workers’ 
(referent level) and ‘shift workers’ as an independent 
variable. HCCs were divided into ‘low and intermediate 
HCC’ (referent level) and ‘high HCC’ at the Q3 threshold 
as a mediator. Percentage of the total effect that is medi-
ated by HCC will be obtained by the method. All analyses 
were carried out in Stata V.13.0. α=0.05 (two tailed).

All the participants signed an informed consent form 
after learning about research- related information.

Patient and public involvement
No patient involved.

RESULTS
A total of 435 employees were included in this research, 
of whom 127 (29.20%) were fixed day workers, 87 (20%) 
were two- shift workers, 64 (14.71%) were three- shift 
workers, 135 (31.03%) were four- shift workers and 22 
(5.06%) were other workers. The age range was 20–58 
years, with an average age of 38.32±7.42 years. A total of 
124 participants had sleep disorders in this study, of whom 
21 were fixed day workers, 40 were two- shift workers, 22 
were three- shift workers, 32 were four shift workers and 
9 were other workers. The original HCC range was 1.07–
9.67 ng/g hair and the median was 3.20 (2.15–4.71) ng/g 
hair. To investigate whether the demographic character-
istics were associated with sleep disorders or with HCC 
level, we analysed these factors separately but we didn’t 
find significant differences (online supplemental table 
1).

In the present study, HCC levels of workers with different 
shift patterns were significantly higher than that of fixed 
day shift workers ((fixed day shift: GM±GSD=2.33±1.65; 
two shifts: 3.76±1.47; three shifts: 3.15±1.64; four shifts: 
3.81±1.55; others: 3.60±1.33) ng/g hair, η2=0.174). But 
we did not find the relationship among workers with 
two shifts, three shifts, four shifts and others in HCC. 
As previous study showed that shift workers had higher 
HCC than day workers in the group under 40 and the 

difference was not statistically significant in the group 
over 40, we divided the workers into two groups at the 
age of 4011, and analysed the differences in HCC among 
workers with different shift patterns. The results were 
consistent with those without grouping (table 1).

The prevalence rates of sleep disorders of different shift 
patterns was significantly higher than which of fixed day 
shift (two shifts: OR 2.94, 95% CI 1.55 to 5.57; three shifts: 
OR 2.64, 95% CI 1.32 to 5.31; four shifts: OR 2.12, 95% 
CI 1.17 to 3.86; others: OR 3.50, 95% CI 1.32 to 9.22). 
In order to control the influence of demographic char-
acteristics on sleep disorders, we set up logistic regression 
models to adjust for covariates, and the results remained 
statistically significant. However, there was no significant 
difference in the prevalence of sleep disorders among 
workers with two shifts, three shifts, four shifts and others 
(table 2).

HCCs were dichotomised at Q3(4.71 ng/g hair) 
threshold. Compared with workers in low and interme-
diate HCC, the prevalence of sleep disorders of high 
HCC was significantly higher (OR 4.34, 95% CI 2.73 to 
6.90). The results remained significant after controlling 
the covariates (table 3).

We used KHB method to assess the mediating effect of 
HCC between shift work and sleep disorders. We did not 
find difference among different shift patterns in the prev-
alence of sleep disorders or in HCC level, so we dichoto-
mised shift work and HCC. The mediating effect analysis 
showed that the regression coefficient between shift work 
and sleep disorders showed was statistically significant (B 
(95% CI)=1.04 (0.46 to 1.61); OR (95% CI)=2.82 (1.58 to 
5.02)). The coefficients between shift work and HCC (B 
(95% CI)=1.07 (0.47– to 1.66); OR (95% CI)=2.91 (1.61 
to 5.25)), HCC and sleep disorders (B(95% CI)=1.61 
(1.12 to 2.11); OR (95% CI)=5.02 (3.06 to 8.26)) were 
both significant. The coefficient was also significant when 
HCC was added as a mediator (B(95% CI)=0.78 (0.20 to 
1.36); OR (95% CI)=2.19 (1.23 to 3.91)) and the medi-
ating effect of HCC was 0.25 ((95% CI 0.09 to 0.41; OR 
(95% CI)=1.29 (1.10 to 1.51)) (figure 1). This means that 
mediating effect of HCC between shift work and sleep 
disorders was significant and it acts as a part mediator 

Table 2 ORs of sleep disorder by shift type

Shift work

Sleep disorders Model 1 Model 2 Model 3

N/N % OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Fixed day shift 21/127 16.54 1.00 1.00 1.00

Two shifts 32/87 36.78* 2.94 (1.55 to 5.57) 0.001 3.10 (1.58 to 6.08) 0.001 3.11 (1.57 to 6.19) 0.001

Three shifts 22/64 34.38* 2.65 (1.32 to 5.31) 0.006 2.86 (1.39 to 5.89) 0.004 2.87 (1.38 to 5.98) 0.005

Four shifts 40/135 29.63* 2.13 (1.176 to 3.86) 0.013 2.23 (1.19 to 4.18) 0.012 2.22 (1.17 to 4.18) 0.014

Others 9/22 40.91* 3.50 (1.32 to 9.22) 0.011 3.74 (1.33 to 10.51) 0.012 3.88 (1.36 to 11.08) 0.011

Model 1: unadjusted.
Model 2: adjusted for gender, age, ethnicity, education, marital status, monthly income, type of work, and length of service.
Model 3: additionally adjusted for smoking status, alcohol consumption and physical exercise with the covariates in model 2.
*There was no significant difference between groups marked with the same letter.

https://dx.doi.org/10.1136/bmjopen-2020-038786
https://dx.doi.org/10.1136/bmjopen-2020-038786
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in the relationship. The mediating effect accounted for 
24.38% of the total effect. All the results were obtained 
after controlling the covariates (table 4).

DISCUSSION
This study mainly found that shift work was related 
to a higher prevalence of sleep disorders, and that the 
HCC levels of shift workers were higher than that of day 
workers. we also found that workers in high HCC had 
higher prevalence of sleep disorders than that of workers 
in low and intermediated HCC. In addition, HCC acts as a 
part mediator in the relationship between shift work and 
sleep disorders.

In this study, the prevalence of sleep disorders in 
workers performing shift work was significantly higher 
than that of fixed day shift workers, which is consistent 
with many previous studies. Drake et al found that the 
incidence of insomnia in night workers and shift workers 
was 18.5% and 15.7%, respectively, far higher than that 
in day shift workers (8.6%).17 A prospective study of 
1908 individuals showed that entering a shift increased 
the risk of difficulty falling asleep, while leaving the shift 
reduced the risk.18 A 5- year cohort study of 2351 Danish 
employees found that, compared with daytime work, the 
risk of sleep disorders in those with irregular working 
hours is higher.19 Another study analysed different shift 
patterns separately and showed that workers on two shifts 
and three shifts exhibited higher risks of sleep disorders 
than fixed day shift workers, and that the influence of 
three shifts was stronger than that of two shifts.20 Workers 
on two shifts have more fixed working hours than other 
shift patterns and can extend sleep time during their days 
off.21 However, we found no difference among workers on 
two shifts, three shifts, four shifts and others. While two 
shifts can prolong working time and make more tired, 
other shift patterns may increase shift frequency, which 
may lead to irregular sleep and sleep disorders.Ta
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Figure 1 The mediating effect of HCC between shift work 
and sleep disorders. HCC, hair cortisol concentration.



6 Zhang Y, et al. BMJ Open 2020;10:e038786. doi:10.1136/bmjopen-2020-038786

Open access 

Previous study in Korean firefighters indicated that the 
serum cortisol response was positively related to night- 
shift work and serum cortisol levels were different by shift 
schedule.22 In our study, shift workers had higher HCC 
level compared with day workers, and the differences 
between different shift patterns were not statistically 
significant. The reason for the inconsistent results may be 
that serum cortisol fluctuates according to the circadian 
rhythm and is easily disturbed by external factors, while 
HCC is stable and can reflect the long- term cortisol expo-
sure of body. Another reason may be that working hours, 
shift patterns and recovery hours of the participants were 
different in the two studies. In another study, researchers 
observed elevated mean HCC in participants who had a 
rotating shift schedule compared with those who worked 
only during the day at young age, but the difference was 
not statistically significant among participants over 40. 
The study inferred that it may be related with healthy 
work effect and selection bias.11 The present finding 
indicates that HCC has no relation with age and the 
differences at each age group were consistent with those 
without age stratification. It is consistent with the results 
obtained from The Whitehall Ⅱ occupational cohort 
study, in which the difference by age group was not statis-
tically significant.23 Additionally, researchers did not find 
the evidence for suggestion of more shift work problems 
with increasing age in a review.24 But our finding of the 
relationship between shift work and HCC is inconsistent 
with a study on the relationship of occupational stress 
and HCC among Belgian workers, including 102 partic-
ipants, which showed that employees working a fixed 
day shift have significantly higher HCC levels than those 
undertaking shift work.12 A possible reason may be that 
the population studied was relatively small, which may 
have led to poor reliability of the result. Another reason 
may be that the sample consisted of all those workers who 
were not working in a regular daytime work regime.

We found that workers with high HCC had higher prev-
alence of sleep disorders compared with workers with low 
and intermediated HCC. Although there was no report 
on the relationship between HCC and sleep disorders, 
this result was consistent with the previous studies on 
the relationship between salivary cortisol level and sleep 
disorders. In the Whitehall Ⅱ Study, participants who 
reported short sleep twice showed a steeper morning rise 
in cortisol compared with those who never reported sleep 
problems.25 Additionally, we found the mediating effect 

of HCC between shift work and sleep disorders. Because 
of the results in previous studies of which shift work can 
cause the disruption of circadian rhythm, which affects 
the release of cortisol and can lead to increased preva-
lence of sleep disorders, we suggested that HCC can be 
taken as a biomarker for sleep disorders caused by shift 
work. The findings underscore the importance of moni-
toring HCC among shift workers. There is an urgent 
need for development and implementation of multidis-
ciplinary interventions focusing on the improvement of 
sleep quality in affected shift workers

In this study, shift work, HCC and sleep disorders 
were analysed together for the first time. We studied 
the different shift patterns separately and found their 
respective associations with sleep disorders and HCC. 
We also found the mediating effect of HCC between 
shift work and sleep disorders. However, some limita-
tions were inevitable. First, a total sample of 435 cannot 
meet the minimum sample requirement (n=476) for 
this study based on sample size calculation and it might 
lead to bias on the results. Second, a cross- sectional 
study can only describe the relationships among shift 
work, sleep disorders and HCC, but cannot explain the 
temporality and casual relationships among the three. 
Third, demographic information and sleep quality 
were obtained through a self- reported questionnaire 
which may lead to recall bias. Finally, some important 
confounding factors, such as depression and stress, 
were not considered in this study. A cohort study with 
more participants and factors should be performed to 
overcome these limitations. Studies aiming to research 
other potential mediators between shift work and sleep 
disorders should also be conducted to improve sleep 
quality of shift workers.

CONCLUSION
In this study, we found that shift work may increase the 
risk of sleep disorders compared with fixed day shift work. 
Shift workers had higher HCC levels than day workers, 
and higher HCC was associated with the occurrence of 
sleep disorders. The mediating effect of HCC between 
shift work and sleep disorders was found too. Considering 
the significant relationship between HCC and diabetes 
and hypertension,26 27 HCC can be considered as an early 
marker of negative effect of shift work.

Table 4 The mediating effect of HCC between shift work and sleep disorders

Sleep disorders Β (95% CI) SE(β) Z OR (95% CI) P value (%)

Shift work Total effect 1.04 (0.46 to 1.61) 0.30 3.51 2.82 (1.58 to 5.02) <0.001 24.38

Direct effect 0.78 (0.20 to 1.36) 0.30 2.65 2.19 (1.23 to 3.91) 0.008

Indirect effect 0.25 (0.09 to 0.41) 0.08 3.10 1.29 (1.10 to 1.51) 0.002

*Percentage of mediating effect in total effect.
HCC, hair cortisol concentration.
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