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Abstract. Although there is strong evidence that single physical, psychosocial and organisational risk factors are each inde-
pendent predictors of low back symptoms (LBS) and its consequences, little is known about their combination/interaction. A
preliminary study was conducted among 673 workers as part of a larger study (#»=1294) in a coal mining company in Indo-
nesia. A self-reported questionnaire was used to obtain physical and psychosocial exposures, and organisational factors.
Each participant was grouped into one of four combination exposure groups: 1) high physical (working with bent trunk,
whole body vibration exposure, lifting) and high psychosocial (high effort, low reward, work stress), 2) high physical and
low psychosocial, 3) low physical and high psychosocial, 4) low physical and low psychosocial (as the reference group).
Individuals in the high physical and high psychosocial group were the most likely to report LBS (OR 3.47 95% CI 1.81-
6.64), reduced activities (OR 6.94 95% CI 1.58-30.49) and absenteeism (OR 7.01 95% CI 2.04-24.10). Permanent workers
were more likely to report LBS and its consequences whereas night shift work increased the risk of LBS consequences.
Interventions to reduce LBS and its consequences should address both physical and psychosocial factors, with a focus on
permanent and night shift workers.
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1. Introduction

Many studies have shown that physical, psycho-
social, and organisational factors are risk factors for
LBS and its consequences. Physical risk factors that
have been identified in various occupational groups
include trunk bending and/or twisting [1-8], lifting
[2, 3, 5-7, 9-12], and whole body vibration [13-15].
Psychosocial risk factors include high job strain [4],
low job control [4], high psychological demands [2,
4, 5, 10], low skill discretion [2], low decision lati-
tude [5, 16], low social support [2, 5, 8, 17, 18], job
dissatisfaction [2, 7, 18, 19], high effort-reward im-
balance (ERI) [6, 20] and high work stress [21].

The evidence for associations between organisa-
tional risk factors and LBS and its consequences is
less well studied and hence less clear. A cross-
sectional study found that night shift workers were
more likely to report LBS than day shift workers
[22]. Schneider et al. [23] reported that part-time
employees were less likely to report LBS than full-
time employees. In contrast, Devereux et al. [21]
showed that hours worked per week or shift work did
not increased the risk of LBS.

Various physical and psychosocial risk factors
are known to be predictors for LBS but there may be
combinations/interactions that may influence each
other [24, 25]. To our knowledge only five studies
[14, 21, 26-28] have investigated physical and psy-
chosocial risk factor combinations/interactions with
LBS. All of these have been conducted in developed
countries and have shown that individuals exposed to
both high physical and high psychosocial factors
have the highest risk of LBS. They also indicated that
physical factors appear to be more prominent than
psychosocial factors in increasing the risk of LBS. As
far as we are aware, there are no previous studies that
have examined these combinations/interactions in
industrially developing countries (IDCs). Thus, the
objective of the present study was to examine the
combination of physical and psychosocial risk factors
for LBS and its consequences in term of reduced
activities and absenteeism in an IDC.

2. Methods

The study was conducted in a large coal mining
contractor company in Indonesia. In this preliminary
study, invitations to participate were delivered in
person to 1300 coal mining workers involved in light

and heavy physical workloads at one site (located in
a province of East Borneo).

2.1. Questionnaire

A self-administered questionnaire was used to
obtain information on physical, psychosocial, and
organisational factors, LBS, demographic character-
istics (age and gender) and any accident(s) that in-
volved the low back region. Since the original ques-
tions were in English and the study was conducted in
Indonesia(n), a cross-cultural adaptation of the ques-
tionnaire was undertaken [29].

Physical exposures for their current working
place were assessed by asking participants to esti-
mate how much working time during their work
activities they were involved in any of these situa-
tions: sitting position [30]; trunk bent [30]; trunk bent
and twisted [30]; exposure to whole body vibration
[31]; also whether their work involved lifting or
carrying at least 10 kg [30], 6 to 15 kg [32, 33], and
16 to 25 kg [32, 33]. A question about lifting or car-
rying an object >25kg was modified from Viikari
Juntura et al. [34].

Psychosocial exposures were assessed using the
Job Content Questionnaire (JCQ) [35] and the short
version of the Effort-Reward Imbalance (ERI) Ques-
tionnaire [36]. Information about job satisfaction was
obtained by the Copenhagen Psychosocial Question-
naire II (COPSOQ II) [37]. An additional single
question on perceived work stress was asked, “In
general, how do you find your job?”” A 5-point Likert
scale was used for the response categories as follows:
not at all stressful; mildly stressful; moderately
stressful; very stressful; extremely stressful [38].
Organisational exposure was assessed by asking
about current employment status (permanent; non-
permanent) and shift work (no shift work; shift work
without a night shift; shift work with a night shift).

Questions about LBS and its consequences were
asked using the Standardised Nordic Musculoskeletal
Questionnaire [39]. LBS was defined as any symp-
toms (such as aches, pains, discomfort, numbness or
fatigue) in the low back region during the last 12
month with symptoms more than 7 days and onset
during the current job and also present within the last
7 days at the time of the survey. LBS’ consequences
were defined as symptoms preventing them from
carrying out their normal activities (reduced activi-
ties) and if they had been absent from work due to
those symptoms within the last 12 months (absentee-
ism).
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2.2. Data analysis

Before examining the interaction between physi-
cal and psychosocial factors, it was necessary to
determine the criteria for high and low physical and
psychosocial exposures. Univariate logistic regres-
sion was conducted to obtain the association between
each explanatory factor and the outcomes. High ex-
posures criteria were identified as those with an odds
ratio (OR) significantly greater than 1. Low exposure
criteria were identified as those with an OR signifi-
cantly less than 1 or with OR more than 1 and with
its 95% CI including 1. This analysis was conducted
for both physical and psychosocial exposure.

To examine the interaction between physical and
psychosocial risk factors, all participants were
grouped into one of four combination exposure
groups: 1) high physical and high psychosocial, 2)
high physical and low psychosocial, 3) low physical
and high psychosocial, 4) low physical and low psy-
chosocial group (as the reference group). Workers
that did not fulfil the criteria for classification into
the high or low exposure groups were classified into
an unclassified group and excluded from the analysis.
Logistic regression was used to obtain the final
model for combination of the risk factors. Organisa-
tional factors, age, and gender were included in the
final model. The Hosmer-Lemeshow test was used to
assess the fit of the final logistic regression model
[40]. These analyses were carried out separately for
each outcome (i.e. LBS, reduced activities, and ab-
senteeism due to LBS). All statistical analyses were
conducted using Predictive Analytics Software ver-
sion 18.0 [41].

3. Results

Sixty three percent of workers (n=825) com-
pleted the questionnaires. One hundred and fifty two
workers did not meet the eligible criteria, i.e. had less
than 1 year work experience in the current job, had
had an accident involving the low back region previ-
ously, or answered less than 50% of the questions.
Thus 673 questionnaires were considered to be valid
and included in the present analysis.

Of the 673 valid questionnaires, 96% were an-
swered by males (#=649) and 64% were aged <30
years (n=434). The duration of work distributions
were: <3 years - 40% (n=270); 3-5 years - 28%
(n=188), and; >5 years - 32% (n=215). The preva-
lence of LBS (defined as any symptoms, such as

aches, pains, discomfort, numbness or fatigue in the
low back region, during the last 12 month with symp-
toms more than 7 days and onset during the current
job and also present within the last 7 days at the time
of the survey) was 23%. The 12-month period preva-
lence for reduced activities and absenteeism due to
LBS were 19% and 17% respectively.

3.1. Risk factors for LBS

Working with a bent trunk >50% of working
time (OR 2.27, 95% CI 1.01-5.18), exposure to
whole body vibration >50% of working time (2.94,
95% CI 1.58-5.46), high effort (a score was above
upper mean-based quartiles) (OR 2.07, 95% CI 1.25-
3.44), and having a very/extremely stressful job (OR
4.44, 95% CI 2.00-9.85) significantly increased the
risk of LBS after adjustment for age and gender. For
organisational factors, being a non-permanent worker
(OR 0.43, 95% CI 0.28-0.66) was significantly asso-
ciated with LBS.

Thus, the criteria for high physical exposures
were trunk bent >50% of working time and/or expo-
sure to whole body vibration >50% of working time.
For low physical exposures the criteria were trunk
bent <50% of working time and/or exposure to whole
body vibration <50% of working time. The criteria
for high psychosocial exposures were high effort (a
score above upper mean-based quartiles) and/or hav-
ing a very/extremely stressful job. For low psychoso-
cial exposures criteria were low effort (a score below
upper mean-based quartiles) and/or having a ‘not at
all” stressful job.

3.2. Risk factors for reduced activities due to LBS

Working with a bent trunk >50% of working
time (OR 2.43, 95% CI 1.08-5.46), exposure to
whole body vibration >50% of working time (OR
2.35, 95% CI 1.26-4.37), low reward (a score below
lower mean-based quartiles) (OR 1.65, 95% CI 1.07-
2.56), and having a mildly/moderately stressful (OR
2.23, 95% CI 1.22-4.06) or very/extremely stressful
(OR 2.95, 95% CI 1.13-7.69) job significantly in-
creased the risk of reduced activities due to LBS after
adjustment for age and gender. For organisational
factors, being a non-permanent worker (OR 0.47,
95% CI 0.29-0.77) and night shift work (OR 3.94,
95% CI 1.62-9.57) were significantly associated with
reduced activities due to LBS.

Thus, the criteria for high physical exposures
were trunk bent >50% of working time and/or expo-
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sure to whole body vibration >50% of working time.
For low physical exposures criteria were trunk bent
<50% of working time and/or exposure to whole
body vibration <50% of working time. The criteria
for high psychosocial exposures were low reward (a
score below lower mean-based quartiles) and/or
having ad mildly/moderately or very/extremely
stressful job. For low psychosocial exposures criteria
were low effort (a score was above upper mean-
based quartiles) and/or having a ‘not at all’ stressful
job.

3.3. Risk factors for absenteeism due to LBS

Exposure to whole body vibration >50% of
working time (OR 2.47, 95% CI 1.28-4.74), lifting
>10 kg, more than 50 times/day (OR 2.55, 95% CI
1.11-5.87), having a mildly/moderately stressful job
(OR 2.48, 95% CI 1.26-4.90) significantly increased
the risk of absenteeism due to LBS after adjustment
for age and gender. For organisational factors, non-
permanent workers (OR 0.35, 95% CI 0.21-0.59),
day shift work (OR 4.69, 95% CI 1.80-12.23), and
night shift work (OR 5.16, 95% CI 1.55-17.13) were
significantly associated with reduced activities due to
LBS.

Thus, the criteria for high physical exposures
were exposure to whole body vibration >50% and/or
working time and/or lifting >10 kg, more than 50
times/day; and for low physical exposures - exposure
to whole body vibration <50% of working time
and/or <50% and/or lifting >10 kg, less than 50
times/day. The criteria for high psychosocial expo-
sures were having a mildly/moderately or
very/extremely stressful job; and for low psychoso-
cial exposures - having a ‘not at all’ stressful job.

3.4. Interaction/combination of physical and psycho-
social exposures

For LBS, a total of 628 participants were classi-
fied into one of the four combination exposure
groups with the distributions as follows: high physi-
cal and high psychosocial group (#=144), high physi-
cal and low psychosocial group (n=105), low physi-
cal and high psychosocial group (»=250), and low
physical and low psychosocial group (n=129). Forty
three participants were classified into an unclassified
group and two questionnaires were missing.

For reduced activities due to LBS, a total of 624
participants were classified into one of the four com-
bination exposure groups with the distributions as

follows: high physical and high psychosocial group
(n=214), high physical and low psychosocial group
(n=33), low physical and high psychosocial group
(n=327), and low physical and low psychosocial
group (n=50). Forty eight participants were classified
into an unclassified group and one questionnaire was
missing.

For absenteeism due to LBS, a total of 609 par-
ticipants were classified into one of the four combi-
nation exposure groups with the distributions as fol-
lows: high physical and high psychosocial group
(n=183), high physical and low psychosocial group
(n=57), low physical and high psychosocial group
(n=294), and low physical and low psychosocial
group (n=75). Sixty two participants were classified
into an unclassified group and two questionnaires
were missing.

In the final model, those in the high physical and
high psychosocial group were the most likely to
report LBS (OR 3.47 95% CI 1.81-6.64), reduced
activities (OR 6.94 95% CI 1.58-30.49) and absen-
teeism (OR 7.01 95% CI 2.04-24.10) (Table 1).

The results of the Hosmer-Lemeshow goodness
of fit test were: p=0.790 for LBS; p=0.959 for re-
duced activities due to LBS, and; p=0.383 for absen-
teeism due to LBS, indicating that lack-of-fit was not
large enough to reject the models.

Table 1

The final model of risk factors for LBS, reduced activities, and
absenteeism due to LBS

"OR__ (95% CI)

LBS
Physical and psychosocial exposure
low physical — low psychosocial ~ 1.00

low physical — high psychosocial ~ 0.96 (0.50-1.85)
high physical — low psychosocial ~ 3.44  (1.73-6.85)
high physical — high psychosocial ~ 3.47 (1.81-6.64)
Age
<30 1.00
>30 0.86  (0.54-1.38)
Gender
Females 1.00
Males 4.49  (0.57-35-27)
Current employment status
Permanent employee  1.00
Non-permanent employee  0.37 (0.23-0.60)
Shift work
No shift work  N/A
Yes, but without night shift
Yes, with night shift
Reduced activities
Physical and psychosocial exposure
low physical — low psychosocial ~ 1.00
low physical — high psychosocial ~ 3.10  (0.70-13.64)
high physical — low psychosocial 2.84 (0.46-17.28)
high physical — high psychosocial  6.94 (1.58-30.49)
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Age
<30 1.00
>30 132 (0.80-2.19)
Gender
Females  1.00
Males 3.51 (0.42-28.84)
Current employment status
Permanent employee  1.00
Non-permanent employee  0.45 (0.27-0.75)
Shift work
No shift work  1.00
Yes, but without night shift  2.46 (0.70-8.59)
Yes, with night shift  2.63  (1.03-6.73)
Absenteeism
Physical and psychosocial exposure
low physical — low psychosocial ~ 1.00
low physical — high psychosocial ~ 3.09 (0.89-10.62)
high physical — low psychosocial ~ 3.27 (0.77-13.85)
high physical — high psychosocial ~ 7.01 (2.04-24.10)
Age
<30 1.00
>30 128  (0.75-2.18)
Gender
Females 1.00
Males 1.52  (0.30-7.62)
Current employment status
Permanent employee  1.00
Non-permanent employee  0.37 (0.21-0.64)
Shift work
No shift work ~ 1.00
Yes, but without night shift  3.13  (1.13-8.61)
Yes, with night shift  4.01 (1.21-14.35)

"OR = adjusted for physical and psychosocial exposure, age,
gender, current employment status, and shift work

4. Discussion

Combined exposure to physical and psychoso-
cial work risk factors increased the risk of LBS as
well as both consequences (reduced activities and
absenteeism) in the present study. The nature of
combined exposure allowed us to characterise the
interactions among exposures, but this is beyond the
scope of this paper. Individuals with both high physi-
cal and high psychosocial exposures were most likely
to report LBS. Although it is difficult to compare this
finding with other studies due to differences in risk
factor criteria and the natures of the populations
studied, it is in agreement with cross-sectional stud-
ies among working populations in Sweden [14] and
the UK [21, 26] and US Marines [27]. The present
study also found that a high physical exposure played
a more important role in reporting LBS, which is in
line with previous studies [21, 26]. Carayon et al.
[42] proposed that job stress may increase muscle
tension as well as reduce blood flow to the muscles
which may limit the ability of the body to repair and
heal from microtrauma in the musculoskeletal sys-

tem. This condition may be even worse among those
who also have physical exposure. With respect to
behaviour, individuals who experience stress in their
job might be more likely to report musculoskeletal
symptoms (MSS) or have lack of motivation to seek
help [42]. Hence, it makes sense that those with high
physical and also high psychosocial exposure had the
highest risk of LBS.

Although those with both high physical and high
psychosocial exposures were most likely to report
LBS consequences, exposure to high physical and
low psychosocial as well as exposure to low physical
and high psychosocial did not increase the risk of
LBS’ consequences. Interestingly, without combin-
ing the physical and psychosocial exposure, i.e. ex-
posure to either physical or psychosocial risk factors
alone, significantly increased the risk of LBS conse-
quences. For example, the univariate analysis for
each risk factor showed that working with trunk bent,
exposure to whole body vibration, low reward, and
work stress significantly increased the risk of reduced
activities due to LBS after adjustment for age and
gender. But, workers with a combined exposure, i.e.
high physical and low psychosocial (e.g. working
with trunk bent and/or exposure to whole body vibra-
tion but with high reward and/or perceiving that the
job was not at all stressful) or vice versa, the risk of
reporting LBS consequences did not increase.

It is therefore speculated that a good psychoso-
cial working condition may buffer the negative effect
of a poor physical working condition on the risk of
LBS consequences, and vice versa. This means that
working in a poor physical working condition (e.g.
working with a trunk bent, exposure to whole body
vibration, and doing lifting) may increase the risk of
reporting LBS consequences, but this risk may be
reduced if the workers are also working in a good
psychosocial working environment. This speculation
is supported by Joling et al.’s study [43] among 1552
Dutch workers which showed that among those with
high physical workload, those who experienced a
good psychosocial environment (i.e. a high quality of
communication) had a lower risk of work-related
MSS compared to those who experienced a poor
psychosocial environment (i.e. a low quality of
communication). Also, among those with low physi-
cal workload, those who experienced a poor psycho-
social environment (i.e. a low quality of communica-
tion) had a higher risk of work related MSS com-
pared to those who also experienced a good psycho-
social environment (i.e. a high quality of communica-
tion) [43]. The findings from Torp et al.’s [44] and
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Torp et al.’s [45] studies that investigated the influ-
ence of psychosocial work environment in coping
with MSS among mechanics may also strengthen our
speculation. These studies found that there were
positive and significant relationships between psy-
chosocial factors and how mechanics coped with
their MSS. The higher social support and manager’s
involvement in health and safety that the mechanics
experienced, the more often they used many coping
strategies to reduce their MSS (e.g. the use of equip-
ment to reduce the physical strain, changes in work-
ing technique, discussing the problem with the health
and safety deputy). This condition, in turn, will re-
duce the MSS reported and/or avoid progression
towards more severe symptoms among the workers.
Hence, it makes sense that in the present study there
is no increasing risk of LBS’ consequences (which
might be due to severe condition of LBS) amongst
those who were exposed to poor physical working
conditions but were exposed to good psychosocial
working conditions. However, since there appear to
be only a few studies that have investigated combina-
tion/interaction between physical and psychosocial
and LBS, it is difficult to reach any firm conclusion.
Since workers are often simultaneously exposed to
both physical and psychosocial factors in the work-
place, it is an issue that may warrant further investi-
gation.

The present study also showed that being a non-
permanent employee was a protective factor for LBS
and absenteeism due to LBS. This finding is sup-
ported by a previous cross-sectional study in a Ger-
man population [23]. Schneider et al. [23] hypothe-
sed that full-time workers (permanent employees)
were more likely to be exposed to risk factors at
work (due to a longer working time and period of
employment) and were more likely to report LBS
than part-time workers (non-permanent employees).
Additionally, absenteeism, expressed as the number
of days absent from work, is one of the key perform-
ance indicators that commonly influence the salary
for non-permanent employee. If it is assumed that
part-time workers suffering from severe LBS tend
not to take sick leave due to concerns about their job
security, it seems likely that non-permanent employ-
ees will be less likely to report absenteeism due to
LBS.

In the present study, night shift workers had a
higher risk of LBS consequences than non-shift
workers. Night shifts have been shown to be associ-
ated with short or disturbed sleep [46, 47]. This may
reduce the production of the hormone that stimulates

anabolism to assist musculoskeletal tissue regenera-
tion [48]. This hypothesis is also supported by Jansen
et al. [49] who found that shift workers had a higher
OR for an elevated need for recovery compared to
non-shift workers. Additionally, Theorell et al. [50]
proposed that disturbed sleep may increase muscle
tension which can lead to pain in the low back re-
gion.

Although the large sample size in the present
study allowed us to explore the interaction between
physical and psychosocial factors by classifying them
into four combination exposure groups, the confi-
dence intervals around the risk estimates for LBS
consequences were wide. Hence, a larger sample size
may be necessary to obtain more appropriate estima-
tions for such an analysis.

In order to conduct a survey with such a large
sample it was necessary to use a self-administered
questionnaire method for practical reasons [51, 52].
This method is known to provide valid and reliable
data [39]. However, the use of self-report question-
naires has been criticised for not providing accurate
information due to recall bias. Recall inconsistencies
are more likely among those with less serious LBS
[39]. Therefore, selecting those who had LBS during
the last 12 months with symptoms more than 7 days
and onset during their current job and also present
within the last 7 days at the time of survey in the
analysis is likely to have reduced the possibility of
recall bias in the present study. In addition, a good
agreement between self-reported absenteeism and
absence recorded for a recall period of 12 months
[53] indicates that recall bias regarding self-reported
absenteeism appears to be unlikely.

Analyses based on cross-sectional studies cannot
be used to make causal inferences. The association
between risk factors and LBS and its consequences
reported in the present study may have been biased
due to the selection processes used to identify the
participants (i.e. a healthy worker effect). Hence,
longitudinal studies are needed to reach firm conclu-
sions about the causal relationship between LBS and
its risk factors [54, 55].

In conclusion, the present study has shown that
Indonesian coal mining workers with both high
physical and high psychosocial exposures were most
likely to report LBS and its consequences. Permanent
workers were more likely to report LBS and its con-
sequences whereas night shift work increased the risk
of LBS consequences. The findings imply that efforts
to reduce LBS and its consequences in the workplace
in the coal mining industry in Indonesia should ad-
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dress both physical factors (i.e. reducing working
with a bent trunk posture, whole body vibration ex-
posure, and lifting) and psychosocial factors (i.e.
reducing the worker’s effort, increasing reward and
managing work stress) with a focus on permanent
employees and night shift workers. It is logical to
suppose that similar conclusions might apply for
other industries in other IDCs.
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