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Study Objectives: Sleep problems are experienced by a large part of the population. Work characteristics are potential determinants, but limited
longitudinal evidence is available to date, and reverse causation is a plausible alternative. This study examines longitudinal, bidirectional relation-
ships between work characteristics and sleep problems.

Design: Prospective cohort/two-wave panel.

Setting: Sweden.

Participants: 3065 working men and women approximately representative of the Swedish workforce who responded to the 2006 and 2008 waves
of the Swedish Longitudinal Occupational Survey of Health (SLOSH).

Interventions: N/A.

Measurements and Results: Bidirectional relationships between, on the one hand, workplace demands, decision authority, and support, and, on
the other hand, sleep disturbances (reflecting lack of sleep continuity) and awakening problems (reflecting feelings of being insufficiently restored),
were investigated by structural equation modeling. All factors were modeled as latent variables and adjusted for gender, age, marital status, educa-
tion, alcohol consumption, and job change. Concerning sleep disturbances, the best fitting models were the “forward” causal model for demands
and the “reverse” causal model for support. Regarding awakening problems, reciprocal models fitted the data best.

Conclusions: Cross-lagged analyses indicates a weak relationship between demands at Time 1 and sleep disturbances at Time 2, a “reverse”
relationship from support T1 to sleep disturbances T2, and bidirectional associations between work characteristics and awakening problems. In
contrast to an earlier study on demands, control, sleep quality, and fatigue, this study suggests reverse and reciprocal in addition to the commonly

hypothesized causal relationships between work characteristics and sleep problems based on a 2-year time lag.

Keywords: Workplace, demand, control, support, sleep, sleep disturbances, causation, structural equation modeling, reverse, reciprocal
Citation: Magnusson Hanson LL; Akerstedt T: Naswall K; Leineweber C; Theorell T; Westerlund H. Cross-lagged relationships between workplace
demands, control, support, and sleep problems. SLEEP 2011;34(10):1403-1410.

INTRODUCTION

About one-third of all adults in Europe have complaints of
sleep problems, such as difficulties falling asleep, maintaining
sleep, early morning awakenings, and non-restorative sleep
several times a week. And as much as 9% of the population ful-
fill the criteria for an insomnia diagnosis, with complaints last-
ing for at least a month, accompanied by impairment in social,
occupational, or other areas of functioning.' A core symptom of
insomnia is non-restorative sleep, a subjective feeling at awak-
ening of having had an unrestful sleep or not being refreshed
upon awakening.? A considerable part of the population experi-
ences non-restorative or unrefreshing sleep which is not due to
lack of sleep.? Non-restorative sleep can thus occur indepen-
dently of other insomnia symptoms.® Although sleep problems
may be caused by health deficits, they might also precede health
problems like poor mental health,*’ heart disease,® obesity,’ dia-
betes,® and increase mortality risk.’

Chronic stress associated with hyperactivity of the hypotha-
lamic-pituitary-adrenocortical (HPA) and sympatho-adreno-med-
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ullary (SAM) systems might lead to impaired sleep.'® A number
of working conditions that may constitute stressors such as long
work hours, shift work, high workload/demands/job strain, poor
social support, effort-reward imbalance, organizational injustice,
and workplace bullying have been linked to sleep problems;''2
whereas retirement has been shown to be followed by a substan-
tial decrease in sleep disturbances.?! In a survey in the US, the
most frequent self-reported cause of sleeping difficulties was in-
deed work-related stress,? and an increase of work-related sleep
problems has been demonstrated among the Swedish working
population during the 1990s.” Some recent investigations using
the demand-control and effort-reward imbalance models show
prospective relationships between work characteristics and sleep
disturbances and/or insomnia.'”?® Thus far, however, evidence
from longitudinal studies is limited,'*'%!"22* and more evidence
is needed to elucidate causality and the directions of the relation-
ships. De Lange et al. recently investigated associations between
job demands and control on the one hand, and sleep quality and
fatigue on the other hand, and found no reverse or reciprocal pat-
terns.”* However, their sample consisted of a relatively young
and predominantly male population. Furthermore, with fewer
measurements on sleep quality and fatigue, the chance of detect-
ing reverse or reciprocal associations was lower than of relation-
ships in the hypothesized direction.

In the present study we investigate the longitudinal relation-
ships between the components of the demand-control-support
model and sleep problems (sleep disturbances and awakening
problems). The study examines both the effects of work char-
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SWES 2003 respondents
n=9214

—> Participated in pilot study (n = 2)

—> Declined, missing address, died or
emigrated before 2008 (n = 117)

—> Non respondents 2006,
2008, or both (n = 4405)

A\

SLOSH 2006+2008 respondents
n = 4690

—> Not gainfully employed 2006
and 2008 (n = 421)

—> Gainfully employed 2006
but not 2008 (n = 408)

—> Gainfully employed 2008
but not 2006 (n = 217)

A\

Gainfully employed 2006+2008
n = 3644

—» Incomplete data on variables of interest
2006 or 2008 (n = 603)

\

Final study sample
n = 3041

Figure 1—Participants from the Swedish Work Environment Survey
(SWES) 2003 and in the Swedish Longitudinal Occupational Survey of
Health 2006 and 2008 included in the final study sample.

acteristics on later sleep problems (subsequently referred to as
“forward” causation, i.e., in the direction most often assumed
in the literature), and the relationship between sleep problems
and work characteristics (referred to as “reverse” causation)
two years later.

METHODS

Study Participants

The study was based on the Swedish Longitudinal Occupa-
tional Survey of Health (SLOSH).* In SLOSH, participants in
the Swedish Work Environment Survey (SWES) from 2003
are followed up by postal questionnaires every second year.
SWES is in turn a subsample of respondents to the Swedish
Labor Force Survey (LFS), including gainfully employed men
and women from different labor market sectors and occupa-
tions. Accordingly, SLOSH is approximately representative of
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the Swedish working population in 2003. The first follow-up
(Wave 1) of SWES 2003 was conducted in 2006, with 5985
(65%) respondents: 5141 “gainfully employed” and 844 “not
gainfully employed.” Respondents were categorized as gain-
fully employed if they had responded to the questionnaire for
those who had worked on average > 30% during the past 3
months. In 2008 (Wave 2), participants in SWES 2003 were
again followed up, with a total of 5557 (61%) respondents:
4672 gainfully employed and 885 not gainfully employed. The
present study included those individuals who took part in the
2006 as well as the 2008 follow-up survey (n =4690; 78% of all
participants in Wave 1), and who were categorized as gainfully
employed at both occasions (n = 3644; see Figure 1). Subjects
with incomplete data on any of the questions of interest were
excluded, resulting in a study sample of 3041 individuals. Com-
pared to all participants in SWES 2003 (n = 9214), a higher
proportion of the respondents included in the final study sample
were in the age range 40-59 in 2003, and a higher proportion
had university education. However, the gender distribution was
virtually the same, as were the mean scores on demand, control,
and support proxy measures from SWES 2003, and the mean
scores on items measuring if respondents get enough sleep,
have a hard time sleeping because of thoughts of work, and
feel tired and listless after work.?** The study was based on
informed consent and has been approved by the Regional Re-
search Ethics Board in Stockholm.

Measures

The questionnaires for gainfully employed in Wave 1 and
2 included numerous questions about the psychosocial work
environment, work organization, health, and health-related
complaints. Demands, control and support at work were mea-
sured by the Swedish version of the Demand-Control Question-
naire (DCQ)."" Demands at work were assessed by 5 questions
(working fast, working intensively, too much effort, enough
time, and conflicting demands) with 5 response options (1 =
Never/almost never — 4 = Often). Cronbach a was 0.75 at Time
1 and 0.72 at Time 2. Decision authority was assessed with 2
questions (choice in how you do your work and what you do)
with 4 response options (1 = To a very small extent/not at all — 4
= To a very great extent). Cronbach a was 0.77 at Time 1 and
0.73 at Time 2. Social support was measured with 6 questions
(calm and pleasant atmosphere, good spirit of unity, colleagues
are there for me, people understand a bad day, get on well with
my colleagues, get on well with my superiors) with 4 response
options (1 = Strongly disagree — 4 = Strongly agree). Cronbach
o was 0.85 at both time points. A question about working hours
was modified from SWES and categorized into 1 = day work;
2 = evening, shift work (2 shifts), discretionary/unregulated
working hours or other; and 3 = night work and shift work (3
shifts). Physical strain was assessed by another question from
SWES: Does your work sometimes involve physical labor, that
is, do you physically exert yourself more than one does when
walking and standing and moving around in a normal way? (re-
sponse options 1 =No, not at all — 6 = Nearly all the time). Sleep
disturbances (reflecting lack of sleep continuity) were assessed
with 4 questions (difficulty falling asleep, repeated awaken-
ings, ecarly awakening, disturbed sleep); whereas awakening
problems (reflecting feelings of being insufficiently restored)
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were measured with 3 questions (difficulty awakening, not
well-rested, exhausted at awakening), all from the Karolinska
Sleep Questionnaire.'>?%*” The following response options were
used: 1 = Never — 6 = Always/5 times a week or more. Cron-
bach a was 0.85 for disturbed sleep and 0.80 for awakening
problems at both time points. Information about gender and age
was retrieved from baseline register data. The questionnaires
further included information about marital status (1 = single,
2 = married or cohabiting), small children (0-5 years of age) at
home (1 = yes, 2 = no), educational level (1 = compulsory, 2 =
2-year upper secondary/vocational training, 3 = 3 or 4-year up-
per secondary education, 4 = university or equivalent < 3 years,
5 = university or equivalent > 3 years), as well as life style fac-
tors such as smoking (1 = yes daily, 2 = yes sometimes, 3 = no),
alcohol consumption (1 = never, 2 = once a month or less, 3 =
2-4 times a month, 4 = 2-3 times a week, 5 = 4 times/week or
more), and exercise (1 = never, 2 = not very much, 3 = now and
again, 4 = regularly). Body mass index (BMI) was calculated
from measurements of length and weight and categorized into
underweight, normal, overweight, and obese according to the
World Health Organization (WHO) standards. Finally, we took
into consideration job change, whether subjects had changed
their job between the surveys (1 = yes, 2 =no), as well as Time
1 self-rated health (general health status),® symptoms of emo-
tional exhaustion as measured by the emotional exhaustion
subscale of Maslach Burnout Inventory General Survey (MBI-
GS),” and depressive symptoms by means of a brief depression
subscale based on Hopkins Symptom Checklist 90 (SCL-90).

Analytic Strategy

The data were first analyzed by means of the Predictive
Analytics Software (PASW) Statistics 18.0. A missing value
analysis was performed to assess the pattern of missing data.
As Little’s missing completely at random (MCAR) test was
nonsignificant, indicating that data were missing completely
at random, deletion of individuals with missing data was pre-
sumed to result in a random subsample of the original target
sample. The distribution of the items measuring work charac-
teristics and sleep problems was inspected and found approxi-
mately symmetric for the majority of the items. The sleep items
exhibited some skewness, but since most of them were only
moderately skewed we did not use any transformation. The bi-
variate relationships between component scores at Time 1 were
also checked and were approximately linear. Structural equa-
tion models were then fitted using the LISREL 8.8 Software.
Estimations were based on covariance matrices using the robust
maximum likelihood method. We first tested the measurement
model for sleep problems. A confirmatory factor analysis based
on data from Time point 1 supported further analyses of sleep
problems by the 2 indices: sleep disturbances and awakening
difficulties. Compared to a null model with 7 distinct factors,
a model with all sleep items as one factor, a model with 2 or-
thogonal factors (sleep disturbances and awakening problems),
the 2-factor oblique solution provided significantly (P < 0.001)
better fit to the data.

Next, cross-lagged relationships were estimated, including
latent variables for demands, decision authority, support, sleep
disturbances, and awakening problems. Preliminary analyses
indicated different effects of the different work stress vari-
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ables on the different sleep indices. Separate models were thus
tested (one for each combination of work characteristics and
sleep measure). Several competing models for each combina-
tion were tested. First, a model only including auto-regressions
within factors over time (i.e., paths between the work stress
variables at Time 1 (T1) and Time 2 (T2), as well as between
the sleep indices T1 and T2) was fitted and regarded as the null
model (Model 0). Then competing models were tested, includ-
ing (1) forward paths (T1 work characteristics to T2 sleep prob-
lems, Model 1), (2) reverse paths (T1 sleep problem to T2 work
characteristics, Model 2), and (3) reciprocal paths (both forward
and reverse, i.¢., paths from the work characteristics at baseline
to sleep problems at follow-up as well as from sleep problems
at baseline to the work characteristics at follow-up, Model 3).
The models all allowed for correlations between item-specific
error terms over time as well as between latent variable error
terms within time, and were adjusted for the covariates gender,
age, marital status, education, alcohol consumption from T1,
and change of jobs between the surveys. Preliminary bivariate
analyses indicated no need to control for shift work, physical
strain at work, presence of small children at home, body mass
index, exercise, or smoking. Potential confounding effects of
health measures were examined by additional adjustment for
self-rated health, depressive symptoms, and/or emotional ex-
haustion scores.

Various fit indices were used to assess model fit based on
recommendations by Kelloway as well as Hu and Bentler.>*!
The y? test, the root mean squared error of approximation (RM-
SEA), and the goodness of fit index (GFI) were used as indica-
tors of absolute fit, and the comparative fit index (CFI) as a
measure of comparative fit. RMSEA values < 0.05 are regarded
to indicate a very good fit to the data,’'> while GFI and CFI
values > 0.90 indicate a good fit to the data. Finally a smaller
value on the Akaike Information Criterion (AIC) was used to
indicate a more parsimonious model.*' Local fit was also con-
sidered for structural paths in terms of standardized beta regres-
sion coefficients () and t-values. Moreover, the ¥* difference
test was used to determine which of the competing models that
provided the best fit to the data. Models 1-3 were all compared
to the null model. If Models 1 or 2 as well as Model 3 showed
significantly better fit than the null model, Model 3 was subse-
quently compared to the better-fitting of Models 1 and 2.

RESULTS

The participants who answered both questionnaires and were
working at both time points were on average 47.1 years old,
and the majority were married or cohabiting (Table 1.). A rela-
tively large proportion of the respondents reported a high level
of education.

The stability of the investigated constructs was high. The
auto-regressions varied from 0.57-0.58 for support, 0.68-0.69
for demand, 0.71 for decision authority, 0.72-0.73 for disturbed
sleep, to 0.73 for awakening problems, according to the recip-
rocal causation model (Figures 2-3).

Sleep Disturbances

In Table 2 fit statistics and model comparisons are presented
for the competing models of the demand-control-support com-
ponents and sleep disturbances. According to the RMSEA, GFI,
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Table 1—Characteristics of the study sample
Number %
Sex
Men 1442 474
Women 1599 52.6
Age
20-29 140 4.6
30-39 625 20.6
40-49 876 28.8
50-59 1057 34.8
60-68 343 1.3
Marital Status
Single 663 21.8
Married/cohabiting 2378 78.2
Education
Compulsory 471 15.5
2-year upper secondary/vocational training 707 23.2
3 or 4-year upper secondary education 584 19.2
University < 3 years or equivalent 446 14.7
University = 3 years or equivalent 833 274

and CFI fit statistics, all models concerning sleep disturbances
provided a good or very good fit to the data. However, the x>
comparison test of the competing models including demands
and sleep disturbances showed that the fit of Model 1, including
forward paths, and Model 3, including reciprocal paths, were
significantly better than the fit of the null model. A comparison
of the former 2 models further showed that Model 3 did not
provide significantly better fit to the data than Model 1. Con-
sequently, the models including the forward path from Time 1
demands to Time 2 sleep disturbances provided the best fit to
the data. The competing models for decision authority and sleep
disturbances did not differ significantly from the null model,
indicating that the model with only auto-regressions best de-
scribed the relationships between the variables. Model 2 (with
reverse paths) and 3 (with reciprocal paths) including support
differed significantly from Model 0. However, Model 3 did not
differ significantly from Model 2, indicating that the models,
including the reverse causal path from Time 1 sleep disturbanc-
es to Time 2 support, provided the best fit to the data.

The regression coefficients for the forward and reverse struc-
tural paths for models concerning work stress and sleep distur-
bances are presented in Figure 2. The path from T1 demands
to T2 sleep disturbances was borderline significant, but not the
path from T1 sleep disturbances to T2 demands. T1 sleep dis-
turbances, on the other hand, showed a significant positive 3
coefficient in relation to T2 support, whereas the effect of sup-
port on subsequent sleep disturbances did not reach statistical
significance. Factor loadings can be found in the Supplemental
Appendix (Table S1). Graphs of the full basic LISREL models
are also in the supplement (Figures S1-S6).

The regression coefficients were virtually unaltered and the
results of the model comparisons were the same when self-rated
health, emotional exhaustion and/or depression symptoms, one
measure at a time or several simultaneously, were added as co-
variates at T1.
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Figure 2—A simplified illustration of latent variable path analyses and
main paths of interest, including standardized regression coefficients ()
for the forward and reverse relationships between demands, decision
authority, support, and sleep disturbances derived from the reciprocal
causation model (Model 3). The models are adjusted for sex, age, marital
status, education, alcohol consumption, and job change. *P < 0.05,
P <0.01, **P < 0.001.
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Awakening Problems

Table 3 presents the model fit and model comparisons for
models on demand, control, support and awakening problems.
All models concerning awakening problems also provided a
good or very good fit to the data. The only model including
demands that differed significantly from the null model was the
reciprocal model. In contrast, all competing models on decision
authority and support showed significantly better fit to the data
than Model 0. For both decision authority and support, again
Model 3, with reciprocal paths, demonstrated the best fit to the
data by means of the y? difference test. Neither the forward nor
the reverse paths for demands reached statistical significance,
whereas both paths were significant and negative in the case of
decision authority and support (Figure 3.) For decision author-
ity the standardized coefficients were of equal magnitude, while
there was a stronger negative association between T1 awaken-
ing problems and T2 support than between T1 support and T2
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awakening problems. All significant coefficients were in the ex-
pected direction. Factor loadings can be found in the Appendix
(Table S1). As for disturbed sleep, the results were not mark-
edly affected by additional adjustment for health measures.

DISCUSSION

The results indicated forward as well as reverse and recipro-
cal relationships between work characteristics and sleep prob-
lems 2 years later.

Our finding of a close to significant positive association be-
tween demands and later sleep disturbances is in accordance
with the recent study by de Lange et al.,** as well as with a study
by Ota et al. which showed a positive prospective relationship
between job strain and insomnia.?’ Contrary to De Lange et al.,
however, who found positive effects of both demands and con-
trol on sleep quality and fatigue, our results did not indicate a
forward effect of job control, measured by decision authority,
on sleep disturbances. We did, on the other hand, find a for-
ward effect on awakening problems. Although the measures of
fatigue by de Lange et al. and our measure of awakening prob-
lems have one item in common (not well rested at awakening),
fatigue in their study otherwise seem to refer to daytime fatigue
rather than non-restorative sleep. Concerning support, Ota et
al. did not find a prospective relationship with insomnia among
those who were not insomniacs at baseline. However, among
those with insomnia at baseline, low support was associated
with insomnia two years later. No significant forward effect on
sleep disturbances could be demonstrated in the present study
either, although a tendency was observed, as well as a weak
but significant direct effect of support on awakening problems.
Ota et al. interpret their results as indicating no association be-
tween support and onset of insomnia, but an association be-
tween support and persistence of insomnia. They suggest that
sufficient support may facilitate recovery from insomnia and
further discuss a vicious circle of stress and insomnia through
hyperreactivity of the HPA and SAM systems. However, the
only study we have found that specifically investigated reverse
and reciprocal associations between work stress and sleep prob-
lems did not find support for reverse or reciprocal links between
demand or control and sleep quality/fatigue, using a 3-year time
lag.?* Conversely, our present study, based on an approximately
representative sample drawn from the working age population
and with different measures of sleep problems/fatigue, indi-
cates a reciprocal pattern for decision authority and awaken-
ing problems. In our study, a 2-year instead of a 3-year time
lag is used, which may explain the differences in results. In the
present study, reverse and reciprocal patterns were also demon-
strated for support, which was not investigated by De Lange et
al.* The reverse paths related to support actually showed the
strongest regression coefficients in the present study. This is in
line with research showing that people with insomnia usually
report more daytime problems, including problems with social
functioning/social relationships.'**** A prospective association
between insomnia and low social support has also been shown
among adolescents.* Yet, to our knowledge a prospective asso-
ciation between sleep problems and social support at work has
not been clearly demonstrated in previous research.

Future studies will have to reveal whether our findings
on reverse/reciprocal associations are spurious or due to a
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Figure 3—A simplified illustration of latent variable path analyses and
main paths of interest, including standardized regression coefficients ()
for the forward and reverse relationships between demands, decision
authority, support and awakening problems derived from the reciprocal
causation model (Model 3). The models are adjusted for sex, age, marital
status, education, alcohol consumption, and job change. *P < 0.05,
P <0.01, **P < 0.001.
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changed experience of the work environment. There is, how-
ever, some evidence of reverse or reciprocal relationships for
related health problems like poor mental health, suggesting
that poor mental health may affect the experience of work
stress.**3 A few studies on support prospectively link affec-
tive strains like irritation, depression, anger, and loneliness
to decreased workplace support,® as well as emotional ex-
haustion to social support from supervisors.’’** No reverse
causation in relation to emotional exhaustion, however, was
demonstrated for support in a study using a 1-year interval*' or
in another with a 2-year time lag,* though the study samples
were small. Different mechanisms explaining reverse effects
of mental health on work have also been put forward.*® First,
two types of changes or a combination of the two can occur as
a result of poor health—either a change in the perception of
the same work environment, or an actual change in the work
environment. The authors further speculate that people may
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Table 2—Model fit and comparison for structural equation models of work characteristics in relation to sleep disturbances

Model Comparison

Model Model Fit?
df X2 RMSEA
Demands
Model 0 (MO) 218 1260.16 0.040
Model 1 (M1) Forward 217 1255.33 0.040
Model 2 (M2) Reverse 217 1258.60 0.040
Model 3 (M3) Reciprocal 216 1253.84 0.040
Decision Authority
Model 0 (MO) 104 401.77 0.031
Model 1 (M1) Forward 103 400.69 0.031
Model 2 (M2) Reverse 103 400.03 0.031
Model 3 (M3) Reciprocal 102 398.93 0.031
Support
Model 0 (MO) 264 1300.16 0.036
Model 1 (M1) Forward 263 1297.11 0.036
Model 2 (M2) Reverse 263 1285.46 0.036
Model 3 (M3) Reciprocal 262 1282.74 0.036

not change for M0-M3. *P < 0.05, ***P < 0.001.

Analyses are controlled for sex, age, marital status, education, alcohol consumption, and job change. df, degrees of freedom; RMSEA, root mean squared
error of approximation; AIC, The Akaike Information Criterion. #Goodness of fit index (GFI) and comparative fit index (CFI) are not presented here as they did

AlC Model Ay? Model Ay?
1424.16
1421.33 M1 vs MO 483"
1424.60 M2 vs MO 1.56

1421.84 M3 vs MO 6.32 M3 vs M1 1.49

535.77

536.69 M1 vs MO 1.08
536.03 M2 vs MO 1.74
536.93 M3 vs MO 2.84

1474.16

1473.11 M1 vs MO 3.05

1461.46 M2 vs MO 14,7

1460.74 M3 vs MO 1742 M3vs M2 2.72

Table 3—Model fit and comparison for structural equation models of work characteristics in relation to awakening problems

Model Comparison

Model Model Fit?
df X2 RMSEA
Demands
Model 0 (MO) 176 1142.10 0.042
Model 1 (M1) Forward 175 1140.00 0.043
Model 2 (M2) Reverse 175 1139.98 0.043
Model 3 (M3) Reciprocal 174 1137.92 0.043
Decision Authority
Model 0 (M0) 74 264.63 0.029
Model 1 (M1) Forward 73 259.85 0.029
Model 2 (M2) Reverse 73 260.24 0.029
Model 3 (M3) Reciprocal 72 255.47 0.029
Support
Model 0 (MO) 218 1135.14 0.037
Model 1 (M1) Forward 217 1130.69 0.037
Model 2 (M2) Reverse 217 1127.46 0.037
Model 3 (M3) Reciprocal 216 1123.33 0.037

not change for M0-M3. *P < 0.05, **P < 0.01, ***P < 0.001.

Analyses are controlled for sex, age, marital status, education, alcohol consumption, and job change. df, degrees of freedom; RMSEA, root mean squared
error of approximation; AIC, The Akaike Information Criterion. *Goodness of fit index (GFI) and comparative fit index (CFl) are not presented here as they did

AlC Model Ay? Model Ay?

1296.10
1296.00 M1 vs MO 2.1
1295.98 M2 vs MO 2.12
1295.92 M3 vs MO 4.18*

388.63

385.85 M1 vs MO 4.78*

386.24 M2 vs MO 4.39*

383.47 M3 vs MO 9.16**  M3vs M1 4.38*
1299.14
1296.69 M1 vs MO 4.45*
1293.46 M2 vs MO 7.68**
1291.33 M3 vs MO 11.81"** M3 vs M2 413*

perceive their work in either a rosier or gloomier light de-
pending on their health status. There may also be an upward
selection mechanism into more favorable job situations or a
drift mechanism, according to which people with poor mental
health would drift to more unfavorable jobs. All but the drift
mechanism were supported in an analysis of healthy and un-
healthy job changers versus stayers.*®
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Both perceptional and environmental changes could be hy-
pothesized to be consequences of sleep problems. Poor sleep
may be associated with mood changes, as well as decreased
cognitive abilities,** which could influence how the work envi-
ronment is perceived. Difficulties with social relationships have
also been demonstrated.**** Reduced productivity/efficiency
and work ability are other probable consequences of sleep prob-
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lems.*** Changes in mood, social functioning, or decreased
work efficiency could in turn influence the behavior of superi-
ors/colleagues. As a result, the employee may experience actual
changes in support from superiors/colleagues, control at work,
or in work demands, within the same job or through job trans-
fer. Awakening problems in particular, which may by a stronger
indicator of inadequate sleep/fatigue, could be suspected to be
linked to a more negative perception of the work environment
or changed behaviors by superiors/coworkers. It is also inter-
esting that both social support and decision authority showed
significant reciprocal relationships with awakening problems.
This may be an illustration of a negative spiral, with low deci-
sion authority and poor support causing awakening problems,
which in turn cause reduced experience of decision authority
and social support.

The present study has a number of advantages compared
with much of the previous literature on work characteristics
and sleep problems. It is not restricted to specific segments of
the labor market, but based on a large, approximately repre-
sentative sample of the Swedish workforce. This contributes
to good generalizability, and allows the examination of a wide
range of scores on job stress and sleep problems. Even more
importantly, it is longitudinal with repeat measures of both
work stressors and sleep problems. By examining different
types of plausible causal relationships, the study contributes
to a more comprehensive understanding of causality between
work stress and sleep problems. There are, however, some
methodological limitations. All measures are based on survey
data. Thanks to the longitudinal design, some problems associ-
ated with using self-report data are avoided, such as influence
by occasion factors (e.g., mood at the time of survey).*®* How-
ever, other unmeasured third variables, such as negative affec-
tivity and social desirability, may still affect our results. Health
problems could be a common cause of work stress and sleep
problems and create spurious associations. However, health
problems at Time 1 did not seem to influence the results. As in
most longitudinal studies, attrition may bias the results, pos-
sibly resulting in an underestimation of true relationships. No
major bias due to drop-out was indicated in a comparison be-
tween the study sample and all SWES participants. It is, how-
ever, unclear if non-response to the SWES and LFS could have
any influence on results.

The results show relatively low regression coefficients.
This is to be expected, as the stability of the estimates, which
was relatively high, was adjusted for by the inclusion of au-
to-regressions over time, in effect adjusting for the effects of
previous work stress and sleep problems. A large part of the
variability is thus already explained, and only changes are pre-
dicted. By allowing correlations also between measures at the
same time point, cross-sectional relationships between work
stress and sleep are additionally accounted for by the models.
Moreover, the present modeling approach does not account for
hypothesized interaction between demands, decision authority,
and support and stress reactions. According to the strain and
iso-strain hypotheses, stronger associations may be expected
between job strain (a combination of high demands and low
control), especially in combination with poor support (iso-
strain) and sleep problems. The fact that all variables are mod-
eled as linear variables may also reduce the estimates of the
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associations, for instance if a certain degree of work stress is
necessary for an effect on sleep.

Another issue concerns whether the measures represent tran-
sient or enduring problems with stress and sleep. Cumulative
exposures to strain and active work have been shown to have
relevance for sleep problems, and an improvement in these
working conditions does not necessarily results an immediate
reduction in sleep problems.** The causes and consequences of
persistent problems may be different from those of temporary
problems as indicated by Ota et al.?* Finally, the time lag in the
present study could be discussed. A 2-year time lag has been
found appropriate when studying the effect of social stressors
on irritation and depressive symptoms.** However, if the true
causal lag time concerning sleep problems is shorter or longer
than 2 years, the study is not optimally designed for detecting
those particular associations. Most of the effects of transient
stress on sleep are likely to be immediate, mediated by wor-
rying thoughts.'® The true time lag for forward and reverse ef-
fects, or for different types of reverse effects, may also differ,
which could influence the results. Reverse effects explained by
perceptional changes may have short time lag, whereas other
changes may take longer.

CONCLUSIONS

The findings of this cross-lagged analysis indicate a weak
effect of demands on later sleep disturbances, an effect of sleep
disturbances on later ratings on social support, and reciprocal
relationship between awakening problems and work character-
istics. In contrast to an earlier study on demands, control, sleep
quality, and fatigue, this study suggests that there are reverse
and reciprocal causal relationships, in addition to associations
in the usually hypothesized direction, between work character-
istics and sleep problems based on a 2-year time lag. Further
studies should investigate these relationships with varying time
lags and several waves of data.
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APPENDIX

Latent Variable
Demands
Demands
Demands
Demands
Demands
Decision authority
Decision authority
Support
Support
Support
Support
Support
Support
Disturbed sleep
Disturbed sleep
Disturbed sleep
Disturbed sleep
Awakening problems
Awakening problems
Awakening problems

authority and support.

Item

Table S1—Factor loadings derived from the reciprocal models

Item Content
Enough time
Working fast
Working intensively
Too much effort
Conflicting demands
Choice in how you do your work
Choice in what you do at work
Calm and pleasant atmosphere
Good spirit of unity
Colleagues are there for me
People understand a bad day
Get on well with my superiors
Get on well with my colleagues
Difficulties falling asleep
Repeated awakenings
Premature awakening
Disturbed sleep
Difficulties awakening
Not well rested at awakening
Exhausted at awakening

Factor Loadings Time 1

*Factor loadings derived from the reciprocal model of work characteristics in relation to awakening
problems. $Factor loadings derived from the reciprocal model of awakening problems in relation to decision

0.60, 0.59*
0.59
0.7
0.73
0.41,0.42%
0.84, 0.82*
0.75,0.77*
0.62
0.80
0.81
0.72
0.52
0.76
0.66
0.89
0.7
0.81
0.59
0.89, 0.90°
0.81,0.80°
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Chi-Square=1253.84, df=216, Pwvalue=0.001, RMSEA=0.040

Figure S1—Basic LISREL model with standard solution estimates for the model including reciprocal paths between demands (D) and disturbed sleep (DS).
Please observe that the time points are aligned from top to bottom of the figure. Variables ending with 1 refer to variables measured at time point 1 (2006)
while variables ending with 2 refer to variables measured at time point 2 (2008). a-e denotes the specific items included in the latent variables: Da, enough
time; Db, working fast; Dc, working intensively; Dd, too much effort; De, conflicting demands; DSa, difficulty falling asleep; DSb, repeated awakenings; DSc,
early awakening; DSd, disturbed sleep. Sex, Gender (women vs men); Age, Age; Marit, Marital status (married/cohabiting vs single); Educ, Education; Alcoh,
Alcohol consumption; Jobch, Job change between 2006 and 2008.
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DSb1  |[=s0.2

DAal =02
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0.00 Sex1 0.00 : : '
: DSal =05
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Chi-Square=398.93, df=102, P-value=0.001, RM3EA=0.031

Figure S2—Basic LISREL model with standard solution estimates for the model including reciprocal paths between decision authority (DA) and disturbed
sleep (DS). Please observe that the time points are aligned from top to bottom of the figure. Variables ending with 1 refer to variables measured at time
point 1 (2006) while variables ending with 2 refer to variables measured at time point 2 (2008). a-d denotes the items included in the latent variables: DAa,
choice in how you do your work; DAb, choice in what you do at work; DSa, difficulty falling asleep; DSb, repeated awakenings; DSc, early awakening; DSd,
disturbed sleep. Sex, Gender (women vs men); Age, Age; Marit, Marital status (married/cohabiting vs single); Educ, Education; Alcoh, Alcohol consumption;
Jobch, Job change between 2006 and 2008.
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Sbi1 =13
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Figure S3—Basic LISREL model with standard solution estimates for the model including reciprocal paths between social support (S) and disturbed sleep
(DS). Please observe that the time points are aligned from top to bottom of the figure. Variables ending with 1 refer to variables measured at time point 1
(2006) while variables ending with 2 refer to variables measured at time point 2 (2008). a-f denotes the items included in the latent variables: Sa, calm and
pleasant atmosphere; Sb, good spirit of unity; Sc, colleagues are there for me; Sd, people understand a bad day; Se, get on well with my superiors; Sf, get
on well with my colleagues; DSa, difficulty falling asleep; DSb, repeated awakenings; DSc, early awakening; DSd, disturbed sleep. Sex, Gender (women vs
men); Age, Age; Marit, Marital status (married/cohabiting vs single); Educ, Education; Alcoh, Alcohol consumption; Jobch, Job change between 2006 and
2008.
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Figure S4—Basic LISREL model with standard solution estimates for the model including reciprocal paths between demands (D) and awakening problems
(AP). Please observe that the time points are aligned from top to bottom of the figure. Variables ending with 1 refer to variables measured at time point 1
(2006) while variables ending with 2 refer to variables measured at time point 2 (2008). a-e denotes the specific items included in the latent variables: Da,
enough time; Db, working fast; Dc, working intensively; Dd, too much effort; De, conflicting demands; APa, difficulty awakening; APb, not well-rested; APc,
exhausted at awakening. Sex, Gender (women vs men); Age, Age; Marit, Marital status (married/cohabiting vs single); Educ, Education; Alcoh, Alcohol
consumption; Jobch, Job change between 2006 and 2008.
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Figure S5—Basic LISREL model with standard solution estimates for the model including reciprocal paths between decision authority (DA) and awakening
problems (AP). Please observe that the time points are aligned from top to bottom of the figure. Variables ending with 1 refer to variables measured at time
point 1 (2006) while variables ending with 2 refer to variables measured at time point 2 (2008). a-d denotes the items included in the latent variables: DAa,
choice in how you do your work; DAb, choice in what you do at work; APa, difficulty awakening; APb, not well-rested; APc, exhausted at awakening. Sex,
Gender (women vs men); Age, Age; Marit, Marital status (married/cohabiting vs single); Educ, Education; Alcoh, Alcohol consumption; Jobch, Job change
between 2006 and 2008.
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Figure S6—Basic LISREL model with standard solution estimates for the model including reciprocal paths between social support (S) and awakening
problems (AP). Please observe that the time points are aligned from top to bottom of the figure. Variables ending with 1 refer to variables measured at time
point 1 (2006) while variables ending with 2 refer to variables measured at time point 2 (2008). a-f denotes the items included in the latent variables: Sa, calm
and pleasant atmosphere; Sb, good spirit of unity; Sc, colleagues are there for me; Sd, people understand a bad day; Se, get on well with my superiors; Sf,
get on well with my colleagues; APa, difficulty awakening; APb, not well-rested; APc, exhausted at awakening. Sex, Gender (women vs men); Age, Age; Marit,
Marital status (married/cohabiting vs single); Educ, Education; Alcoh, Alcohol consumption; Jobch, Job change between 2006 and 2008.
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