
'RZQORDGHG�IURP�ZZZ�VMZHK�IL�RQ�-XO\���������

�7KLV�ZRUN�LV�OLFHQVHG�XQGHU�D�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����,QWHUQDWLRQDO�/LFHQVH�

3ULQW�,661������������(OHFWURQLF�,661����������;�&RS\ULJKW��F��6FDQGLQDYLDQ�-RXUQDO�RI�:RUN��(QYLURQPHQW�	�+HDOWK

2ULJLQDO�DUWLFOH
6FDQG�-�:RUN�(QYLURQ�+HDOWK��������������������

GRL���������VMZHK�����

7KH�LPSDFW�RI�UHGXFHG�ZRUNWLPH�RQ�VOHHS�DQG�SHUFHLYHG�VWUHVV
b�D�JURXS�UDQGRPL]HG�LQWHUYHQWLRQ�VWXG\�XVLQJ�GLDU\�GDWD
E\ �6FKLOOHU �+� �/HNDQGHU �0� �5DMDOHLG �.� �+HOOJUHQ �&� �cNHUVWHGW �7�
%DUFN�+ROVW�3��.HFNOXQG�*

7KH�UHVXOWV�RI�WKLV�SUHVHQW�VWXG\�VKRZ�EHQHILFLDO�HIIHFWV�RQ�VOHHS�DQG
VWUHVV �GXH �WR �D �ZRUNWLPH�UHGXFWLRQ �RI �����IRU �IXOO�WLPH�ZRUNHUV�
LQFOXGLQJ�LQFUHDVHG�VOHHS�GXUDWLRQ�GXULQJ�ZRUNGD\V��7KH�SDSHU�PD\
FRQWULEXWH�WR�XQUHVROYHG�TXHVWLRQV�DERXW�WKH�SRVVLEOH�SRVLWLYH�HIIHFWV
RI�LPSOHPHQWLQJ���KRXU�ZRUNGD\V�RQ�HPSOR\HHdV�ORQJ�WHUP�KHDOWK�DQG
ZRUN�SHUIRUPDQFH�

$IILOLDWLRQ��6WUHVV�5HVHDUFK�,QVWLWXWH��6WRFNKROP�8QLYHUVLW\��6(�������
6WRFNKROP��6ZHGHQ��KHOHQD�VFKLOOHU#VX�VH

5HIHUV�WR�WKH�IROORZLQJ�WH[WV�RI�WKH�-RXUQDO����������������������������
�������������������������������������������������������������
��������������������������������������

.H\ �WHUPV� �GLDU\ �GDWD� �JHQGHU� �SHUFHLYHG �VWUHVV� �SXEOLF �VHFWRU�
UDQGRPL]HG�LQWHUYHQWLRQ� �UHGXFHG�ZRUNWLPH� �VOHHS� �VOHHS�GXUDWLRQ�
VOHHS�TXDOLW\��VOHHSLQHVV��VWUHVV��ZRUNWLPH

7KLV�DUWLFOH�LQ�3XE0HG��ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���������

$GGLWLRQDO�PDWHULDO
3OHDVH�QRWH�WKDW�WKHUH�LV�DGGLWLRQDO�PDWHULDO�DYDLODEOH�EHORQJLQJ�WR
WKLV�DUWLFOH�RQ�WKH�6FDQGLQDYLDQ�-RXUQDO�RI�:RUN��(QYLURQPHQW�	�+HDOWK
�ZHEVLWH�



 Scand J Work Environ Health 2017, vol 43, no 2 109

Original article
Scand J Work Environ Health. 2017;43(2):109–116. doi:10.5271/sjweh.3610

The impact of reduced worktime on sleep and perceived stress – a group 
randomized intervention study using diary data
by Helena Schiller, BSc,1 Mats Lekander PhD,1, 2 Kristiina Rajaleid, PhD,1, 3 Carina Hellgren, PhD,2  
Torbjörn Åkerstedt, PhD,1, 2 Peter Barck-Holst, MSc,2, 4, 5 Göran Kecklund, PhD 1, 6 

Schiller H, Lekander M, Rajaleid K, Hellgren C, Åkerstedt T, Barck-Holst P, Kecklund G. The impact of reduced 
worktime on sleep and perceived stress – a group randomized intervention study using diary data. Scand J Work 
Environ Health. 2017;43(2):109–116. doi:10.5271/sjweh.3610

Objective   Insufficient time for recovery between workdays may cause fatigue and disturbed sleep. This study 
evaluated the impact of an intervention that reduced weekly working hours by 25% on sleep, sleepiness and 
perceived stress for employees within the public sector. 
Method   Participating workplaces (N=33) were randomized into intervention and control groups. Participants 
(N=580, 76% women) worked full-time at baseline. The intervention group (N=354) reduced worktime to 75% 
with preserved salary during 18 months. Data were collected at baseline and after 9 and 18 months follow-up. 
Sleep quality, sleep duration, sleepiness, perceived stress, and worries and stress at bedtime were measured with 
diary during one week per data collection. 
Result   A multilevel mixed model showed that compared with the control group, at the 18-month follow-up, the 
intervention group had improved sleep quality and sleep duration (+23 minutes) and displayed reduced levels of 
sleepiness, perceived stress, and worries and stress at bedtime on workdays (P<0.002). The same effects were 
shown for days off (P<0.006), except for sleep length. Effect sizes were small (Cohen’s f2<0.08). Adding gender, 
age, having children living at home, and baseline values of sleep quality and worries and stress at bedtime as 
additional between-group factors did not influence the results crucially.
Conclusion   A 25% reduction of weekly work hours with retained salary resulted in beneficial effects on sleep, sleep-
iness and perceived stress both on workdays and days off. These effects were maintained over an 18-month period. 
This randomized intervention thus indicates that reduced worktime may improve recovery and perceived stress.
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Many employees report problems with poor sleep qual-
ity, partial sleep loss, elevated daytime sleepiness and 
increased stress levels during workdays (1–5). Possible 
reasons for these complaints may be high workload 
combined with insufficient time for recovery after work 
(6, 7). According to the Effort–Recovery Model (8), if 
recovery is compromised, a development of persistent 
load reactions might occur that could contribute to 
chronic conditions such as hypertension, increased heart 
rate, chronic fatigue, and sleep problems (5, 9–12). 

Shortening of work hours is not only a way of dimin-
ishing workload, it may also be one way of ameliorating 
recovery opportunities and enhanced sleep. However, 
there is an apparent scarcity of longitudinal research and 
intervention studies in this area. To our knowledge, only 
one intervention study has evaluated reduced weekly 
worktime with retained salary and its consequences 
for perceived stress, sleep, and sleepiness over time 
(13), where a slight improvement in sleep quality and 
mental fatigue was observed when work hours were 
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reduced from 8 to 6 hours/day. Moreover, studies on 
worktime reduction have shown that shorter workdays 
lead to a reduction of job exhaustion (14) and have a 
positive impact on work–family interaction (13, 15). The 
mechanisms behind the beneficial effects of worktime 
reduction are believed to be extended time for recovery, 
additional time spent on beneficial health-related behav-
iors such as exercise, and less conflict between work and 
other domains in life (13, 15–17). 

In earlier studies on worktime reduction and its effects 
on sleep and stress (13, 14), there has been no random-
ization and the samples have been small. Thus, there is a 
need for randomized controlled interventions, with large 
samples and many workplaces together with long-term 
follow-up measurements to evaluate the stability of the 
effects. The present study aims to evaluate an intervention 
of a 25% reduction of weekly work hours with retained 
salary through a group randomized trial. Drawing on the 
Effort–Recovery Model (8), it was hypothesized that 
worktime reduction would result in longer sleep duration, 
better subjective sleep quality, less sleepiness, and lower 
levels of perceived stress, including worries and stress 
at bedtime on workdays. The study also investigated 
whether reduced weekly work hours would promote 
good sleep and lower sleepiness and perceived stress 
during days off. Because women working fulltime often 
have a double load of both paid and unpaid work (eg, in 
the household; 18, 19), the study also explored if women 
would benefit more than men from reduced weekly work 
hours. Age, having children living at home, as well as 
having poorer sleep quality and higher levels of bedtime 
worries at baseline were also tested as subgroup factors.

Methods

Design and procedure

Data were collected within a longitudinal controlled 
intervention study evaluating a 25% reduction of weekly 
work hours and its impact on health. Commissioned by 
the Government, the Swedish National Institute of Work-
ing Life carried out the project in 2005–2006 (20). In the 
intervention group, participants retained their salaries 
and the workplaces obtained funding for recruiting more 
staff in order to avoid an increase in workload for the 
employees. Participants signed legally binding documents 
agreeing not to engage in any other paid work in their 
free time during the intervention period. The Stockholm 
regional ethical review board approved the study (refer-
ence number: 04-1059/5), and all participants gave their 
written consent.

Randomization was made at the workplace level, 
however balanced on three variables: geographic location, 

type of work, and gender distribution. In total, 33 work-
places were included and randomized (17 to the interven-
tion group and 16 to the control group). However, one of 
the 33 units (3%), could only participate if it belonged to 
the control group due to problems recruiting new staff. 

Data collection

Data were collected at baseline (1–2 months before the 
intervention; February–May 2005) and then approxi-
mately 9 and 18 months after the start of the intervention 
(in January/February and October/November 2006). At 
each data collection, participants completed a question-
naire including questions on demographic data and work 
environment exposure, evaluated through job demands 
(1=low demands to 4=high demands) and job control 
(1=low control to 4=high control) (21). Participants also 
completed a sleep and wake diary during one week for 
each measurement period. 

During data collections, each morning, participants 
were asked to answer questions in the Karolinska Sleep 
Diary (KSD; 22) on bedtime (hours), time of awaken-
ing (hours), and sleep latency (hours), as from which a 
measure of sleep duration was derived for each day. Fur-
thermore, the diary contained a question of worry and 
stress at bedtime (1=a lot of worry and stress to 5=no 
worry or stress) and questions of subjective sleep quality 
(SSQ), which was based on an index using four ques-
tions; "Did you have difficulties falling asleep?" (1=very 
much to 5=not at all), "How did you sleep?" (1=very 
poorly to 5=very well), "Did you have a restless sleep?" 
(1=very much to 5=not at all), and "Did you wake up 
very early without being able to fall asleep?" (1=very 
much too early to 5=no). The index, calculated as a 
mean of the four items (Cronbach’s alpha=0.76–0.82 
on workdays and 0.74–0.79 on days off) has previously 
been validated against physiological sleep parameters 
and showed significant correlations with objective mea-
sures of sleep continuity (23). 

The wake diary was completed during the day or 
before going to bed and contained questions of workhours 
(start and finishing times), sleepiness, and perceived 
stress. Sleepiness was measured at six time points per 
day (07:00, 10:00, 13:00, 16:00, 19:00, and 22:00 hours) 
through the Karolinska Sleepiness Scale (KSS; 24, 25); 
a 9-graded scale with values ranging from 1=very alert 
to 9=very sleepy, fighting sleep. At the same occasions, 
perceived stress (26) was rated from 1=very low stress to 
9=very high stress. 

Study sample

Initially, 33 workplaces with 919 employees within 
the public sector agreed to participate; 98 employees 
dropped out after randomization. The main reasons for 
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this were changed job/workplace (N=29), parental leave 
(N=14), and long-term sickness absence (N=14). Out 
of the remaining 821 employees, 580 were included 
in the present study (intervention group: N=354; con-
trol group: N=226). They met the inclusion criteria of 
working full-time, having reduced the worktime by 25% 
according to the employers’ time recording data over 14 
months (intervention group) and having participated in 
the data collection at baseline as well as the 9-month 
follow-up and/or the 18-month follow-up (see figure 
1). One paper on a subsample of these data has recently 
been published (16), but it was restricted to the first two 
measurement periods in a subgroup of social workers. 

Participants worked in four different working sec-
tors: social services (managers, social workers or social 
assistants; N=152, eg, from 8 workplaces), technical 
services (eg, administrators, airport workers or parking 
guards; N=214 from 9 workplaces), care and welfare 
(eg, caregivers at preschools, hospitals or retirement 
homes; N=143 from 11 workplaces), and call center (eg, 
managers or administrators; N=70 from 5 workplaces). 
Almost one third (29%) were shift workers, most of 
the participants were women (76%) and the age range 
was 20–65 years [mean 44.6, standard deviation (SD) 
10.6 years]. About half of the participants reported 
they had children living at home. Chi2 tests indicated 
no differences between groups in background variables 
presented in table 1 (P=0.062<0.715), except for the 
number of shift-workers (P=0.000) and educational level 
(P=0.002). T-tests showed no age difference between 

groups (P=0.531) but significant differences in level of 
job control (P=0.037, table 2). Educational level, work-
ing shift or not, as well as job control were consequently 
added as covariates in the statistical models. 

Attrition analysis

A total of 62 participants (19 in intervention group, 43 in 
control group) did not participate in the data collection 
during follow-up measurements and were not included 
in the statistical analyses. No significant differences 
(through t-test) were observed between those who com-
pleted and those who did not complete participation, 
except for sleep duration on workdays, where com-
pleters reported 18 minutes shorter sleep on average as 
compared to non-completers (t=2.48, P=0.013). In terms 
of age and gender, the analysis showed that men were 
more prone to drop out as compared to women (t=2.53, 
P=0.012) and non-completers were slightly younger 
than those who completed the study (t=-2.75, P=0.006). 

Statistical analysis

A mean value for workdays and days off, respectively, 
was computed for the outcome variables of the sleep and 
wake diary. In order to account for the nested structure 
of data, a value of the intraclass correlation (ICC) of 
workplace was calculated for each variable at baseline. 
Although the values of ICC were low (0.005–0.065), 
they were taken into consideration in the statistical 

Total
n=1117
N=35

Included:
Full-time workers

n=373
N=17

Excluded:
Part-time workers

n=76
N=0 Included:

Full-time workers
n=269
N=16

Excluded:
Part-time workers

n=103
N=0

Analyzed:
Completed data collection 1, 2 and/or 3

n=354
N=17

Excluded:
Not complete data

n=19
N=0

Analyzed:
Completed data collection 1, 2 and/or 3

n=226
N=16

Excluded:
Not complete data

n=43
N=0

Intervention group
n=500
N=17

Drop out
n=47
N=0

Intervention group
n=449
N=17

Control group
n=372
N=16

Control group
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N=16

Declined
n=198
N=2
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n=51
N=0
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n=919
N=33

Analysis

Follow-up

Allocation

Figure 1. Flow chart of the inclusion 
 procedure. [n=number of individuals; 
N=number of workplaces.] 
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analyses, which were based on multilevel mixed models 
including random effects for workplace at level 2. 

The model included the outcome variable and the 
fixed effects of the between-group factor "group" (inter-
vention versus control; level 2), the within-group factor 
"time" (baseline, 9 and 18 months, respectively; level 
1) and the group×time interaction. The model was fitted 
by modeling the autocorrelation. Sensitivity analyses, 
(eg, excluding the workplace that was not randomized) 
were made in order to rule out possible bias due to the 
randomization procedure.

The subgroup analysis of gender was made by add-
ing a second between-group factor (gender) into the 
model, resulting in several two-way interactions and 
one three-way interaction of group×time×gender. Addi-
tional subgroup analyses of age, having children living 
at home, and baseline levels of sleep quality and worries 
and stress at bedtime (weekly mean value dichotomized 
by median split) were also performed. For the analysis 
of sleepiness and perceived stress at different time points 
of the day, an additional within-group factor was entered 
("time of day"), resulting in a three-way interaction of 
group×time×time of day together with several two-way 
interactions. A two-tailed alpha-level of 0.05 was used 
when testing for statistical significance. Effect sizes 
were calculated through Cohen’s f2 evaluated on the 
threshold levels of 0.02 (small), 0.15 (medium), and 
0.35 (large) (27, 28). Descriptives, Cronbach’s alpha, 
t-tests, Chi2 tests and analyses of variance were car-
ried out in SPSS 21 (SPSS Institute, Cary, NC; USA), 
whereas multilevel analyses and calculation of ICC and 
Cohens f2 were made in STATA 14 (StataCorp, College 
Station, TX, USA).

Results

Implementation of the intervention

Although one criterion for being included in the study 
was having implemented the 25% worktime reduction 
according to the employers’ time recording data over 14 
months, self-reported hours worked per day (including 
breaks and reported overtime), and the number of days 
worked per measurement week have been computed (see 
table 3). The intervention group (N=354) showed a sig-
nificant reduction of work hours; on average 1:40 hours/
day including breaks (corresponding to a reduction of 
20% between the first and last data collection period), as 
compared to the control group which showed a reduction 
of 8 minutes/day, resulting in a significant group×time 
interaction (F=59.88, P<0.0001, f2=0.17). The major-
ity of the participants in both groups worked five days 
on average per week during all three data collection 
periods, however, the intervention group decreased the 
number of worked days over time to a greater extent 
than did the control group (F=6.44; P=0.002; f2=0.01). 

Intervention effects on sleep, sleepiness and stress

Levels of SSQ, sleep duration, sleepiness, and perceived 
stress on workdays and days off did not differ signifi-
cantly between the groups at baseline (through t-test; 
P=0.055<0.905). Data for the outcome variables and 
the results of the interactions between group and time 
are presented in table 4. On workdays, the intervention 
group displayed improved SSQ, 23 minutes extended 
sleep duration (over the whole period of 18 months), 
decreased sleepiness and perceived stress and less feel-
ings of worries and stress at bedtime when work hours 
were reduced. Similarly, the intervention showed posi-
tive effects on days off, except for sleep duration. The 
range of the effect size (Cohen’s f2) was 0.03–0.08 
on workdays and 0.03–0.04 on days off. The range of 
internal response rates for the outcomes in diary data 
were 73–93%.

Sensitivity analyses through exclusion of the work-
place (with N=17 employees) that could not be part of 

Table 1. Descriptive data at baseline.

Intervention 
group

Control  
group

Total

N % N % N %
Total 354 100 226 100 580 100
Gender
Women 275 78 166 74 441 76
Men 79 22 60 27 139 24

Educational level a
Elementary school 34 10 40 18 74 13
Upper-secondary school 165 47 111 49 276 48
University courses 30 8 15 7 45 8
University exam 124 35 59 26 183 32

Having children living at home 174 49 111 49 285 49
Working area b
Social services 102 29 50 22 152 26
Technical services 118 33 96 43 214 37
Care and welfare 83 24 60 27 143 25
Call center 50 14 20 9 70 12
Shift workers 86 24 82 36 168 29

a One missing value in each group.
b One missing value in intervention group.

Table 2. Mean values and standard deviations (SD) of descriptive 
data at baseline. 

Intervention 
group

Control  
group

Total

Mean SD Mean SD Mean SD

Age (years) 44.3 10.9 44.9 10.3 44.6 10.6
Work demands  
(1–4 high demands)

2.41 0.6 2.33 0.6 2.37 0.6

Work control  
(1–4 high control)

3.01 0.5 2.96 0.4 2.98 0.4
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the randomization showed no differences in comparison 
with the original analyses (see table A in the supple-
mentary material, www.sjweh.fi/index.php?page=data-
repository). Furthermore, adding age, educational level 
and level of job control at baseline as covariates did not 
impact on the results of the unadjusted models (see table 
A in supplement).

The analyses of subjective sleepiness (measured by 
KSS) and perceived stress for the different time points 
of the day showed no significant three-way interactions, 
neither for workdays nor days off (see figure 2 and 3). 

Subgroup analysis

Subgroup analyses were made on gender, age, and hav-
ing children living at home, as well as on baseline lev-
els of sleep quality and worries and stress at bedtime. 

Mean values and effects of the three-way interactions 
are presented as supplementary material in tables B–F 
(www.sjweh.fi/index.php?page=data-repository). 
The results showed that women, older employees, 
and employees having children living at home did 
not benefit more from the worktime reduction, except 
for women reporting marginally less improvement in 
sleepiness during days off after the introduction of 
worktime reduction as compared to men and those hav-
ing children living at home reported somewhat lower 
levels of perceived stress on workdays as compared 
to those without children. Moreover, those who had 
poorer sleep quality at baseline benefited more from 
the intervention in terms of less feelings of worries and 
stress at bedtime on days off. Whereas baseline levels 
of worries and stress at bedtime did not impact on the 
effect of worktime reduction. 

Table 3. Hours of work per day, hours of reported overtime and number of days worked per week, presented by group at the three different 
measurement weeks. [hh:mm=hours and minutes; SD=standard deviation]

Hours (hh:mm) worked per day a Over time (hh:mm) per week Days worked per week
Intervention Control Intervention Control Intervention Control 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Baseline 8:17 0:54 8:32 1:00 0:39 1:42 1:11 3:00 4.80 0.7 4.64 1.2
9 months 6:38 0:54 8:26 1:06 0:28 1:12 0:48 1:42 4.55 1.1 4.85 0.9
18 months 6:37 0:54 8:25 1:00 0:41 1:42 0:50 1:48 4.52 1.1 4.34 1.3
a Including breaks and reported overtime.

Table 4. Mean values and standard deviations (SD) over the three data collection periods divided on group and gender and results 
of the group×time interaction from the multilevel mixed model analyses. All three data collection periods are included in the model. 
[SSQ=subjective sleep quality; I=intervention group; C=control group]

Group Baseline 9 months 18 months Multilevel mixed-model analyses
Women Men Women Men Women Men Estimate 95% CI

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
SSQ work (1–5 good) I 4.03 0.5 4.27 0.5 4.18 0.5 4.35 0.4 4.28 0.5 4.44 0.4 0.086 a 0.036 0.135

C 4.12 0.5 4.20 0.6 4.10 0.6 4.25 0.5 4.19 0.5 4.24 0.5
SSQ days off (1–5 good) I 4.21 0.8 4.47 0.5 4.37 0.7 4.49 0.6 4.46 0.6 4.50 0.6 0.109 a 0.040 0.179

C 4.32 0.6 4.25 0.8 4.32 0.7 4.43 0.7 4.30 0.7 4.25 0.7
Sleep length work (hh:min) I 7:20 0:42 7:09 0:42 7:40 0:42 7:28 0:48 7:40 0:42 7:33 0:42 0.196 a 0.130 0.263

C 7:20 0:42 7:19 0:42 7:18 0:48 7:13 0:54 7:19 0:48 7:20 0:48
Sleep length days off 
(hh:min)

I 8:32 1:06 8:16 1:00 8:40 1:00 8:23 1:06 8:37 1:06 8:20 1:06 -0.042 -0.159 0.074
C 8:34 1:06 8:16 1:06 8:41 1:12 8:13 1:12 8:41 1:06 8:40 1:06

Sleepiness work  
(1–9 very sleepy)

I 4.58 1.0 4.01 1.0 4.10 1.0 3.69 1.0 3.94 0.9 3.54 1.1 -0.206 a -0.295 -0.117
C 4.60 0.9 3.95 1.3 4.41 1.0 4.03 1.2 4.25 1.0 4.19 1.1

Sleepiness days off  
(1–9 very sleepy)

I 4.04 1.2 3.84 1.3 3.82 1.2 3.36 1.2 3.67 1.1 3.26 1.3 -0.224 a -0.337 -0.111
C 3.98 1.1 3.32 1.3 3.90 1.2 3.44 1.3 3.90 1.1 3.77 1.4

Stress work  
(1–9 very high)

I 3.46 1.2 2.75 1.3 2.88 1.2 2.44 1.1 2.84 1.1 2.53 1.1 -0.243 a -0.356 -0.130
C 3.34 1.3 2.76 1.1 3.20 1.4 2.93 1.0 3.29 1.3 3.02 1.1

Stress days off  
(1–9 very high)

I 2.42 1.2 2.21 1.3 2.15 1.2 1.85 0.9 2.06 1.0 2.00 1.1 -0.224 a -0.338 -0.110
C 2.24 1.2 1.87 0.9 2.23 1.3 2.01 0.8 2.39 1.3 1.91 0.8

Worries/stress at bedtime 
work (1–5 no worry/stress)

I 4.24 0.7 4.52 0.6 4.44 0.7 4.59 0.5 4.50 0.6 4.72 0.5 0.089 a 0.026 0.151
C 4.41 0.6 4.43 0.7 4.44 0.7 4.50 0.6 4.46 0.6 4.60 0.6

Worries/stress at bedtime 
days off (1–5 no worry/
stress)

I 4.57 0.7 4.67 0.6 4.66 0.7 4.81 0.5 4.76 0.5 4.84 0.4 0.098 a 0.032 0.164
C 4.69 0.6 4.63 0.7 4.72 0.5 4.72 0.5 4.65 0.7 4.73 0.6

a Significant at the 0.01level
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Discussion 

The hypothesis that a 25% worktime reduction from 
fulltime work during 18 months would result in longer 
sleep duration on workdays, better subjective sleep qual-
ity, lower mean daytime sleepiness and perceived stress, 
including worries and stress at bedtime, was confirmed. 
During days off, the intervention also improved subjec-
tive sleep quality, sleepiness and stress, as well as worries 
and stress at bedtime, but not sleep duration. The effect 
of the intervention on sleepiness and perceived stress was 
similar across the day. The results support earlier, non-
randomized intervention studies on introducing a 6-hour 
workday, which showed improved subjective sleep qual-
ity and reduced mental fatigue (13), and reduced symp-
toms of job exhaustion (14). In contrast to this relatively 
substantial reduction in worktime, a minor reduction of 
work hours (2.5 hours/week) showed no effect on recov-
ery, fatigue, or well-being (17). 

The beneficial effects of worktime reduction on days 
off have not been investigated across occupations before. 
It is reasonable that the need for recovery was lower dur-
ing days off when weekly work hours were reduced by 
25%, since recovery opportunities were enhanced during 
workdays. Neither women, participants with children liv-
ing at home, nor older employees did benefit more from 
worktime reduction. These results were shown in spite of 
the fact that women working full-time and parents with 
children living at home often have a higher workload (18, 
19) and that health and sleep problems becomes more 
prevalent with increasing age (29, 30). 

The aim of the present study was to investigate the 
effects of a worktime reduction in a working popula-
tion considered to have a relatively high workload (20). 
However, since participants reported good sleep and did 
not show severe sleepiness or stress levels at baseline, 
small effect sizes could be expected. Two recent system-
atic reviews similarly show small but significant effects 
on occupational stress and subjective health by inter-
ventions aiming at improving general work conditions, 
sometimes including changed work schedules (31, 32). 

Strengths and limitations

This is the first controlled intervention study of a sub-
stantial worktime reduction with preserved salary, using 
a randomized procedure and including a considerable 
number of workplaces. Attrition rate was low and sample 
size large, contributing to high statistical power. The diary 
procedure provided reliable data with low risk for recall 
bias and allowed for analyses of workdays and days off 
separately. By employing new staff to cover up for the 
worktime reduction, a diminishing level of workload 
could be ensured. An important additional feature of the 

Sleepiness

Figure 2. Mean values of Karolinska Sleepiness Scale (KSS) ratings on 
different time points over the day on workdays and days off. Presented 
by group on the three different measurement periods. (KSS ratings: 
1=very alert to 9=very sleepy). 

Stress

Figure 3. Mean values of stress ratings on different time points over 
the day on workdays and days off. Presented by group on the three 
different measurement periods. (Stress range: 1=very low stress to 
9=very high stress).
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present study’s design was its relatively long follow-up of 
18 months after introduction of the intervention. 

Some limitations of the study should be pointed out. 
Firstly, worktime reduction was smaller than expected, 
20% rather than 25% during the measurement weeks, 
possibly diluting the effects of the intervention. However, 
on the monthly level, official payroll data shows a 25% 
reduction in the intervention group. Secondly, the lack 
of objective measurements for the outcomes could have 
introduced bias, such as overestimation of the effects of 
the intervention. However, diary data have previously 
been shown to be a reliable method of measuring sleep/
wake patterns (33, 34). Thirdly, the randomization proce-
dure could not be fully implemented, since one workplace 
was not able to recruit new staff, and consequently this 
organization was automatically part of the control group. 
However, sensitivity analyses showed no differences 
in comparison with the original analyses. Fourthly, the 
study sample was relatively healthy and had low preva-
lence of severe sleep/wake disturbances or high levels 
of perceived stress. Thus, stronger effects may occur for 
employees with poorer sleep and higher levels of stress. 

Practical implications and future research

The results in this present study should not be generalized 
to interventions where salary is not retained. Even though 
retaining salary without doubt increases costs in a work-
time reduction intervention, it should be noted that high 
self-reported stress, sleep disturbances and elevated sleepi-
ness have been linked to higher accident and occupational 
injury risk, poorer work performance, lower productivity 
and increased risk of health-related problems (35–37). 
Thus, it is likely that employees with sufficient sleep, 
low stress levels and high levels of daytime alertness are 
positively related to both work productivity and associated 
costs. In order to develop strategies to ameliorate health 
and well-being in the working population, future research 
should investigate worktime reduction as a means to 
diminish sick leave or as a part of a rehabilitation program 
for employees suffering from chronic health problems. 

In conclusion, our findings indicate that a 25%, 
fully compensated reduction in work hours for full-time 
workers can lead to long-term positive effects on sleep 
duration and sleep quality, as well as reduced sleepi-
ness and levels of perceived stress. Such effects could 
be beneficial for an employee’s life satisfaction, daily 
functioning, and health development. 

Acknowledgements

Data for this study were collected within an intervention 
study carried out in 2005–2006 by the former Swedish 

National Work Life Institute. We would like to thank the 
Institute for project management and funding. We also 
want to express our gratitude to Anna Falkenberg who 
was the project leader and to all the participants – both 
employees and employers – who provided the project 
with valuable data. The study is also carried out within 
the framework of the WOW project, which is funded by 
the research program “Nordforsk, Nordic Program on 
Health and Welfare”.   

References

1. Burgard SA, Ailshire, JA. Putting work to bed: stressful 
experiences on the job and sleep quality. J Health Soc Behav. 
2009;50:476–92. https://doi.org/10.1177/002214650905000
407. 

2. Kompier MA, Taris TW, van Veldhoven M. Tossing 
and turning: Insomnia in relation to occupational stress, 
rumination, fatigue, and well-being. Scand J Work Environ 
Health. 2012;38:238–46. https://doi.org/10.5271/sjweh.3263. 

3. Lallukka T, Rahkonen O, Lahelma E, Arber S. Sleep 
complaints in middle-aged women and men: the contribution 
of working conditions and work–family conflicts. J Sleep 
Res. 2010;19:466–77. https://doi.org/10.1111/j.1365-
2869.2010.00821.x. 

4. Nixon AE, Mazzola JJ, Bauer J, Krueger JR, Spector PE. Can 
work make you sick? A meta-analysis of the relationships 
between job stressors and physical symptoms. Work & Stress. 
2011;25:1–22. https://doi.org/10.1080/02678373.2011.5691
75. 

5. Åkerstedt T. Psychosocial stress and impaired sleep. Scand 
J Work Environ Health. 2006;32:493–501. https://doi.
org/10.5271/sjweh.1054. 

6. Sonnentag S, Zijlstra FRH. Job characteristics and off-job 
activities as predictors of need for recovery, well-being, 
and fatigue. J Appl Psychol. 2006;91:330–50. https://doi.
org/10.1037/0021-9010.91.2.330. 

7. Sonnentag S, Fritz C. Endocrinological processes associated 
with job stress: Catecholamine and cortisol responses to 
acute and chronic stressors. In: P. L. Perrewé & D. C. Ganster 
(Eds), Research in organizational stress and well-being: 
Employee health, coping, and methodologies. Amsterdam: 
Elsevier; 2006. pp. 1–59. https://doi.org/10.1016/S1479-
3555(05)05001-8. 

8. Meijman TF, Mulder G. Psychological aspects of workload. 
In P. J. D. Drenth & H. Thierry (Ed.), Handbook of work and 
organizational psychology. Vol. 2: Work psychology. Hove, 
England: Psychology; 1998. pp. 5–33. 

9. Härmä M. Work hours in relation to work stress, recovery and 
health. Scand J Work Environ Health. 2006;32:502–14. https://
doi.org/10.5271/sjweh.1055. 

10. Rook J, Zijlstra F. The contribution of various types of 
activities to recovery. Eur J Work Organ Psy. 2006;15:218–40. 



116 Scand J Work Environ Health 2017, vol 43, no 2

Worktime reduction

https://doi.org/10.1080/13594320500513962. 

11. Sluiter JK, Frings-Dresen MHW, van der Beek AJ, Meijman 
TF. The relation between work-induced neuroendocrine 
reactivity and recovery, subjective need for recovery, and 
health status. J Psychosom Res. 2001;50:29–37. https://doi.
org/10.1016/S0022-3999(00)00213-0. 

12. Van Hooff M, Geurts SAE, Taris TW, Kompier MAJ, Dikkers 
JSE, Houtman ILD, et al. Disentangling the relationships 
between work-home interference and employee health: A 
longitudinal study among Dutch police officers. Scand J Work 
Environ Health. 2005;31:15–29. https://doi.org/10.5271/
sjweh.844. 

13. Åkerstedt T, Olsson B, Ingre M, Holmgren MG, Kecklund G. 
6-hour working day – effects on health and well-being. J Hum 
Ergol. (Tokyo). 2001;30:197–202.

14. Nätti J, Anttila T. Experiments of Reduced Working Hours 
in Finnish Municipalities. J Hum Resour Cost Account. 
1999;4:45–61. https://doi.org/10.1108/eb029057. 

15. Anttila T, Nätti J, Väisänen M. The Experiments of 
Reduced Working Hours in Finland. Impact on work–family 
interaction and the importance of the sociocultural setting. 
Community Work Fam. 2005;8:187–209. https://doi.
org/10.1080/13668800500049704. 

16. Barck-Holst P, Nilsonne Å, Åkerstedt T, Hellgren C. Reduced 
working hours and stress in the Swedish social services: A 
longitudinal study. Int Soc Work – online first. http://doi.
org/10.1177/0020872815580045. 

17. Von Thiele Schwartz U, Lindfors P, Lundberg U. Health-
related effects of worksite interventions involving physical 
exercise and reduced workhours. Scand J Work Environ 
Health: 2008;34:179–88. https://doi.org/10.5271/sjweh.1227. 

18. Berntsson L, Lundberg U, Krantz G. Gender differences 
in work–home interplay and symptom perception among 
Swedish white-collar employees. J Epidemiol Commun H. 
2006;60:1070–6. https://doi.org/10.1136/jech.2005.042192. 

19. McElwain AK, Korabik K, Rosin HM. An examination of 
gender differences in work-family conflict. Can J Beh Sci. 
2005;37:283–98. https://doi.org/10.1037/h0087263. 

21. Karasek R, Theorell T. Healthy Work. Stress, Productivity and the 
Reconstruction of Working Life. New York: Basic Books; 1990. 

22. Åkerstedt T, Hume K, Minors D, Waterhouse J. Good 
sleep—its timing and physiological sleep characteristics. J 
Sleep Res. 1998;6:221–9. https://doi.org/10.1111/j.1365-
2869.1997.00221.x. 

23. Kecklund G, Åkerstedt T. Objective components of 
individual differences in subjective sleep quality. J Sleep 
Res. 1997;6:217–20. https://doi.org/10.1111/j.1365-
2869.1997.00217.x. 

24. Åkerstedt T. Gillberg M. Subjective and objective sleepiness 
in the active individual. Int J Neurosci. 1990;52:29–37. https://
doi.org/10.3109/00207459008994241. 

25. Åkerstedt T, Anund A, Axelsson J, Kecklund G. Subjective 
sleepiness is a sensitive indicator of insufficient sleep and 

impaired waking function. J Sleep Res. 2014;23:240–52. 
https://doi.org/10.1111/jsr.12158. 

26. Dahlgren A, Kecklund G, Åkerstedt T. Different levels of 
work-related stress and the effects on sleep, fatigue and 
cortisol. Scand J Work Environ Health. 2005;31:277–85. 
https://doi.org/10.5271/sjweh.883.

27. Cohen JE. Statistical Power Analysis for the Behavioral 
Sciences. Hillsdale, NJ: Lawrence Erlbaum Associates, Inc; 
1988. 

28. Selya AS, Rose JS, Dierker LC, Hedeker D, Mermelstein RJ. A 
Practical Guide to Calculating Cohen’s f2, a Measure of Local 
Effect Size, from PROC MIXED. Front Psychol. 2012;3:111. 
https://doi.org/10.3389/fpsyg.2012.00111. 

29. Sivertsen B, Krokstad S, Øverland S, Mykletun A. The 
epidemiology of insomnia: associations with physical 
and mental health. The HUNT-2 study. J Psychosom 
Res.  2009;67:109–16.  ht tps: / /doi .org/10.1016/j .
jpsychores.2009.05.001. 

30. Boot C, de Kruif A, Shaw W, van der Beek A, Deeg D, 
Abma T. Factors Important for Work Participation Among 
Older Workers with Depression, Cardiovascular Disease, 
and Osteoarthritis: A Mixed Method Study. J Occup Rehabil. 
2016;26:160–72. https://doi.org/10.1007/s10926-015-
9597-y. 

31. Montano D, Hoven H, Siegrist J. Effects of organizational-
level interventions at work on employees’ health: a systematic 
review. BMC Public Health. 2014;14:135. https://doi.
org/10.1186/1471-2458-14-135. 

32. Routsalainen JH, Verbeek JH, Mariné A, Serra C. 
Preventing occupational stress in healthcare workers 
(Review). The Cochrane Library. 2014:12. https://doi.
org/10.1002/14651858.cd002892.pub4. 

33. Conrath DW, Higgins CA, McClean RJ. A comparison 
of the reliability of questionnaire versus diary data. Soc 
Networks. 1983;5:315–22. https://doi.org/10.1016/0378-
8733(83)90031-X. 

34. Rogers AE, Caruso CC, Aldrich MS. Reliability of sleep 
diaries for assessment of sleep/wake patterns. Nurs Res. 
1993;42:368–72. https://doi.org/10.1097/00006199-
199311000-00010. 

35. Cooper C, Dewe P. Well-being – abstenteeism, presenteeism, 
costs and challenges. Occ Med. 2008;58:522–4. https://doi.
org/10.1093/occmed/kqn124. 

36. Haaramo P, Rahkonen O, Lahelma E, Lallukka T. The joint 
association of sleep duration and insomnia symptoms with 
disability retirement – a longitudinal, register-linked study. 
Scand J Work Environ Health. 2012;38:427–35. https://doi.
org/10.5271/sjweh.3269. 

37. Rosekind M, Gregory K, Mallis M, Brandt S, Seal B, Lerner 
D. Cost of Poor Sleep: Workplace Productivity Loss and 
Associated Costs. J Occup Environ Med. 2010;52:91–8. 
https://doi.org/10.1097/JOM.0b013e3181c78c30.

Received for publication: 1 June 2016.


