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 Background: This study investigated the effect of occupational stress and circadian clock gene polymorphism on sleep dis-
order of oil workers in Xinjiang, China.

 Material/Methods: We enrolled 2300 Xinjiang oil workers who had been working for at least 1 year. The Chinese revised version of 
the Occupational Stress Questionnaire (OSI-R), the Pittsburgh Sleep Quality Index (PSQI), and General Survey 
Questionnaire were used. A total of 308 subjects were selected for stress hormone measurements and gene 
polymorphism analysis of the circadian clock genes CLOCK, PER2, and PER3.

 Results: The occupational stress scores were influenced by sex, smoking, marital status, age, and work type. Different 
work shift groups and different professional title groups had statistically significant sleep disorder incidences 
(P<0.05). The middle and high occupational stress groups had significantly higher subjective sleep quality, total 
PSQI scores, daytime dysfunction factor scores, and sleep disorder than in the low occupational stress group 
(P<0.05). CLOCK gene rs1801260 locus carrying TC genotype (OR=0.412, 95% CI=0.245–0.695), and CLOCK gene 
rs6850524 locus carrying GC and CC genotypes decreased sleep disorder risk (OR1=0.357, 95% CI1=0.245–0.695; 
OR2=0.317, 95% CI2=0.128–0.785). The main factors affecting the sleep quality of oil workers were length of 
service, individual strain capacity, glucocorticoid levels, Per3 gene, and the rs6850524 loci of CLOCK gene.

 Conclusions: Occupational stress has an adverse effect on the sleep quality of workers. CLOCK gene and Per3 gene may in-
crease risk of sleep disorders.
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Background

Occupational stress refers to the harmful physiological and 
psychological reactions that occur when job requirements do 
not match the ability, coping resources, and needs of work-
ers [1]. Moderate occupational stress can help individuals to 
work and live better, but excessive occupational stress can 
cause physical or mental damage or abnormality in workers. 
Occupational stress is associated with a variety of adverse 
disease outcomes, and is also a direct cause of cardiovascu-
lar diseases like ischemic heart disease, myocardial infarction, 
coronary heart disease, and hypertension, and immune sys-
tem diseases [2,3]. Additionally, occupational stress can affect 
sleep quality and even lead to sleep disorders [4,5].

Sleep disorder refers to the abnormal length and quality of 
sleep, and is also a manifestation of an alternating disorder 
of normal sleep and arousal rhythm. One of the key roles of 
the circadian rhythm clock is to adjust the circadian rhythm 
according to changes in the external environment. The circa-
dian rhythm is a ubiquitous life phenomenon that maintains 
various physiological functions of the body and regulates the 
body’s adaptability to the internal and external environments. 
Studies have shown that genes involved in mammalian circa-
dian rhythms include CLOCK, Bmal1 (Arntl), cycles (Per1, Per2, 
and Per3), and cryptochromin genes (Cry1 and Cry2) [6,7]. 
Mutations in the circadian clock genes may cause changes in 
the length of the circadian rhythm cycle or loss of circadian 
rhythm, thereby altering sleep quality [8–10].

Due to the special nature of their occupation, oil workers are 
exposed to a variety of occupational stressors such as job di-
versity, long working time, single work rhythm, difficult work, 
poor natural environment, relatively closed working environ-
ment, frequent shift changes, and night shifts. For example, 
Jiang et al. found that the incidence of sleep disorders in oil-
field workers was higher and that the indicators affecting sleep 
quality were length of employment, occupational roles, indi-
vidual stress response, and individual coping resources [11]. 
Thus, oil workers are prone to sleep disorders.

Therefore, we conducted an epidemiological survey of occu-
pational stress and sleep disorders in oil workers of Xinjiang, 
China. The relationship among the gene polymorphism of the 
circadian clock genes CLOCK, PER2 and PER3, occupational 
stress, and sleep disorders was analyzed and discussed. Our 
findings may provide new ideas for exploring the mechanism 
of sleep disorders.

Material and Methods

Study subjects

The study subjects were oil workers from a petroleum author-
ity in the Xinjiang Uygur Autonomous Region of China. A to-
tal of 2300 oil workers were recruited using cluster sampling 
method. The inclusion criteria were: age 18–60 years old and 
length of service was more than 1 year. The exclusion crite-
ria were: workers with family history of mental illness, histo-
ry of mental illness (e.g., depression, anxiety, bipolar affec-
tive disorder) and other serious or unstable medical diseases 
that can affect mental symptoms, or, workers taking medica-
tions to control sleep in the last 6 months. Informed consent 
was obtained from each subject. This study was approved by 
Xinjiang Medical University.

Questionnaires

Questionnaires were used to investigate the occupational 
stress and sleep disorder of oil workers.

General survey

The basic information was collected from the general survey, 
such as sex, age, ethnicity, marital status, education level, 
monthly income, length of service, work type, and profes-
sional title.

Occupational stress survey

The OSI-R (Occupation Stress Inventory Revised Edition), includ-
ing ORQ (Occupational Role Questionnaire), the PSQ (Personal 
Strain Questionnaire), and the PQQ (Personal Resources 
Questionnaire), was used [12,13]. It contains 14 items with 
140 entries. The 140 entries were graded using a 5-level scale 
to assess the occupational stress and stress levels. The higher 
the score of occupational role and personal strain, the higher 
the degree of stress; the higher the personal resource score, 
the lower the degree of stress. According to the total score 
of the ORQ, the subjects were divided into 3 groups: workers 
with total score >180 were assigned to the high-stress group, 
workers with total score 140–180 was assigned to the mod-
erate-stress group, and workers with total score <140 were 
assigned to the low-stress group.

Sleep quality survey

The PSQI (Pittsburgh Sleep Quality Index) was used for evalu-
ation [14]. PSQI includes 19 self-evaluations and 5 other eval-
uation items. The 19th self-evaluation item and 5 other eval-
uation items were not used in scoring. The items for scoring 
included use of sleep-inducing drugs, subjective sleep quality, 
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sleep latency, sleep duration, sleep disorder, daytime dysfunc-
tion, and sleep efficiency. A 0–3 scale was used, and the to-
tal score of PSQI ranged from 0 to 21. Higher scores suggest 
worse sleep quality. Based on the domestic norm standard, the 
threshold for defining sleep disorder is a PSQI score of 7 [15].

Blood sample collection

At the same time as the questionnaire was issued, we col-
lected blood samples. After centrifugation, serum and plas-
ma were isolated.

ELISA

The level of cortisol in serum was determined by a radioimmuno-
assay assay kit (Beijing North Institute of Biotechnology Co., 
Beijing, China) on an automatic RIA instrument (Anhui USTC 
Zonkia Scientific instruments Co., Hefei, China). Melatonin and 
glucocorticoids levels in serum were determined by use of corre-
sponding ELISA kits (Beijing North Institute of Biotechnology Co.).

Genome DNA extraction

The genome DNA was extracted from blood using a whole-
blood genomic DNA extraction kit (solution type) (BioTeke Co., 

Beijing, China), and the DNA was quantitatively detected by 
an ultra-micro spectrophotometer. The DNA sample concen-
tration ranged from 300 to 800 μg/μL, and the purity ranged 
from 1.6 to 1.9.

Polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RELP)

The primers of CLOCK gene rs1801260 and rs6850524, Per2 
gene rs2304672, and Per3 gene were synthesized and their se-
quences are shown in Table 1. The PCR reaction system was as 
follows: ddH2O 8.5 uL, DNA template 2 uL, 2×Taq PCR Master 
Mix 12.5 uL, 1 uL of upstream and downstream primers. The PCR 
reaction condition for each gene is listed in Table 2. The PCR 
products were detected by electrophoresis using 1.5% agarose 
gel, and observed by a ZF-268 gel imaging system. The band 
of the Per3 gene could be directly observed after electropho-
resis, and no further digestion was required. The other genes 
were digested using the following enzymatic system: ddH2O 
18 uL, PCR amplification product 10 uL, 10×FastDigest Buffer 
2 uL, and enzyme 1 uL (Table 3). The genotyping and product 
length are shown in Table 4.

Gene Locus The sequence of primers (5’-3’)

CLOCK

rs1801260
F: TCCACGAGTTTCATGAGATCG

R: GAGGTCATTTCATACGTGACG

rs6850524
F: CCCCAAATACTTGAAGATTA

R: CTGACACCATCGCTGGTTAA

Per2 rs2304672
F: GTCGGTGTCGTTGTTAATCG

R: TCCTTGGTGGGGTTACTGG

Per3
F: TGTCTTTTCATGTCGCCTTACTT

R: TGTCTGCGATTGGAGTTTGA

Table 1. The sequences of primers.

Gene Locus Cycle Further extension

CLOCK

rs1801260
94°C 40 s, 54°C 30 s, 72°C 60 s 72°C 5 min

35 cycles

rs6850524
94°C 40 s, 54°C 60 s, 72°C 60 s 72°C 5 min

35 cycles

Per2 rs2304672
94°C 45 s, 59°C 45 s, 72°C 45 s 72°C 7 min

30 cycles

Per3
94°C 40 s, 58°C 30 s, 72°C 40 s 72°C 12 min

35 cycles

Table 2. The PCR condition of each gene.
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Statistical analysis

SPSS 17.0 software (SPSS, Inc., USA) was used. Measurement 
data are expressed as mean ± standard deviation. Comparison 
between 2 groups was analyzed by t test. Analysis of variance 
was used for comparison of multiple groups, followed by LSD 
test. The rank sum test was used for comparison when there 
was heterogeneity of variance. The rates were compared us-
ing the chi-square test. Multivariate analysis was performed 
using logistic regression analysis. The odds ratio (OR) of ge-
netic polymorphisms to sleep disorder risk and its 95% con-
fidence interval (CI) were calculated. A P value less than 0.05 
was considered as statistically significant.

Results

Demographic characteristics of oil workers from Xinjiang 
oilfield

A total of 2116 valid questionnaires were finally collected. 
The demographic characteristics of the 2116 subjects are shown 
in Table 5. Among them, 53.02% were aged 30–45 years old, 
73.72% were of Han ethnicity, 87% were married, and 62.85% 
were college graduates or above (Table 5).

Comparison of the OSI-R scores of oil workers in Xinjiang 
with domestic norm scores

The occupational stress level of Xinjiang oilfield workers 
was compared with the domestic norms of occupational 
stress. The scores of the ORQ and the PSQ of the oil work-
ers in Xinjiang, China were higher than that of the domestic 
norm [16], and the scores of PRQ were lower than that of the 
domestic norm (P<0.05, Table 6). These indicate that oilfield 
workers have higher levels of occupational stress.

Comparison of occupational stress scores of oil workers 
with different demographic characteristics

To understand the overall score of the occupational stress scale 
of the oilfield workers, this study compared the scores of occu-
pational stress among different demographic groups at 3 lev-
els. The occupational role scores of males (174.80±25.81) and 
smokers (174.51±26.82) were higher than those of females 
(170.51±23.12) and non-smokers (171.57±23.22), and the dif-
ferences were statistically significant (P<0.05). The personal ner-
vous response scores of married individuals (106.62±16.79) were 
higher than those of unmarried persons (104.37±16.39) (P<0.05). 
The scores of personal resources of individuals aged >45 years 
old (126.80±21.47) were higher than in those aged 30–45 years 
old (124.06±20.28) and £30 years old (125.46±20.36) (P<0.05). 
The scores of personal resources of the stokers (124.17±18.24) 
were higher than those of the other 2 work types (123.32±21.67 

Gene rs1801260 rs6850524 rs2304672

Endonuclease Bsp12861 Bsm I HpyCH4V

Water bath 37°C 16 h 37°C 5 min 37°C 5 min

Electrophoresis gel 2.5% agarose gel 2.5% agarose gel 8% polyacrylamide gel

Voltage 70 V 80 V 120 V

Table 3. The list of endonuclease enzyme reaction condition.

Gene Locus Allele Type Fragment length (bp)

CLOCK

rs1801260 C/T

TT 221

CC 221, 125, 96

CT 125, 96

rs6850524 C/G

CC 490

GC 490, 308, 182

GG 308,182

Per2 rs2304672 C/G

CC 114

CG 114, 61,53

GG 61,53

Table 4. The enzymatic fragment type of the PCR products.
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and 124.17±18.24, respectively) (P<0.05; Table 7). These indi-
cate that sex, smoking, marital status, age, and work type can 
affect the score of occupational stress.

Comparison of different occupational stress groups

The influence of different demographic characteristics on oc-
cupational stress was analyzed. Different occupational stress 

groups had significant differences in sex, type of work, and 
smoking status (P<0.05) (Table 8). Occupational stress of males 
was higher than that of females, and stokers had higher occu-
pational stress than oil production workers and delivery work-
ers. Non-smokers had more stress than smokers. These indicate 
that males, stokers, and smokers have high occupational stress.

Items Cases Ratio (%)

Sex
Male 1020 48.20

Female 1096 51.80

Age

£30 years old 385 18.19

30~45 years old 1122 53.02

>45 years old 609 28.78

Ethnic group
Han 1560 73.72

Minority 556 26.28

Length of service
£15 years 765 36.15

>15 years 1351 63.85

Work type

Oil production 253 11.96

Oil delivery 737 34.83

Stoker 1126 53.21

Work shifts

Fixed day shift 775 36.63

Regular shift 1180 55.77

Irregular shift 161 7.61

Professional titles
Medium grade and below 1208 57.09

Senior 908 42.91

Education
Below junior college 786 37.15

Junior college and above 1330 62.85

Marriage status
Unmarried 275 13.00

Married 1841 87.00

Income
£3,500 733 34.64

>3,500 1383 65.36

Smoking
Yes 722 34.12

No 1394 65.88

Drinking
Yes 1112 52.55

No 1004 47.45

Table 5. Demographic characteristics of 2116 oil workers.

Items Oil workers in Xinjiang Domestic norm t P

Occupational role questionnaire (ORQ) 172.57±24.54 162.89±27.04 18.153 <0.001

Personal strain questionnaire (PSQ) 106.33±16.75 91.01±17.19 42.065 <0.001

Personal resources questionnaire (PRQ) 125.10±20.67 129.23±17.73 –9.184 <0.001

Table 6. Comparison of OSI-R scores between domestic norm and oil workers in Xinjiang.
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Items
Occupational role Personal strain  Personal resources

t/F/c2 P t/F P t/F/c2 P

Sex
Male (n=1020) 174.80±25.81 4.017 0.000 106.42±17.01 0.252 0.801 124.59±20.95 –1.098 0.272

Female (n=1096) 170.51±23.12 106.24±16.51 125.58±20.95

Age

£30 years old 
(n=385)

173.54±23.08 0.450 0.638 105.82±15.67 0.421 0.656 125.46±20.36 3.558 0.029

30~45 years old 
(n=1122)

172.18±24.39# 106.63±17.07 124.06±20.28

Ethnic 
group

>45 years old 
(n=609)

172.70±25.70 106.09±16.83 126.80±21.47

Han (n=1560) 172.2±24.84 –0.962 0.336 106.72±16.80 1.806 0.071 124.92±20.84 –0.675 0.500

Minority (n=556) 173.43±23.69 105.23±16.58 125.61±20.18

Education

Below junior 
college (n=786)

172.00±25.10 –0.824 0.410 105.64±16.13 –1.460 0.144 124.22±20.12 –1.505 0.132

Junior college and 
above (n=1330)

172.91±24.21 106.74±17.10 125.62±20.97

Marriage 
status

Unmarried 
(n=275)

173.70±21.43 0.814 0.416 104.37±16.39 –2.078 0.038 124.50±20.62 –0.517 0.605

Married (n=1841) 172.41±24.97 106.62±16.79 125.19±20.68

Income
£3500 (n=733) 172.85±24.86 0.382 0.703 106.78±16.14 0.900 0.368 125.05±20.77 –0.084 0.933

>3500 (n=1383) 172.43±24.38 106.09±17.07 125.13±20.62

Length of 
service

£15 years 
(n=765)

173.07±23.92 0.693 0.489 106.42±16.16 0.198 0.843 124.96±20.43 –0.246 0.806

>15 years 
(n=1351)

172.30±24.89 106.27±17.08 125.19±20.81

Work 
type

Oil production 
(n=253)

171.18±27.15 0.707 0.702 105.95±14.81 0.977 0.377 123.32±21.67 6.791 0.034

Oil delivery 
(n=737)

173.34±21.20## 105.73±16.89 124.17±18.24

Stoker (n=1126) 172.38±25.93 106.80±17.07 126.11±21.86

Professional 
titles

Medium grade 
and below 
(n=1208)

172.17±23.73 –0.864 0.388 106.73±16.63 1.289 0.198 125.46±20.69 0.916 0.360

Senior (n=908) 173.11±25.58 105.79±16.90 124.63±20.64

Work 
shifts

Fixed day shift 
(n=775)

174.00±25.28 2.378 0.093 105.95±16.60 0.346 0.708 126.19±20.58 2.375 0.093

Regular shift 
(n=1180)

171.56±24.21 106.50±16.64 124.23±20.87

Irregular shift 
(n=161)

173.18±23.10 106.88±18.33 126.27±19.42

Smoking
Yes (n=722) 174.51±26.82 2.495 0.013 106.28±16.58 –0.094 0.925 123.98±20.95 –1.793 0.073

No (n=1394) 171.57±23.22 106.35±16.85 125.68±20.51

Drinking
Yes (n=1112) 173.29±24.87 1.404 0.160 106.52±16.57 0.587 0.396 124.55±20.40 0.197 0.900

No (n=1004) 171.79±24.16 106.12±16.96 125.71±20.95

Table 7. Comparison of occupational stress score in the population with different demographic characteristics.

# P<0.05, comparison between 30~45 years old and >45 years old groups; ## P<0.05, comparison with the moderate-stress group of oil 
delivery worker and stoker.
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Comparison of sleep disorder incidence of oil workers in 
Xinjiang with different demographic characteristics

To understand the occurrence and distribution of sleep disor-
ders in the 2116 oil workers in detail, the sleep disorder inci-
dence of different demographic groups were compared. Among 
them, the incidence of sleep disorder was 36.67% (776/2116). 
The incidence of sleep disorder in male workers was 35.00%, 
and the incidence of sleep disorder in female workers was 

38.23%. The incidence of sleep disorder among oil workers 
with different shifts and professional titles was significantly 
different (P<0.05; Table 9). These indicate that shift work and 
personal positions can affect sleep quality, which can lead to 
sleep disorders.

Item
Low-stress group 

(n=152)
Moderate-stress 
group (n=1213)

High-stress group 
(n=751)

c2 I

Sex
Male  78 (3.69%)  537 (25.38%)  405 (19.14%) 17.962 <0.001

Female  74 (3.50%)  676 (31.95%)  346 (16.35%)

Age

£30 years old  24 (1.13%)  212 (10.02%)  149 (7.04%) 8.478 0.076

30~45 years old  80 (3.78%)  673 (31.81%)  369 (17.44%)

>45 years old  48 (2.27%)  328 (15.50%)  233 (11.01%)

Ethnic group
Han  108 (5.10%)  911 (43.05%)  541 (25.57%) 2.854 0.240

Minority  44 (2.08%)  302 (14.27%)  210 (9.92%)

Length of 
service

£15 years  52 (2.46%)  436 (20.60%)  277 (13.09%) 0.445 0.800

>15 years  100 (4.73%)  777 (36.72%)  474 (22.40%)

Work type

Oil production  22 (1.04%)  147 (6.95%)  84 (3.97%) 12.226 0.016

Oil delivery  35 (1.65%)  445 (21.03%)  257 (12.15%)

Stoker  95 (4.49%)  621 (29.35%)  410 (19.38%)

Work shifts

Fixed day shift  52 (2.46%)  432 (20.42%)  291 (13.75%) 3.458 0.484

Regular shift  86 (4.06%)  693 (32.75%)  401 (18.95%)

Irregular shift  14 (0.66%)  88.00 (4.16%)  59 (2.79%)

Professional 
titles

Medium grade and below 87 (4.11%)  703 (33.22%)  418 (19.75%) 1.000 0.607

Senior  65 (3.07%)  510 (24.10%)  333 (15.74%)

Education
Below junior college  67 (3.17%)  437 (20.65%)  282 (13.33%) 3.833 0.147

Junior college and above 85 (4.02%)  776 (36.67%)  469 (22.16%)

Marriage 
status

Unmarried  16 (0.76%)  158 (7.47%)  101 (4.77%) 0.957 0.620

Married  136 (6.43%)  1055 (49.86%)  650 (30.72%)

Income
£3500  52 (2.46%)  415 (19.61%)  266 (12.57%) 0.312 0.856

>3500  100 (4.73%)  798 (37.71%)  485 (22.92%)

Smoking
Yes  60 (2.84%)  375 (17.72%)  287 (13.56%) 13.085 0.001

No  92 (4.35%)  838 (39.60%)  464 (21.93%)

Drinking
Yes  80 (3.78%)  619 (29.25%)  413 (19.52%) 2.922 0.232

No  72 (3.40%)  594 (28.07%)  338 (15.97%)

Table 8. Comparison between different occupational stress groups with different demographic characteristics.
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Assessment of sleep quality in Xinjiang oil workers with 
different occupational stress levels

As shown in Table 10, sleep disorder, PSQI total score, day-
time dysfunction, and subjective sleep quality of oil work-
ers were statistically different among oil workers with differ-
ent occupational stress levels (P<0.01). These results indicate 
that low quality of sleep is usually accompanied by high oc-
cupational stress.

Gene polymorphism analysis of circadian clock genes

Hardy-Weinberg genetic balance test of gene locus

T determine whether the CLOCK, Per2, and Per3 loci in this 
study conform to the H-W law, a genetic balance test on 4 loci 
of the 3 genes was performed. CLOCK gene rs1801260 and 
rs6850524 loci and Per2 gene rs2304672 locus and Per3 gene 
had no significant difference in polymorphism (P>0.05). The re-
sults indicate that the subjects are representative of the pop-
ulation and the sample size is sufficient for the subsequent 
studies (Table 11, Figure 1).

Items Cases Sleep disorder (n=776) c2 P

Sex
Male 1020  357 (35.00%) 2.373 0.123

Female 1096  419 (38.23%)

Age

£30 years old 385  131 (34.03%) 3.242 0.198

30~45 years old 1122  431 (38.41%)

>45 years old 609  214 (35.14%)

Ethnic group
Han 1560  556 (36.28%) 0.391 0.532

Minority 556  210 (37.77%)

Length of service
£15 years 765  269 (35.16%) 1.176 0.278

>15 years 1351  507 (37.53%)

Work type

Oil production 253  91 (35.97%) 4.330 0.115

Oil delivery 737  292 (39.62%)

Stoker 1126  393 (34.90%)

Work shifts

Fixed day shift 775  243 (31.35%) 17.937 0.000

Regular shift 1180  459 (38.90%)

Irregular shift 161  74 (45.96%)

Professional title
Medium grade and below 1208  411 (34.02%) 8.511 0.004

Senior 908  365 (40.20%)

Education
Below junior college 786  300 (38.17%) 1.203 0.273

Junior college and above 1330  476 (35.79%)

Marriage
Unmarried 275  92 (33.45%) 1.410 0.235

Married 1841  684 (37.15%)

Income
£3500 733  262 (35.74%) 0.417 0.518

>3500 1383  514 (37.17%)

Smoking
Yes 722  283 (39.20%) 3.006 0.083

No 1394  493 (35.37%)

Drinking
Yes 1112  424 (38.13%) 2.141 0.143

No 1004  352 (35.06%)

Table 9. Comparison of sleep disorder incidence rate of oil workers in Xinjiang with different characteristics.
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The genotype and allele frequency distribution of CLOCK, 
Per2, and Per3 among the workers with different sleep 
conditions

The distribution of CLOCK, Per2, and Per3 genotypes among 
different sleep quality groups was analyzed. In the analysis of 

CLOCK, Per2, and Per3 genotype frequencies and allele frequen-
cy distribution, rs1801260, rs6850524, and Per3 genotypes and 
alleles distributed in the sleep disorder-positive and -negative 
groups were statistically different (P<0.05). However, there 
was no significant difference in the distribution between the 
genotypes and alleles of Per2 gene rs2304672 locus (>0.05). 

Index Low-stress group Medium stress group High-stress group F/c2 P

Cases 152 1213 751 – –

PSQI score 5.44±3.53 6.40±3.73# 6.70±4.19# 11.037 0.004

Subjective sleep quality 0.95±0.87 1.24±0.87# 1.24±0.93# 14.911 0.001

Sleep latency 1.18±0.89 1.35±0.96 1.37±0.98 4.655 0.098

Sleeping duration 1.05±0.94 1.07±0.93 1.16±0.96 2.502 0.082

Sleep efficiency 0.24±0.61 0.20±0.49 0.26±0.58 3.921 0.141

Sleep disorder 0.89±0.69 1.12±0.72# 1.13±0.72# 7.315 0.001

Hypnotic drugs 0.23±0.58 0.26±0.63 0.31±0.70 2.442 0.295

Daytime dysfunction 0.90±0.82 1.16±0.91# 1.23±0.98# 14.729 0.001

Table 10. Comparison of the sleep quality of Xinjiang oil workers in different occupational stress groups.

# P<0.05, compared with the low-stress group.

Gene Genotype

Sleep disorder-positive 
group

c2 P

Sleep disorder-negative 
group

c2 P
Actual 
value

Expected 
value

Actual 
value

Expected 
value

CLOCK

rs1801260

 TT 107 110.57 0.430 0.512 78 80.01 0.645 0.422

 TC 39 57.86 66 61.99

 CC 8 7.57 10 12.01

rs6850524

 GG 81 80.01 0.158 0.691 57 62.36 3.489 0.062

 GC 60 61.99 82 71.27

 CC 13 12.01 15 20.36

Per2

rs2304672

 CC 134 134.65 0.743 0.389 127 128.18 1.422 0.233

 CG 20 18.70 27 24.63

6GG 0 0.65 0 1.18

Per3

4/4 111 108.06 3.038 0.081 129 127.27 2.836 0.092

4/5 36 41.88 22 25.45

5/5 7 4.06 3 1.27

Table 11. Hardy-Weinberg genetic equilibrium test of gene locus.
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These results suggest that the CLOCK gene rs1801260 and 
rs6850524 loci and Per3 genes are involved in the develop-
ment of sleep disorder, and the Per2 gene rs2304672 locus is 
not associated with sleep disorder (Table 12, Figure 2).

Analysis of the risk of sleep disorder caused by CLOCK, Per2, 
and Per3

To analyze the relationship between CLOCK, Per2, and Per3 
genes and sleep disorder, multivariate unconditional logistic re-
gression analysis was performed. The CLOCK gene rs1801260 
locus TC genotype was a protective factor for sleep disorder 
(95% CI=0.263-0.704, OR=0.431) in reference to the TT geno-
type (Table 13). The CLOCK gene rs6850524 GC genotype was 
a protective factor for sleep disorder (95% CI=0.320-0.828, 
OR=0.515), in reference to the GG genotype. The Per3 gene 
was referenced to the 4/4 genotype, and the risk of sleep dis-
order development in the population with 4/5 genotype was 
1.902 times higher than in the population carrying the 4/4 gen-
otype (95% CI=1.056–3.424). After adjusting for personal strain 
and occupational stress level, the CLOCK gene rs1801260 lo-
cus carrying the TC genotype reduced the risk of sleep disor-
der (OR=0.412, 95% CI=0.245–0.695). CLOCK gene rs6850524 
locus carrying GC and CC genotypes reduced the risk of sleep 
disorder (OR1=0.357, 95% CI1=0.245–0.695; OR2=0.317, 95% 
CI2=0.128–0.785). The results suggest that the CLOCK gene 
rs1801260 locus TC genotype and rs6850524 locus GC and 

CC genotypes are protective factors for sleep disorder, which 
can reduce the risk of sleep disorder.

Comparison of the hormone levels

To objectively reflect the relationship of occupational stress 
with sleep disorders, 2 stress hormones (cortisol and glucocor-
ticoids) and sleep-inducing hormones (melatonin) in different 
sleep disorder groups were compared. The sleep disorder-pos-
itive group had significantly lower glucocorticoid levels than 
in the sleep disorder-negative group (P<0.05). The sleep dis-
order-positive group had lower cortisol and melatonin levels 
than sleep disorder-negative group, but the difference was not 
significant (P>0.05; Figure 3). This suggests that a decrease 
in the concentration of glucocorticoids increases the risk of 
sleep disorder.

Discussion

The results of this study showed that Xinjiang oil workers have 
higher occupational stress compared with the domestic norm. 
This is related to the working environment of oil workers. Due 
to the geographical characteristics of Xinjiang, the summer is 
arid and hot. The maximum temperature can reach 50°C in 
summer, and the minimum temperature can reach –40°C in 
winter. The daylight time is long, the daily radiation is strong, 
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Figure 1.  The electrophoresis results of the PCR products of (A) rs1801260, (B) rs6850524, (C) rs2304672, and (D) Per3. For the Per3 
gene, Lanes 1–5 and 7–9 were 4/4 genotype, Lane 6 was 5/5 genotype, and Lane 10 was 4/5 genotype.
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the wind is dry, and the natural environment is harsh. In addi-
tion, single work content, heavy work task, and frequent shift 
changes are the main sources of occupational stress. Among 
the 2116 oil workers, the occupational role score of males was 
higher than that of females. This may be because male work-
ers not only bear the pressure from work, but also bear pres-
sure from society and family. This may make men more prone 
to occupational stress. In addition, the occupational role score 
of smokers was higher than that of non-smokers, which is con-
sistent with the results of Jiang et al. [17]. This may because 
oil workers with greater occupational stress relieve the work 
stress by smoking. The results of this study showed that oil 
workers older than 45 years have higher coping ability, which 
may be because they have more work experience, and have 
become tolerant of the harsh working conditions and high-
intensity tasks. They can more easily cope with problems that 
arise during work. Additionally, the results showed that the 
individual responding resource of stokers was higher than 
that of oil delivery workers. The possible reason may be that 

the work environment of stokers is indoors. Although stokers 
also perform shift work, they have more time to be with fam-
ily and friends and their work mood is relatively better. Thus, 
they are better able to deal with work stress.

Sleep disorder refers to various dysfunctions during the 
sleep-wake cycle, including difficulty falling asleep, shallow 
sleep, easily waking, waking early, dreams, nightmares, no 
sleep sensation, and not feeling refreshed after sleep [18]. 
This study showed that the PSQI score of Xinjiang oil work-
ers was 6.44±3.90, and prevalence of sleep disorder was 
36.67%. This result is inconsistent with the previous report 
by Chien et al. [19], which may be due to the different cutoff 
score of the PSQI questionnaire. In addition, the prevalence 
of sleep disorder in oil workers with senior titles was higher 
than that of the workers with medium- and lower-ranking ti-
tles. Oil workers with senior titles mainly engaged in mental 
work, which mostly involves decision-making. Thus, their men-
tal stress is relatively high and sleep disorder easily occurs.

Gene Genotype/allele type
Sleep disorder-positive 

(%)
Sleep disorder-negative 

(%)
c2 P

CLOCK TT  107 (69.48)  78 (50.65) 11.711 0.003

rs1801260 TC  39 (25.32)  66 (42.86)

CC  8  (5.19)  10 (6.49)

T  253 (82.14)  222 (72.08) 0.905

C  55 (17.86)  86 (27.92)

CLOCK GG  81 (52.60)  57 (37.01) 7.725 0.021

rs6850524 GC  60 (38.96)  82 (53.25)

CC  13 (8.44)  15 (9.74)

G  222 (72.08)  196 (63.64) 5.031 0.025

C  86 (27.92)  112 (36.36)

Per2 CC  134 (87.01)  127 (82.47) 1.230 0.267

rs2304672 CG  20 (12.99)  27 (17.53)

GG  0  (0.00)  0  (0.00)

C  288 (93.51)  281 (91.23) 1.129 0.288

G  20 (6.49)  27 (8.77)

Per3 4/4  111 (72.08)  129 (83.77) 6.329 0.042

4/5  36 (23.38)  22 (14.29)

5/5  7  (4.55)  3  (1.95)

4  258 (83.77)  280 (90.91) 7.105 0.008

5  50 (16.23)  28 (9.91)

Table 12. The distribution of CLOCK, Per2, and Per3 genotypes and alleles among populations with different sleep states.
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The results of this survey showed that daytime dysfunction, 
PSQI total score, sleep disorder, and subjective sleep quality 
were statistically significant among different occupational 
stress groups. After pairwise comparison, the scores of the 4 
items were higher in the high- and moderate-stress groups 
than those in the low-stress group. This result is similar with 
that by Nomura et al. [20], indicating that occupational stress 
is related with sleep disorder. However, the causal relation-
ship between occupational stress and sleep quality were not 
explained, which needs further investigation.

The circadian rhythm is a 24-hour period physiological phe-
nomenon regulated by the endogenous circadian clock genes. 
Studies [21,22] have shown that sleep disorder is closely re-
lated to these circadian clock genes. This study found that the 
CLOCK gene rs1801260 and rs6850524 loci could reduce the in-
cidence of sleep disorder. The C allele frequency of the CLOCK 
gene rs6850524 locus was lower in the sleep disorder-positive 
group, suggesting that C allele acts as susceptible allele to affect 
the sleep status of oil workers, and is a protective factor for the 
occurrence of sleep disorder. Consistently, Lou et al. [23] found 
that the CLOCK rs1801260 polymorphism may be an indepen-
dent risk factor for sleep disorder in Parkinson’s patients. It is also 

reported that the rs1801260 C allele frequency was significant-
ly higher in children with attention deficit hyperactivity disorder 
who has sleep disorder than in those without sleep disorder [24]. 
In addition, studies showed that the 3111tnc variant of CLOCK 
gene rs1801260 could affect daytime preference. The CLOCK 
gene rs1801260 CC site was associated with nocturnal prefer-
ence and delayed sleep episodes, and the carriers had short-
er sleep duration compared with the subjects with CLOCK gene 
rs1801260 T site [8,25]. This conclusion is similar to this study. 
Antypa et al. [26] showed that 3111C/C genotype polymorphism 
of CLOCK gene and environmental stress increase could affect 
women’s sleep. In a large-sample cohort study by Serretti et al., 
it was found that the polymorphism of the CLOCK3111T/C locus 
was associated with sleep disorder in people with depression, and 
TC and CC alleles carriers were more likely to have problems like 
difficulty falling asleep, waking up early, and poor sleep mainte-
nance [27]. However, in another cohort study, TC and CC variant 
alleles were not associated with insomnia [28].

Cortisol and glucocorticoid secreted by the adrenal gland are 
important stress hormones in the body. Melatonin can maintain 
the “sleep-wake cycle”, that is, normal nighttime sleep state 
and daytime waking state. It is an important neurohormone 
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Figure 2.  The electrophoresis results for restriction endonuclease digestion. (A) rs1801260; Lanes 1 and 3 were CT genotype, Lanes 
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regulating the biological rhythm of the human body [29]. The hy-
pothalamic-pituitary-adrenal axis (HPA) has a bidirectional reg-
ulation on the secretion of cortisol. The release of cortisol is di-
rectly regulated by the binding of melatonin to the melatonin 
receptors at multiple levels of the HPA axis, while the secretion 
of the hormone by the pineal body is regulated by negative 
feedback of the HPA axis. There is a close relationship between 
cortisol and melatonin [30]. Here, we found that the concen-
trations of cortisol and melatonin in the sleep disorder-positive 
group were decreased, but the difference was not significant. 
Although their secretion had a circadian rhythm, the blood was 
drawn in the morning physical examination, which may have 

Gene Genotype/allele type OR (95% CI) OR# (95% CI)

CLOCK

rs1801260

 TT 1 1

 TC  0.431 (0.263–0.704)**  0.412 (0.245–0.695)**

 CC  0.583 (0.220–1.545)  0.445 (0.158–1.257)

CLOCK

rs6850524

 GG 1 1

 GC  0.515 (0.320–0.828)**  0.357 (0.245–0.695)**

 CC  0.610 (0.270–1.380)  0.317 (0.128–0.785)*

Per2

rs2304672

 CC 1 1

 CG  0.702 (0.375–1.314)  0.617 (0.317–1.202)

 GG 0 0

Per3

4/4 1 1

4/5  1.902 (1.056–3.424)*  1.691 (0.912–3.135)

5/5  2.712 (0.685–10.737)  1.676 (0.392–7.155)

Table 13. The risk analysis of CLOCK, Per2, and Per3 genotypes in sleep disorder.

OR# – after adjusting individual stress and occupational stress levels. * P<0.05, **  P<0.01.
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Figure 3.  The hormone levels in different groups. * P<0.05, 
comparison between the 2 groups.

affected the concentrations of melatonin and cortisol in the 
blood of workers. The sleep disorder-positive group had low-
er glucocorticoids than in the sleep disorder-negative group, 
suggesting that the increase in glucocorticoid levels reduced 
the incidence of sleep disorder. This result is consistent with 
research by Wang et al., whose results suggested that gluco-
corticoids combined with montelukast sodium improved sleep 
quality of children who had mild obstructive sleep apnea syn-
drome [31]. Therefore, serum glucocorticoid of oilfield work-
ers may be used to predict the development of sleep disorder.

This study has some limitations. For example, sleep disorder was 
defined based on PSQI score, but not an objective indicator. Further 
studies with objective indicators (such as VEEG) are warranted.

Conclusions

In conclusion, the level of occupational stress is significantly cor-
related with sleep quality. As the intensity of occupational stress 
increases, the sleep disorder of oil workers tends to increase. 
The CLOCK genes rs1801260, rs6850524, and Per3 are susceptibil-
ity genes for sleep disorders. Glucocorticoid levels can be used as 
predictors of health impairment in subjects with sleep disorders.
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