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Abstract

Objectives: The study aimed to examine the relationship between occupational factors and sleep disorders among employees in petrochemical en-
terprises. Material and Methods: All participants from the employees of Hainan Petroleum Refining and Chemical Enterprises were recruited by
the cluster sampling in June 1, 2022. The questionnaire used in this research was primarily composed of 3 sections: demographic characteristics,
Pittsburgh Sleep Quality Index (PSQI) questionnaire and occupation-related factors affecting sleep disorders. A 1:1 propensity score matching (PSM)
method was used to balance the demographic characteristics of the 2 groups. Multivariate logistic regression was employed to analyze the indepen-
dent factors influencing sleep disorders. Results: A total of 952 valid questionnaires were collected. The frequency of sleep disorders among the
952 participants was 41.9% (N = 399). After PSM, 356 pairs were successfully matched. There was no statistical difference in socio-demographic
characteristics between sleep disorder groups (p > 0.05). The logistic regression analysis showed that employees with weekly working time >40 h
exhibited a higher likelihood of sleep disorders (OR: 1.74, 95% CI: 1.09-2.82) than those working <40 h. Individuals exposed to high-temperature
working environments were more likely to experience sleep disorders (OR: 1.77, 95% CI: 1.12-2.81), while the sleep disorder risk in those with oc-
cupational stress was 2.67-fold (OR: 2.67, 95% CI: 1.89-3.80). Employees in storage and transportation (OR: 3.34, 95% CI: 1.81-6.40) and other po-
sitions (OR: 1.68, 95% CI: 1.03-2.75) displayed a higher risk of sleep disorders than operational workers. Conclusions: The frequency of sleep dis-
orders among employees in petrochemical enterprises is high. Weekly working hours, type of work position, high-temperature exposure, and high
occupational stress are associated with increased risk of sleep disorders among petrochemical workers. Health policymakers should fully consider
these factors in improving the sleep quality of petrochemical workers. Int ] Occup Med Environ Health. 2024;37(6):591-601

Key words:
risk factor, sleep disorder, propensity score matching, cross-sectional study, petrochemical enterprise employees,
occupational characteristics

Funding: this research was supported by Hainan Medical University (project No. HYYS2021B10 entitled “Innovative Scientific Research Projects for Postgraduates of
Hainan Medical University in 2021, project manager: Qisheng Wu) and by Hainan Medical University (project No. XRC190011 entitled “High-level Talents Scientific
Research Start-up Fund of Hainan Medical University,” project manager: Jing Zhang).

Received: June 13, 2024. Accepted: November 7, 2024.

Corresponding author: Jing Zhang, Hainan Medical University, School of Public Health, Heinz Mehlhorn Academician Workstation, College Road 3, 571199, Haikou,
Hainan, China (e-mail: zhangjing@hainmc.edu.cn).

Nofer Institute of Occupational Medicine, tddz, Poland

591


https://creativecommons.org/licenses/by/4.0/legalcode.en
https://creativecommons.org/licenses/by/4.0/legalcode.en
https://doi.org/10.13075/ijomeh.1896.02468

592

ORIGINAL PAPER Q.WUETAL.

INTRODUCTION

Sleep disorders refer to a series of adverse physiological
and psychological conditions caused by the inability to fall
asleep normally or low sleep quality [1], which is a com-
mon risk factor of health conditions [2]. Research has re-
vealed that sleep disorders increase the risk of cardiovas-
cular disease and diabetes while decreasing immune func-
tion in the body [3-5]. The frequency of sleep disorders in
China, Europe, and America vary due to cultural, lifestyle,
healthcare system, and medical resource allocation differ-
ences. For example, 30-50% of European adults have ex-
perienced varying degrees of sleep disorders [6]. Although
the frequency of sleep disorders among Chinese residents
was only 19.16% in 2019 [7], this value reached 52.5%
among oil-related occupational workers.[8]

Sleep disorders are influenced by various factors, pri-
marily associated with socio-demographic characteris-
tics, lifestyle habits, and environmental factors [9-11].
A study found that the work environments factors has an
impact on the frequency of sleep disorders [12]. Howev-
er, in the study of sleep quality, people tend to largely ig-
nore the work environments factors. Therefore, investigat-
ing the correlation between the work environments factors
and sleep disorders is crucial.

The petrochemical enterprises in this study are located
in the tropics, with climate characteristics such as high
temperatures and humidity, and the employees belong to
a distinctive professional group. Unlike typical enterpris-
es, petrochemical industry employees are exposed to oc-
cupational hazards such as dust, high temperatures, and
noise during operational processes [13]. Additionally, the
increasing demand for petroleum products in China re-
sults in substantial workloads for petrochemical enter-
prises. The majority of employees are required to work in
overtime, leading to prolonged irregular sleep patterns and
a heightened susceptibility to sleep disorders [14]. A poor
working environment and irregular working hours nega-

tively impact the physical and mental health of workers
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and increase the risk of disease [15,16]. While some stud-
ies have shown that occupational factors affect sleep qual-
ity, minimal research is available regarding sleep disorders
among petrochemical workers, with an inadequate under-
standing of the occupational and environmental character-
istics influencing sleep disorders in this specific context.

Therefore, this study assesses the determinants of sleep
disorders among employees in petrochemical enterpris-
es, focusing on the impact of occupational characteristics
and environmental factors, aiming to furnish a scientific

basis for improving sleep quality.

MATERIAL AND METHODS

Participants

A cross-sectional study was conducted in June 2022 at

a large-scale petrochemical enterprise in Hainan, China.

The inclusion criteria required that the participants:

- were aged > 18 years,

- were employed >1 year,

- were not diagnosed with psychiatric or major respira-
tory system diseases,

- signed informed consent.

Ultimately, 1129 employees were enrolled for the sur-

vey on sleep quality. Of these, 952 (84.32%) available

questionnaires were obtained. This study was approved

by the Ethics Committee of Hainan Medical University

(No. HYLL-2022-247).

Sample size calculation
The sample size of this study was calculated using a cross-

sectional sample size calculation formula:

72, %xpq
=—2 (1)

c
where

p — the frequency of sleep disorders,

q - equal to 1-p,

0 - the tolerance error, considered as 0.1 p in the present study,

z,,, - the significant test statistic.
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When a was set as 0.05, the z,, was 1.96. According to
a previous study, the frequency of sleep disorders among
individuals in petroleum-related occupations in China
was 52.5% [8]. Considering a potential 20% rate of dis-
qualified questionnaires, this study required a sample size

of approx. 500 individuals.

Questionnaire

This study used a face-to-face survey method involving
a paper-based questionnaire to investigate petrochem-
ical industry employees. The questionnaire content in-
cluded socio-demographic information, Pittsburgh Sleep
Quality Index (PSQI) questionnaire and occupation-re-
lated factors.

The socio-demographic information included sex, age
(<30 years, 30-39 years, 40-49 years, and 250 years old),
nationality (Han, others), marital status (unmarried, mar-
ried, divorced, or widowed), education (high school and
below, special course, undergraduate course, and post-
graduate and above), monthly income (<CNY 3000,
CNY 3000-4999, CNY 5000-6999, CNY 7000-8999, and
>CNY 9000), and birthplace (urban, rural). The body mass
index (BMI) was calculated using the following formula
for Chinese residents. The classifications included:

- underweight (BMI <18.5 kg/m?),

- normal (18.5 kg/m* < BMI < 24.0 kg/m?),

- overweight (24.0 kg/m* < BMI < 28.0 kg/m?),

- obese (BMI >28.0 kg/m?) [17].

Lifestyle behavior included smoking (no or yes), alcohol
use (no or yes), and physical activity (no or yes).

The Chinese version of the PSQI was used to assess sleep
quality. There is good reliability and validity in the Chi-
nese version of PSQI [18]. The original scale was designed
by Buysse, and was used to measure sleep quality and dis-
turbances over the past month [19]. This scale includes
18 items consisting of 7 components: sleep latency, sleep
duration, subjective quality of sleep, use of sleep medica-

tion, habitual sleep efficiency, sleep disturbances, and day-

time dysfunction. Each item is scored 0-3. The scores of
these 7 components were summed to obtain the total PSQI
score, with a maximum score of 21. A higher score sug-
gested poorer sleep quality. A reference cut-oft score of 7
was used to screen for sleep disorders in Chinese adults.
The occupation-related factors included weekly working
hours, working model (regular day shift or shift work),
working years (<5 years, 5-15 years, and >15 years), work-
ing position (managerial position or ordinary workers),
and type of work (operator, storage and transportation
workers, and other). The occupational hazards includ-
ed dust, noise, high-temperature, and organic solvent ex-
posure. Dust exposure is mainly synthetic organic dust,
including polyethylene dust, polypropylene dust, etc.
Occupational noise exposure was defined as exposure to
a noise level 280 dB(A) (L_,,) or cumulative noise ex-
posure >80 dB(A)-years [20]. In this study, the wet bulb
globe temperature (WBGT) index instrument was used to
measure the physical factors of the workplace according
to GBZ/T 189.7-2007 — Part 7: High Temperature in dif-
ferent workplaces of petrochemical enterprises [21]. All
monitoring instruments were verified as qualified by the
Provincial Bureau of Metrology before use. Wet bulb globe
temperature >25°C with productive heat source was de-
termined as high temperature exposure [21]. Organic sol-
vent exposure includes ethylene, benzene and benzene se-
ries, ethane, etc.

The level of occupational stress was assessed using the
effort-reward imbalance (ERI) scale. This scale consists
of 23 items, organized into 3 dimensions: effort (6 items),
reward (11 items), and overcommitment (6 items). The
Likert 5-point scoring method was utilized, with scores

ranging 1-5.
ERI = E/RxC )

where:

C - the adjustment coefficient, the value was 6/11.
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An ERI >1 indicated occupational stress, while an ERI <1
suggested its absence. The authors have permission to use

this instrument from the copyright holders [22].

Statistical analysis

The database in this study was established via double-entry
using the EpiData 3.0 software. The SPSS 26.0 was employed
for data analysis and propensity score matching (PSM) anal-
ysis. When the distribution of continuous data deviated from
normality, the data were described using the median (Q1; Q3).
The differences between the frequency of sleep disorders of
the sub-groups were compared using an ¥’ test.

The PSM was conducted using SPSS v. 26.0 to minimize the
differences in the socio-demographic characteristics and
lifestyle behavior between the 2 groups and improve the
efficiency of the study. A linear regression model was em-
ployed with the presence of sleep disorders as the depen-
dent variable and occupational characteristics and hazards
as independent variables. Collinearity diagnostics were per-
formed to determine the tolerance and variance inflation
factors. The factors influencing sleep disorders were identi-
fied via multivariate logistic regression analysis. All analy-

ses were performed using the test level a = 0.05 bilateral.

RESULTS

General characteristics of the participants

Table 1 shows the general characteristics of the 952 par-
ticipants. Across all measurements, the majority was
male (85.0%), with 54.5% aged <30 years at the baseline,
while the median age was 28 years (IQR: 24-36 years).
Most workers (55.0%) reported an undergraduate educa-
tion, with 47% exhibiting a normal BMI. Non-smokers ac-
counted for 73.3%, while 49.9% did not consume alcohol,

and 67.8% engaged in regular physical exercise.

Contains data before and after PSM
Prior to matching, statistically significant differences

were observed between the normal sleep and sleep dis-
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orders groups in terms of nationality, marital status,
and physical exercise (p < 0.05). However, post-match-
ing analyses revealed no significant statistical differenc-
es in nationality, marital status, and physical exercise,
while remaining gender, age, birthplace, education lev-
el, monthly income, BMI, smoking, and Alcohol use con-
tinued to show no significant differences (p < 0.05). This
highlights the substantial improvement in the balance
between both groups after propensity score matching,

as outlined in Table 2.

The prevalence of sleep disorders

Table 3 presents the univariate analysis results. After ad-
justment for socio-demographic information and life-
style behavior via PSM, the weekly working hours, type
of work, and occupational stress were statistically dif-
ferent between the sleep-quality groups, while none
were evident regarding working mode, working years,
working position, dust, noise, high-temperature, and
organic solvent exposure. The participants who worked
>40 h/week had a higher risk of experiencing sleep dis-
orders than those working <40 h/week. The frequency
of sleep disorders of storage and transportation work-
ers and other workers were 70.8% and 57.7%, respec-
tively, which exceeded that of operators (46.6%). In ad-
dition, the frequency of sleep disorders was higher in
participants experiencing occupational stress than those
who did not.

Factors associated with sleep disorders

After PSM adjustment for socio-demographic information
and lifestyle behaviors, the statistically significant univar-
iate and harmful environmental factors that might affect
sleep disorders during operation were entered into the
multivariate logistic regression model to examine the in-
dependent constituents influencing sleep disorders. Col-
linearity diagnosis showed that the tolerance of all the in-

dependent variables was >0.1 and the variance inflation
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Table 1. Demographics, lifestyle behavior of the petrochemical enterprise
employees, Hainan Island, South China, 2022

Participants
Variable (N=952) Me 01;03
n %
Socioeconomic
gender
male 809  85.0
female 143 150
age 28 years 24 years;
36 years
<30 years 519 545
30-39 years 286 30.1
40-49 years 105  11.0
>50 years 4) 44
nationality
Han 900 945
other 52 55
birthplace
cty 695 73.0
village 233 245
missing data 2425

educational level
highschooland below 54 5.7
special course 321 337
undergraduate course 524 55.0
postgraduate and above 49 5.1

missing data 4 0.4
marital status
unmarried 532 559
married 404 424
divorced or widowed 15 16
missing data 1 0.1
monthly income
<CNY 3000 27 28
CNY 30004999 146 153
CNY 5000-6999 273 287
CNY 7000-8999 215 226
>(NY 9000 274 288
missing data 17 18

Participants
Variable (N=952) Me 01,3
n %
Lifestyle
body mass index
emaciation 37 39
normal 447 470
overweight 289 304
obesity 172 181
missing data 7 0.7
smoking
no 698 733
yes 249 26.2
missing data 5 0.5
alcohol use
no 475 499
yes 452 475
missing data 25 26
physical activity
no 280 294
yes 645 678
missing data 27 28

factor was <10, indicating no collinearity. The multivari-
ate logistic regression model results indicated that the par-
ticipants working >40 h/week presented a higher sleep
disorder risk than those working <40 h/week (OR: 1.740,
95% CI: 1.085-2.816). Furthermore, participants working
in high-temperature environments were more likely to ex-
perience sleep disorders (OR: 1.765, 95% CI: 1.115-2.807)
than those who did not. In addition, the risk of sleep disor-
ders in participants experiencing occupational stress was
2.669-fold that of workers who did not (OR: 2.669, 95% CI:
1.885-3.788). Compared with operators, employees work-
ing in storage (OR: 3.337, 95% CI: 1.805-6.350) and trans-
portation and other types of occupations (OR: 1.680,
95% CI: 1.032-2.746) were more likely to experience sleep
disorders (Table 4).

1JOMEH 2024;37(6)
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Table 2. Comparison of results after propensity score matching (PSM) in petrochemical enterprise employees, Hainan Island, South China, 2022

Participants
(n]
Variable before PSM after PSM
(N=1952) ¥ p (N=712) X p
normal sleep  sleep disorders normal sleep sleep disorders
Socioeconomic

gender 0.291 0.590 0.799 0.371
males 467 342 314 306
female 86 57 4 50

age 5.899 0.117 0.180 0.981
<30 years 319 200 182 179
30-39 years 152 134 15 120
40-49 years 60 45 42 40
>50 years 22 20 17 17

nationality 5.626 0.018 0.223 0.637
Han 531 369 336 333
other 22 30 20 23

birthplace 0.826 0.364 0.030 0.862
city 400 295 268 270
village 142 91 88 86

educational level 0.544 0.909 1.214 0.750
high school and below 32 22 25 20
special course 182 139 113 123
undergraduate course 310 214 201 194
postgraduate and above 28 21 17 19

marital status 8.974 0.011 0.623 0.732
unmarried 331 201 185 179
married 212 192 164 172
divorce or widowed 9 6 7 5

monthly income 3.989 0.408 0.306 0.989
<(CNY 3000 16 n 8 9
CNY 3000-4999 923 53 45 48
CNY 5000-6999 165 108 104 99
CNY 7000-8999 118 97 87 89
>(NY 9000 153 121 112 m

Lifestyle

body mass index 2.563 0.464 1.98 0.615
emaciation 19 18 13 18
normal 261 186 161 163
overweight 175 14 1n7 107
obesity 93 79 65 74
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Table 2. Comparison of results after propensity score matching (PSM) in petrochemical enterprise employees, Hainan Island, South China, 2022 — cont.

Participants
(n]

before PSM
(N=952) e

normal sleep sleep disorders

Variable

after PSM
P (N=712) % D

normal sleep sleep disorders

Lifestyle — cont.

smoking 1.956 0.162 0.007 0.933
no 414 284 257 256
yes 135 14 99 100

alcohol use 0.143 0.706 0.022 0.881
no 278 197 177 175
yes 259 193 179 181

physical activity 7.640 0.006 0.025 0.874
no 143 137 120 122
yes 393 253 236 234

DISCUSSION chemical enterprises in this study are located in tropi-

Analysis showed a sleep disorder incidence of 41.9% in
petrochemical workers. The authors study found that the
longer the weekly working hours of petrochemical enter-
prise employees, the higher the frequency of sleep disor-
ders. Workers exposed to high-temperature environments
presented a higher risk of experiencing sleep disorders
than those who were not. In addition, a strong correlation
was evident between occupational stress and sleep dis-
orders. The risk of sleep disorders was higher in employ-
ees exposed to long-term occupational stress. Storage and
transportation workers and those involved in other types
of work had a higher risk of experiencing sleep disorders
than operators.

A study [23] on sleep disorders in Mexican oil refining
workers revealed a frequency of 34.8%, indicating that
the sleep disorders in the petrochemical workers in this
study were more serious. Chinese individuals may be
more prone to overlooking sleep disorders prioritizing
work and social activities, consequently impeding the al-

leviation of sleep-related issues. Furthermore, the petro-

cal areas, presenting constant high-temperature and -hu-
midity climatic conditions. In addition, the high demand
for petroleum products in China has increased the work-
load of petrochemical workers, resulting in overtime and
shift work. Finally, during the petroleum refining pro-
cess, these workers are exposed to various harmful fac-
tors, such as high temperatures, noise, and other toxic
substances, severely affecting sleep duration and qual-
ity. The authors found that working in a high tempera-
ture environment increases the frequency of sleep dis-
orders. This is consistent with the results of a study in
South Korea [24]. Working in a high-temperature envi-
ronment for a long time leads to imbalanced body tem-
perature regulation and stress response, increasing cor-
tisol levels [25]. A rise in basal cortisol levels may lead
to sleep disorders [26]. This study examined the associa-
tion between high temperatures and sleep disorders and
its impact on population health. It is suggested that em-
ployees wear adequate protective gear during produc-

tion to reduce the impact of harmful factors and the risk

1JOMEH 2024;37(6)
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Table 3. Univariate analysis of sleep disorders in petrochemical enterprise employees, Hainan Island, South China, 2022

Participants
(N=712)
Variable [n (%)] G P
total n(;;\lm:alz)sslz)ep sle(e'\? ilssosrg)ers
Working time 8.967 0.003
<40 h/week 105 (15.3) 67 (19.4) 38(11.2)
>40h/week 580 (84.7) 278 (80.6) 302 (88.8)
Work model 0.021 0.884
reqular day shift 328 (47.7) 164 (48.0) 164 (47.4)
shift work 364 (52.4) 178 (52.0) 182 (52.6)
Seniority 0.035° 0.851
<5years 340 (47.4) 169 (47.5) 171(47.2)
5-15 years 216(30.1) 110(30.9) 106 (29.3)
>15years 162 (22.6) 77 (21.6) 85(23.5)
Position 0.977 0.323
managerial position 125(17.4) 67(18.8) 58(16.0)
ordinary workers 593 (82.6) 289 (81.2) 304 (84.0)
Type of work 16.122 <0.001
operator 549 (76.5) 293 (82.3) 256 (70.7)°
storage and transportation worker 65(9.1) 19(5.3) 46 (12.7)
other 104 (14.5) 44.(12.4) 60 (16.6)
Occupational stress 35.779 <0.001
no 488 (68.5) 279(79.0) 209 (58.2)
yes 224 (31.5) 74(21.0) 150 (41.8)
Exposure
dust 1.463 0.226
no 258 (36.6) 136 (38.9) 122 (34.5)
yes 446 (63.4) 214(61.1) 232(65.5)
noise 0.489 0.484
no 49(7.0) 22(6.3) 27 (7.6)
yes 655 (93.0) 327(93.4) 327(92.4)
high temperature 2.093 0.148
no 126 (17.9) 70 (20.0) 56 (15.8)
yes 578 (82.1) 280 (80.0) 298 (84.2)
organic solvent 0.004 0.948
no 212(30.1) 105 (30.0) 107 (30.2)
yes 492 (69.9) 245 (70.0) 247 (69.8)

Trend y’ value.
®<The results of pairwise comparison, different letters indicate that the difference between the 2 groups is statistically significant.
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of sleep disorders. The authors’ research on employees in
petrochemical enterprises found that long-term occupa-
tional stress will increase the frequency of sleep disor-
ders. This is consistent with the results of a study involv-
ing office staft in Swedish hospitals [27]. It may be be-
cause the petrochemical enterprise employees have spe-
cial working environment, long working hours and heavy
workload, and the corresponding returns do not meet the
psychological expectations, resulting in high work pres-
sure. In addition, when employees lack a way of releasing
stress, work pressure gradually accumulates and can even
cause mental illness. Studies have found that a higher de-
gree of occupational stress increases the concentration of
glucocorticoids [28]. Long-term occupational stress leads
to excessive hypothalamus-pituitary-adrenal axis activi-
ty and higher glucocorticoid levels, affecting the physical
and mental health of employees and increasing sleep dis-
order incidence [29,30]. Employers can convey the harm
of occupational stress to employees via publicity, educa-
tion, and awareness-raising activities. Enterprises should
pay attention to the problem of occupational stress among
employees, recognize the harm to health, and establish
a reasonable performance evaluation mechanism and in-
centive measures to improve employee morale and reduce
its occurrence. The frequency of sleep disorders in stor-
age and transportation workers and other types of work
is higher than in operators. Storage and transportation
workers in petrochemical enterprises are mainly tasked
with storing, loading, and unloading petrochemical prod-
ucts. They also use and maintain organic pump equip-
ment, storage tanks, pipeline valves, and other equipment,
as well as judge and deal with production accidents. The
loading and unloading times of petrochemical products in
petrochemical enterprises vary, leading to irregular sleep
patterns and the occurrence of sleep disorders.

This study also presents some limitations. First, the infor-
mation about sleep disorders was self-reported and prone

to reporting bias. Second, the cross-sectional study can

Table 4. Multivariate logistic regression analysis of sleep disorders
in petrochemical enterprise employees, Hainan Island, South China, 2022

Variable OR (95%(Cl) p

Working time
<40 h/week - -
>40h/week 1.740(1.085-2.816)  0.022
Exposure
dust
no - -
yes 1.322(0.929-1.882)  0.121
noise
no - -
yes 0.533(0.268-1.062)  0.073
high temperature
no - -
yes 1.765(1.115-2.807)  0.016
organic solvent
no - -
yes 0.890(0.620-1.277)  0.527
occupational stress
no - -
yes 2.669 (1.885-3.788)  <0.001
Type of work
operator - -
storage and transportation worker ~ 3.337 (1.805-6.350)  <0.001
other 1.680(1.032-2.746)  0.037

only analyze the correlation between sleep disorders and
influencing factors, with certain limitations in causal in-
ference. Follow-up studies should conduct cohort stud-
ies to comprehensively examine the factors influencing
sleep disorders. Finally, data were incomplete for several
covariates. The exclusion of workers with missing covari-
ates may result in selection bias and residual confounding
by unmeasured covariates. However, the potential for such
bias and confounding is low since PSM was used to con-
trol the influence of socio-demographic factors and life-

style on sleep disorders.

1JOMEH 2024;37(6)
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CONCLUSIONS

The results show a high frequency of sleep disorders
among employees in petrochemical enterprises, and the
risk factors include weekly working hours, high-temper-
ature exposure, occupational stress, and job type. As far
as enterprises are concerned, they should pay attention to
the sleep disorders of employees and rationalize the work-
load, such as reasonably arranging the working hours of
employees, reducing the physical load, and actively pro-
viding pre-job training in mental health.
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