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Abstract
Background: Musculoskeletal disorders (MSDs), a common type of occupational diseases, have become the main
cause of absenteeism and early retirement in the occupational population, as well as a major risk factor for
occupational disability. The purpose of this study was to investigate the effects of occupational stress and mental
health on MSDs in coal miners in Xinjiang, China, to provide a theoretical basis for reducing the incidence of MSDs
in coal miners and improving their physical and mental health.
Methods: In this study, stratified cluster random sampling was used to randomly select six coal mining companies
in Xinjiang, and 1675 coal miners were surveyed by questionnaire. The status of occupational stress, mental health
and MSDs among coal miners was investigated by means of the Effort–Reward Imbalance questionnaire (ERI),
Symptom Checklist-90(SCL-90), and Musculoskeletal disorders scale (MSDs) questionnaire.
Results: The prevalence of MSDs among coal miners was higher, and there were statistical differences among
different sexes, ages, working years, shifts, types of work, educational level and monthly income (P < 0.001). The
prevalence of MSDs in different body parts in the occupational stress group and mental disorder group was higher
than that in the normal group. The results of multivariate logistic regression analysis showed that females had an
increased risk of developing MSDs (OR = 2.23, 95% CI.:1.50,3.33). The risk of MSDs was higher with age < 30 years
(30-39 years,OR = 2.39, 95% CI.,1.68,3.40; 40-49 years,OR = 2.15, 95% CI.:1.52,3.04; 50-60 years:OR = 3.25, 95% CI.:2.09,
5.07), and the longer the working years, the higher the risk of MSDs (OR = 1.90, 95% CI.:1.38,2.62). The two shifts
group (OR = 2.18, 95% CI.:1.59,2.98) had an increased risk of developing MSDs compared with the fixed day shift
group. The risk of MSDs was lower in heading drivers (OR = 0.41, 95% CI.:0.29,0.60,) and transport workers (OR = 0.30,
95% CI.:0.20,0.43). The higher the education level, the lower the risk of MSDs (high school: OR = 0.46, 95% CI.:0.34,
0.62, junior college and above: OR = 0.12, 95% CI.:0.08,0.17), and the higher the monthly income, the lower the risk
of MSDs (OR = 0.50, 95% CI.:0.34,0.74). Occupational stress (OR = 1.32, 95% CI.:1.05,1.67) and mental disorder(OR =
2.94, 95% CI.:2.25,3.84) increased the risk of MSDs. A Bayesian network diagram showed that occupational stress and
MSDs have direct effects on mental disorders, and occupational stress can have indirect effects on mental disorders
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through MSDs.
Conclusion: Our research shows that MSDs are common among coal miners. Occupational stress and
psychological disorders can increase the incidence of MSDs.
Keywords: Mental health, Occupational stress, Musculoskeletal disorders, Bayesian network

Background
With the development of industrialization and
urbanization, great changes have taken place in labor
production modes, and production operations are characterized by low labor load, high repetitive operation,
high intensity working rhythms, and poor working posture. Traditional occupational health hazards have also
shifted, creating a new range of occupational health
problems such as musculoskeletal injuries, occupational
stress, and psychological disorders [1, 2].
Musculoskeletal disorders (MSDs) are common skeletal
injuries to muscles, bones, nerves, and other systems due
to non-compliant working conditions; common skeletal
injuries include lower back pain, cervical and shoulder
wrist syndrome, and carpal tunnel syndrome [3, 4]. MSDs
are very common occupational diseases in many industrialized countries, and they constitute one of the biggest occupational health burdens for modern occupational
groups [5, 6]. As a common group of occupational diseases, MSDs have become the main cause of absenteeism
and early retirement among the occupational population,
as well as being a major risk factor for occupational disability [7]. The direct medical costs incurred by MSDs
each year amount to tens of billions of dollars, due to sickness and absenteeism of employees [8]. MSDs occur in all
labor groups in different industries. According to the different operation modes in different industries, prevalence,
disease location, and other epidemic characteristics of
MSDs are different in different industries. Industries with
a high prevalence of MSDs include medical care, mining,
the textile industry, construction, electronics, automobile
manufacturing, and shipbuilding [9]. Studies have reported that the annual prevalence of MSDs in the medical
care industry is as high as 29.0–74.0% [10–12], and the
annual prevalence of MSDs in nurses is 43.1–80.8% [13].
According to a survey of construction workers, miners,
transportation drivers and other occupational groups in
the United States, Turkey, and the United Kingdom, the
prevalence rate of lower back pain was 54.4–75.0% [14–
16]. In addition to the direct losses caused by employee
absenteeism, disease treatment and medical compensation, MSDs will also reduce the working efficiency and
working ability of employees, and will affect their quality
of life [17].
Occupational stress is a particular type of stress,
which, unlike biological, physical, or chemical factors,

can lead to specific occupational diseases, and can also
damage health in non-specific ways [2]. The health effects of stress include physical, psychological, and behavioral changes [18]. One study has shown that
occupational stress is an independent risk factor for
MSDs, in addition to personal factors and ergonomic
factors [19]. People with higher occupational stress tend
to have more obvious responses to uncomfortable symptoms or pain, and higher occupational stress will affect
their working ability and self-adjustment ability, thus increasing the risk of MSDs [20]. A clinical study has
shown that occupational stress can affect the release of
norepinephrine and epinephrine, and cause abnormal
changes in heart rate and systolic blood pressure, thus
affecting muscle activity [21].
The term mental disorder refers to a person who, due
to physiological, psychological, or social reasons, or
caused by a variety of abnormal psychological processes,
shows abnormal personality characteristics or abnormal
behavior [22]. According to the psychological theory, human behavior is controlled by individual psychological
activities and is the external manifestation of individual
psychological activities [23]. Studies have found that the
root cause of unsafe behaviors in coal miners is an unhealthy mental state, and the level of mental health of
coal miners has a significant predictive effect on the occurrence of accidents [24]. Among the SCL-90 factors of
coal miners, the factors of compulsion, hostility, terror,
paranoia, and psychosis are higher than the norm, the
gap between the prevalence of psychotic factors in coal
miners and normal people is the largest [25]. Perpetual
excessive psychological pressure will reduce the mental
health level of coal miners and cause psychosis [26]. Liu
Yujiao [27] selected the research data of SCL-90 from
2007 to 2014 to investigate the mental health of coal
miners and analyzed the scores of nine factors in 13,031
workers. They found that the scores of somatization and
fear in coal miners were significant, suggesting that the
mental health problems of coal miners in these two aspects were more prominent.
Researchers in many countries have carried out studies
on the relationship between psychological factors and
musculoskeletal disorders, but there is still no unified
conclusion on the mechanism of the relationship between psychological factors and MSDs. Darvishi et al.
[28] indicated that the risk of MSDs increased by 11.0%
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for every 1 unit of increase in psychological load level.
Jingjing Wang et al. [29] found that psychological load
has a direct effect on the occurrence of MSDs, and psychological load can also indirectly affect the occurrence
of MSDs through posture. Habibi pointed out that poor
psychological conditions can induce work stress, and
work stress can increase muscle tension and shorten the
interval of muscle activity, leading to muscle fatigue
[30]. Research has found that work stress and negative
mood will increase subjective sensitivity such as “pain”,
leading to an increase in reports of MSDs. Meanwhile,
via reverse causation, MSDs can also aggravate negative
mood, leading to an increase in the incidence of stress,
anxiety, and depression among employees [31].
Coal is China’s basic energy source, and China will
continue to rely on coal as its main energy source for a
long time in the future [32]. According to incomplete
statistics, there are more than 6 million coal miners in
China [33]. In coal mine production, given the different
mining technologies, the harmful factors are varied; the
working environment is often contaminated by dust,
noise, and other occupational factors harmful to physical
and mental health [34]. The underground working environment of a coal mine is also a relatively unique working environment: the underground working space is
small, and the underground operators are not exposed
to sunlight for extended periods of time. Mining itself
and the transport and ventilation equipment are noisy
and environmental humidity is high, so that coal mine
workers are more prone to develop a variety of physiological and psychological problems [35]. One study
found that coal miners had a high incidence of pneumoconiosis, the proportion of people with depressive symptoms was as high as 35.51%, and the proportion of
people with job burnout was as high as 51.14% [36]. At
the same time, owing to the cramped working space and
high working intensity, the risk of coal miners suffering
from MSDs increases [26]. Research has shown that
more than 80% of social production accidents are caused
unsafe behaviors [37], and 97.67% of major coal mine accidents are caused by human factors [38]. Therefore,
controlling the unsafe behavior of coal miners, improving their mental health, reducing MSDs and injuries,
and reducing the occurrence of accidents are key to ensuring the safety of coal production.
At present, most of the studies on coal miners focus
on the harm caused by occupational characteristics and
environmental factors to workers’ health, while few studies have focused on the relationship between psychological factors and MSDs. Therefore, this study
conducted a cross-sectional survey on the occupational
stress, mental health and MSDs of coal miners. We analyzed the risk factors for MSDs, and explored the relationships among occupational stress, mental health, and
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MSDs, so as to provide the basis for relevant departments to take effective measures to reduce the MSDs of
coal miners and improve their mental health and quality
of life.

Methods
Study population

From August 2018 to June 2019, stratified cluster random sampling was adopted. According to the annual
output of their coal mines, coal mining companies are
divided into large coal mining companies (annual output
1.2–3 million tons), medium-sized coal mining companies (annual output 300,000–1.2 million tons), and small
coal mining companies (annual output less than 300,000
tons). All of the workers in two large, two medium, and
two small coal mining companies (total six) were randomly selected as the research participants. The inclusion criteria were: coal miners aged from 18 to 60 with a
working duration of > 1 year who volunteered to participate in this survey. A total of 1800 questionnaires were
issued and 1675 valid questionnaires were recovered,
with an effective questionnaire recovery rate of 93.06%.
The research group established long-term cooperation
with the respective local occupational disease hospitals.
The investigators went to the location of each coal mine
company with the medical examination team of the hospital. When the workers underwent occupational disease
examination, the health questionnaire was distributed to
them and the questionnaire was conducted. The study
plan was approved by the Ethics Committee of Xinjiang
Medical University, and all participants voluntarily
signed informed consent before the investigation.
Research methods

A questionnaire (detailed below) was used to investigate
the status of occupational stress, MSDs, and mental
health.
General investigation

This section discusses general demographic characteristics such as sex, age, working years, educational level,
marital status, night shift frequency, type of work, and
monthly income.
Occupational stress investigation

Occupational stress was elaborated using a selfreportable Chinese version of the Effort–Reward Imbalance (ERI) questionnaire proposed by Siegrist [39]. After
testing, it is believed that the Chinese version of the ERI
questionnaire has good reliability and validity, with a reliability of 0.91 and validity of 0.63 [40]. The questionnaire consists of three modules: effort, reward, and
overload. The number of items in each module is 6, 11
and 6, respectively, with a total of 23 items. The Effort–
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Reward evaluation method is as follows: each item is
given the same weight, and its index (ERI) = (11/6) × (E/
R). ERI > 1 represents high effort–low reward, ERI = 1
represents effort–reward balance, and ERI < 1 indicates
low effort–high reward. When ERI > 1, it is considered
that there is occupational stress. The higher the ERI ratio, the higher the level of occupational stress.
Mental health investigation

The Symptom Checklist 90 (SCL-90) compiled by Erogatis in 1975 was used to measure mental health [41].
The validity coefficient of each symptom in Chinese
scale was 0.77–0.99 [42]. The scale includes 90 items, including somatization, compulsive symptoms, interpersonal sensitivity, depression, anxiety, hostility, fear,
paranoia, psychosis, and another nine factors. Grades 1–
5 were used: 1 = none, 2 = mild, 3 = moderate, 4 = heavy,
and 5 = severe. The total score and factor score were
used as indicators to evaluate the mental health level:
the higher the score, the worse the mental health. Criteria for mental disorders were a total score ≥ 160 points
or > 2 points for any factor.
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each completed questionnaire. If there was any doubt,
the investigator asked for verification again; if there were
any mistakes, the investigator corrected them and filled
in the missing items. The questionnaire was input and
checked independently by two investigators, and the
relevant logic check was carried out. After data input,
questionnaires were randomly selected at a rate of 20%
for review, and statistical software was used to check
consistency to ensure the accuracy of the database.
Statistical analysis

SPSS for Windows v.22.0 software (SPSS Inc., Chicago,
IL, USA) was used for statistical analysis of the data.
Count data were statistically described by frequency and
composition ratio, and the chi-square test was used for
statistical analysis. Nonconditional logistic regression
was used for multivariate analysis. R 3.6.1 software (Lucent Technologies., Jasmine Hill, New Jersey, USA) was
used to write a Bayesian network program for model
construction and analysis. The significance level was α =
0.05.

Results
Musculoskeletal disorders investigation

The MSDs questionnaire jointly developed by Yang Lei
et al. [43] was adopted, which was based on the Nordic
Musculoskeletal Survey questionnaire [44]. This questionnaire was compiled based on national conditions in
China and the research experience of domestic scholars,
and is therefore suitable for evaluation of MSDs in the
Chinese population. The overall Cronbach’sαcoefficient
of the questionnaire was 0.81. The questionnaire had
high structural validity, discriminant validity and predictive validity [45]. A total of nine body parts (neck, shoulder, back, waist, knee, ankle or foot, buttock or thigh,
hand or wrist, and elbow) were included in this questionnaire. Each question was answered with “yes” or
“no”. The respondents were asked whether they had any
symptoms of discomfort in each body part in the past
year. If the answer was yes, further inquiries were made
as to absence from work as a result. A case was defined
as the occurrence of musculoskeletal injury in one of the
participants due to work reasons, when the duration of
the symptoms was more than 24 h.
Quality control

Selection and training of investigators: Each investigator
underwent formal training to clarify the purpose and significance of the investigation, understand the principles
and methods of the study design, and unify the meaning
of indicators and requirements for questionnaire completion, so as to ensure the quality and progress of the
investigation. In the field investigation, investigators conducted a comprehensive inspection of the contents of

The incidence of MSDs among coal miners with different
demographic characteristics

Among the 1675 coal miners, 1471 were men and 204
were women. There were statistically significant differences in the prevalence of MSDs among coal miners of
different sex, age, working years, shifts, type of work,
educational level, and monthly income (P < 0.001). The
prevalence of MSDs in females (73.0%) was higher than
that in males (54.3%). The age group < 30 years had the
lowest prevalence (34.0%), and the age group 50–60
years had the highest prevalence (74.3%). The prevalence
of MSDs was lowest in the group with less than 5 years
of work experience (43.4%), and highest in the group
with > 15 years of work experience (70.8%). The prevalence was lower in the fixed day shift group (50.1%) and
highest in the two shifts group (65.1%). Coal mine
workers had the highest morbidity (68.2%), followed by
safety supervisors (66.3%), while transportation workers
had the lowest prevalence (37.5%). Regarding education
level, the prevalence of MSDs was lowest in the junior
college and above group (36.7%) and highest in the junior high school and below group (64.5%). The incidence
of MSDs in the group with a monthly income of > 8001
was the lowest (39.7%), while the incidence of MSDs in
the group with a monthly income of ≤5000 was the
highest (59.8%) (Table 1).
The incidence of MSDs in different body parts among
coal miners with different psychological disorders

There were statistically significant differences in the incidence of MSDs in all parts of the body of coal miners
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Table 1 The incidence of MSDs among coal miners with different demographic characteristics [n (%)]
Sex

Age group, years

Working years

Shift

Type of work

Marital status

Educational level

Monthly income, yuan

Group

Number

MSDs(%)

Male

1471

799 (54.3)

Female

204

149 (73.0)

< 30

291

99 (34.0)

30–39

464

259 (55.8)

40–49

667

402 (60.3)

50–60

253

188 (74.3)

<5

475

206 (43.4)

5–15

649

352 (54.2)

> 15

551

390 (70.8)

Fixed day shift

477

239 (50.1)

Two shifts

538

350 (65.1)

Four shifts

660

359 (54.4)

Coal miner

330

225 (68.2)

Heading driver

329

144 (43.8)

Transport worker

304

114 (37.5)

Move the frame worker

300

192 (64.0)

Safety supervisor

412

273 (66.3)

Single

282

167 (59.2)

Married

1393

781 (56.1)

Junior High school and below

1004

648 (64.5)

High school

300

164 (54.7)

Junior College and above

371

136 (36.7)

≤5000

531

340 (64.0)

5001–6500

415

248 (59.8)

6501–8000

490

265 (54.1)

>8001

239

95 (39.7)

among groups with different psychological disorders
(P < 0.001). The incidence of MSDs in all parts of the
body of the mental disorder group was higher than that
in the non-mental disorder group (Table 2).
The incidence of MSDs among coal miners with different
levels of occupational stress

There were statistically significant differences in the total
incidence of MSDs and the incidence of MSDs in different body parts among coal miners in different occupational stress groups (P < 0.001). The incidence of MSDs
in the occupational stress group was higher than that in
the non-stress group (Table 3).
Logistic regression analysis of factors influencing MSDs in
coal miners

MSDs was taken as the dependent variable, and individual
factors with statistically significant differences (P < 0.05) in
the univariate analysis (see Table 1) were used as the independent variables, as well as occupational stress and mental

χ2

P

25.565

< 0.001

96.464

< 0.001

80.432

< 0.001

25.159

< 0.001

107.562

< 0.001

0.950

0.330

86.299

< 0.001

42.512

< 0.001

health, in the multivariate logistic regression analysis. The results showed that, compared with males, females had an increased risk of developing MSDs (OR = 2.23, 95% CI.:1.50,
3.33). Compared with age < 30, the risk of MSDs was higher
with other age groups (30-39 years:OR = 2.39, 95% CI.:1.68,
3.40, 40-49 years:OR = 2.15, 95% CI.:1.52,3.04, 50-60 years:
OR = 3.25, 95% CI.:2.09,5.07), and the longer the working
years, the higher the risk of MSDs (OR = 1.90, 95% CI.:1.38,
2.62). Workers who worked two shifts had an increased risk
of developing MSDs compared with those who worked a
fixed day shift (OR = 2.18, 95% CI.:1.59,2.98). Compared with
coal miners, the risk of MSDs was lower in heading drivers
and transport workers (OR = 0.41, 95% CI.:0.29,0.60, OR =
0.30, 95% CI.:0.20,0.43). The higher the education level, the
lower the risk of MSDs (OR = 0.46, 95% CI.:0.34,0.62, OR =
0.12, 95% CI.:0.08,0.17), and the higher the monthly income,
the lower the risk of MSDs (OR = 0.50, 95% CI.:0.34,0.74).
Occupational stress and mental disorder increased the risk of
MSDs (OR = 1.32, 95% CI.:1.05,1.67, OR = 2.94, 95% CI.:2.25,
3.84) (Fig. 1).
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Table 2 The incidence of MSDs in different parts of the body among coal miners with different mental disorders [n (%)]
Group

Neck

Mental disorder group

284 (44.9) 251 (39.7)

225 (35.5)

114 (18.0) 329 (52.0)

145 (22.9) 99 (15.6) 206 (32.5) 135 (21.3) 453 (71.6)

Non- Mental disorder group 246 (23.6) 218 (20.9)

153 (14.7)

78 (7.5)

329 (31.6)

110 (10.6) 66 (6.3)

171 (16.4) 82 (7.9)

495 (47.5)

2

Shoul-der Upper back Elbow

Lower back Wrist

Hip

Knee

Foot

MSDs

χ

82.266

68.532

98.074

42.973

68.712

46.538

38.400

58.760

63.241

92.791

P

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

Relationship model of mental disorder, occupational
stress, and MSDs constructed by Bayesian network
analysis

A Bayesian network model was used to analyze further
the relationships between psychological disorders, occupational stress, and MSDs. Occupational stress, mental
disorder, and MSDs were set as latent variables, and the
indicators of the three scales were taken as observational
variables. R software was used to write the programs and
build the Bayesian network diagram. It can be seen from
the figure that occupational stress and MSDs have direct
effects on mental disorders, and occupational stress can
have indirect effects on mental disorders through MSDs
(Fig. 2).

Discussion
The harm of MSDs is increasingly significant, and MSDs
have become the second leading cause of disability in
the world [46]. Studies have demonstrated that mental
illness and MSDs have a high prevalence among coal
miners, and are the main cause of absenteeism and disability among coal miners [47, 48].
This survey found that the prevalence of MSDs in
women was higher than in men; this may be because the
working environment in the coal mine is harsh and the
labor intensity is high, and as women’s physical strength
is not as high as men’s, coal mining may not be suitable
for females. Therefore, the prevalence of MSDs in female
miners was higher than that in male miners [49]. The
prevalence of MSDs in all body parts of miners in the
groups with age < 30 years and working years < 5 years
was the lowest; the prevalence increased with the increase of age and working years, which was consistent
with the research results of Lei et al. [50]. Younger
miners are generally in good physical condition, have a
better ability to resist external damage and repair themselves, and are less likely to detect diseases. However,
with the increase of age, injuries to all parts of the body

gradually accumulate with the increase of labor intensity,
leading to the gradual increase in the prevalence of
MSDs in miners. The prevalence of MSDs was highest
in miners with two shifts. Compared with other shift
miners in the two shift group have a longer working
hours,so they have higher degree of musculoskeletal fatigue and cannot get sufficient rest. As a result, muscle
fatigue gradually accumulates, leading to the occurrence
of MSDs [51]. Coal miners have the highest prevalence
of MSDs. The reason is related to the low degree of
mechanization of coal mining work, high labor intensity,
relatively narrow working space, frequent need to lift
weights during work, and poor posture for operations
and other factors. The prevalence of MSDs was highest
in miners with junior middle school education and
below, and the prevalence decreased with the increase of
education level. Kiadaliri et al. [52] drew similar conclusions. Miners with lower education levels are generally
engaged in heavy physical labor underground, and their
labor intensity is higher than that of other workers
working underground, so they are more prone to muscle
fatigue and injury, leading to a higher prevalence of
MSDs. It is suggested that management should carry out
health education to improve workers’ awareness of
health care, and arrange workers’ rotation time reasonably, so that workers can have enough time to relieve
muscle fatigue and recover their physical strength [53].
The prevalence of MSDs in all body parts was highest in
the group with monthly income ≤5000, and the prevalence decreased with the increase of monthly income.
People with low salaries may be more willing to work
hard, even overtime, to obtain higher labor remuneration. Their work intensity, working hours, and working
pressure are all higher than those with high incomes,
and MSDs are more likely to occur. In addition, people
with higher income from work may invest more in their
own health care and may also therefore have a lower
prevalence of MSDs.

Table 3 The incidence of MSDs among coal miners with different levels of occupational stress [n (%)]
Group

Neck

Shoul-der

Upper back

Elbow

Lower back

Wrist

Hip

Knee

Foot

MSDs

ERI > 1

271 (35.6)

265 (34.8)

219 (28.8)

116 (15.2)

351 (46.1)

150 (19.7)

91 (12.0)

219 (28.8)

127 (16.7)

475 (62.4)

ERI ≤ 1

259 (28.3)

204 (22.3)

159 (17.4)

76 (8.3)

307 (33.6)

105 (11.5)

74 (8.1)

158 (17.3)

90 (9.8)

473 (51.8)

χ2

10.158

32.201

30.785

19.639

27.355

21.756

6.973

31.439

17.237

19.236

P

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.008

< 0.001

< 0.001

< 0.001
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Fig. 1 Logistic regression analysis of factors influencing MSDs in coal miners. Note: Independent variable assignment: Sex: male = 1, female =2;
Age: < 30 = 1, 30–39 = 2, 40–49 = 3, 50–60 = 4; Working years: < 5 = 1, 5–15 = 2, > 15 = 3; Shift: fixed day shift = 1, two shifts = 2, four shifts = 3;
Type of work: coal miner = 1, heading driver = 2, transport worker = 3, frame worker = 4, safety supervisor = 5; Education: junior high school or
below = 1, high school = 2, junior college or above = 3; Monthly income: ≤5000 = 1, 5001- = 2, 6501- = 3, 8001- = 4; Occupational stress: nonoccupational stress = 0, occupational stress = 1; Mental health status: non-mental disorders = 0, mental disorders = 1

The prevalence of MSDs in the group of coal miners
with occupational stress was higher than that in the
non-stress group, and the prevalence of MSDs in the
mental disorder group was higher than that in the nonmental disorder group, suggesting that occupational
stress and mental disorder may increase the prevalence
of MSDs. The results of the logistic regression analysis
showed that occupational stress and mental disorder
were risk factors for MSDs in coal miners. Occupational
stress is a physiological and psychological reaction
caused by long-term and chronic stress during specific
working conditions. Occupational stress can cause
changes in nerves, hormones, and blood pressure, leading to enhanced musculoskeletal co-activation, thereby
increasing musculoskeletal system load and inducing or
aggravating MSDs. Therefore, occupational stress is considered as an important cause of MSDs [54]. Jay et al.
[55] believe that, when work demands are high, the risk
of neck, shoulder, and waist joint pain will be significantly increased. Herr et al. [56] believe that occupational stress can lead to enhanced muscle co-activation,
and thus to increased musculoskeletal system load, inducing or aggravating MSDs. According to Faoro et al.

[57], the risk of MSDs in employees with mental disorders is twice that of workers without mental disorders,
and the effect of mental disorders is still significant after
adjusting for sociodemographic, behavioral, healthrelated, and occupational variables. Coal miners are away
from home for extended periods of time, which causes
increased psychological and emotional strain. In
addition, there are few psychological counseling interventions specifically aimed at coal miners, so a psychological stress reaction occurs readily in this group, which
will further affect physical health and lead to the occurrence and development of MSDs. At the same time, coal
miners have heavy working tasks and high working pressure, and work overload will cause persistent pain in all
parts of the body [58]. A clinical study showed that occupational stress is common among steel workers; it is
closely related to musculoskeletal pain, and may be associated with the occurrence and development of MSDs
[59]. If the high-pressure working environment and
long-term continuous tension reaction cannot be effectively alleviated, it is easy to generate various psychological problems and develop serious mental disorders
[60]. The occurrence of psychological problems will
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Fig. 2 Bayesian network diagram of mental disorders, occupational stress, and MSDs. Note: OS = Occupational stress; MSDs = Musculoskeletal
disorders; SCL.90 = mental disorder

increase the risk of MSDs [61]. Studies have found that
pain and negative emotions coexist: more than half of
the patients with mental diseases have concurrent
MSDs, and psychological problems will increase the
probability of MSDs by a factor of two when compared
with healthy people [62]. A Bayesian network model was
used to analyze further the relationships between occupational stress, mental disorder and MSDs. The results
show that occupational stress has a direct effect on
MSDs, occupational stress and MSDs have a direct effect
on mental disorders, and occupational stress can have
an indirect effect on mental disorders through MSDs.
Research indicates that occupational stress is one of the
risk factors for MSDs [63]. Mental load has an influence
on fatigue and physical recovery, which are closely related to the development of MSDs. Mental stress and
tension have adverse effects on biomechanical responses.
Stress affects movement and gait control, further disturbs joint stability, and leads to joint contraction via
compensatory muscles and increased muscle tension
[64]. In addition, mental stress can cause continuous secretion of catecholamines and cortisol, which may hinder musculoskeletal recovery [65]. At the same time, via
reverse causation, MSDs can lead to negative emotions,
aggravating mental health problems [66]. As a result of
the pain in their bodies, laborers cannot rest sufficiently
after working, which produces negative moods such as

anxiety and agitation, thus increasing the risk of occurrence of psychological disorders. MSDs may cause negative interference in social activities and psychology,
further increasing the risk of mental problems, therefore,
a two-way connection and feedback loop effect exist between the two [63]. Strengths in this study included a
sufficient sample size and the fact that the reliability and
validity of the international questionnaire were robust.
However, this study was a preliminary study, which concluded that occupational stress and mental disorder increase the risk of MSDs, and further research on the
mechanism of these three factors should be conducted
in the future to link the interaction between genes and
environment to the influence of MSDs.

Conclusion
Our study found that, due to the unique working environment, coal miners have a high prevalence of MSDs. In
addition to demographic characteristics, occupational
stress, and mental disorders are also risk factors for
MSDs. A Bayesian network model was used to analyze
further the relationships between occupational stress,
mental disorders and MSDs. The results show that occupational stress has a direct effect on MSDs, occupational
stress and MSDs have a direct effect on mental disorders, and occupational stress can have an indirect effect
on mental disorders through MSDs. Therefore, reducing
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workers’ stress level and improving their mental health
status can alleviate the musculoskeletal injury of
workers.
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