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Study Objectives: There is limited knowledge about the prospective relationship between major work characteristics (psychosocial, physical,
scheduling) and disturbed sleep. The current study sought to provide such knowledge.

Design: Prospective cohort, with measurements on two occasions (T1 and T2) separated by two years.

Setting: Naturalistic study, Sweden.

Participants: There were 4,827 participants forming a representative sample of the working population.

Measurements and Results: Questionnaire data on work factors obtained on two occasions were analyzed with structural equation modeling.
Competing models were compared in order to investigate temporal relationships. A reciprocal model was found to fit the data best. Sleep
disturbances at T2 were predicted by higher work demands at T1 and by lower perceived stress at T1. In addition, sleep disturbances at T1
predicted subsequent higher perception of stress, higher work demands, lower degree of control, and less social support at work at T2. A
cross-sectional mediation analysis showed that (higher) perceived stress mediated the relationship between (higher) work demands and sleep
disturbances; however, no such association was found longitudinally.

Conclusions: Higher work demands predicted disturbed sleep, whereas physical work characteristics, shift work, and overtime did not. In
addition, disturbed sleep predicted subsequent higher work demands, perceived stress, less social support, and lower degree of control. The
results suggest that remedial interventions against sleep disturbances should focus on psychosocial factors, and that such remedial interventions

may improve the psychosocial work situation in the long run.
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INTRODUCTION

Complaints of disturbed sleep are common,"* and a major
factor is stress at work or in private life.*” Stress typically in-
volves increased physiological and psychological arousal in
response to external demands,® and increased arousal is asso-
ciated with disturbed sleep.” Thus, a clear link can be expected
between work stress and subsequent sleep disturbances, and
has indeed been demonstrated in several prospective studies.
Ribet and Derriennic® were the first to show such a link, using
the stress indicator “having to hurry.” Using a more established
work stress indicator, the demand/control/support model,’ de
Lange et al."” showed that a change from low to high job strain
(i.e., going from high influence and low work demands to low
influence and high work demands) was associated with in-
creased sleep problems and fatigue between two measurement
occasions. Two other studies have shown similar results re-
garding strain.''? In another study, Magnusson Hanson et al.”
used structural equation modeling and found no significant
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link between work demands and subsequent sleep problems.
When studying changes in working conditions between two
points in time, Akerstedt et al.' found that increased work
demands, as well as preoccupation with work, predicted new
cases of disturbed sleep. It should be noted that the focus of the
studies cited above was external demands that could lead to a
stress reaction, not the experience of stress itself. Social sup-
port at work® may protect against stress and disturbed sleep,'*'®
possibly because it provides a buffer to high work demands
and/or low degree of control.” However, no clear relation was
observed between demands at work and sleep in an earlier pro-
spective study.”

Work schedules may also influence sleep. Sleep complaints
have been found in several prospective studies of night-shift
workers.*!7!8 Some evidence of prospective negative effects on
sleep has also been reported in association with overtime and
long working weeks.®!? Other aspects of work scheduling do
not seem to have been addressed. Another work-related factor
that may affect sleep is the physical demands of the work task,
such as awkward work positions or heavy lifting or carrying.
However, Ribet and Derriennic® found no prospective evi-
dence of this, and no other studies could be found in the lit-
erature. The direct physical environment at work, such as loud
noise or extreme temperatures or lighting conditions, may also
be assumed to affect sleep quality, but the only previous study
on this issue revealed no effects of extreme temperatures or
noise in the workplace.® It is clear that there is a need for more
research into physical work factors and their effects on sleep.
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Although the study by Ribet and Derriennic® revealed im-
portant information regarding work characteristics and sleep
disturbances, the study had several limitations. For instance,
it did not measure exposure at both time points, nor did it
control for sleep disturbances at the start. Furthermore, the
sample only included individuals from 37 to 52 y of age and
was not a representative national sample. The current study
sought to improve on the approach by Ribet and Derriennic
by investigating the prospective relation between a variety of
work environment factors (stress, demands, control, support,
physical work load, physical work environment, and work
scheduling) and disturbed sleep in a representative national
sample with two waves of measurements. Because impaired
sleep may affect emotional responses,” reverse relations
also were investigated; that is, how sleep disturbances relate
to subsequent perceptions of work factors. In addition, the
current study also introduces a measure of the perception of
stress as a complement to work demands and as a possible
mediator of a potential relation between work demands and
sleep disturbances.

METHODS

Design and Participants

The study is based on the Swedish Longitudinal Occupa-
tional Survey of Health, SLOSH. This is a nationally repre-
sentative longitudinal study with follow-ups every second year
(from 2006). It has its origin in the Swedish Work Environment
Survey (SWES, www.scb.se), which in turn is based on na-
tionally representative samples of the working population. Ear-
lier waves from this cohort have been studied by Magnusson
Hansson et al.”® regarding demands at work and their effects
on sleep. The Regional Research Ethics Board in Stockholm
approved the current study.

In the current study, we used data from the second wave in
2008 (T1) and the third wave in 2010 (T2). In the 2008 wave
of SLOSH, all eligible participants from SWES 2003 or 2005
were invited to participate (n = 15,147). A total of 11,441 indi-
viduals replied, of which 9,756 were gainfully employed. In
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that group, 6,580 people responded and were also gainfully
employed in 2010 (Figure 1). As this study was focused on
work characteristics, we used data only from those gainfully
employed at both T1 and T2 (n = 6,580), thereby excluding
individuals on sick leave or parental leave, or who were retired
or unemployed at T1 or T2. The dropout rate between T1 and
T2 was 28% (n = 2,311). The number of respondents for which
valid data were available for all variables investigated in this
study at T1 was 5,489, but 662 of these individuals had missing
values at T2, resulting in an internal dropout rate of 12.1%.
The final sample thus consisted of 4,827 participants. Of these,
2,655 were females and 2,171 were males. There were 1,979
participants who had a university education (the remainder
had a shorter education) (see Table 1 where these values are
presented as proportions in column 1).

An analysis was conducted to investigate whether dropout
(nonresponse) at T2 could be predicted by demographic,
work environment, or sleep disturbance variables at T1
(Figure 1). Logistic regression analysis indicated that overall
nonresponse dropout at T2 could be predicted (¥*(12) = 276.35,
P < 0.001). Dropout was lower for women than for men (odds
ratio [OR] = 0.74, P < 0.001), and among individuals with at
least 3 y of education at university level, compared to the
rest (OR 0.85, P < 0.001). Younger employees (age in years,
OR =0.96, P <0.001) and those having physically demanding
work tasks (OR = 1.08, P < 0.001) had a higher tendency to
drop out at T2. Another logistic regression analysis was per-
formed to investigate whether internal dropout at T2 (due to
missing values) could be predicted by the same variables. The
results showed that overall internal dropout at T2 could be
predicted (¥*(12) = 64.48, P < 0.05). Further investigations of
the results showed that the internal dropout rate was higher
for women than for men (OR = 1.24, P < 0.05). Older em-
ployees (OR = 1.03, P < 0.001) and those with demanding
physical work (OR = 1.11, P < 0.01), as well as those working
shifts (OR = 1.29, P < 0.05) had a higher tendency for missing
values at T2. Moreover, individuals reporting a higher degree
of control at T1 were more likely to have missing values at T2
(OR =1.25, P <0.05).
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Table 1—Means, standard deviations, reliability (Cronbach a in parentheses), and intercorrelations (n = 4,827).
M (SD) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 1. 12. 13. 14. 15. 16. 17. 18. 19. | 20. | 21.
1. Sex 0.55 (-) -
2. Age 4805(9.61) -001 | -
3. Education 0.41(-) 0.16* -0.04* -
4. Sleep dist T12 248(101)  0.11* 0.08" 0.02 | (0.84)
5. Physically dem work T1¢ | 2.10 (1.38) |-0.08*|-0.05*|-0.31*| 0.02 | (0.89)
6. Physically dem environ T1¢ | 2.32(1.19) -0.05* -0.06* -0.16* 0.15* 0.49*| (0.89)
7. Work hours T1 023(-) |-0.47* 0.05* 0.00 | 003" -0.02 000 -
8. Shift T1 014() | 003" -0.06" -0.14* 0.03*| 0.31*| 0.20*|-0.06*| -
9. Stress T1¢ 1.78(0.58) | 0.10*|-0.14*| 0.08*  0.44*-0.01 | 0.12*| 0.12* -0.06" | (0.80)

10. Demands T1° 256 (0.61) | 0.03*-0.02  0.10°| 023*| 0.12* 016" 0.21*-003" 0.46* (0.67)

11. Control T1® 3.48(0.47) | 0.05*-0.02 | 0.28* 0.02 -0.14* -0.05*| 0.08* -0.11*| 0.14*| 0.21* (0.62)

12. Support T1¢ 309(054) 002 001 001 -0.23*-0.08"-0.17 |-0.05*|-0.02 |-0.25" -0.25* | 0.12*| (0.84)

13. Sleep dist T2? 261(1.05) 012" 008" 002 0.71*-0.03* 013" 002 003 033" 020* 004" -0.18" (0.84)

14 Physically dem work T2¢ | 2.00 (1.33) |-0.08* -0.05*|-0.31* 0.02 0.85%| 0.45* -0.02 | 0.30*| 0.02  0.08* -0.14* -0.06 0.04"| (0.89)

15. Physically dem environ T2¢ | 2.23 (1.16) |-0.03* -0.06* -0.17* 013 046* 0.71* -0.01 | 0.20* 0.10*  0.13* -0.05 -0.13*| 0.15*| 0.51*| (0.89)

16. Shift T2 014(-) 004" -0.06" -0.13" 0.00 | 028" 0.17* -0.07* 081" -0.05" -0.03* -0.10" -0.02 | 0.02 | 0.30* - | -

17. Work hours T2 0.14(-)  -0.157-0.05* 0.08°| 0.00 -0.10* -0.06"| 0.43*-0.11* 0.14* 0.21* 0.15° -0.00 | 0.01 -0.09" -0.11 -0.12* -

18. Stress T2¢ 1.71(0.58) | 0.10*|-0.16* -0.06 & 0.36* 0.00 A 0.10 | 0.08* -0.06* 0.61* 0.36* 0.13*|-0.23* 0.40*| 0.01 -0.06*|-0.07* 0.16* (0.80)

19. Demands T2° 245(061) 009" -0.06" 0.09" 0.19* 0.12* 0.16* 0.11* -0.01* 036" 056* 0.18" -0.18" 0.22*  0.15* -0.01 |-0.01 | 0.21*| 0.47*| (0.66)

20. Control T2 345(047) 005" -0.00 0.27* -0.00 -0.14* -0.05* 0.04* -0.09* 0.10* 0.15* 062" 0.11*  0.00 -0.14* -0.08*|-0.09*| 0.15*| 0.12*| 0.21* (0.62)

21. Support T2¢ 309 (0.54) -0.00 | 0.02 | 0.01 |-0.19* -0.06* -0.13 |-0.01 -0.02 -0.20*|-0.16" 0.08* 0.56*|-0.23* -0.08" -0.03*|-0.03* 001 -0.27* -0.23" 0.11* (0.86)
Dash indicates not applicable; sex: 1 = female, 0 = male; university education: 1 = yes, 0 = no; shift: 1 = yes, 0 = no; work hours: 1 = long work hours,
0 = normal work hours; #Scale from 1 (never) to 6 (most days), "Scale from 1 (often) to 4 (never), °Scale from 1 (strongly disagree) to 4 (strongly agree),
dScale from 1 (all the time) to 6 (not at all), ¢Scale from 1 (not at all) to 4 (all the time), *P < 0.05.

Questionnaire

Information regarding sex, age, and socioeconomic posi-
tion (SEP) were obtained from national register data at T1. SEP
was defined by educational level (> 3 y of university education
versus all other forms of education). For the other constructs
investigated, items were selected as indicators based on reli-
ability and confirmatory factor analyses. Items with a factor
loading below 0.4 were removed in order to obtain a reason-
able model fit.?' Table 1 shows the correlations between the
variables at T1 and T2, and between T1 and T2.

Psychosocial Variables

Four items representing disturbed sleep were selected from the
14-item Karolinska Sleep Questionnaire (KSQ)"*?** (Cronbach
o > 0.70). The scale differentiates patients with insomnia from
healthy individuals,” and correlates with perceived stress, anx-
iety, depression, and burnout (r > 0.40).>* The items included are:
difficulties falling asleep, restless sleep, repeated awakenings,
and premature awakening. The responses range from “never” to
“most days of the week™ (values from 1 through 6 being assigned).
Cronbach a was 0.84 at both T1 and T2 in the current study, and
the correlation between time points was r = 0.71.

Work demands were measured using the Swedish version of
the Demand-Control-Support Questionnaire.” This scale has
been extensively psychometrically investigated®?¢ and used
to predict health outcomes of psychosocial work factors.?’*
The three items that were selected (considering factor load-
ings) were: Do you have to work very intensively? Does your
work demand too much effort? Do you have enough time to
do everything? (reverse coded). The items excluded were: Do
you have to work very fast? and Does your work often involve
conflicting demands? The response alternatives range from 1:
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Hardly ever/never, to 4:Yes, often. Cronbach o was 0.67 at T1
and 0.66 at T2, and the test-retest reliability between T1 and
T2 was r = 0.56. Higher values on this scale indicate higher
perceived work demands.

Control at work® was measured as an index of three ques-
tions (based on factor loadings from the Demand-Control-
Support Questionnaire (Do you have to do the same thing over
and over again? Do you have a choice in deciding how you do
your work? Do you have a choice in deciding what you do at
work?). The following items were excluded: Does your work
require a high level of skill or expertise? Does your work re-
quire ingenuity? Do you have the possibility of learning new
things through your work? High values indicate a high degree
of control. The response alternatives were the same as for the
work demands. Cronbach a was 0.62 at both T1 and T2 and the
test-retest reliability between T1 and T2 was r = 0.62.

Social support at work® was measured as an index of five
statements (There is a calm and pleasant atmosphere where [
work; There is a good spirit of unity; My colleagues are there
for me; People understand that I can have a bad day; I get on
well with my colleagues). The following item was removed: [
get on well with my superiors. Response alternatives ranged
from 1: Strongly disagree, to 4: Strongly agree. Cronbach o
was 0.84 at T1 and 0.86 at T2 and the test-retest reliability be-
tween T1 and T2 was r = 0.56. It should be emphasized that
this scale focuses only on support at work, in contrast to many
other social support scales.

The Physical Work Environment, Scheduling, and Work Hours
“Shift work” refers to any type of scheduling system that

includes non-daytime work; that is, night work, three-shift

work, two-shift work, day-oriented roster work, permanent
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morning work (starting before 07:00), or permanent after-
noon work (starting after 12:00). A total of 676 individuals had
shift work (see Table 1 for the proportion of shift workers in
column 1), and among these, 196 had some form of night shifts
included (65 of these had permanent nights). “Long working
hours” (overtime work) was defined as usually working > 46
h per week (using 36—45 h/w as a reference). A total of 1,110
individuals worked long hours (> 46 h/w).

Physically demanding work tasks were measured as an index
of three questions (Is your work such that you have to use bent,
twisted or otherwise unsuitable positions? Do you have to lift at
least 15 kilos several times a day? Does your work sometimes
involve heavy physical labor; that is, do you physically exert
yourself more than when walking and standing and moving
around in a normal way?). Response alternatives ranged from
1: No, not at all to 6: Almost all the time. Cronbach a was 0.89
for both T1 and T2 and the test-retest reliability between T1
and T2 was r = 0.85.

Physically demanding work environment was measured
using three questions on exposure to poor or excessively bright
light, noise, and excessive heat, cold, or draught. These ques-
tions have been constructed and used by Statistics Sweden
since the late 1980s in their surveys of the working environ-
ment in Sweden. Validation and “calibration™ against objec-
tively measured work environment factors were carried out
before using the questions in surveys.” The six response al-
ternatives range from 1: No, not at all to 6: Almost all the time.
Cronbach a was 0.89 for both Tl and T2 and the test-retest
correlation between T1 and T2 was r = 0.71.

Although the current study was focused on work factors, it
was considered of interest to also investigate whether a more
generic stress scale could serve as a complement to the tra-
ditional work demand scale. However, the available generic
stress scales’®*? include items (for example, “angry,” “for-
gotten to do something,” “not in control”) that do not represent
the original notion of an arousal response to demands, which
constitutes the original concept of stress.® Generic perceived
stress, as measured in this study, was an index of three ques-
tions on feelings during the last three months, reasonably in
line with the original concept (I have days when I feel wound
up all the time; I have days when I feel very pressured all the
time; I have days when I feel stressed all the time). Response
alternatives ranged from 1: Not at all, to 4: Almost all the time.
A 3-mo period was chosen since this should provide a better
indication than “the present moment” or “the last few days.”
Cronbach o was 0.80 at T1 and T2. As this was the first time
this scale was used, we also computed correlations that may be
useful psychometrically. It can be seen from Table 1 that the
stress rating at T1 correlated (r = 0.61) with the same variable
at T2, (r = 0.47; P < 0.001) with the work demand index at T1.
The stress rating also correlated with “difficulties relaxing in
the evening” at T1 (r = 0.61; P < 0.001), and with “often tense”
at T1 (r = 0.58; P < 0.001). The latter two items were derived
from other parts of the questionnaire (response range 1-5). The
new stress index was called “Perceived Stress.”

Statistical Analysis
In order to test the relationships, structural equation mod-
eling was applied using IBM SPSS Amos 20.0 (IBM SPSS,
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Rochester, NY). The maximum likelihood method was se-
lected as the estimation procedure. In order to ensure that the
data were normally distributed, they were screened for kur-
tosis and skewness; we found no kurtosis values greater than
10 or skewness values greater than 3.3 Moreover, none of the
variables was highly correlated (defined as r > 0.85*) and r did
not exceed 0.70 in the current study (except for correlations
over time for four variables), thus reducing the risk of multicol-
linarity.® In order to test the associations between sleep dis-
turbances and the work environment indicators, four different
cross-lagged models were fitted.

1. A stability model including the autoregressions of all
variables (Model 1).

2. A causal model including eight paths between the work
environment indicators at T1 and sleep disturbance at
T2, in addition to the autoregressions (Model 2).

3. A reversed causal model including eight paths, between
sleep disturbance at T1 and the work environment
indicators at T2, in addition to the autoregressions
(Model 3).

4. A reciprocal model including all the paths in the
previous models (Model 4).

To set the scale of the latent variables, one factor loading
per latent variable was fixed. The model fit was evaluated
using the comparative fit index (CFI),* the nonformed fit index
(NNFI*¢%), and the root mean square error of approximation
(RMSEA?") to complement the chi-square fit statistic. The fol-
lowing approximate cutoff criteria were used to evaluate the
model fit: for the CFI, values close to or above 0.97,% for the
NNFI, values greater than 0.95,% and for the RMSEA, values
below 0.06.% The chi-square difference test was used to com-
pare different nested models.*

The four models were systematically evaluated by com-
paring the baseline model (Model 1) to the more complex
models (Models 2, 3, 4) using the chi-square difference test. A
lack of statistically significant difference in chi-square values
would indicate that the baseline model explains the data as well
as the more complex model with additional paths.*® The other
fit indices were also used to choose the best-fitting model.

In order to correct for systematic method variance associ-
ated with each indicator, the item-specific measurement errors
were allowed to correlate over time.*® Moreover, constructs
were allowed to correlate within time points in all models in
order to account for contemporary relations. Measurement-
specific errors were allowed to correlate to improve the model
fit. The effects of sex, age, and SEP on the T1 variables under
investigation were adjusted for in all models.

In order to further investigate the relation between sleep dis-
turbances, demands at work and perceived stress, mediation
analysis was applied. First, cross-sectional mediation was in-
vestigated, where the indirect effect of work demands, through
perceived stress, on sleep disturbance was tested using the
Sobel test.*! The potential power problems associated with the
Sobel test were considered small due to the large sample size."!
In order to investigate longitudinal mediation with two waves,
a procedure proposed by Taris and Kompier* was employed.
The cross-lagged relationship between T1 work demands and
T2 perceived stress was investigated together with the cross-
lagged relationship between T1 perceived stress and T2 sleep
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Table 2—Results of the test of the structural models: cross-lagged effects (n = 4,827).

Model Comparison

2 RMSEA
df X CFI NNFI S ndf A P
1. Autoregression model (free) 1288 6654.80* 0.960 0.953 0.029
2. Causal model 1280 6642.37* 0.960 0.953 0.029 1 versus 2 8 1243 0.13
3. Reversed causal model 1280 6604.72* 0.960 0.954 0.029 1 versus 3 8 50.08 0.00
4. Reciprocal model 1272 6592.16* 0.953 0.955 0.029 1 versus 4 16 62.64 0.00
Asterisk indicates < 0.05.
disturbance. Only conclusions on partial (as opposed to full) 1

mediation can be drawn from studies with only two waves.*>*
In order to estimate the magnitude of the indirect effects, the
two cross-lagged relationships (i.e., T1 work demands — T2
perceived stress and T1 perceived stress — T2 sleep distur-
bance) were multiplied. Again, a Sobel test was conducted to
formally investigate the indirect effect.

RESULTS

Table 1 provides descriptive statistics, reliabilities, and
intercorrelations between all the variables studied. In accor-
dance with expectations, sleep disturbances were associated
with perceived stress, work demands, and support, within, as
well as over, time. Overall, the variables were rather stable over
the two-year time period, apart from working hours, which
had a stability of 0.41 (see Figure 2).

Table 2 gives the fit statistics for the cross-lagged models. All
models exhibited significant chi-square values, which could be
expected due to the large sample size; however, the additional
fit indices indicated acceptable fits to data for all four models.
Comparisons between the stability model (Model 1) and the
other three models revealed that Models 3 and 4 gave a sig-
nificantly lower value of chi-square, thus indicating a better fit.
The reciprocal model (Model 4), however, showed the greatest
decrease in chi-square (Ay* = 60.33, df = 14, P < 0.05) and this
model was thus identified as the model giving the best fit.

Figure 2 shows the significant standardized path estimates
for the reciprocal model, and it can be seen that higher work de-
mands at T1 were related to higher levels of sleep disturbance
at T2, while perceived stress at T1 was associated with lower
levels of sleep disturbances at T2, after adjusting for sex, age,
and SEP. Moreover, sleep disturbances at T1 were related to
higher perceived stress and work demands, as well as a lower
degree of control and support at work at T2, after adjusting for
sex, age, and SEP.

Because the negative beta coefficient for perceived stress
and disturbed sleep was unexpected, we also carried out struc-
tural equation modeling using only perceived stress or work
demands in combination with disturbed sleep. The results of
this were as expected. Stress at T1 predicted subsequent sleep
disturbances (B = 0.06, P < 0.05) and vice versa (p = 0.13,
P <0.05). A similar pattern was found with regard to demands
at work. Demands at T1 predicted subsequent sleep distur-
bances (B = 0.03, P <0.05), and vice versa ( = 0.04, P <0.05).

Because perceived stress was seen as a complement to work
demands, and assumed to be related to disturbed sleep, a medi-
ation model (demands-stress-sleep disturbances) was applied.

SLEEP, Vol. 38, No. 7, 2015

1133

Sleep
disturbance

Stress Stress

Demands

Workhours

0.43

‘Workhours

0.81

V2 V2

Shift

Shift

Physical 082 Physical
demands envir demands envir
Physical 0.89 Physical
demands task demands task

Figure 2—Structural model (reciprocal): standardized coefficients.
Nonsignificant paths represented by dotted lines, all coefficients in the
model are significant (P < 0.05). Other models not presented.

No mediation could be detected in the longitudinal analysis;
demands were positively related to perceived stress (p = 0.05,
P < 0.05), but perceived stress was not related to subsequent
sleep disturbances (f=0.001, P > 0.05). The indirect effect was
not significant (z = 0.057, P > 0.05). However, mediation was
found in the cross-sectional analysis. Demands were positively
related to perceived stress (f = 0.29, P < 0.05) and perceived
stress was positively related to sleep disturbances (f = 0.60,
P <0.05). The indirect effect was significant (z= 15.1, P <0.05).
In addition, work demands had an effect on sleep disturbance
(B=0.27, P <0.05).

DISCUSSION

The reciprocal model showed the best fit to the data. Our
main hypothesis, of a forward “causal” pathway between
work demands and sleep disturbances, was partly confirmed
by the significant relationship between work demands at T1
and sleep disturbances at T2. Perceived stress showed an un-
expected negative relation to disturbed sleep. No significant
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relationships were seen for control at work, social support,
physical work factors, work schedules, or working hours. The
reciprocal model also showed significant paths between sleep
disturbances at T1 and work demands, stress, control at work,
and social support at T2, indicating the presence of reversed
causal paths.

The results regarding work demands are in line with those
from several other prospective studies,®'*'*! although the ef-
fect found in the current study was modest. However, an im-
portant and new observation is that the prospective relation
between work demands and disturbed sleep persisted in an
analysis containing variables representing the physical aspects
of work, shift work, overtime, and social support at work. It
is important to take the 2-y time lag into account when inter-
preting the results. It is possible that other time lags may have
yielded stronger (or weaker) relationships. There is, however,
no indication of the optimal time lag for the variables used in
the current study, or for the variables used in most other obser-
vational studies. This is clearly an important topic for future
research.

The unexpected negative association between perceived
stress at T1 and sleep disturbances at T2 appeared despite a
significant bivariate positive correlation between the two vari-
ables over time and a strong cross-sectional correlation. Both
correlations were stronger than those between work demands
and sleep disturbances. Furthermore, the cross-sectional me-
diation of perceived stress between demands and sleep distur-
bance was significant. When the structural equation modeling
was restricted to perceived stress only, the path from T1 to
T2 was significant and the coefficient positive (as was that of
work demands). These observations suggest that the negative
coefficient for perceived stress in the main analysis was due to
suppression effects or, possibly, that stress at T1 might perhaps
have encouraged a change of lifestyle. In terms of psychomet-
rics, the perceived stress index showed high internal consis-
tency and test-retest reliability. It was also correlated with work
demands, as well as with the item “tension,” which suggests
construct validity.

As in our previous studies,*'* control at work was not signif-
icantly related to subsequent sleep disturbances. The dropout
rate among those with a low degree of control was higher, but
this cannot explain the results because the correlation between
control at T1 and disturbed sleep at T2 was r = 0.04, and the
cross-sectional correlations at T1 and T2 were r = 0.02 and
r = 0.04, respectively. Thus, the relation was very small at both
points in time, and actually increased at T2, which would not
have been the case if dropout had affected the results (i.e., re-
duced the correlation). Possibly the reduced reliability could
have contributed to the lack of effects. The finding that (poor)
social support failed to predict later sleep disturbances was
unexpected, considering previous findings'*; however, it is
in line with findings reported by Magnusson Hansson et al.”
The cross-sectional correlation with disturbed sleep was sig-
nificant, and it may be that social support is important when
support and sleep are measured closer together in time.

Regarding the effects of work scheduling, the lack of a sig-
nificant association between shift work and disturbed sleep
differs from our previous findings."* However, we only ad-
justed for one physical work environment variable—heavy
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work—in our previous study, whereas more aspects of the
physical working environment were included in the current
study. Furthermore, in a previous prospective study in a repre-
sentative sample on the effects of starting or ending shift work
we found that mainly difficulties in falling asleep were influ-
enced by these changes.'® It could thus be that the lack of effect
in the current study is the result of including other indicators
of disturbed sleep in the index, such as restless sleep, frequent
awakenings, and premature final awakening. Indeed, workers
on the night shift tend not to report more disturbed sleep than
day workers.”® The reason for the lack of reports of disturbed
sleep could be that shift workers do not consider their sleep
to be disturbed because there is a clear external cause (the
temporal displacement of sleep). The dropout frequency was
also higher among shift workers, but it is unlikely that this will
have affected the results because the correlation between shift
work at T1 and disturbed sleep at T2 was low (r = 0.03), and the
cross-sectional correlations between shift work and disturbed
sleep were also low (r =0.03 at T1 and r = 0.02 at T2).

The lack of any significant association between long hours
of work and disturbed sleep is in contrast to the findings of pre-
vious studies,®'**¢ but very few individuals with long working
weeks were included in the current study, compared to the
studies cited. Thus, the range of variation may have been re-
stricted. Also, as with shift workers, those with long working
hours may not regard their sleep as being disturbed, but rather
curtailed by external factors. However, this requires further
investigation.

The physical workload variables were not prospectively re-
lated to disturbed sleep. There are few data to compare our
findings with, but we have previously found heavy physical
work load to be associated with disturbed sleep in a cross-sec-
tional study,” but not in a longitudinal one." The dropout rate
was higher among individuals with higher physical workload,
but this is unlikely to have affected the results of the current
study because the correlation between physical workload at
T1 and disturbed sleep at T2 was low (r = 0.03, as were the
cross-sectional correlations (r = 0.02 and r = 0.03 at T1 and T2,
respectively). Furthermore, the analyses concerning physical
working environment variables did not suggest a higher risk
of subsequent sleep disturbances. Because this association has
not been studied previously, caution should be exercised when
drawing conclusions.

The second major finding of this study was that disturbed
sleep at Tl predicted several psychosocial variables at T2.
Both perceived stress and work demands were higher with
prior sleep disturbance. Neither Magnusson Hanson et al." nor
de Lange et al." found any similar reversed effects on demands.
One reason for this, at least in the study by de Lange et al., may
have been that the sample was relatively young. Our findings
with respect to stress agree with recent experimental results
showing that disturbed sleep increases responses to stressors,>’
and that sleep loss reduces the control of the prefrontal cortex
over the amygdala, leading to increased emotional reactivity.*’
It is also a common observation that sleep loss causes sleepi-
ness/fatigue and impaired performance,” and these may in
turn lead to demands at work being seen as more difficult to
handle than would otherwise be the case. It is also likely that a
similar mechanism could apply to social support and control at
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work. Magnusson Hansson et al."? also reported an association
between sleep disturbances and later social support, whereas
no significant paths were observed between disturbed sleep
and control or work demands. These issues are important in
understanding the relationship between sleep and working life,
and there is a need for further research in these areas. Further-
more, it is noteworthy that disturbed sleep showed no reverse
causality pattern with physical work factors.

A limitation of the current study is that more waves may be
needed to gain a better understanding of the prospective links.
Thus, the present results are merely suggestive. Another limi-
tation is that no detailed information was available on changes
in disturbed sleep (or in predictors) within the 2-y interval
studied. For example, major life events may occur, such as di-
vorce, bereavement, etc. There is also a moderate day-to-day
covariation between self-reported stress and sleep in normal
sleepers,® but no knowledge is available on the amount or du-
ration of demands or stress exposure that causes more chronic
sleep disturbances. Day-to-day variation in sleep quality
seems to be relatively high in patients with insomnia, but con-
siderably smaller in normal sleepers.®® Also, the correlation
between sleep quality at T1 and T2 was high in the current
study, suggesting considerable stability. Clearly, there is a need
to study the relation between disturbed sleep and its causes,
using shorter intervals between measurements. Another po-
tential problem may be that the questions on work-related ex-
posure asked about the respondents’ “work situation,” which
was probably interpreted as meaning at the present time, in
contrast to the questions on self-reported stress, which referred
to the past 3 months. The reason for the choice of 3 months was
that there was a need for an anchor similar in time to what may
be meant by the “present work” concept. This still resulted in
some lack of clarity with respect to timing, which may have
influenced the results.

A weakness of the study is the loss of some items with low
factor loadings in order to improve model fit.?! The result
may have been more unreliable scales, but Cronbach a values
were still acceptable. There may also have been a reporting
bias, that is, a dispositional tendency of an individual to re-
port both psychosocial adversity and more health symptoms.
This phenomenon is probably present in most studies on psy-
chosocial factors and health, and may affect the associations
between such variables. However, a certain amount of consis-
tency across predictors would then be expected. In the current
case, control at work did not show any significant relation to
disturbed sleep, which would have been expected had the sub-
jectivity bias been strong. The “healthy worker effect” is an-
other factor that must be taken into consideration because our
sample only included gainfully employed individuals. Length
of employment may have been of importance in the current
context, but this information was not available for analysis.

In summary, the current study has shown that high work
demands predict self-reporting of disturbed sleep 2 y later, but
also that disturbed sleep predicts increased levels of perceived
stress, work demands, (lack of) work control, and (lack of) so-
cial support 2 y later. Physical work factors and work sched-
uling seem to have no prospective relation to sleep disturbance.
The results imply that remedial interventions to alleviate sleep
disturbances should focus on psychosocial factors, and that
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interventions to improve sleep may be important in reducing
stress and negative views of work, and perhaps life in general.
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