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Abstract The objective of the current study was to eluci-
date how work—private life conflict prospectively affects
musculoskeletal pain complaints by exploring possible
mediation through sleep problems. In addition, the study
determined whether support from coworkers and superior
moderate this mediated relationship. The study incorpo-
rated a two-wave full panel design and participants inclu-
ded 4681 Norwegian working men and women. Path
analyses were performed to study direct and indirect effects
of work—private life conflict on sleep problems and mul-
tisite musculoskeletal pain, moderated by support. This
study suggested time-lagged relationships of work—private
life conflict with number of pain sites. Furthermore, sleep
problems may mediate the effects of work—private life
conflict on number of pain sites. While support has been
found to affect the direct relationship between work—pri-
vate life conflict and number of pain sites, it does not
significantly moderate the indirect mediation effect, i.e. no
moderated mediation effect of support was established.
Findings from the present study suggest sleep may be one
explaining factor in the complex work—pain mechanism,
and this may aid the development of theories on work—
private life conflict and pain. Since both work—private life
conflict and support are modifiable work factors, primary
workplace interventions by the employer aiming to reduce
sleep problems and musculoskeletal pain in employees
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could target these specific work factors, and help prevent
work-related pain complaints.

Keywords Work—private life conflict - Sleep - Multisite
pain - Mediation - Moderation - Support

Introduction

Musculoskeletal pain is among the most frequently repor-
ted health complaints in the working population and is a
common cause of long-term illness and sick leave (Woolf
& Pfleger, 2003). The relationship between psychosocial
work factors and single anatomical pain sites (particularly
neck and back) has been studied extensively (Christensen
& Knardahl, 2010, 2012). However, more recently the
study of co-occurring pain sites has gained attention (Ne-
upane et al., 2013). Multisite musculoskeletal pain, i.e.
reporting more than one concurrent pain site, is more
prevalent than single-site pain (Kamaleri et al., 2008b) and
may have a greater impact on health (Neupane et al., 2013),
sick leave (Haukka et al., 2013), and work disability (Mi-
randa et al., 2010). While some psychological work factors
are established predictors of pain complaints, including
multisite pain (Christensen & Knardahl, 2010, 2012; Sol-
idaki et al., 2010), many potential predictors remain less
studied. Moreover, the processes by which work factors
affect pain complaints are unknown, calling for studies that
identify factors on the pathway from work to health.
Multisite pain can be defined as ‘pain in more than one
body location concurrently or alternatively within a defined
time period’ (Paananen, 2011). Some have argued pain
should occur in at least one upper limb and one lower limb
as well as both on the left as well as the right side of the
body (Wolfe et al., 2010), i.e. pain should be widespread to
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be considered multisite pain (Dean et al., 2017). However,
others have argued that multisite pain should simply be
based on the number of body sites affected, regardless of
their anatomical distribution (Coggon et al, 2013).
Kamaleri et al. (2009) observed a strong prospective, long
term dose-response relationship between the number of
pain sites and work disability concluding that counting the
number of pain sites is a simple and powerful way to assess
risk.

Work-private life conflict affecting sleep and pain

For many employees, coping with demands both at work
and at home is challenging. Two roles requiring time,
attention, and effort may result in conflict between work-
and private life. With the emergence of ‘New ways of
working (NWW)’, which is characterized by flexibility in
work hours, but also by increased accessibility via smart-
phone and email, (Demerouti et al., 2014) this concern may
seem more pressing than ever. Work—private life conflict
may result in negative health effects such as distress, sleep
deprivation, and musculoskeletal pains (Christensen &
Knardahl, 2010, 2012; Hammig & Bauer, 2014; Hammig
et al., 2009; Kim et al.,, 2013). Contemporary families
encompass many configurations and private life responsi-
bilities may extend beyond family obligations. Therefore,
the present study addresses work—private life conflict
(WLC) rather than work-family conflict alone.

Mechanisms have been proposed for how psychological
and social factors at work may affect both sleep and pain
(Davis & Heaney, 2000; Hoogendoorn et al., 2000). A
conflict between demands from work and private life
occurs because these separate demands are directed
towards the same limited resources, therefore resulting in
loss at either end, e.g. valued roles at home or at work, or
time spent at either place (Crain et al., 2014). In the
instance of WLC leading to sleep problems and pain, one
possible way in which sleep may mediate the relationship
is if challenges at work influence the employee’s spare-
time and home situation. In order to compensate lost time
at home, the employee may spend additional time investing
in their ‘home role’, likely cutting into sleep time (Barnes
et al., 2012; Crain et al., 2014). In addition, worries about
work may disrupt sleep.

Work—private life conflict has been linked to muscu-
loskeletal pain (Hammig & Bauer, 2014; Hammig et al.,
2009; Kim et al., 2013) as well as sleeping difficulties
(Crain et al., 2014; Hammig et al., 2009; Lallukka et al.,
2010; Vleeshouwers et al., 2016). While studied to a lesser
degree, WLC has been linked to multisite pain specifically
as well (Aili et al.,, 2015). However, WLC has to our
knowledge not been studied together with sleep, support,
and NPS simultaneously.

A population-representative Swiss cross-sectional study
revealed associations between higher levels of WLC and
poorer health, including back- and neck pain, and sleep
problems (Hammig et al., 2009). Other studies have also
suggested both WLC and support may affect sleep (Ham-
mig et al., 2009; Jacobsen et al., 2014; Magnusson Hanson
et al., 2014; Nakata et al., 2004). One longitudinal study of
the relationship between WLC and sleep (Jacobsen et al.,
2014) found that WLC predicted sleep deficiency nearly
2 years later.

Sleep affecting pain

The relationship between sleep and pain has long been
acknowledged (Matre et al., 2015; Moldofsky, 2001;
Sivertsen et al., 2015). Pain may interfere with sleep pat-
terns and behaviors, and sleep disruption has been found to
influence pain (Alsaadi et al., 2014; Moldofsky, 2001).
Furthermore, sleep restriction has been found to elevate
pain sensitivity (Haack et al., 2007; Matre et al., 2015;
Sivertsen et al., 2015).

Knowing that sleep quality may be influenced by work
factors (Vleeshouwers et al., 2016) and that sleep may
influence pain, including multisite pain specifically (Aili
et al., 2015), one may surmise that sleep problems could be
one of several factors responsible for the link between
work and pain.

Support as a buffer

Receiving support at work from either colleagues or
supervisors may have beneficial health effects (Bongers
et al.,, 1993; Eriksen et al., 2004). Low levels of support
from one’s superior at work may predict difficulties initi-
ating and maintaining sleep (Vleeshouwers et al., 2016),
while low support from family and coworkers be associated
with difficulties initiating and maintaining sleep (Nakata
et al., 2004). Support has also been associated with mus-
culoskeletal pain complaints (Aili et al., 2015; Bongers
et al., 1993; Eriksen et al., 2004; Solidaki et al., 2010).
Moreover, support may affect WLC (Kossek et al., 2011).
In terms of COR theory, support may act as a resource
when other resources, such as time, are depleted due to
work—private life conflict (Hobfoll et al., 1990). Work-re-
lated social support and understanding from the workplace
regarding demands at home may affect the consequences of
work- and private life on health outcomes. Work-related
support has been studied as a moderator in relation to WLC
and other work factors (Ganster et al., 1986). For example,
support has been found to moderate the relationships
between WLC and job satisfaction and between WLC and
organizational commitment (Ganster et al., 1986). How-
ever, it seems the role of work-related social support as a
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potential buffering mechanism between work and health
outcomes, including sleep, is underexplored and unre-
solved, therefore needing further investigation.

Hypotheses

Most studies on WLC and pain have been cross-sectional
and have focused on specific work populations, e.g. women,
hospital personnel, or white-collar workers (Berntsson et al.,
2006; Hammig & Bauer, 2014; Kim et al., 2013). Therefore,
the mechanisms by which WLC influences health and pain
remain underexplored. A more in-depth evaluation of this
specific psychosocial work factor, and the addition of
mediating and moderating factors such as sleep and support
to these models, should add to the understanding of how
work may affect employee health. Moreover, exploring
effects of WLC on subsequent sleep problems and NPS
particularly relevant in practice as WLC, sleep, and support
are all modifiable factors that represent highly relevant tar-
gets of interventions to improve health and well-being.

Thus, the current study tested the hypotheses that work—
private life conflict (WLC) predicts the number of pain
sites (NPS) employees reported 2 years after (Hypothesis
1: H1), that sleep problems predict NPS 2 years after (H2),
and that sleep problems mediate the relationship of WLC
with subsequent NPS (H3). That is, WLC may affect sleep,
which in turn may affect pain, thereby suggesting one
possible mechanism to account for the putative health
impact of WLC. Furthermore, we tested whether work-
related social support from coworkers and superiors to
attenuate this relationship, i.e. buffer the impact of WLC
on NPS (H4).

Methods
Design

The present two-wave prospective full-panel study inclu-
ded parts of a large questionnaire distributed by the Nor-
wegian National Institute of Occupational Health. This
questionnaire gathered data on background information,
work organization, psychological and social work factors,
coping strategies, attitudes towards work, personality,
mental health, and physical health complaints. Data were
collected from November 2004 until November 2012. For
each participant follow-up data was collected 2 years after
baseline.

Participants

While many previous studies have mainly included work-
ing men and women with children living at home, effec-
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tively focusing on work—family life conflict, the present
study includes all working men and women, including
single parents and dual-income couples without children.
Participants were recruited at the organizational level from
participating companies, covering both private- and public
sector workplaces, and including for example insurance
companies, local government, and healthcare institutions.
After receiving a letter with a unique code, participants
could choose to complete the online questionnaire or the
paper version. Participating organizations were obligated to
allow their employees to complete the survey during
working hours; however, participants could also choose to
complete the questionnaire at home.

For the present study, 12,656 participants from 63 dif-
ferent companies were invited to partake and complete the
questionnaire at both baseline and follow-up. Hereof, 4789
(37.8%) employees completed all relevant items at baseline
and 4716 (37.2%) employees also completed all items at
follow-up. After exclusion due to missing information
about sex, age, and skill level, the final sample size was
4681 (37.0% of all invited, 97.7% of those that completed
the form at baseline). Of these participants, 44.9% were
male and 55.1% were female (see Table 1).

Outcome measures: number of pain sites

NPS was measured by summing up the number of self-
reported musculoskeletal pain sites (Kamaleri et al.,
2008a). Simple numerical pain measures are found to be
more successful in accurately classifying and understand-
ing pain in the general public then more advanced mea-
sures (Schmidt & Baumeister, 2007). Musculoskeletal pain
items reflected occurrence of ‘being troubled by’ pain in
the specific body sites. In the Norwegian language ‘being
troubled by’ is a common way of describing discomfort
through pain. Response alternatives included: “not trou-
bled”, “a little troubled”, “somewhat troubled”, and “in-
tensely troubled”.

Five separate musculoskeletal pain sites were measured;
(1) neck pain, (2) pain in the shoulder and/or upper arm, (3)
pain in the underarm and/or hands, (4) back pain, and (5)
pain in the legs. Scores on these items were dichotomized,
with the category for being “a little troubled” in the last
4 weeks by pain in that particular pain site functioning as
the cut-off point. The sum of the number of pain items
reported was calculated to reflect the NPS variable.

Exposure measure; work—private life conflict
(WLCO)

WLC was measured by items from the General Nordic
Questionnaire for Psychological and Social Factors at
Work (QPSNordic) (Lindstrém, 2000). WLC was quanti-
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Table 1 Baseline descriptives for the study sample (N = 4681)

N/mean %

Age Mean: 44.6, sd: 10.2 -
Sex

Male 2168 46.3

Female 2513 53.7
Skill level

> 16 years 1398 29.9

13-16 years 863 18.4

10-12 years 1849 39.5

< 10 years 29 0.6

Unspecified 542 11.6

Work-—private life conflict
Range 1-5 Mean: 1.96, sd: 0.75

Social support

Range 1-5 Mean: 4.01, sd: 0.77
NPS T1
0 1053 22.5
1053 22.5
2 1005 21.5
3 838 17.9
4 507 10.8
5 225 4.8
Mean count 1.86 -
NPS T2
0 1023 21.9
1028 22.0
2 1065 22.8
3 777 16.6
4 531 11.3
5 257 5.5
Mean count 1.90 -
Pain prevalence
Neck pain 2255 48.2
Shoulder pain 2016 43.1
Arm pain 1114 23.8
Back pain 2085 44.5
Leg pain 1260 26.9

fied as the interplay between work and private life and
consisted of two items measured on a 5-point scale. The
first item reflects how often the participant feels work
interferes with their private- or family life (“Do you feel
that demands from the workplace interfere with your pri-
vate- and family life?”’), while the second item reflects the
degree to which the participant feels their private life
interferes with their work (“Do you feel that demands from
your private- and family life interfere with how you exe-
cute your work”). WLC scores were calculated by com-

puting the mean score of the items. Baseline correlation for
WLC items was p 0.61, p < .01.

Potential mediator: sleep problems

Sleep problems was measured with two items, namely
difficulty initiating sleep and disturbed sleep (Harvey et al.,
2008). Items were measured with the following question:
“Have you experienced the following symptoms in the last
4 weeks?” followed by the two items. Response alterna-
tives were: “0 times”, “1-3 times per month”, “1-2 times
per week”, “3-5 times per week”, and “6-7 times per
week”. Sleep problems scores were calculated by com-
puting the sum score of items. Baseline correlation for the
two sleep items was p 0.81, p < .01.

Potential moderator; support

Work-related social support was measured with five Likert-
type items from the QPSNordic (Lindstrom, 2000); two
reflecting the first subscale of co-worker support (“When
needed, can you ask colleagues for help or support with
your work?” and “When needed, are colleagues willing to
listen to- and discuss problems you experience in your
work?”) and three reflecting the second subscale of
supervisor support (“When needed, can you ask your
closest supervisor for help or support with your work?”,
“When needed, is your closest supervisor willing to listen
to- and discuss problems you experience in your work?”,
and “Are your work achievements appreciated by your
closest supervisor?”). Response categories reflected fre-
quency of occurrence and ranged from “1 = very seldom
to never” to “5 = very often or always”. Support scores
were calculated by computing the mean score of the items,
resulting in a scale ranging 1-5, and was treated as con-
tinuous in analyses. The support subscales were highly
correlated, as baseline correlation was p 0.85, p < .01.

Confounders

Since a vast number of studies have established that both
older age and being female are associated with increased
sleep impairments and increased pain sensitivity (Finan
et al., 2013), age and sex were incorporated as covariates in
all analyses. Skill level was included as a confounder since
high levels of WLC are found in workers in executive and
managerial positions, and prevalence rates of WLC are
higher in employees with a higher education (Hammig
et al., 2009).

Skill levels were determined by level of education or
relevant work experience, as specified in STYRK classifi-
cations, which is a Norwegian adaptation of the Interna-
tional Standard for Classification of Education (ISCED-

@ Springer



238

J Behav Med (2019) 42:234-245

Fig. 1 Conceptual half-
longitudinal mediation model of
the relationships between WLC, ‘ / WLC (T1)
sleep problems, and NPS /
| « | SLEEP PROBLEMS SLEEP PROBLEMS
' * (T1) i (12)
\\ NPS (T1) >  NPS(T2)

ISCO88). Categories ranged from occupations that require
< 10 years of education to occupations that require
> 16 years of education. Baseline levels of sleep problems
and NPS were also included a priori in all regressions.

Statistical analyses

Analyses were carried out using MPLUS, version 7.4
(Muthén & Muthén, 1998-2012) and the R package
“Mediation” (Tingley et al., 2014).

Prior to mediation analyses, cross-sectional and
prospective regressions were conducted to establish the
relationships between WLC (predictor), sleep (mediator),
and NPS (outcome). Linear regressions were conducted to
estimate relationships between WLC and sleep, and Pois-
son regressions were conducted to estimate relationships
between WLC and NPS, and sleep and NPS. These
regressions were adjusted for age, sex, and skill level. The
prospective regressions were additionally adjusted for the
outcome at T1.

Mediation models reflect how one variable, the expo-
sure, may affect another, the outcome, by introducing a
potential intervening variable, a mediator, which is located
temporally between exposure and outcome (Hayes, 2013).
Ideally, mediation should be studied with three time points
to establish the sequential order of exposure, mediator, and
outcome. However, for two-wave studies a half-longitudi-
nal model has been proposed by Cole and Maxwell (Cole
& Maxwell, 2003), in which the T1 exposure predicts the
T2 mediator and the T1 mediator predicts the T2 outcome
(see Fig. 1). Estimating and testing the mediation effect in
such a model involves calculating the product of effect
estimates, a method that is not valid with nonlinear
regressions (Lee et al., 2016). Since NPS was a count
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variable, and the effects on NPS were established using
Poisson regressions, we employed the half-longitudinal
model only for testing the order of effects, i.e. to determine
the plausibility of WLC preceding sleep problems and
sleep problems preceding pain problems.

The statistical test of mediation was conducted with the
mediator (sleep problems) measured at baseline. Since the
follow-up period was 2 years, measuring WLC and sleep
problems cross-sectionally should reflect reality most
accurately if work has a short-term effect on sleep.

Figure 1 illustrates the half-longitudinal models used to
test temporal effects. This model included sleep problems
at baseline as well as follow-up. Figure 2 illustrates the
mediation model where sleep problems at baseline was
included. Lastly, Fig. 3 shows the moderated mediation
model. In this model as well, sleep at baseline only was
included, as the focus here was on whether the association
of WLC with impaired sleep is modified by the level of
experienced support during the same period.

Since NPS is a count variable, mediation was tested
using causal mediation analyses based on counterfactuals
(Muthen et al., 2016). Since these analyses are based on
comparison of two groups, each level of WLC was com-
pared with the reference level of WLC, which was set to 1.
In counterfactual analyses moderated mediation is tested
on both the direct and indirect effect.

Age, sex, skill level, as well as baseline levels of cor-
responding sleep problems and NPS were entered as
covariates in all models.

Bootstrapping methods were performed. Bootstrapping
refers to a resampling procedure in which a large number
of new datasets are resampled from the existing sample in
order to estimate parameters with minimal error. Bias-
corrected bootstrap confidence interval levels (BCa CI)
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Fig. 2 Conceptual mediation
model of the indirect
relationships between WLC, SLEEP
sleep problems, and NPS PROBLEMS
(T1)
M
WLC (T1) NPS (T2)
X Y
Fig. 3 Conceptual model of the
moderated mediation effect of
support on the indirect
relationships between WLC, SUPPORT (T1)
sleep problems, and NPS w
SLEEP
PROBLEMS
(T1)
M
WLC (T1) NPS (T2)
X Y

were reported, since these reflect a highly reliable way to
test significance of indirect effects (Hayes & Scharkow,
2013), dealing with non-normality of the indirect effect
(Little, 2013). For the bootstrapping 5000 replications were
calculated in all analyses.

Results

Frequency Table 1 show a prevalence rate of pain in two or
more pain sites at follow-up of 56.2%. Most reported pain
complaints were of the neck and back, with respectively
48.2 and 44.5% prevalence rates. The majority of the
studied men and women (66.1%) did not experience high
levels of conflict between their work and private life, while
a large majority (84.4%) did report frequently experiencing
support from their coworkers and superior. Correlations

between variables are reflected Table 5, which can be
found in the online appendix.

Prior to main analyses, cross-sectional and prospective
direct effects were tested. The direct effects of WLC on
NPS (IRR =1.04, 95% CI 1.01-1.06, p =.02), and of
sleep problems on NPS were statistically significant
(IRR = 1.07, 95% CI 1.04-1.09, p < .01). After this, in
line with the recommendation of Baron and Kenny (Baron
& Kenny, 1986), mutually adjusted direct effects were
tested. The direct effect of WLC on NPS was no longer
statistically significant (IRR = 1.02, 95% CI 0.99-1.05,
p = .18) after adjusting for sleep problems, consistent with
a hypothesis of mediation (Baron & Kenny, 1986).

An overview of these cross-sectional relations, as well
as prospective direct effects, including bootstrapped con-
fidence intervals, can be found in Table 2.
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Table 2 Results from cross-sectional and prospective regressions of outcome (number of pain sites, NPS) on exposure (work—private life
conflict, WLC) and mediator (sleep problems, SLEEP), and of mediator on exposure (N = 4681)

Estimate IRR 95% CI, IRR P
Cross-sectional models
Univariable regressions
Exposure — outcome WLC — NPS 0.14 1.15 [1.12-1.18] < 0.01
Mediator — outcome SLEEP — NPS 0.21 1.23 [1.21-1.26] < 0.01
Exposure — mediator WLC — SLEEP 0.230 - [0.26-0.336] < 0.01
Multivariable regression
Exposure + mediator — outcome WLC — NPS 0.08 1.08 [1.05-1.12] < 0.01
SLEEP — NPS 0.20 1.22 [1.19-1.24] < 0.01
Prospective models
Univariable regressions
Exposure — outcome WLC — NPS 0.04 1.04 [1.01-1.01] 0.02
Mediator — outcome SLEEP — NPS 0.06 1.07 [1.04-1.09] < 0.01
Exposure — mediator WLC — SLEEP 0.04 - [0.01-0.07] < 0.02
Multivariable regression
Exposure + mediator — outcome WLC — NPS 0.02 1.02 [0.99-1.05] 0.18
SLEEP — NPS 0.06 1.06 [1.04-1.09] < 0.01

All regressions were adjusted for age, sex, and skill level, and prospective regressions adjusted for the baseline level of the dependent variable

IRR incident rate ratio
p < 0.05 marked in bold font

Half-longitudinal mediation analysis

Temporal relations of direct effects were further examined
through the half-longitudinal model, which revealed sta-
tistically significant results for all prospective relations
tested; the direct effect of WLC at baseline on sleep
problems at follow up (B =0.04, 95% CI 0.01-0.07,
p = .02), and the effect of sleep problems at baseline on
NPS at follow-up (B = 0.06, 95% CI 0.04-0.08, p < .01).

Mediation analysis

As mentioned before, each level of WLC was compared
with the reference level of WLC, which was set to 1. Total
effects, direct effects, indirect effects, and proportions
mediated for each level of WLC can be found in Table 3.

Significant indirect effects of WLC on NPS through
sleep problems were established for each level of WLC,
implying that employees experiencing any level of work-
life conflict above a WLC score of one also reported higher
numbers of pain sites, and this was mediated by higher
levels of sleep problems. Direct effects of WLC on NPS
were not significant for any level of WLC.

The proportion of the effect of WLC on NPS that is
mediated by sleep problems varies slightly between the
differing levels measured, from 43% at level two (low level
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of WLC) to 42.2% at level five (high level of WLC), and is
significant at all levels.

Moderated mediation analysis

Prior to main moderated mediation analysis, the moderat-
ing role of support on the relationship between WLC at T1
and NPS at T2, not mediated by sleep, was tested
(B =0.03, 95% CI 0.02-0.04, p < .01), indicating that the
direct effect of WLC on NPS, tested outside the mediation
models, was partially dependent on levels of support.

Pairwise t-tests were performed to compare the average
direct and indirect effects between all the different pairs of
levels of support (see Table 5 online appendix) (Tingley
et al., 2014). Moderated mediation analyses confirmed the
same pattern as the mediation analyses for all levels of
support. That is, regardless of the level of support a sta-
tistically significant mediation effect was observed, but no
significant direct effects. Although the pattern of associa-
tions suggested a trend with the magnitude of the indirect
effect decreasing for higher levels of support, no statisti-
cally significant differences between indirect effects across
levels of support were observed. Hence, there was not
evidence that support moderates the effect of WLC on NPS
through sleep problems (Table 4).
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Table 3 Mediation of the association between work—private life conflict (WLC) and number of pain sites (NPS) through sleep problems: Direct
effects (WLC — NPS), indirect effects (WLC — sleep — NPS), total effects (direct + indirect effect), and the proportion of the total effect that

is mediated by sleep problems (N = 4681)

Estimate 95% CI p
WLC level 1 Comparison level - - -
WLC level 2 Total effect 0.07 [0.02-0.11] < 0.01
Indirect effect 0.03 [0.02-0.04] < 0.01
Direct effect 0.04 [— 0.01-0.08] 0.11
Proportion mediated 0.43 [0.23-1.42] < 0.01
WLC level 3 Total effect 0.13 [0.04-0.23] < 0.01
Indirect effect 0.06 [0.04-0.08] < 0.01
Direct effect 0.08 [— 0.02-0.17] 0.11
Proportion mediated 0.43 [0.22-1.34] < 0.0
WLC level 4 Total effect 0.20 [0.06-0.34] 0.01
Indirect effect 0.08 [0.05-0.12] < 0.01
Direct effect 0.11 [— 0.03-0.26] 0.11
Proportion mediated 0.43 [0.21-1.35] 0.01
WLC level 5 Total effect 0.26 [0.06-0.47] 0.01
Indirect effect 0.11 [0.05-0.17] < 0.01
Direct effect 0.15 [— 0.04-0.35] 0.12
Proportion mediated 0.42 [0.18-1.38] 0.01

Mediation analyses with counterfactuals require comparison of two groups. Hence, each level of WLC was compared with the reference level of

WLC, which was set to 1
p < 0.05 marked in bold font

Confidence intervals based on nonparametric bootstrapping, 5000 draws

Discussion

The current study established that work—private life conflict
(WLC) predicted the number of pain sites (NPS) (H1),
sleep problems predicted NPS (H2), and sleep mediated the
effects of WLC on NPS (H3). Lastly, the study investigated
the potential buffering effects of work-related social sup-
port on the indirect relationship of WLC on NPS (H4), but
found no statistically significant moderated mediation
effects of support.

The present study suggested that there are time-lagged
effects over a 2-year period, of WLC on NPS, as suggested
in our first hypothesis. Furthermore, prospective effects of
sleep problems on NPS were established, confirming the
second hypothesis. Previous research supports these find-
ing, as both WLC and sleep problems have been found to
have negative effects on employee health (Doi et al., 2003;
Grant-Vallone & Donaldson, 2001). Frone (2003) in his
review on the effects of work-life conflict and work-life
balance, concluded that work-life conflict affects psycho-
logical distress and mood disorders, self-reported poor
physical health, and substance abuse in employees. Sleep
problems have been associated with increased levels of
sick leave, as well as with poor physical- and psychological
health (Doi et al., 2003). Since these modifiable factors

have such a visible impact on employee health, and
therefore come with a significant societal cost, workplace
interventions may wish to target WLC and sleep, which
may lower levels of reported pain as well as improving
general employee health over time.

Furthermore, the suggested prospective relationships of
WLC on NPS are mediated by sleep problems, as sug-
gested by the third hypothesis. Hence, as a result of conflict
between their work- and private life, employees may
experience sleep problems, which may contribute to mul-
tisite musculoskeletal pain complaints and an increase in
number of pain sites.

Finally, support did not significantly moderate the
indirect effect of WLC on NPS, i.e. levels of support at
work from both supervisor as well as coworkers have not
been found to buffer the negative effects of WLC on sleep
and number of pain sites, which means hypothesis four is
not supported by the findings. However, previous studies
suggest support may affect sleep problems individually
(Akerstedt et al., 2002). Although support may not be
sufficient to substantially alleviate the aversive effects of
work-life conflict on sleep and pain, it should be noted that
it may still play a role in the work—pain relationship. A
supportive supervisor who shows understanding of private
life demands may for example be forthcoming in solutions
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Table 4 Moderated mediation: total, direct, and indirect effects of work—private life conflict on NPS through sleep problems for different levels

of perceived support from superiors and coworkers

WLC comparison Effect Level of support
1 2 3 4 5
2 versus 1 Direct — 0.05 —0.02 0.00 0.03 0.05
Indirect 0.04 0.04 0.03 0.03 0.02
3 versus 1 Direct — 0. 106 — 0.04 0.01 0.05 0.10
Indirect 0.08 0.07 0.06 0.05 0.05
4 versus 1 Direct —0.14 — 0.06 0.01 0.08 0.15
Indirect 0.12 0.11 0.10 0.08 0.07
5 versus 1 Direct —0.19 — 0.08 0.02 0.11 0.20
Indirect 0.16 0.15 0.13 0.11 0.10

None of the effects of support on the indirect relationship between WLC and NPS established were statistically significant at p < 0.05

when, often unplanned, private life commitments tip the
balance. Support may relieve some of the worries
employees may experience when work-related expectations
are not met due to limited resources, for example, when an
employee needs to leave early because of such home-life
related engagements.

The present results provide insight into possible mech-
anisms through which psychological and social work fac-
tors may affect pain. It may be that the conflict between
demands from work and home affect sleep because of their
dual claim on common resources, e.g. time, and findings
may be used in the developments of work interventions.,
since WLC, sleep, and support are all modifiable factors.

Limitations

Both support and WLC items come from the QPSNordic, a
reliable and validated questionnaire (Dallner et al., 2000).
Items comprising the WLC scale included in the present
study do not constitute a scale in the QPSNordic, rather
they are two single items reflecting work—private life
interactions. The support scale in the QPSNordic comprises
more than the coworker- and superior support items
included in the present study. The authors chose to focus
primarily on work-based support. Sleep items do not
compromise a scale, but have been measured together in
other studies (Vleeshouwers et al., 2016). What is more, all
variables reflecting measures included in the present study
show high correlations between items.

NPS appears to be stable across time, with little variance
between baseline and follow-up measures. It is important to
note that this does not mean no change on the individual
level has occurred between the two time points. While the
average change in NPS is moderate, individual levels of
NPS may have fluctuated more than the sample level
change reflects. High stability combined with baseline
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adjustment may affect analyses by making effects more
difficult to detect.

Only a small number of participants experience high
levels of conflict between work- and private life and/or low
levels of support. These groups may have simply been too
small to establish any effect if present. Since counterfactual
mediation analysis relies on comparing groups, the absence
of a moderated mediation effect of support could be due to
a lack of statistical power. The fact that so few employees
experience these ‘extremes’ in these work factors may be
due to Norway’s relatively stable and modern workforce
(Abendroth & den Dulk, 2011; Crompton & Lyonette,
2006). Moreover, Norwegian work culture is characterized
by equality and flexibility, with a dual-earner model with
both mother and father in paid work, and with extended
childcare- and annual leave arrangements, and often with
flexible working arrangements available (Kvande, 2009).
When compared to other cultures, such as for instance the
US, where gender roles in employment appear more visible
and the man is often the breadwinner, and where rules and
regulations are less forthcoming (Allen et al., 2015), clear
differences in levels of work—private life conflict are
observed. In Norway, workers in full-time employment
have an average of 15.5 h daily to spend on leisure and
personal care, while workers in the US have 1 h less
(OECD, 2015).

While the present study has shed some light on possible
mechanism explaining relationships between WLC, and
pain, more research is needed in order to improve our
understanding of underlying mechanisms. Because of the
2 year time frame, it is possible that effects are transmitted
through alternative causal chains, or that there are addi-
tional or alternative causes (Shrout & Bolger, 2002). Other
factors are likely to play a part in the multifaceted rela-
tionship between work, sleep, and multisite pain. Depres-
sion caused by work-factors could affect sleep (Bonde,
2008), which in turn affects pain. Similarly, one could
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argue that appraisal and coping, exercise, and biomechan-
ical exposures at work, may influence these complex
relationships. The purpose of the current study was to
investigate the role of sleep in mediating the relationship
between work—private life conflict and pain. While we did
have access to some information about mental health, we
chose not to include this in the present analyses. While
individuals experiencing mental distress could be more
vulnerable to effects of work—private life conflict on sleep
and/or pain, it may also be that the experience of WLC
affects psychological status, which in turn may affect sleep
and/or pain. Confounding is another possibility, if for
instance distress affects both WLC, sleep, and pain. We
chose not to include mental distress as a control variable
since it would be unclear whether any impact on results
would be due to effect modification, mediation, or con-
founding. Moreover, baseline adjustment for NPS should
attenuate confounding if distress influenced WLC and NPS
similarly across time. Nevertheless, the possible influence
of distress should be kept in mind when interpreting results.
Future studies may wish to address distress and other
potential mediators and moderators that may be a part of
the work—pain mechanism.

Organizations partaking in the study received feedback
on all psychological and social work factors studied in the
form of reports and presentations after each round of data
collection. While it is possible that some companies chose
to change some of their work practices based on feedback
received after T1, no significant differences in WLC
between T1 and T2 were found in post hoc analyses in the
overall sample.

This study indicated that WLC affected NPS, partly
through influencing sleep problems. Social support at work
did not significantly moderate this relationship, but may
still affect sleep problems and NPS. Although much is still
unclear about causal mechanisms, workplace interventions
have been shown to improve employee control, work—
family conflict, and sleep (Olson et al., 2015). Findings
may be used towards the construction of workplace inter-
vention initiatives that alleviate WLC and improve sup-
portive behaviors in the workplace. One central implication
for organizational practitioners is that in cases where
work—private-life conflict cannot be avoided organizational
support may be particularly important in order to alleviate
undesirable consequences. When the bidirectional rela-
tionship between work and private life results in positive
spillover, sleep may be improved (Williams et al., 2006).
Workplace interventions aimed at decreasing overtime
work and spillover between employees’ private life- and
work life, and to improve employees’ control over work
and home balance, as well as improving communications
and support mechanisms at work could significantly

improve employee health and well-being, which in turn
could benefit productivity and decrease sickness absence.
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