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Background: Coal mining is of significant economic importance to the Australian economy. Despite this
fact, the related workforce is subjected to a number of psychosocial risks and musculoskeletal injury, and
various psychological disorders are common among this population group. Because only limited research
has been conducted in this population group, we sought to examine the relationship between physical
(pain) and psychological (distress) factors, as well as the effects of various demographic, lifestyle, and
fatigue indicators on this relationship.
Methods: Coal miners (N ¼ 231) participated in a survey of musculoskeletal pain and distress on-site
during their work shifts. Participants also provided demographic information (job type, age, experience
in the industry, and body mass index) and responded to questions about exercise and sleep quality (on-
and off-shift) as well as physical and mental tiredness after work.
Results: A total of 177 workers (80.5%) reported experiencing pain in at least one region of their body.
The majority of the sample population (61.9%) was classified as having low-level distress, 28.4% had
scores indicating mild to moderate distress, and 9.6% had scores indicating high levels of distress. Both
number of pain regions and job type (being an operator) significantly predicted distress. Higher distress
score was also associated with greater absenteeism in workers who reported lower back pain. In addi-
tion, perceived sleep quality during work periods partially mediated the relationship between pain and
distress.
Conclusion: The study findings support the existence of widespread musculoskeletal pain among the
coal-mining workforce, and this pain is associated with increased psychological distress. Operators (truck
drivers) and workers reporting poor sleep quality during work periods are most likely to report increased
distress, which highlights the importance of supporting the mining workforce for sustained productivity.

� 2014, Occupational Safety and Health Research Institute. Published by Elsevier. All rights reserved.
1. Introduction

Increasingly companies are striving to support not only the
physical safety of their employees, but also their psychological
safety [1]. In part, this is driven by the high costs associated with
psychological injuries, which tend to be higher due to increased
periods of absence and higher medical, legal, and other claim
payments [2,3]. Along with absenteeism, another key area of pro-
ductivity cost is presenteeism [4]. Presenteeism, which also in-
volves high cost, occurs when employees continue to attend work
rather than be absent, as a result of which their productivity suffers
[5]. One common contributor to presenteeism is working with
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chronic musculoskeletal pain, which is also a risk factor for
decreased work ability and performance [6]. Presenteeism is esti-
mated to be more costly than absenteeism, and there is evidence
[7] of increased prevalence of presenteeism among distressed
workers. Therefore, understanding the relationship between
physical factors (such as injury) and psychological factors (such as
distress) in high-demand industries is important for developing
injury prevention and management programs, building a sustain-
able workforce, and improving performance and productivity.

Previous studies have illustrated the importance of balancing
job demands with adequate job control for better working health
[8e13]. It has been demonstrated that employees working in high-
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strain jobs (i.e., jobs characterized by high demands, low job con-
trol, and low social support) will experience a greater number of
health problems over time than workers in other jobs [14]. In
Australia, it has been reported that blue-collar workers, machine
operators, drivers, and laborers are less likely to rate their health
positively compared with other occupational groups [15]. This may,
in part, reflect the limited autonomy and control these workers
have in relation to the planning and pacing of their work activities.
It may also reflect the tendency in these male-dominated work-
forces to adopt a culture of stoicism, resulting in decreased help
seeking and early intervention [16]. These health perceptions are
particularly pertinent in production-driven industries such as
mining. However, despite the political and media interest in this
industry, only limited studies are published with regard to this
population. Moreover, although safety and musculoskeletal injury
have long been a focus of health and safety initiatives at mine sites,
the potential impact of psychological health has only recently been
acknowledged.

One psychological issue associated with pain and other health
outcomes is psychological distress. The concept of distress is a
broad label given to a variety of states and responses, most
commonly those related to depression and anxiety [17,18]. As a
construct, distress is positively related to both poor mental health
and clinical psychological disorders, thereby making it an excellent
general measure. A survey of large Australian companies found that
4.5% of full-time employees experience high levels of psychological
distress in any given month [19]. This finding is significant as
distress is associated with decreased work ability [20], and it ap-
pears that the majority of distressed employees are not receiving
treatment (i.e., psychological counseling) [19]. Understanding the
interaction between physical pain, injury, and psychological
distress is therefore critical in organizational settings. A large sur-
vey of patient-care workers demonstrated significantly higher
distress among workers who reported pain in the past 3 months
than those who did not report pain [21]. In addition, pain intensity,
number of bodily areas in which pain was experienced, psycho-
logical distress, and higher agewere each independently associated
with pain interference in work, suggesting that the combination of
pain and distress may have particular significance for presenteeism.

In addition to the association with pain, psychological distress
appears to be an important factor in occupational injury, absence,
and recovery. It has also been shown to be a predictor of accident
rates [22], and psychological distress may therefore have important
implications for both the antecedents to injury and the potential
consequences of pain such as disability. Indeed, Hall and colleagues
[23] found that a future disability level of individuals is influenced
by the degree towhich their psychological state has been affected by
their initial pain experience. In addition, Coutu and colleagues [17]
found that individuals who were unable to work as a result of
disability experienced higher levels of distress than individualswho
were working with pain. The authors argued that loss of working
identity is a crucial phase in the development of distress. By
contrast, other researchers [24] have argued that distress is pri-
marily a cause, rather than a consequence of pain. Therefore, un-
derstanding the development of distress within a population that
continues to work despite pain is of vital importance, especially
given the potential economic burden of presenteeism. Moreover,
understanding the diversity of physical and cognitive demands
associated with different occupations and job types may help
determine whether intervention is necessary, and if required when
and how they can be targeted to the specific needs of the worker.

The relationship between pain and psychological distress is
impacted by a number of job (e.g., experience and fatigue) and
person-specific (e.g., age and gender) factors. Harkness and co-
workers [25] examined this relationship in a cohort of newly
employed workers followed up for 12 months and 24months. They
found a significant relationship betweenmonotonous work and the
increased risk of new-onset widespread pain. Similarly, work-
related fatigue has been associated with decreased health and
functioning, increased pain, depressive symptoms, and anxiety
[26e28]. Miró and colleagues [27] demonstrated that poor sleep
quality mediated the relationship of pain with both anxiety and
depression, suggesting that pain effects sleep, which, in turn, has
negative implications for mental health. In terms of age, a longi-
tudinal analysis of the relationship between distress and muscu-
loskeletal complaints among male oil and gas personnel showed
that older individuals had a greater increase in musculoskeletal
symptoms over a 5-year period [24]. In addition, nontraditional
gender occupations (such as female laborers and male adminis-
trative staff) and long working hours have been associated with
increased distress [19].

Lifestyle issues such as current tobacco use, sedentary behavior,
and obesity have also been shown to have a linear relationship with
distress, such that high distress is associated with increased risk of
engaging in these unhealthy behaviors [29]. Numerous studies have
demonstrated that obese individuals have an increased risk of
musculoskeletal pain [24,30,31] and injury [32]. Parkes [33] exam-
ined the effects of shiftwork, job-role categories, and work per-
ceptions on health-related outcomes based on data collected from
1,598male personnelworking onNorth Sea oil and gas installations.
In this setting, social support was important for the prevention of
mental health complaints, whereasmusculoskeletal symptoms and
injuries were strongly predicted by physical environment stressors
(e.g., noise, vibration, poor air quality, and cramped work space).
Moreover, the impact of shiftwork and job types on health was
partially mediated by workers’ perceptions of job control and de-
mand. Therefore, it is suggested that how workers perceive the
demands of their role and the control they have over their tasks are
more important for health outcomes than objective job classifica-
tion alone. Given the similarities between offshore oil and gas op-
erations and coal mining, it is important to explore these
relationships in other heavy industries and other countries as well.

Although psychological distress appears to be importantly
associated with pain and injury, limited work has been done in
high-risk, blue-collar industries such as mining. Such a population
group is interesting as it operates 24/7 and is associated with sig-
nificant psychosocial risk factors, including extended roster periods
and shiftwork, high production demands, and “fly-in fly-out” ar-
rangements causing longer periods of absence from family. In
addition, how the distressepain relationship differs by job type,
age, and exposure to work requires further exploration.

The aim of this paper is to use data from a survey of Australian
open-cut coal-mining personnel to examine the relationship be-
tween perceptions of musculoskeletal pain and psychological
distress. It is hypothesized that (1) high psychological distress is
associated with a greater number of identified pain-affected areas;
(2) the aforementioned relationship will be more pronounced in
monotonous workers (such as truck drivers), the overweight, less
active workers, and those younger or less experienced in the in-
dustry; (3) in the presence of pain, psychological distress will be
associated with greater absenteeism; and (4) fatigue indicators (i.e.,
sleep quality) will mediate the relationship between pain and
distress.

2. Materials and methods

2.1. Participants

Two hundred and thirty-one mine workers (89% response rate)
completed questionnaires during the preshift period on-site. The
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average age of workers was 37.11 years [standard deviation
(SD) ¼ 10.40 years] and they had been working in the mining in-
dustry (average) for 6.5 years (SD ¼ 7.90 years). Table 1 shows the
demographic characteristics of the study sample.

2.2. Measures

2.2.1. Demographics
Workers were asked to list their age, gender, number of years in

the industry, and current position. They also reported their roster
pattern, average shift length, and number of breaks. For analysis,
age was categorized as <30 years, 30e39 years, 40e49 years, and
�50 years and experiencewas categorized as<1 years, 1e4.9 years,
5e9.9 years, 10e19.9 years, 20e29.9 years, and �30 years.

2.2.2. Musculoskeletal pain
Pain was measured using a modified version of the Nordic

Musculoskeletal Pain Questionnaire [34]. The questionnaire in-
cludes a pictorial representation of the human body (viewed from
the back), divided into nine anatomical regions (neck, shoulders,
elbows, wrists/hands, upper back, lower back, hips/thighs, knees,
and ankles/feet). Participants were required to identify the body
regions in which pain was experienced (binary yes/no) and to
indicate whether the pain was experienced (yes/no) in the past
week (acute pain) or over a 12-month period (chronic pain). Pain
was then quantified as the total number of regions in which pain
was experienced.

Participants were also asked to provide more detailed infor-
mation about musculoskeletal problems relating to four main body
areas, including the neck, shoulders, lower back, and wrist/hand. If
participants reported ever having pain in these regions, they also
provided the total length of time they had experienced symptoms
during the past 12 months, whether pain reduced work or leisure
activities, the total time that normal work activities were affected,
and whether a medical practitioner or other health care pro-
fessionals had been consulted for that pain.

2.2.3. Distress
Distress was measured using the Kessler K6 [35], a six-item

measure that assesses nonspecific psychological distress experi-
enced in the most recent 4-week period. Previous studies have
supported the sensitivity and validity of the scale [36,37]. Partici-
pants respond to the stem “During the past 30 days, how much
time did you feel.,” and possible responses were none of the time,
some of the time, a little of the time, most of the time, and all of the
time. Based on the scoring system utilized by Australian popula-
tion-based surveys, scores were summed up to a possible 30 points,
with higher scores indicating greater distress [38]. In the current
sample, the internal consistency of this scale was high (a ¼ 0.90).

2.2.4. Lifestyle behaviors and fatigue factors
Because of the challenges faced by this 24/7 workforce with

respect to maintaining a healthy lifestyle, a range of questions was
Table 1
Participant characteristics

Variable Sample %

Males 89

BMI < 25 kg/m2 (normal) 21.2

BMI � 30 kg/m2 (obese) 40.2

Operator/truck driver 58.8

Maintenance/electrician/mechanic/fitter 22.1

Supervisor/professional/administration 12.4

Drilling and blasting 6.6

BMI, body mass index.
included to address issues such as shift schedules, exercise (fre-
quency and duration of exercise on- and off-shift, and preferred
exercise activities), body mass index (BMI; height and weight), and
sleep patterns (quality and duration of sleep on- and off-shift).

2.3. Procedure

Ethical approval for the study was obtained from the Ethics
Committee of the Queensland University of Technology, Brisbane,
Australia. To optimize response rates, questionnaires were admin-
istered over a 1-month period to provide the opportunity for all
workers to participate in this study during their work time.
Completed questionnaires were collected and sent to the research
team for analysis. The company received a full report and workers
were provided with their aggregated results in presentations on-
site.

2.4. Statistical analysis

The effects of demographic characteristics and lifestyle factors
on perceived musculoskeletal pain symptoms and psychological
distress were explored through a series of analysis of variance
(ANOVA) and regression models conducted using SPSS (SPSS
version 21; SPSS Inc., Chicago, IL, USA). All regression analyses
controlled for age, gender, job category, and experience, with cat-
egorical variables were recoded to have two levels (i.e., job typewas
coded as 1 ¼ operator and e1 ¼ other occupations; gender was
coded as 1 ¼ men and e1 ¼ women). The models were grouped as
follows: (1) one-way ANOVAs that examined the effects of job
category, age, experience, and gender on both psychological
distress and pain regions; (2) a linear regression exploring the
impact of job category and number of pain regions on psychological
distress scores; (3) one-way ANOVAs that investigated the impact
of interference with work and absenteeism due to either neck,
shoulder, lower back, or wrist/hand bodily pain on psychological
distress scores; (4) a linear regression exploring the possible
moderating effects of exercise or BMI on the relationship between
musculoskeletal pain symptoms and psychological distress; and (5)
a linear regression examining whether perceived sleep quality
mediated the relationship between musculoskeletal pain symp-
toms and psychological distress.

3. Results

3.1. Influence of demographics

A one-way ANOVA indicated significant differences in distress
levels by job category [F (3, 209)¼ 6.04, p¼ 0.001]. Post hoc analysis
suggested that operators (M ¼ 12.58, SD ¼ 5.85) were significantly
more distressed than supervisors/professionals/administration
staff (M ¼ 9.04, SD ¼ 3.19), and maintenance workers (M ¼ 10.10,
SD¼ 4.27, p< 0.05). However, there were no significant differences
between other occupational groups (p > 0.05). Additional ANOVA
revealed no significant differences in distress by age [F (3,
210) ¼ 0.91, p ¼ 0.44], experience in the mining industry [F (5,
211) ¼ 1.47, p ¼ 0.20], or gender [t (212) ¼ e1.76, p ¼ 0.08]. Simi-
larly, the number of regions in which pain was experienced did not
significantly differ by age [F (3, 211) ¼ 0.39, p ¼ 0.76], experience [F
(5, 212)¼ 0.56, p¼ 0.73], job category [F (3, 212)¼ 1.17, p¼ 0.32], or
gender [t (213) ¼ e0.41, p ¼ 0.69].

3.2. Distress and pain

Using the criteria outlined by Kessler and colleagues [35,37], the
majority of the sample population (61.9%) was classified as having



Table 2
Results of regression models with lifestyle variables (exercise and BMI) entered in
step 1 and the interaction with pain entered in step 2*

B SE B b R2 change Model R2 Model F

Model 1 Pain 0.51 0.17 0.21z

EF-on �0.05 0.29 �0.01
Job 1.37 0.37 0.26x

Experience 0.05 0.05 0.08
Age �0.07 0.04 �0.15k

Gender �0.73 0.58 �0.09
EF-on X pain 0.17 0.13 0.09 0.01 0.14 4.57y

Model 2 Pain 0.74 0.23 0.31z

ET-on �0.29 0.53 �0.06
Job 1.34 0.57 0.24k

Experience �0.04 0.10 �0.04
Age �0.05 0.05 �0.10
Gender �0.67 0.76 �0.08
ET-on X pain �0.47 0.26 �0.17 0.03 0.22 3.77x

Model 3 Pain 0.51 0.17 0.21x

EF-off 0.09 0.31 0.02
Job 1.39 0.37 0.26x

Experience 0.07 0.05 0.11
Age �0.08 0.04 �0.16k

Gender �0.75 0.58 �0.09
EF-off X pain 0.15 0.14 0.07 0.01 0.15 4.70x

Model 4 Pain 0.56 0.20 0.22z

ET-off 0.15 0.43 0.03
Job 1.50 0.36 0.29x

Experience 0.06 0.05 0.10
Age �0.08 0.04 �0.16k

Gender �0.56 0.70 �0.06
ET-off X pain �0.38 0.19 �0.15k 0.02k 0.16 3.95x

Model 5 Pain 0.59 0.17 0.24x

BMI 0.05 0.08 0.05
Job 1.50 0.36 0.29
Experience 0.06 0.05 0.10
Age �0.08 0.04 �0.16k

Gender �0.81 0.68 �0.08
BMI X pain 0.04 0.04 0.07 0.00 0.17 5.41x

BMI, bodymass index; EF-off, exercise frequency off-shift; EF-on, exercise frequency
on-shift; ET-off, exercise time off-shift; ET-on, exercise time on-shift SE, standard
error.

* For models without the interaction term included, please contact the first
author.

y Various levels of significant.
z p < 0.05.
x p < 0.01.
k p < 0.001.

Fig. 1. Relationship between distress and pain for workers who reported high and low
exercise times when rostered off shift.
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low-level distress, 28.4% were registered to have mild to moderate
distress, and 9.6% had scores indicating high levels of distress. In
terms of pain, 19.5% reported no pain, 28.2% reported pain in one or
two areas, and 52.3% reported pain in three or more body areas.

Controlling for demographic variables, a regression analysis
revealed that pain was significantly related to distress [F (6,
182) ¼ 6.20, p < 0.001]. In addition to the number of pain regions
(b ¼ 0.25, t ¼ 3.59, p < 0.001, partial r2 ¼ 0.26), both job type
(b ¼ 0.30, t ¼ 4.32, p < 0.001, pr2 ¼ 0.31) and younger age (b ¼ e

0.17, t ¼ e2.26, p ¼ 0.03, pr2 ¼ e0.17) were significantly related to
worker psychological distress.

Specific examination of the neck, shoulder, lower back, and
wrist/hand body regions showed that lower back pain alone was
associated with increased interferencewith work and absenteeism.
Seventy-eight percentage of workers who reported lower back pain
indicated that their back pain affected their work. ANOVA revealed
that the number of days workers reported their normal work ac-
tivity had been affected by their back pain was significantly asso-
ciated with distress [F (3, 87) ¼ 4.02, p ¼ 0.01]. A Turkey post hoc
analysis test indicated that those with the greatest interference
(days affected > 30) were significantly more distressed (M ¼ 18.00,
SD ¼ 8.12) than those whose work was affected between 1 day and
7 days (M ¼ 11.04, SD ¼ 4.36; p ¼ 0.02), and those whose work was
not affected by back pain (M¼ 10.54, SD¼ 4.46; p ¼ 0.005). Among
workers who reported lower back pain, distress was also related to
absenteeism [F (2, 24) ¼ 4.25, p < 0.05]. Specifically, over the past
12months, thosewith lowdistress levels (M¼ 2.17 days; SD¼ 4.20)
had fewer days away than those who reported high distress
(M ¼ 23.75 days; SD ¼ 37.85). Neither interference with work nor
absenteeism was related to pain in other body regions (shoulder,
wrist/hand, neck), or in total number of pain regions (p > 0.05).

3.3. Influence of lifestyle factors

In general, participants reported greater exercise activity off-
shift (Mtime ¼ 2.70, SDtime ¼ 1.03; MFreq ¼ 1.78, SDFreq ¼ 1.17) than
when they were rostered on (Mtime ¼ 2.21, SDtime ¼ 1.00;
MFreq ¼ 1.14, SDFreq ¼ 1.29). Inspection of workers whose scores
signified high levels of psychological distress indicated that almost
85% were overweight or obese. As shown in Table 2, with the
exception of time spent exercising when off-shift, none of the
lifestyle variables significantlymoderated the relationship between
distress and pain. During time off, workers who spent more time
exercising reported lower levels of distress, particularly in the
context of the high number of pain-affected areas than did their
counterparts who reported less time exercising when off-shift
(Fig. 1).

3.4. Fatigue indicators

Sleep quality was significantly related to both distress and pain,
and participants reported improved sleep quality when rostered off
work (M ¼ 3.71, SD ¼ 0.95) than when rostered on (M ¼ 3.02,
SD ¼ 0.95). To test whether perceptions of sleep quality mediated
the painedistress relationship, it was established that pain
accounted for significant variance in both sleep quality while on-
shift [R2 ¼ 0.03, F (1, 212) ¼ 6.31, p ¼ 0.01] and sleep quality when
rostered off [R2 ¼ 0.04, F (1, 213) ¼ 9.65, p ¼ 0.002]. Specifically, the
coefficient for pain was significant both on-shift [b ¼ e0.08,
p ¼ 0.01] and off-shift [b ¼ e0.09, p ¼ 0.002].

Focusing on sleep quality during on-shift periods, a hierarchical
multiple regressionwas then conducted, with pain entered in Block
1 and sleep quality during work shifts added in Block 2. In the first
step, pain accounted for a significant variance in distress [R2 ¼ 0.06,
F (1, 206) ¼ 12.64, p < 0.001], and the coefficient for pain was
significant [b ¼ 0.59, p < 0.001]. In Block 2, sleep quality added
significantly to the variance accounted for distress, [R2

change ¼ 0.12, F (1, 205) ¼ 29.05, p < 0.001], and the coefficient for
the mediator was significant [b ¼ e1.96, p < 0.001]. When sleep
quality was entered in Block 2, the coefficient for pain decreased to
b ¼ 0.44, p ¼ 0.006. A Sobel test of the indirect effect was signifi-
cant, z ¼ 2.33, p ¼ 0.02, indicating that sleep quality partially
mediated the relationship between pain and distress. Further
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evidence for the significance of this effect was obtained by applying
more robust bootstrapping analysis. Following the advice provided
by Preacher and Hayes [39], results based on 5000 bootstrapped
samples indicated that both the Total Effect (TE ¼ 0.59, SE ¼ 0.17,
p < 0.001)] and Direct Effect (DE ¼ 0.44, SE ¼ 0.16, p ¼ 0.006) were
significant. Thus, partial mediation of the painedistress relation-
ship by perceived sleep quality was supported during rostered on
periods (lower 95% CI ¼ 0.04, upper 95% CI ¼ 0.29).

To test the effect of sleep quality when rostered off, pain was
again entered in Block 1, and sleep quality was added in Block 2 of a
hierarchical multiple regression model. In the first step, pain
accounted for significant variance in distress [R2 ¼ 0.05, F (1,
205) ¼ 11.56, p ¼ 0.001], and the coefficient for painwas significant
[b ¼ 0.56, p ¼ 0.001]. In Block 2, sleep quality added significantly to
the variance accounted for distress [R2 change ¼ 0.02, F (1,
205) ¼ 4.72, p ¼ 0.03], and the coefficient for the mediator was
significant [b ¼ e0.87, p ¼ 0.03]. When sleep quality while rostered
off was entered in Block 2, the coefficient for pain again decreased
slightly to b ¼ 0.50, p ¼ 0.003. However, a Sobel test of the indirect
effect was not significant, z ¼ 1.57, p ¼ 0.12, indicating that sleep
quality while rostered off did not significantly mediate the rela-
tionship between pain and distress.

4. Discussion

Thephysiological andpsychologicalwell-beingof theworkforce is
an important indicator of healthy organizations [40]. The aim of this
paperwas to examine the relationship betweenmusculoskeletal pain
and psychological distress among an Australian mining population.
As predicted, there was a significant relationship between pain and
distress among coal miners, with more widespread pain associated
with greater distress. Distress was also more pronounced among the
operators/truck drivers, younger workers, and those who were less
active during their time off work. It was also associated with absen-
teeism for workers who reported lower back pain. Pain and distress
were also associated with fatigue, which was evidenced by the
mediating effect of perceived sleep quality during working periods.

Consistent with mining industry compensation data [41],
musculoskeletal pain was common within this study population.
Eighty percent of the workers reported experiencing pain in at least
one region of the body over the past 12 months, with >50% of the
sample reporting multiple pain sites. Compared with data specific
to the Australian working population, which indicate a 4.5% inci-
dence of high distress [19], the studied sample of mining industry
workers reported a high distress rate (9.6%) that was more than
double the aforementioned value. This discrepancy may be attrib-
utable to the risks associated with specific job tasks or other pos-
sibilities such as workers continuing to work with musculoskeletal
pain or other psychological disorders in heavy-industry pop-
ulations. Although the connection between distress and pain is not
new, evidence of this relationship in industries such as mining is
limited. Such information is becoming increasingly important in an
industry that has a high prevalence of workers with musculoskel-
etal disorders and a broad range of psychosocial problems associ-
ated with production demands and organizational issues such as
long working hours. The significance of this relationship is
increasingly reflected in costs associated with absenteeism and
workers’ compensation statistics. Greater understanding of this
link is critical in implementing strategies to reduce risk factors and
improve injury prevention and return-to-work outcomes.

4.1. Work-related factors

When examined individually there was a clear discrepancy in
distress levels between various job categories. Specifically, workers
in more sedentary roles such as operators (i.e., truck driver, digger,
or dozer operator) were significantly more distressed thanworkers
in other job categories. Drivers are exposed to long periods of
sitting (up to 12 hours) and truck drivers, in particular, experience
monotonous driving conditions. In addition, ergonomic limitations
associated with seating and poor matching of worker anthropom-
etry with cabin and access/egress limitations and uneven road
surfaces increase their exposure to vibration and trunk accelera-
tions, which are well-known risk factors for musculoskeletal dis-
orders of the vertebral column and back pain [42,43]. Although
there is only limited evidence on the relationship between pro-
longed sitting while driving and mental health outcomes, it has
been shown [44] that greater hours of occupational sitting among
government employees was associated with higher prevalence of
moderate or high psychological distress for men and women,
respectively. In addition, job demands may have a curvilinear
relationship with distress, such that extremes of physical demands
may relate to increased distress levels among workers. Such a
pattern has been demonstrated in relation to working hours, with
periods >60 hours a week and <16 hours a week associated with
increased psychological distress [19]. Therefore, how distress re-
lates to job monotony, ergonomic designs, and exposure hazards
for pain such as prolonged static postures and vibration need
further examination in heavy industry such as mining.

Melamed and colleagues [45] studied a large sample of blue-
collar workers and found a correlation between perceived job
monotony and psychological distress. They also found that those
exposed to objectively categorized monotonous tasks, specifically
those involving periods of short-cycle repetitive work, were more
likely to report distress. Similarly, more recent research [25,46] has
shown that perceived monotony was connected to both shoulder
andwidespread pain among newly employed workers from diverse
occupations. Although the current study did not measure
monotony, the repetitive short cycles of load pickup and drop-off
over long periods characteristic of truck drivers’ work in this study
may have contributed to the high distress levels observed in drivers.
In the mining context, truck drivers are instrumental in the day-to-
day production work on-site, and understanding the reasons for
their distressmay have considerable implications for the company’s
performance. Although the total number of body regions affected
by pain appeared to be a useful indicator of distress levels, lower
back pain was a strong determinant of pain and distress-related
outcomes.Workers who reported lower back pain showed elevated
levels of distress, especially if they were absent due to the pain,
whereas 80% of workers indicated that pain impacted their ability
to work normally. Both interference with work performance, an
indication of presenteeism, and increased absenteeism have
considerable cost impact on the employers. Because of the retro-
spective nature of the data, however, it cannot be determined
whether pain was most likely to result in absenteeism and pre-
senteeism as people became more distressed, or vice versa.

With the exception of those who reported lower back pain, most
participants were not taking time off work to deal with their pain.
This may indicate the potential for higher levels of presenteeism
within the coal-mining population. Workers in high-demand low-
resourced jobs have previously been reported to be more likely to
attendworkwhile sick [47]. However, if sickness or injury affects the
workers’ perceptions about their ability to perform work tasks
competently or safely, this can lead to increased incidence of stress,
anxiety, anddepression [48].Demerouti andco-workers [49] caution
that presenteeism may ultimately lead to further deterioration in
employee’s mental and physical condition and should be discour-
aged. Further examination of job types, daily exposure to tasks, and
the development of musculoskeletal pain and distress over time in
the mining industry is important to understand these findings.



Saf Health Work 2014;5:203e209208
4.2. Individual and lifestyle factors

In contrast to general perceptions, BMI, age, and experience
were not associated with increased pain or distress in the present
samplewhen examined independently. However, when included in
the larger model, age had a significant negative effect on distress
reporting, suggesting that older workers may experience less
distress. This variation may be indicative of the complex interplay
among variables involved in the painedistress relationship.
Whereas the findings for age and experience may be explained by a
survivor effect, the results for BMI are unclear. As reported, BMI in
participants from sedentary job categories was so high, which may
simply be due to a ceiling effect that prevented relationships from
emerging. Alternatively, previous research involving law enforce-
ment officers suggested that although BMI increased with psy-
chological distress among females, there was no association among
males [50]. This may reflect the limitations of BMI as a measure of
body composition as it fails to distinguish between fat and lean
body mass, which may have an impact on the ability to perform a
particular task.

When included in the larger model, exercising when time off
work appeared to be protective, such that workers who were more
active off-shift reported lower levels of distress regardless of pain.
Moreover, compared with their sedentary counterparts, their
distress was particularly lower at high levels of reported pain,
supporting the efficacy of physical activity in reducing psycholog-
ical distress.

4.3. Fatigue

Perceived sleep quality during work periods partially mediated
the relationship between pain and distress. More widespread pain
was associated with decreased sleep quality, and workers were
more likely to report being distressed in this situation. Miró and co-
workers [27] suggested that pain may disturb sleep and that poor
sleep quality may contribute to emotional distress by compro-
mising the sleep processes that regulate mood state. Interestingly,
this mediation was only apparent when rostered on and sleep
quality did not significantly mediate the relationship between pain
and distress when rostered off. This discrepancy highlights the
particular importance of adequate rest and perceived quality of rest
during working periods. For example, insufficient quality and
quantity of sleep have been associated with increased risk of injury
[51,52] and poorer health status [26,28] such as diabetes [53]. The
risk of diabetes is also increased by the high prevalence of over-
weight or obese workers in the driver/operator categories of the
studied workforce. Exposure to 12-hour rotating shifts accommo-
dating travel and meals leaves limited time for sleep and effective
recovery, which thus continues to increase the risk of presenteeism
and chronic health problems.

4.4. Limitations

Because of the cross-sectional nature of this study, the under-
lying cause of distress remains unclear, as indeed does the direction
of the effect. Research over a 5-year period with oil and gas
personnel suggested that psychological distress was a primary
cause of musculoskeletal pain rather than an outcome [24]. How-
ever, they suggest that although anxiety may be a causal factor,
depression may be a result of musculoskeletal disorders. Because a
nonspecific measure of distress was used in this study, the differ-
ential associations between anxiety and depression could not be
examined. A previous study [14] has demonstrated the relationship
between work characteristics (i.e., job demands, job control, and
supervisor support) and mental health to be reciprocal, and
therefore the pattern of causation among work-related pain and
mental distress and environmental context needs to be examined
longitudinally.

There are a number of limitations in this study that need to be
acknowledged. First, the distress measure used is general and not
related explicitly towork. Therefore, stress outside of work could be
the main cause of distress and context-dependent distress may
relate differentially to work outcome variables. This poses a chal-
lenge to organizations as it is outside of managements’ control,
although many companies offer a counseling service to employees
experiencing personal or psychological problems. In addition, it
would have been beneficial to have information about whether
participants were currently receiving psychological treatment,
which may mask some potential relationships. Further, we do not
have matched injury data for the individuals in the study, and
therefore although we can infer a link between pain and injury risk,
we cannot determine the association. Despite these limitations, the
study is strengthened by the high response rate (89%), which en-
sures that, although cross sectional, a representative sample of
miners at the test site was achieved.

In summary, this paper attempted to examine the relationship
between musculoskeletal pain and distress in an Australian mining
population. Specifically, it focused on the impact of individual,
work, and lifestyle factors, and demonstrated that for truck drivers
or machine operators exercise time and sleep quality had impor-
tant implications for the painedistress relationship. Moreover, it is
suggested that the presentation of distress is complex, with the
combined interplay among contributory variables being more
important than the simple effect of pain. Given the array of indi-
vidual, work, and lifestyle factors possible, it is likely that these
findings underestimate the complexity of pain experiences, and
therefore why and how this translates into psychological distress.
As such, questions unanswered by this study open up several new
avenues for further research. For instance, it remains to be deter-
mined whether psychological distress is a time-dependent risk
factor for work-related injuries in mining. Although the study uti-
lized a large company with a workforce representative of the in-
dustry, it would be valuable to know whether risk factors for pain
and distress varied between underground and surface operations.
Although the study results suggest that exercise time off-shift and
sleep quality on-shift may be beneficial to reduce the impact of pain
on distress, more information is also needed about the individual
characteristics of people who are able to cope with, and work
through, pain. Furthermore, determining whether other recovery
activities besides sleep and exercise benefit workers in the mining
industry would also be a valuable contribution to the field. In order
for occupational health and safety researchers and practitioners to
decrease occupational injury rates and the compensation costs that
follow, a proactive approach tomonitor the occurrence of both pain
and distress among the workforce to identify individuals in need of
early intervention is essential. This may be particularly critical for
truck drivers and machine operators, workers who have difficulty
sleeping, and workers with lower back pain, as these conditions
were associated with poorer outcomes for pain, distress, and work
interference.
Conflicts of interest

All contributing authors declare no conflicts of interest.
Acknowledgments

The authors wish to thank Dr Megan Tones for her assistance
with the statistical analysis.



K.N. Carlisle and A.W. Parker / Distress and Pain Reporting among Coal Miners 209
References

[1] Idris MA, Dollard MF, Coward J, Dormann C. Psychosocial safety climate:
conceptual distinctiveness and effect on job demands and worker psycho-
logical health. Saf Sci 2011;50:19e28.

[2] Winefield HR, Saebel J, Winefield AH. Employee perceptions of fairness as
predictors of workers’ compensation claims for psychological injury: an
Australian case-control study. Stress Health 2010;26:3e12.

[3] Goetzel RZ, Long SR, Ozminkowski RJ, Hawkins K, Wang S, Lynch W. Health,
absence, disability, and presenteeism cost estimates of certain physical and
mental health conditions affecting U.S. employers. J Occup Environ Med
2004;46:398e412.

[4] Pomaki G, Franche RL, Murray E, Khushrushahi N, Lampinen TM. Workplace-
based work disability prevention interventions for workers with common
mental health conditions: a review of the literature. J Occup Rehabil 2012;22:
182e95.

[5] Guthrie R, Ciccarelli M, Babic A. Work-related stress in Australia: the effects of
legislative interventions and the cost of treatment. Int J Law Psychiatry
2010;33:101e15.

[6] Lindegård A, Larsman P, Hadzibajramovic E, Ahlborg Jr G. The influence of
perceived stress and musculoskeletal pain on work performance and work
ability in Swedish health care workers. Int Arch Occup Environ Health
2014;87:373e9.

[7] Sanderson K, Andrews G. Common mental disorders in the workforce: recent
findings from descriptive and social epidemiology. Can J Psychiatry 2006;51:
63e75.

[8] Bakker AB, Demerouti E. The job demands-resources model: state of the art.
J Manage Psychol 2007;22:309e28.

[9] Schaufeli WB, Bakker AB. Job demands, job resources, and their relationship
with burnout and engagement: a multi-sample study. J Organ Behav 2004;25:
293e315.

[10] Bakker AB, van Veldhoven M, Xanthopoulou D. Beyond the demand-control
model: thriving on high job demands and resources. J Pers Psychol 2010;9:3e
16.

[11] Johnson JV, Hall EM. Job strain, work place social support, and cardiovascular
disease: a cross-sectional study of a random sample of the Swedish working
population. Am J Public Health 1988;78:1336e42.

[12] Karasek RA. An analysis of 19 international case studies of stress prevention
through work reorganization using the demand/control model. Bull Sci
Technol Soc 2004;24:446e56.

[13] Karasek RA. Job demands, job decision latitude, and mental strain: implica-
tions for job redesign. Adm Sci Q 1979;24:285e308.

[14] De Lange AH, Taris TW, Kompier MAJ, Houtman ILD, Bongers PM. The re-
lationships between work characteristics and mental health: examining
normal, reversed and reciprocal relationships in a 4-wave study. Work Stress
2004;18:149e66.

[15] Australian Bureau of Satistics. Australian social trends June 2011: work and
health. Canberra (Australia): Australian Bureau of Satistics; 2011. 44 p.

[16] Judd F, Cooper AM, Fraser C, Davis J. Rural suicidedpeople or place effects?
Aust N Z J Psychiatry 2006;40:208e16.

[17] Coutu MF, Durand MJ, Loisel P, Goulet C, Gauthier N. Level of distress among
workers undergoing work rehabilitation for musculoskeletal disorders.
J Occup Rehabil 2007;17:289e303.

[18] Payton AR. Mental health, mental illness, and psychological distress: same
continuum or distinct phenomena? J Health Soc Behav 2009;50:213e27.

[19] Hilton MF, Whiteford HA, Sheridan JS, Cleary CM, Chant DC, Wang PS,
Kessler RC. The prevalence of psychological distress in employees and asso-
ciated occupational risk factors. J Occup Environ Med 2008;50:746e57.

[20] Guidi S, Bagnara S, Fichera GP. The HSE indicator tool, psychological distress
and work ability. Occup Med (Lond) 2012;62:203e9.

[21] Reme SE, Dennerlein JT, Hashimoto D, Sorensen G. Musculoskeletal pain and
psychological distress in hospital patient care workers. J Occup Rehabil
2012;22:503e10.

[22] Siu OL, Phillips DR, Leung TW. Safety climate and safety performance among
construction workers in Hong Kong. The role of psychological strains as me-
diators. Accid Anal Prev 2004;36:359e66.

[23] Hall AM, Kamper SJ, Maher CG, Latimer J, Ferreira ML, Nicholas MK. Symptoms
of depression and stress mediate the effect of pain on disability. Pain
2011;152:1044e51.

[24] Parkes KR, Carnell S, Farmer E. Musculo-skeletal disorders, mental health and
the work environment. Oxford (UK): HSE Books; 2005. 59 p.

[25] Harkness EF, Macfarlane GJ, Nahit E, Silman AJ, McBeth J. Mechanical injury
and psychosocial factors in the work place predict the onset of widespread
body pain: a two-year prospective study among cohorts of newly employed
workers. Arthritis Rheum 2004;50:1655e64.

[26] Bültmann U, Kant I, Kasl SV, Beurskens AJ, van den Brandt PA. Fatigue and
psychological distress in the working population: psychometrics, prevalence,
and correlates. J Psychosom Res 2002;52:445e52.

[27] Miró E, Martínez MP, Sánchez AI, Prados G, Medina A. When is pain related to
emotional distress and daily functioning in fibromyalgia syndrome? The
mediating roles of self-efficacy and sleep quality. Br J Health Psychol 2011;16:
799e814.

[28] Strine TW, Chapman DP. Associations of frequent sleep insufficiency with
health-related quality of life and health behaviors. Sleep Med 2005;6:23e7.

[29] Prochaska JJ, Sung HY, Max W, Shi Y, Ong M. Validity study of the K6 scale as a
measure of moderate mental distress based on mental health treatment need
and utilization. Int J Methods Psychiatr Res 2012;21:88e97.

[30] Peltonen M, Lindroos AK, Torgerson JS. Musculoskeletal pain in the obese: a
comparison with a general population and long-term changes after conven-
tional and surgical obesity treatment. Pain 2003;104:549e57.

[31] Kotowski SE, Davis KG. Influence of weight loss on musculoskeletal pain:
potential short-term relevance. Work 2010;36:295e304.

[32] Lin TC, Verma SK, Courtney TK. Does obesity contribute to non-fatal occu-
pational injury? Evidence from the National Longitudinal Survey of Youth.
Scand J Work Environ Health 2013;39:268e75.

[33] Parkes KR. Shiftwork, job type, and the work environment as joint predictors
of health-related outcomes. J Occup Health Psychol 1999;4:256e68.

[34] Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sørensen F,
Andersson G, Jørgensen K. Standardised Nordic questionnaires for the analysis
of musculoskeletal symptoms. Appl Ergon 1987;18:233e7.

[35] Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SL,
Walters EE, Zaslavsky AM. Short screening scales to monitor population
prevalences and trends in non-specific psychological distress. Psychol Med
2002;32:959e76.

[36] Furukawa TA, Kessler RC, Slade T, Andrews G. The performance of the K6 and
K10 screening scales for psychological distress in the Australian National
Survey of Mental Health and Well-Being. Psychol Med 2003;33:357e62.

[37] Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E, Howes MJ,
Normand SL, Manderscheid RW, Walters EE, Zaslavsky AM. Screening for
serious mental illness in the general population. Arch Gen Psychiatry
2003;60:184e9.

[38] Australian Bureau of Satistics. Australian Health Survey: first results, 2011e
12. Canberra (Australia): Australian Bureau of Satistics; 2012. 61 p.

[39] Preacher KJ, Hayes AF. SPSS and SAS procedures for estimating indirect effects
in simple mediation models. Behav Res Methods Instrum Comput 2004;36:
717e31.

[40] Harris C, Daniels K. The role of appraisal-related beliefs in psychological well-
being and physical symptom reporting. Eur J Work Organ Psychol 2007;16:
407e31.

[41] Safe Work Australia. Compendium of workers’ compensation statistics
Australia 2010e2011. Canberra (Australia): Safe Work Australia; 2013. 123 p.

[42] Waters T, Genaidy A, Barriera Viruet H, Makola M. The impact of operating
heavy equipment vehicles on lower back disorders. Ergonomics 2008;51:
602e36.

[43] Eger T, Stevenson JM, Grenier S, Boileau P-É, Smets MP. Influence of vehicle
size, haulage capacity and ride control on vibration exposure and predicted
health risks for LHD vehicle operators. J Low Freq Noise Vib Act Control
2011;30:45e62.

[44] Kilpatrick M, Sanderson K, Blizzard L, Teale B, Venn A. Cross-sectional asso-
ciations between sitting at work and psychological distress: reducing sitting
time may benefit mental health. Ment Health Phys Act 2013;6:103e9.

[45] Melamed S, Ben-Avi I, Luz J, Green MS. Objective and subjective work
monotony: effects on job satisfaction, psychological distress, and absenteeism
in blue-collar workers. J Appl Psychol 1995;80:29e42.

[46] Harkness EF, Macfarlane GJ, Nahit ES, Silman AJ, McBeth J. Mechanical and
psychosocial factors predict new onset shoulder pain: a prospective cohort
study of newly employed workers. Occup Environ Med 2003;60:850e7.

[47] Jourdain G, Vézina M. How psychological stress in the workplace influences
presenteeism propensity: a test of the DemandeControleSupport model. Eur J
Work Organ Psychol 2014;23:483e96.

[48] Murad MS, O’brien L, Farnworth L, Chien CW. Occupational competence and
its relationship to emotional health in injured workers in return to work
programs: a Malaysian study. Scand J Occup Ther 2013;20:101e10.

[49] Demerouti E, Le Blanc PM, Bakker AB, Schaufeli WB, Hox J. Present but sick: a
three-wave study on job demands, presenteeism and burnout. Career Dev Int
2009;14:50e68.

[50] Gu JK, Charles LE, Burchfiel CM, Andrew ME, Ma C, Bang KM, Violanti JM.
Associations between psychological distress and body mass index among Law
Enforcement Officers: The National Health Interview Survey 2004e2010. Saf
Health Work 2013;4:52e62.

[51] Auvinen JP, Tammelin TH, Taimela SP, Zitting PJ, Järvelin MR, Taanila AM,
Karppinen JI. Is insufficient quantity and quality of sleep a risk factor for neck,
shoulder and low back pain? A longitudinal study among adolescents. Eur
Spine J 2010;19:641e9.

[52] Arlinghaus A, Lombardi DA, Willetts JL, Folkard S, Christiani DC. A structural
equation modeling approach to fatigue-related risk factors for occupational
injury. Am J Epidemiol 2012;176:597e607.

[53] Seligowski AV, PlessKaiser AP, Niles BL,MoriDL, King LA, KingDW. Sleep quality
as a potential mediator between psychological distress and diabetes quality of
life in veterans with type 2 diabetes. J Clin Psychol 2012;69:1121e31.

http://refhub.elsevier.com/S2093-7911(14)00053-5/sref1
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref1
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref1
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref1
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref2
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref2
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref2
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref2
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref3
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref3
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref3
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref3
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref3
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref4
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref4
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref4
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref4
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref4
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref5
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref5
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref5
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref5
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref6
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref6
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref6
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref6
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref6
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref7
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref7
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref7
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref7
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref8
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref8
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref8
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref9
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref9
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref9
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref9
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref10
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref10
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref10
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref11
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref11
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref11
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref11
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref12
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref12
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref12
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref12
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref13
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref13
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref13
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref14
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref14
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref14
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref14
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref14
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref15
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref15
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref16
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref16
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref16
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref16
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref17
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref17
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref17
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref17
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref18
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref18
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref18
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref19
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref19
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref19
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref19
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref20
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref20
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref20
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref21
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref21
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref21
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref21
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref22
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref22
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref22
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref22
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref23
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref23
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref23
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref23
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref24
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref24
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref25
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref25
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref25
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref25
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref25
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref26
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref26
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref26
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref26
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref27
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref27
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref27
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref27
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref27
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref28
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref28
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref28
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref29
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref29
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref29
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref29
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref30
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref30
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref30
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref30
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref31
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref31
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref31
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref32
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref32
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref32
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref32
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref33
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref33
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref33
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref34
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref34
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref34
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref34
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref35
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref35
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref35
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref35
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref35
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref36
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref36
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref36
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref36
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref37
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref37
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref37
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref37
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref37
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref38
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref38
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref39
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref39
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref39
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref39
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref40
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref40
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref40
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref40
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref41
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref41
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref41
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref42
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref42
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref42
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref42
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref43
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref43
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref43
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref43
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref43
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref44
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref44
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref44
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref44
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref45
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref45
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref45
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref45
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref46
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref46
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref46
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref46
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref47
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref47
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref47
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref47
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref47
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref47
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref48
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref48
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref48
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref48
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref49
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref49
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref49
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref49
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref50
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref50
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref50
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref50
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref50
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref50
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref51
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref51
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref51
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref51
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref51
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref52
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref52
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref52
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref52
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref53
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref53
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref53
http://refhub.elsevier.com/S2093-7911(14)00053-5/sref53

