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A B S T R A C T

The aim of this study was to examine whether the association between personality traits and quality of life (QOL)
was mediated by sleep quality in coal miners and to explore whether the relationship between surface workers
and underground workers was different. The cross-sectional study including 3090 coal mine workers aged 20 to
65 years from Shanxi province of China was conducted. Personality traits, QOL and sleep quality were re-
spectively assessed using Eysenck Personality Questionnaire-Revised Short Scale for Chinese, World Health
Organization Quality of Life-BREF, and sleep status questionnaire. The multi-group SEM with latent response
variable method was conducted to evaluate the association between personality traits and QOL mediated by
sleep quality. The difference of indirect effects between two subgroups was examined by Wald chi-square test.
For surface workers, underground workers and overall sample, passive personality traits had a negative impact
on QOL through poor sleep quality, whereas the active personality traits acted the opposite. However, the
difference of indirect effect between two subgroups was not statistically significant. These results indicated that
sleep quality may act as a partial mediator in the relationship between personality traits and QOL, and the
relationship may not be affected by working environment.

1. Introduction

The definition of quality of life (QOL) developed by World Health
Organization (WHO) is “an individual's perceptions of their position in
life in the context of the culture and value systems in which they live,
and in relation to their goals, expectations, standards and concerns”
(WHOQOL Group, 1994). Quality of life is playing an increasingly
momentous role in evaluating health policy and medical intervention
(Li et al., 2004). It is an intuitive reflection of living conditions and
health status of individuals. A high QOL is regarded as a sign of suc-
cessful development (Wrosch and Scheier, 2003). The assessment of
QOL has been performed in general population (Cramer et al., 2006),
prostate-cancer survivors (Sanda et al., 2008), breast-cancer patients
(Montazeri, 2008), lung-cancer patients (Gooneratne et al., 2007), HIV

infection patients (Hsiung et al., 2005), etc. Coal mining is a high-risk
occupational business (Homer, 2009). Owing to the harsh working
conditions in coal mines (Cao et al., 2012), research on QOL and its risk
factors for coal miners is particularly important.

There are numerous risk factors that have been reported for QOL,
including diabetes (Luyster and Dunbarjacob, 2011; Rubin and Peyrot,
1999), obesity (Flegal et al., 2005), and MetS (Sullivan et al., 2007).
Sleep quality has become one of the factors that cannot be neglected. It
is well known that sleep is an integral part of life and one of the vital
behavioral factors in maintaining health (Kim et al., 2015). Sleep also
affects the two primary effector systems, the hypothalamus-pituitary-
adrenal axis and the sympathetic nervous system, which regulates
adaptive and innate immune responses (Irwin, 2015). Sleep-related
problems appear in various areas of life, including cognitive
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performance, emotional well-being, work and leisure activities, and
general physical and mental well-being (Strine and Chapman, 2005).
Many previous studies illustrated that poor sleep quality was strongly
correlated with impairments in QOL (Araghi et al., 2013; Gooneratne
et al., 2007). Previous studies have also shown that sleep quality could
be regarded as a potentially predictor of QOL (Elder et al., 2007;
Luyster and Dunbarjacob, 2011) and poor quality of sleep may have
adverse effects on emotional well-being and physical functioning,
leading to decline in health-related QOL (Luyster and
Dunbarjacob, 2011).

Besides sleep quality, personality traits also have obtained in-
creasing attention in recent years. In general, personality is defined as
“an individual's characteristic patterns of thought, emotion, and beha-
vior, together with the psychological mechanisms, hidden or not, be-
hind those patterns” (Funder, 1997). Previous researches indicated that
personality had an influence on QOL (Cramer et al., 2006; Härtl et al.,
2010; Rubin and Peyrot, 1999). For example, Cramer, et al. implicated
that comparing with sociodemographic variables, such as somatic
health and axis I disorder, personality disorders seemed to be more
significant predictors of QOL (Cramer et al., 2006). In addition, a pre-
vious study investigating the relationship between personality traits
and QOL of breast cancer indicated that higher scores for neuroticism
were related to a poorer QOL while optimism was incapable of pre-
dicting the QOL 2 years later (Härtl et al., 2010). Nonetheless, Wrosch
et al. found that optimism was associated with high levels of QOL
(Wrosch and Scheier, 2003). Overall, previous researches suggest that
QOL could be impacted by personality traits.

Moreover, the association between personality traits and sleep
quality has been discussed in many studies. A study investigating this
relationship in young Korean women demonstrated that personality
may be one of the factors contributing to poor quality of sleep
(Kim et al., 2015). Personality traits may play a causal role in the de-
velopment of insomnia and act as a predictor of sleep quality (van de
Laar et al., 2010). Additionally, researchers have studied the mechan-
isms of how personality affected sleep. For instance, Vantieghem et al.
indicated that emotion suppression should be considered as an inter-
mediate variable (Vantieghem et al., 2016). Williams and Moroz ex-
amined the pathway of personality with stress-related sleep disruption
and implicated that neuroticism and conscientiousness were negatively
and positively associated with sleep quality, respectively (Williams and
Moroz, 2009). In short, most existing researches show that personality
traits, especially neuroticism and conscientiousness, are related to sleep
quality.

Although the relationships among personality, sleep quality and
QOL are closely relevant, few studies have evaluated the effect of
personality characteristics to QOL directly mediating by sleep quality.
Moreover, most research on personality traits had only concentrated on
neuroticism and conscientiousness traits. Besides, the main interested
outcomes were clinical events. There were rarely any studies in-
vestigating the impact of personality on QOL among coal miners.

So far, a paucity of research examines the relationship between
personality traits and QOL mediating by subjective sleep quality
through multi-group SEM with latent response variable approach in
coal miners. Based on previous literatures, the hypothetical model in
this study is that the passive personality traits will have a negative
impact on QOL mediated by poor sleep quality, whereas the active
personality traits will act oppositely. Moreover, most studies indicated
that the underground coal miners were always working in a limited
space and performing different tasks, and they had to face various
threats from physical factors, such as vibration, humidity, radiation,
high temperature and noise (Liu et al., 2015). The working environ-
ments for underground workers and surface workers are different.
Therefore, in order to explore whether the difference of environments
affects the relationship between personality and QOL, the whole sample
was divided into two subgroups, i.e., underground workers and surface
workers, according to the workplace. The first aim of this study was to

examine whether the hypothetical model in two subpopulations among
coal miners was suitable by using multi-group SEM with latent response
variable approach. The second aim of this study was to compare whe-
ther the indirect effects of surface workers subgroup and underground
workers subgroup were identical and to calculate the indirect effect in
whole sample.

2. Methods

2.1. Study population

The cross-sectional, population-based survey was conducted at the
north of Shanxi Province, which has abundant coal resources with 87
coalmines, from July 2013 to December 2013. Information such as
name, gender, date of birth and work type was provided by the ad-
ministrative department of the coalmine group. A two-stage cluster
stratified sampling method was used in the sampling. In the first stage,
there were ten coalmines being selected randomly from 87 coalmines in
three coal group areas (Pingwang Region, Kouquan Trench, Yungang
Trench). Then, in the second stage, a stratified random sampling
method was used to select participants by their age, gender and work
type. Individuals who voluntarily signed the informed consent, could
communicate well with interviewers, and follow all requirements were
included in the study. Excluded individuals were pregnant or breast-
feeding women, persons with severe mental illnesses or drug addiction,
patients with surgery within one month, and patients with autoimmune
diseases, abnormal thyroid function, cancer or other disease history. A
total of 4341 workers aged 18 to 65 years old were recruited to parti-
cipate in physical examinations and the face-to-face interviews. After
excluding 1251 participants with missing information on EPQ, sleep
status and QOL, 3090 (43.88% surface workers and 56.12% under-
ground workers) coalminers who didn't have obstructive sleep apnea
syndrome and cognitive disorder and aged from 20 to 65 were included
for the final analysis.

2.2. Biochemical assessments and measurement of anthropometrics

All methods of data collection were carried out by trained and
certified investigators according to standardized protocols, based on the
use and interpretation of anthropometry by the WHO Expert Committee
(Eveleth, 1996). Blood samples were taken from the antecubital vein of
subjects in the morning after at least a 10-hour fast. All blood samples
were promptly taken back to the hospital via cold chain transport, and
were measured by the hospital's laboratory, which met the standards of
the National Reference laboratory. Lipid profile and glycaemia were
measured by the SIEMENS ADVIA 1800 Automatic Biochemical ana-
lyzer (JEOL Ltd, Tokyo, Japan). Height, weight, and waist circumstance
were measured twice by trained investigators with the participants
lightly dressed and without shoes. The height and weight were mea-
sured at the level of 0.01 m and 0.1 kg, respectively. The average of the
two measurements of waist circumstance, which was taken with band
tape at the midpoint between the last rib and the iliac crest, was used
for the final analysis. Body mass index (BMI, kg/m2) was calculated
based on the mean of two measurements of weight and height. The
formula used for calculating BMI is weight divided by the square of the
height. On the basis of the Working Group on Obesity in China criteria,
individuals were classified into four categories: underweight, normal
weight, overweight and obesity, of which the corresponding BMI values
were <18.5, 18.5-23.99, 24.0-27.99, and ≥28.0 kg/cm2, respectively.
Diastolic and systolic blood pressure was calculated by the average of
three times measurements at two-minute intervals using standard
mercury sphygmomanometers. The subjects were seated in a quiet and
calm environment and rested for at least five minutes before the first
measurement, with the right arm placed in the position at heart level.
The criterion recommended by the 2009 International Diabetes Fed-
eration (IDF) was used to define MetS (Alberti et al., 2009) . Diabetes
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was diagnosed by combined the American Diabetes Association 2013
criteria (American Diabetes Association, 2013) and the history of dia-
betes treatment.

2.3. Assessment of general information and covariates

After the collection of blood samples and the measurement of an-
thropometrics, the self-administered questionnaires were filled out by
participants during face-to-face interviews. All investigators were
trained in a unified and rigorous procedure. The baseline information
questionnaire contained demographic characteristics, socioeconomic
status, life style, and medical history. In our study, age (<35;35-
45;≥ 45 years), gender (male or female), smoking status (nonsmoker or
smoker), alcohol consumption (nondrinker or drinker), tea consump-
tion (no or yes), educational level (less than high school; junior college
or senior high school; bachelor or above), marital status (married; di-
vorced or separated; single), experience of work shifting (have or not
have), workplace (surface or underground), monthly income
(<4000;4000-6000;≥ 6000 RMB), sleep duration (hours/day) and
medical history were used. The definition of current smokers was that
individuals have smoked more than one cigarette every day during the
past month (Lasser et al., 2000). Individuals were considered as current
drinkers if they had consumed alcohol more than once per month in the
past year (Xiang et al., 2009). The assessments of physical activity level
(low; moderate; vigorous) and energy intake (kcal/day) were carried
out via the International Physical Activity Questionnaire (IPAQ) and
semi-quantitative food frequency questionnaire. The International
Physical Activity Questionnaire has six domains including work-related
activity, transport-related activity, housework activity, leisure-exercise-
related activity, periods of sitting and sleep. According to frequencies of
different domains and the metabolic equivalent of test score, the phy-
sical activity level was categorized into three grades: low, moderate and
vigorous (Fan et al., 2014). The calorie intake of participants was cal-
culated via multiplying the dietary intake of 20 food groups per day
included in semi-quantitative food frequency with unit heat of every
food group. The calorie of each food group was calculated based on the
Chinese food composition Table 2009 edition. Diabetes (have or not
have) (Rubin and Peyrot, 1999), MetS (have or not have)
(Sullivan et al., 2007) and weight status (underweight, normal weight,
overweight and obesity) (Flegal et al., 2005) were considered as con-
founders in the study because of their confounding effects on QOL.

2.4. Assessment of personality

The personality traits of participants were measured using the
Eysenck Personality Questionnaire-Revised Short Scale for Chinese
(EPQ-RSC) translated by Qian et al. (Eysenck, 1991; Qian et al., 2000).
It is a self-report questionnaire with 48 items, which are divided into
four subscales: psychoticism (P), neuroticism (N), extraversion (E) and
personality stablity (L) (Cheng et al., 2013; Qian et al., 2000). Each
item is measured on a dichotomous scale (1=Yes, 0=No). After the
reverse scoring of seventeen items, the raw scores of the four subscales
were calculated by summing the corresponding items. According to
Chinese norms, the original scores were transformed into T scores
(Peng, 1989; Qian et al., 2000). The EPQ-RSC has been extensively used
in many researches to measure the personality traits in China (Lu et al.,
2014; Wei et al., 2011; Zhong et al., 2008). It has also been demon-
strated satisfactory reliability and validity of neuroticism, extraversion
and stablity except that these of the psychoticism were relatively lower
by Qian et al. (Qian et al., 2000). Individuals who have higher scores on
psychoticism or neuroticism might be susceptible to neurotic or psy-
chotropic tendencies, while the participants with higher scores on ex-
traversion or stablity dimension would tend to optimism or emotional
stability (Peng, 1989; Qian et al., 2000).

2.5. Assessment of sleep quality

Measures of sleep status in a prolonged period were from self-ad-
ministered questionnaire, which were developed with reference to the
relevant studies on sleep quality (Buysse et al., 1989; Haselimashhadi
et al., 2009; Mesas et al., 2011). There were six questions involving
sleep duration, snoring, use of sleeping medications, overall subjective
sleep quality, manifestations of poor sleep, and causes of poor sleep.
The manifestations of poor sleep consist of early awakening, difficulty
of falling asleep, night awaking frequently, waking up and then having
difficulties of falling asleep. Similar to some studies (Gildner et al.,
2014; Haselimashhadi et al., 2009; Zeng et al., 2018), the subjects rated
their overall sleep quality on a three-point scale (1=Good,
2=Modest, 3=Poor). The other questions were used to reduce sub-
jective bias in the survey. For example, during the investigation, if
participants selected the good sleep quality but responded to the
manifestations of poor sleep, then the investigator would ask the par-
ticipants again about his/her subjective sleep quality to ensure data
quality.

2.6. Assessment of quality of life

The WHOQOL-BREF was applied to measure the quality of life. It is
a 26-item self-reported generic questionnaire, an abbreviated version of
the WHOQOL-100 (Skevington et al., 2004; WHOQOL Group, 1998).
The first two items reflecting the overall quality of life and the general
health satisfaction are not included in the scoring system. The re-
maining 24 items are scored in four domains: Physical health (7 items),
Psychological (6 items), Social relations (3 items) and Environment (8
items) (Skevington et al., 2004; WHOQOL Group, 1998). Each item uses
a five-point scale. Domain scores were calculated by multiplying the
mean of all items within the domain by four after the reverse scoring of
three negative forms items (WHOQOL Group, 1998). Previous research
has showed that WHOQOL-BREF was regarded as a valid and reliable
alternative of WHOQOL-100 (Skevington et al., 2004; WHOQOL Group,
1998) and had been used in many countries and various populations
(Skevington et al., 2004; Skevingtonc and Mccratec, 2012), such as
Korean (Wan et al., 2013), China (Xia et al., 2012). A higher score in
each domain means a higher quality of life in the corresponding facet
(WHOQOL Group, 1998).

2.7. Ethical approval

The study was approved by Shanxi Medical University Ethics
Committee and all participants in the study voluntarily joined with
informed consents.

2.8. Statistical analysis

All collected data were double-entered and managed by Epi info
version 3.5.1 (CDC, Atlanta, GA, USA). Statistical analyses were per-
formed using the SAS version 9.2 software (SAS Institute, Inc., Cary,
NC, USA) and the MPLUS version 7.4 (Muthen & Muthen, Stoner Ave.,
Los Angeles, CA, USA). Before the analysis, the normality of continuous
variables was checked. Normally distributed continuous variables were
presented as mean ± SD and categorical variables were described by
frequencies and percentages. The comparisons of normally distributed
continuous variables were implemented by the Student's t-test, while
the chi-square test was performed for categorical variables. For dif-
ferent types of variables, partial Pearson or Spearman correlation
coefficients were used to examine the relationships among personality
traits, sleep quality and each domains of QOL after controlling for other
covariates. Before regression analysis, multicollinearity diagnostics
were conducted on all covariates and the four personality traits. Then,
in order to examine the relationship between personality and sleep
quality in surface workers and underground workers separately, the
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adjusted odds ratios (OR) and their 95% confidence intervals (95%)
were estimated by multivariable logistic regression adjusting for cov-
ariates. Multivariable linear regression was used to evaluate the asso-
ciation between dimensions of personality traits and domains of QOL
after controlling for relevant covariates (model a) or further adjusting
for sleep quality (model b).

A multi-group SEM with latent response variable approach (Muthén,
2011; Muthén and Asparouhov, 2015) was conducted via MPLUS 7.4 to
explore how sleep quality might influence the association between
personality traits and quality of life among surface workers and un-
derground workers. Considering the measurement error and non-nor-
mality (Muthén, 2011), sleep quality was considered as a latent med-
iator variable in the mediation analysis. Given that relevant covariates
(i.e., age, gender, smoking, alcohol consumption, consumption of tea,
education, marital status, experience of work shifting, monthly income,
physical activity level, energy intake, sleep duration, obesity, diabetes
and MetS) may have influence on sleep quality and QOL (Bernhard
et al., 1998; Flegal et al., 2005; Rubin and Peyrot, 1999; Sickel et al.,
1999; Sullivan et al., 2007), these variables were adjusted in the
mediation analysis. The indirect effects of two subgroups were esti-
mated by the WLSMV estimator and the bias-corrected bootstrap re-
sampling method with 5000 bootstrapped resamples. Many researchers
also recommended to utilize the bias-corrected bootstrap CI to assess
the statistical significance of indirect effects because it is more powerful
than other methods in large samples and it does not base on the normal
theory (Hayes and Scharkow, 2013; MacKinnon et al., 2004;
Mallinckrodt et al., 2006). The indirect effect is statistically significant
if the bias-corrected bootstrap CI doesn't include zero (MacKinnon
et al., 2004; Mallinckrodt et al., 2006). In order to test the difference of
indirect effect between two subgroups, the Wald chi-square Test was
performed. All statistical tests were two-tailed and a p value<0.05 was
considered as statistically significant.

3. Results

3.1. Characteristics of the study population

In the study, 3090 participants were divided into two subgroups
according to their workplace. There were 1356 (43.88%) surface
workers and 1734 (56.12%) underground workers. All descriptive
analysis and the association analysis among personality, sleep quality,
and QOL were conducted in two subgroups, respectively.

Table 1 shows the sample characteristics and descriptive statistics
for all variables in surface workers and underground workers. The
differences of age, gender, smoking status, alcohol consumption, edu-
cation, work shifting, monthly income, physical activity level, energy
intake, sleep duration, waist circumstance, systolic and diastolic blood
pressure, high-density lipoprotein, T scores of neuroticism, scores of
social relations and environment, and the overall QOL between two
subpopulations were statistically significant.

3.2. Correlations between personality, sleep quality and QOL

The partial Pearson product moment correlations between person-
ality traits and QOL, as well as the partial Spearman rank correlations
between sleep quality, personality traits and QOL controlling for other
covariates are summarized in Table 2. Psychoticism was negatively
associated with extraversion, personality stablity, physical health,
psychology and social relation, but was positively associated with
neuroticism. Based on the correlation analysis, we didn't find the evi-
dence of significant association between psychoticism and environment
domain or sleep quality (p>0.05). Extraversion was positively asso-
ciated with personality stablity, physical health, psychology, social re-
lation and environment, and was negatively associated with psychoti-
cism, neuroticism and sleep quality (p<0.001). Neuroticism was
negatively correlated to extraversion, personality stablity and four

domains of QOL, but was positively correlated to psychoticism and
sleep quality (p<0.001). Personality stablity was positively associated
with four domains of QOL and extraversion, but was negatively asso-
ciated with psychoticism, neuroticism and sleep quality (p<0.001).

3.3. Multicollinearity diagnostics

According to the variance inflation factors (VIF) and tolerance va-
lues, the multicollinearity diagnostics were carried out before the re-
gression analysis. The commonly criteria values for tolerance and VIF
(0.10 and 10, respectively) may be insufficient to identify multi-
collinearity (Keith, 2014). Thus, tolerance value above 0.17 and VIF
below 6 recommended by Keith, were used to detect multicollinearity
(Keith, 2014). The results (see the Appendix A. supplementary table S1)
showed that all VIF were less than 2.5, and all tolerance values were
greater than 0.5. Therefore, there is no sufficient evidence showing that
the covariates and T scores of personality traits were in collinearity.

3.4. The relationship between personality, sleep quality and QOL

Table 3 shows the results of multivariable logistic regression and
multiple linear regression analysis. The results of multivariable logistic
regression showed that only among underground workers extraversion
was significantly related to reduce risk of poor sleep quality by ad-
justing for age, gender, smoking status, alcohol consumption, con-
sumption of tea, education, marital status, experience of work shifting,
monthly income, physical activity level, energy intake, sleep duration,
obesity, diabetes and MetS. For both underground workers and surface
workers, neuroticism was significantly related to higher risk of poor
sleep quality (OR: 1.03, 95%CI: (1.02, 1.04); OR: 1.04, 95%CI: (1.03,
1.05), respectively). The results of multiple linear regression analysis
showed that neuroticism and extraversion in the two subgroups was
negatively and positively associated with physical health after adjusting
age, gender and other relevant variables, respectively. By further ad-
justing for sleep quality, the coefficients of neuroticism and extraver-
sion among two subgroups were slightly attenuated and the sleep
quality was negatively related with physical health. Similar results were
obtained for psychology, social relation, and environment. Besides,
psychoticism among underground workers was negatively associated
with psychology, while personality stablity was positively related to
environment in two subgroups, even by further adjusting for sleep
quality.

3.5. Mediation analysis

Fig. S1 (see the Appendix A. supplementary Fig. S1) displays our
hypothesized relationships between personality traits, sleep quality and
quality of life. All latent variables (denoted by ellipses) were adjusted
for age, gender and other relevant covariates. Mediation analysis was
conducted for surface workers and underground workers separately. All
of the standardized regression coefficients shown in fig. S2, fig. S3 (see
the Appendix A. supplementary Fig. S2 and Fig. S3) and Fig. 1 were
statistically significant (p<0.05). The results of multi-group SEM with
latent response variable mediator analysis are shown in Table 4.

3.5.1. Underground workers subpopulation
The multi-group SEM analysis revealed that there was a partial

mediation effect in the relationship between personality traits and QOL
through sleep quality. The total effect, the direct effect of personality
traits, and the indirect effect through sleep quality were all significant.
Moreover, the results illustrated a small and negative indirect effect
with statistical significance existed in underground workers (−0.041,
95%CI: (−0.059, −0.024)), and the percentage of indirect effect on
total effect was 5.76%.

K.-L. Ma et al. Psychiatry Research 272 (2019) 196–205

199



Table 1
Characteristics of the study population.

Total(n=3090) Underground(n=1734) Surface(n=1356) P value

Age(years)(n, %) 0.0008
▓<35 882(28.54) 522(30.1) 360(26.55)
▓35–45 1181(38.22) 684(39.45) 497(36.65)
▓≥45 1027(33.24) 528(30.45) 499(36.8)
Gender(n, %) <0.0001
▓Male 2602(84.21) 1727(99.6) 875(64.53)
▓Female 488(15.79) 7(0.4) 481(35.47)
Smoking status(n, %) <0.0001
▓Nonsmoker 1308(42.33) 546(31.49) 762(56.19)
▓Smoker 1782(57.67) 1188(68.51) 594(43.81)
Alcohol consumption(n, %) <0.0001
▓Nondrinker 1797(58.16) 904(52.13) 893(65.86)
▓Drinker 1293(41.84) 830(47.87) 463(34.14)
Consumption of tea(n, %) 0.8885
▓No 2049(66.31) 1148(66.21) 901(66.45)
▓Yes 1041(33.69) 586(33.79) 455(33.55)
Education(n, %) <0.0001
▓Less than high school 711(23.01) 465(26.82) 246(18.14)
▓Junior college/senior high school 1952(63.17) 1112(64.13) 840(61.95)
▓Bachelor or above 427(13.82) 157(9.05) 270(19.91)
Marital status(n, %) 0.0803
▓Married 2913(94.27) 1624(93.66) 1289(95.06)
Divorced/widowed/separated 49(1.59) 26(1.5) 23(1.7)
▓Never Married 128(4.14) 84(4.84) 44(3.24)
Work shifting(n, %) <0.0001
▓No 1613(52.2) 676(38.99) 937(69.1)
▓Yes 1477(47.8) 1058(61.01) 419(30.9)
Monthly income(n, %) <0.0001
▓<4000,yuan 776(25.11) 217(12.51) 559(41.22)
▓4000–6000,yuan 1298(42.01) 906(52.25) 392(28.91)
▓≥6000,yuan 1016(32.88) 611(35.24) 405(29.87)
Physical activity level(n, %) <0.0001
▓Low 301(9.74) 139(8.02) 162(11.95)
▓Moderate 887(28.71) 405(23.36) 482(35.55)
▓Vigorous 1902(61.55) 1190(68.63) 712(52.51)
Weight status(n, %) 0.3866
▓Underweight 65(2.1) 30(1.73) 35(2.58)
▓Normal weight 1264(40.91) 704(40.6) 560(41.3)
▓Overweight 1214(39.29) 689(39.73) 525(38.72)
▓Obesity 547(17.7) 311(17.94) 236(17.4)
MetS(n, %) 0.3888
▓No 1929(62.43) 1094(63.09) 835(61.58)
▓Yes 1161(37.57) 640(36.91) 521(38.42)
Diabetes(n, %) 0.4453
▓No 2954(95.6) 1662(95.85) 1292(95.28)
▓Yes 136(4.4) 72(4.15) 64(4.72)
Sleep quality(n, %) 0.9449
▓Good 1769(57.25) 996(57.44) 773(57.01)
▓Modest 1098(35.53) 615(35.47) 483(35.62)
▓Poor 223(7.22) 123(7.09) 100(7.37)
Energy intake(kcal/day) 2706.18 ± 1021.29 2883.29 ± 1021.66 2479.7 ± 975.38 <0.0001
Sleep duration(h/day) 7.29 ± 1.53 7.19 ± 1.55 7.41 ± 1.51 <0.0001
BMI(kg/cm2) 24.76 ± 3.56 24.82 ± 3.53 24.68 ± 3.61 0.274
Waist circumstance(cm) 89.85 ± 9.84 90.33 ± 9.01 89.23 ± 10.78 0.0025
Glycaemia(mmol/L) 4.97 ± 1.26 4.96 ± 1.34 4.98 ± 1.14 0.653
Systolic blood pressure(mmHg) 126.26 ± 17.29 126.83 ± 16.44 125.54 ± 18.31 0.041
Diastolic blood pressure(mmHg) 78.79 ± 14.04 79.83 ± 14.13 77.46 ± 13.81 <0.0001
Triglyceride(mmol/L) 1.87 ± 1.70 1.89 ± 1.69 1.85 ± 1.71 0.5403
High-density lipoprotein(mmol/L) 1.21 ± 0.35 1.20 ± 0.34 1.23 ± 0.35 0.0412
Personality(T Score)
▓Psychoticism 48.27 ± 7.09 48.19 ± 7.15 48.36 ± 7.02 0.4989
▓Neuroticism 50.2 ± 10.87 50.68 ± 11.13 49.59 ± 10.5 0.0053
▓Extraversion 52.43 ± 9.01 52.50 ± 8.93 52.33 ± 9.11 0.6185
▓Stablity 53.46 ± 9.61 53.51 ± 9.8 53.4 ± 9.36 0.7585
QOL(Score)
▓Physical health 13.86 ± 2.15 13.82 ± 2.15 13.91 ± 2.14 0.269
▓Psychological 13.1 ± 2.01 13.06 ± 2.07 13.16 ± 1.93 0.1583
▓Social relations 14.31 ± 2.47 14.18 ± 2.51 14.48 ± 2.42 0.0008
▓Environment 12.32 ± 2.47 12.11 ± 2.51 12.59 ± 2.4 <0.0001
Overall QOL <0.0001
▓Very poor 34(1.1) 26(1.5) 8(0.59)
▓Poor 86(2.78) 51(2.94) 35(2.58)
▓General 1652(53.46) 979(56.46) 673(49.63)
▓Good 1102(35.66) 556(32.06) 546(40.27)
▓Very good 216(6.99) 122(7.04) 94(6.93)

Note: Data are presented by mean ± SD or frequencies (percentage).
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3.5.2. Surface workers subpopulation
The mediator role of sleep quality in the relationship between per-

sonality traits and QOL showed similar results in the underground-
worker subpopulation. A small, negative, significant indirect effect
existed in the surface workers subpopulation (−0.044, 95%CI:
(−0.078, −0.022)), and the percentage of indirect effect on total effect
was 6.53%.

The CFI, TLI, RMSEA of multi-group SEM model were 0.902, 0.862
and 0.040, respectively. These fit indices indicated that the multiple-
group model was a good fitting model.

3.5.3. Overall sample
The Wald chi-square test was then performed in order to test the

difference of indirect effects between surface workers and underground
workers (see Table 4). The results of the Wald chi-square test showed
that the difference of indirect effects between two subgroups was not
statistically significant (p>0.05). To explore the indirect effect of
personality traits and QOL mediating by sleep quality in the whole
sample, a latent variables mediation analysis was conducted among
whole sample. The results could also be found in the Table 4. A partial
mediation effect in the relationship between personality traits and QOL
through sleep quality was also significant in the whole samples
(−0.041, 95%CI: (−0.057, −0.027)), and the percentage of indirect
effect on the total effect was 5.85%. In addition, the CFI, TLI, RMSEA of
the full samples model were 0.887, 0.832 and 0.044, respectively.

4. Discussion

Although studies have examined the relationships between per-
sonality traits, sleep quality and QOL (Cramer et al., 2006; Kim et al.,
2015; Luyster and Dunbarjacob, 2011), few studies have examined the
relations of the three variables in a single model. To our knowledge, the
current study is the first study to explore the role of sleep quality in the
relationship between personality traits and quality of life in coal miners
using the multi-group SEM with latent response variable approach.
Overall, individuals with good sleep quality had better experience of
QOL than that of poor sleepers. Likewise, the passive personality traits
with psychoticism, neuroticism or introverted tendencies, were related
to a poorer QOL, whereas the active personality traits with lower psy-
choticism, lower neuroticism or extraverted tendencies, acted in the
opposite direction. We also found for both surface workers and the
underground workers, sleep quality partially mediated the relation
between personality and QOL.

There are consistent evidences regarding the association of QOL
with both sleep quality (Elder et al., 2007; Gooneratne et al., 2007;
Luyster and Dunbarjacob, 2011) and personality (Cramer et al., 2006;
Härtl et al., 2010; Rubin and Peyrot, 1999). Similarly, the relationship
between personality and sleep quality has been widely recognized (Kim
et al., 2015; van de Laar et al., 2010). However, although personality
has been regarded as a predictor of QOL (Cramer et al., 2006), it has not
been fully confirmed that whether sleep quality acts as a confounder or
a mediator in the relationship. Our study examines the relationship
between personality and QOL, and indicates the mediating role of sleep
quality in this association.

The relationship between sleep quality and QOL is well known. Poor
sleep quality may be one cause of lower life satisfaction and impair-
ments in QOL (Luyster and Dunbarjacob, 2011). In addition to a direct
impact on quality of life, poor quality of sleep is also associated with
many diseases, thereby reducing the quality of life. For instance, Jen-
nings et al, indicated that there were significant associations between
sleep quality and metabolic syndrome as well as several of its core
components (Jennings et al., 2007). Besides, many studies found that
sleep quality was strongly associated with depression in different po-
pulations (Huang et al., 2016; Skouteris et al., 2008). In our study, si-
milar to others (Elder et al., 2007; Luyster and Dunbarjacob, 2011),
poorer sleepers had worse QOL than good sleepers among surface
workers and underground workers.

It has been shown that personality is a considerable predictor for
QOL in general population and clinical patients (Cramer et al., 2006;
Härtl et al., 2010; Rubin and Peyrot, 1999). Numerous studies im-
plicated that high levels of neuroticism and depression (Huang et al.,
2016), stress (Härtl et al., 2010), anxiety (Filipović et al., 2013) etc.
were interrelated. Consistent with previous studies (Bal and Sahin,
2011; Härtl et al., 2010), our data showed that individuals with neu-
roticism or introverted tendencies in both subgroups, had lower QOL
than others with emotional homeostasis or extroversion. However,
when the effect of sleep quality was controlled, the association between
personality traits and QOL was slightly attenuated in two subpopula-
tions. According to the result from the Wald chi-square test, there was
no difference on the indirect effects between underground workers and
surface workers. In our opinion, this might be due, at least in part, to
the assumption that the personality traits of adults are considered as
being rather stable (Gerlach et al., 2015) so that the impact of different
work environments on personality is relatively small.

As expected, passive personality traits had a negative impact on
QOL mediated by self-administrated poor sleep quality, whereas the

Table 2
Correlations between personality, sleep quality, and QOL controlling for other covariatesa.

Personality (t Score) QOL (Score) Sleep quality
Psychoticism Neuroticism Extraversion Stablity Physical health Psychological Social relations Environment

Personality(T Score)
Psychoticism 1
Neuroticism 0.07⁎⁎⁎ 1
Extraversion −0.11⁎⁎⁎ −0.20⁎⁎⁎ 1
Stablity −0.10⁎⁎⁎ −0.37⁎⁎⁎ 0.10⁎⁎⁎ 1
QOL(Score)
Physical health −0.04* −0.33⁎⁎⁎ 0.21⁎⁎⁎ 0.14⁎⁎⁎ 1
Psychological −0.09⁎⁎⁎ −0.27⁎⁎⁎ 0.28⁎⁎⁎ 0.12⁎⁎⁎ 0.50⁎⁎⁎ 1
Social relations −0.05⁎⁎ −0.34⁎⁎⁎ 0.30⁎⁎⁎ 0.17⁎⁎⁎ 0.49⁎⁎⁎ 0.52⁎⁎⁎ 1
Environment −0.03 −0.36⁎⁎⁎ 0.24⁎⁎⁎ 0.19⁎⁎⁎ 0.51⁎⁎⁎ 0.55⁎⁎⁎ 0.57⁎⁎⁎ 1
Sleep quality 0.02 0.18⁎⁎⁎ −0.09⁎⁎⁎ −0.06⁎⁎⁎ −0.30⁎⁎⁎ −0.17⁎⁎⁎ −0.18⁎⁎⁎ −0.15⁎⁎⁎ 1

Note: a The controlled covariates were age, gender, smoking status, alcohol consumption, consumption of tea, education, marital status, work shifting, monthly
income, physical activity level, weight status, MetS, diabetes, energy intake, sleep duration;
Pearson partial correlations were calculated between each domains of personality and QOL;
Spearman partial correlations were calculated between sleep quality and each domains of personality or QOL.

⁎⁎⁎ p<0.001
⁎⁎ p<0.01
⁎ p<0.05
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active personality traits acted the opposite in two subgroups of coal
miners. This was in line with previous studies indicating that high
neuroticism was linked to greater experience of poor QOL and sleep
issues, whereas high extroversion was related to higher QOL and better
sleep (Cramer et al., 2006; Härtl et al., 2010; Huang et al., 2016). Be-
sides, it was revealed in our mediation analysis that sleep quality had an
influence on the association between personality traits and QOL, and
that the influence of personality traits and QOL was partially mediated
by sleep quality. Hence, in addition to the pathway shown in our study,
there might be other mediators mediating the association between
personality traits and QOL. For example, self-efficacy and adherence as
mediating factors between personality traits and health-related quality
of life were found in the study of Wrosch and Scheier (Wrosch and
Scheier, 2003). Despite the small indirect effect sizes in two subgroups
and whole sample, these indirect effects were all significant. This was
consistent with previous researches about personality, in which per-
sonality traits explained a relatively small but significant variation on
sleep quality (Kim et al., 2015; Vantieghem et al., 2016) or QOL
(Kempen et al., 1997; Weber et al., 2015). Nevertheless, there was
sufficient evidence that sleep disturbance and sleep deprivation were
related to mental and somatic ill-health, higher risk of potentially
premature mortality (Cappuccio et al., 2010) and work disability
(Lallukka et al., 2014). Blair and colleagues found that poor sleep

quality predicted higher serum IL-8 (Blair et al., 2015), which is a
chemokine and a potent chemoattractant concerned with endothelial
dysfunction (Gerszten et al., 1999). Besides, sleep deprivation and sleep
disturbance impair adaptive immunity and promote inflammation
(Irwin, 2015). Obviously, poor sleep brought a notable burden on
health (Cappuccio et al., 2010). Hence, behavioral treatments aimed at
improving sleep may reduce systemic, cellular, and genomic markers of
inflammation, thereby affecting the risk of cardiovascular or other in-
flammatory diseases (Irwin, 2015). Given the growing prevalence of
sleep disturbance as well as the hazards of sleep-related diseases, it is
worthwhile to take some actions because even minor improvements can
have a considerable impact on public health (Kim et al., 2015). More-
over, it may be beneficial to better understanding of the mechanisms
connecting personality characteristics, sleep quality, and QOL in coal
miners.

However, several studies examined the changes in personality traits
and found that some diseases could have influence on the manifestation
of personality, such as obesity (Gerlach et al., 2015), Alzheimer
(Tautvydaitė et al., 2017), Parkinson (Lewis et al., 2015), etc. However,
the study population was coal miners, most of whom were adults and
the personality traits were considered as being rather stable in adult-
hood (Gerlach et al., 2015). Besides, the survey excluded the in-
dividuals who had severe mental illnesses, drug addicts, surgery within

Fig. 1. Standardized estimation of the relationship between personality, sleep quality, and QOL in the whole sample.

Table 4
Mediation analysis of personality, sleep quality, and QOL.

Population Hypothesized model β P Value 95%CI CFI/TLI χ2 df RMSEAWald
(95%CI)

P Value of Wald χ2 test
a

Underground workers Personality→Sleep
quality→QOL

0.902/
0.862

832.672 242 0.04
(0.037,
0.043)

0.9323

Total effect −0.712 <0.001 −0.782,−0.659
Indirect effect −0.041 <0.001 −0.059,−0.024
Direct effect −0.671 <0.001 −0.766,−0.619

Surface workers Personality→Sleep
quality→QOL
Total effect −0.674 <0.001 −0.741,−0.614
Indirect effect −0.044 0.001 −0.078,−0.022
Direct effect −0.630 <0.001 −0.711,−0.562

Whole sample Personality→Sleep
quality→QOL

0.887/
0.832

814.169 115 0.044
(0.042,
0.047)

–

Total effect −0.701 <0.001 −0.752,−0.649
Indirect effect −0.041 <0.001 −0.057,−0.027
Direct effect −0.660 <0.001 −0.719,−0.601

Note: Adjusting for age, gender, smoking status, alcohol consumption, consumption of tea, education, marital status, work shifting, monthly income, physical activity
level, weight status, MetS, diabetes, energy intake, sleep duration;

a Wald chi-square test was performed in the subgroups analysis in order to test the difference of indirect effects between surface workers and underground
workers.
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one month, abnormal thyroid function, autoimmune diseases, cancer or
other acute history at the first and subjects in the present study had not
obstructive sleep apnea syndrome and cognitive disorder. And diabetes,
obesity, MetS were considered as covariates as well. Hence, the nega-
tive impact of illness on personality could be ignored to some extent.

Results obtained from the current findings may facilitate individuals
with sleep issues and low QOL to make personalized intervention
strategies (Huang et al., 2016). For example, it may be feasible to assess
personality traits for patients before proposing treatments suiting to
individuals, thereby contributing to improve the therapeutic effect.
Moreover, it is necessary for individuals with negative personality
profiles to provide psychological counseling in order to improve their
sleep quality and QOL.

There are also some limitations of the study needs to be addressed.
Firstly, the design of this study was cross-sectional, therefore, a certain
causal relationship between personality and QOL mediating by sleep
quality cannot be made and should be confirmed by further prospective
studies. Secondly, although we applied the strict quality control to as-
sure the quality of data collection, reporting bias cannot be ruled out. In
spite of using latent variables analysis method to correct the bias of
sleep quality to some extent, there is no information on validity and
reliability of the sleep questionnaire and objective measures of sleep
quality based on polysomnography or actigraphy would be preferred.
Thirdly, the relationships considered in present study only focused on a
single mediator variable. Notwithstanding that the results of the study
facilitated further understanding the association of personality and
QOL, future studies would be necessary to clarify the more specifically
role of each potential mediator and multiple mediation analysis can be
used to simultaneously examine the indirect effects of multiple med-
iators.

With the improvement of people's health consciousness, more and
more people pay attention to sleep problems and quality of life. Overall,
our findings are important from a public health perspective because the
results show that sleep quality plays, both in surface laborers and un-
derground coal miners, a vital role in the relationship between per-
sonality and QOL. We also found that passive personality traits had a
negative impact on QOL mediated by self-administrated poor sleep
quality, whereas the active personality traits acted in the opposite di-
rection in the two subgroups of coal miners. Therefore, good quality of
sleep might be regarded as an intermediate outcome for evaluating
interventions aimed at improving quality of life.
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