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Objectives   Previous studies of long workhours and their effects on stress, sleep, and health show inconclusive
results. This inconclusiveness may be partly due to methodological problems such as the use of between-group
designs or comparisons before and after reorganizations. In addition, stress is usually a confounder. A within-
person design was used to examine the effects of working 8- or 12-hour shifts in the absence of additional stress.
Methods   In an experimental field study, 16 white-collar workers [9 women, mean age 45.9 (SD 15) years]
undertook one workweek with normal workhours (8 hours) and 1 week of overtime with 4 extra hours of regular
worktasks (12 hours). The participants wore actigraphs, rated sleepiness (Karolinska Sleepiness Scale) and
stress throughout the day, and rated workload and how exhausted they felt. Saliva samples were collected on
Mondays and Thursdays for cortisol analysis. On these days, ambulatory heart rate and blood pressure were also
measured for 24 hours.
Results   Overtime was associated with higher levels of exhaustion. Sleepiness showed a significant interaction
between conditions, with higher levels at the end of the workweek featuring overtime. Total sleep time was
shorter in the overtime week. There were no significant differences between ratings of stress and workload.
Cortisol showed a circadian variation but no main effect of condition.
Conclusions   One week of overtime work with a moderate workload produced no main effects on physiological
stress markers. Nevertheless, sleep was negatively affected, with shorter sleeps during overtime work and
greater problems with fatigue and sleepiness.
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Long workhours (including overtime work) are preva-
lent within today’s society. In the third European sur-
vey on work conditions, it was shown that 17% of full-
time employees work 45 hours or more a week (1). In
Sweden about 30% of the working population works
overtime every week, but the prevalence varies between
occupational groups (1). In particular, white-collar
workers form a group that frequently works overtime.
For example, 70% of those with managerial positions
work overtime every week, as do 45% of academics.
Working long hours or overtime prolongs the exposure
to work-related stressors, decreases time for leisure ac-
tivities and family, and reduces time available for recu-
peration. Consequently, the potential risks of long hours
may include an increase in stress-related illness, more

disturbed sleep, greater daytime fatigue, and sleepiness
and impaired performance.

Previous studies of long workhours have shown an
association with increased stress (2, 3) and stress-relat-
ed diseases such as elevated blood pressure and heart
rate (4), myocardial infarctions (5, 6), and diabetes (7),
as well as poor health behavior (8, 9). However, there
are also studies that did not find any negative effects,
and some studies have shown that certain groups with
long workhours are at a decreased risk of suffering
stress-related health problems (10, 11, 12) and have less
sickness absence (13).

Apart from studies concerning the prevalence of
stress-related diseases, most previous studies of long
workhours and stress have focused on the measurement

dahlgren.pmd 8.8.2006, 10:02318



Scand J Work Environ Health 2006, vol 32, no 4 319

Dahlgren et al

of subjective ratings of stress, blood pressure, adrena-
line, or norephepherine. Within stress research, the
number of studies focusing on cortisol has increased in
the past years, due to the possibility of measuring corti-
sol in saliva. In an acute stress situation, cortisol levels
increase in healthy persons (14). However, within the
research on long workhours, there are relatively few
studies that have measured cortisol. In two studies that
have examined the relationship between workhours and
cortisol, the results showed no significant association
(15, 16). However, none of the studies have examined
the diurnal pattern of cortisol. Persson et al (15) meas-
ured cortisol in relation to a cognitive test between 0800
and 1100 in the morning, and in the study by Steptoe et
al (16) it is not clear when the saliva samples were tak-
en. It is therefore still not clear if or how long workhours
affect cortisol levels.

Other effects of overtime work that have been dem-
onstrated include sleep deprivation (17) (18), impaired
performance (19), a higher injury hazard rate (20), and
greater sleepiness and fatigue (21). But, once again,
the findings are not consistent across studies, with
other researchers having failed to find such effects
(22).

In general, there are some methodological problems
within the research on long workhours and overtime
work that makes it hard to differentiate the effects of
workhours per se from those caused by other factors.
Numerous studies have used a cross-sectional design or
have studied groups before and after reorganization. In
many of these cases, it is hard to control for individual
differences, as well as for the influence of different work
characteristics. Furthermore, those who work much
overtime are not only often in a work situation with high
demands, but they also have high decision latitude and
control, as well as high work motivation (22, 23). This
situation makes comparisons between groups problem-
atic since these job characteristics might work as buff-
ering factors against the development of ill health. This
possibility may explain the lack of negative effects in
some studies of overtime work and health.

The few studies that have used a within-person de-
sign also suffer from methodological problems since
they often compare periods with high and low overtime.
In such cases, stress is often a confounder, since over-
time work often coincides with a high workload. It is
therefore hard to distinguish the effects of worktime
from the effects of high workload and stress.

The diversity of results suggests that there are some
work situations in which long workhours are not a prob-
lem with respect to health and safety, whereas, in other
cases, they have adverse effects. While it is probable
that workload and work-related stress are two of the
most crucial factors moderating the impact of long
hours, their precise role remains unclear.

In the present study we adopted an approach that was
intended to avoid some of these methodological prob-
lems. We carried out an experimental field study, using
a within-person design to compare two conditions in
which worktime was manipulated while workload and
stress were held constant, that is, there was no external
pressure to increase workpace. Workhours were simply
extended in time, and work was performed at a normal
pace. The aim was to examine how overtime work af-
fects sleep, fatigue, and physiological arousal. We also
wanted to examine the effects on life outside of work
and to identify which activities people would be most
likely to cut down. One hypothesis was that overtime
work would lead to higher physiological arousal, more
disturbed and shorter sleep, and greater fatigue.

Study population and methods

Study population and design

This study involved 18 office workers who participated
under two different conditions. One condition involved
a workweek with 8-hour workdays throughout the week
(40-hour workweek). In the other condition, the partic-
ipants were asked to work overtime and extend their
workdays with four extra hours per day [ie, work 12
hours per day (60 hours/week)]. During these extra 4
hours, the participants performed their normal work-
tasks. The aim was to keep workload and stress con-
stant between conditions, and the participants were
therefore asked to identify weeks that did not have any
peaks in workload. The participants were also asked to
keep the start of their workday constant in each condi-
tion. They could choose to recoup the overtime they
worked in the form of free days or financial compensa-
tion.

One participant dropped out of the study, and two
participants were excluded because of irregular work-
ing patterns. Of the remaining 15 participants, 9 were
women, and the age span was from 27 to 65 years [mean
age 45.9 (SD 15) years]. There were 4 participants that
had children above the age of 7 years within the house-
hold, but no one had children under the age of 7. The
participants were recruited from several different work-
sites. Most (53%) worked within academia (research-
ers, professors, research assistants), 20% formed admin-
istrative staff (administrative supervisors, information
personnel), and a computer consultant, an editor and a
salesman made up the rest. The participants in this study
had flexible worktime arrangements and could normal-
ly influence their own workhours. Their average work-
day was 9 hours and 11 minutes (SE 10 minutes). Once
per month or more, 40% had a 50-hour workweek, and
13% had a 60-hour workweek. There was no difference
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in the number of workhours for the week before the two
conditions [t=0.0, df=9, P>0.5; 8 hours=2.9 (SE 0.5),
12 hours=2.9 (SE 0.3); scale 1(<37.5 hours/week) to
6(>60 hours/week].

The two conditions were counterbalanced, but, due
to the three dropouts, seven started with the overtime
week, and eight started with the 40-hour workweek.
From Monday to Sunday the participants made ratings
of stress, sleepiness, and mental fatigue in a diary at
awakening, during the day and in the evening (at 0700,
1000, 1300, 1600, 1900 and 2200) in both conditions.
At the end of each day, the participants also reported
how their day had been with respect to different symp-
toms of stress and cognitive performance. On the Mon-
day and Thursday in each condition, they carried out
additional measurements, such as saliva samples for
cortisol and also ambulatory measurement of heart rate
and blood pressure.

Self ratings

Ratings of stress were made at 0700, 1000, 1300, 1600,
1900, and 2200 on a 9-point scale. The stress rating
scale was inspired by the work of Kjellberg & Iwan-
owski (24) and their development of the “stress–energy
rating questionnaire”. They used almost 100 mood ad-
jectives that were factor analyzed. A series of factor
analyses was carried out, and the final outcome was a
two-factor structure. The factors were labeled “energy”
(represented by adjectives like active, energetic, effi-
cient, and the like) and “stress” (represented by adjec-
tives like tense, stressed, under pressure, and the like).
The dimensions included six items each. The “stress-
energy scale” has been validated, with good results,
against job-strain measures (25). However, since we
needed to collect information about stress at several
times of the day for 2 weeks, it would have been too
much of a burden for the participants to complete the
entire questionnaire. Therefore, the items of the stress
dimension were integrated into a single rating scale. The
scale included nine response categories, of which five
included verbal anchors: 1 very low stress (very calm
and relaxed), 3 low stress (calm and relaxed), 5 neither
low or high stress, 7 high stress (high tension and pres-
sure), 9 high stress (very high tension and pressure).

The participants also rated their sleepiness during the
day in the diary using the Karolinska Sleepiness Scale
(KSS): 1 = very alert–9 very sleepy, fighting sleep or
effort to stay awake. The scale has been validated
against physiological and behavioral measures (26).
Electroencephalographic (EEG) and electrooculograph-
ic (EOG) changes characteristic of sleepiness usually
begin to appear at a value of 7 (26). The scale for men-
tal fatigue varied from 1 to 9, of which 5 included ver-
bal anchors: 1 = very active, very high energy, 3 = high

energy, 5 = neither energetic or slow, 7 = fatigue but
not too hard to make a mental effort, 9 = very slow, low
energy, inactive. Scores on this scale have been shown
to increase on early morning shifts, in a previous study
on train drivers (27).

The questions at the end of the day concerned wheth-
er the participants had felt tense, exhausted, irritated,
worn out, under time pressure, had had difficulties
thinking (1 = to a large extent, 5 = not at all), and wheth-
er they had enough recuperation during the day (1 =
definitely enough, 5 = far from enough). On a scale from
1 to 5 (1 = very low, 5 = very high), the participants
also answered questions about how they had perceived
the workload, (“how was the workload”), workpace
(“how was the workpace”), and also how satisfied they
were with their own work performance (1 = very dis-
satisfied, 5 = very satisfied).

The participants were also asked to report what they
did after work. They noted in the diary what kind of
activity they had been involved in for the past 30 min-
utes. In order to make it easier to fill out the diary, ac-
tivities were classified into different categories, such as
“household work”, “caring for children or relatives”,
“leisure activities”, “rest or sleep”, “spending time for
yourself”, “watching television”, and the like.

Every morning during both weeks, the participants
filled out the Karolinska Sleep Diary (KSD) (28). It con-
sists of several questions concerning the previous night’s
sleep, such as feeling “fully rested” after sleep, “early
awakening”, and “ease of falling asleep”. Ratings were
made on a 5-point scale (1 = poor sleep, 5 = no problems
with sleep). Two indices were formed using items from
the diary. The first index was an overall measure of the
quality of sleep and contained the items “restless sleep”,
“ease falling asleep”, “sleep quality” (phrased as “how
did you sleep”) and “slept throughout”. The second in-
dex reflected the ease of awakening and was formed
using the items “ease awakening” and “fully rested”.

Actigraphy

Throughout both conditions the participants wore an
actigraph (Cambridge Neurotechnology Ltd, UK),
which measured wrist activity. The participants were
instructed to press an event button when going to sleep
(lights out) and at awakening. For scoring the data, the
Actiwatch Sleep Analysis program (version 1.09, Cam-
bridge, UK) was used. The output sleep score has a high
correspondence with polysomnographically recorded
sleep for the parameter total sleep time (29). Of all the
sleep recordings, about 14% were lost due to partici-
pants failing to wear the actigraph. The measures ob-
tained were bedtime, wake-up time, actual sleep time
(excluding time awake) and sleep efficiency (actual
sleep time/total sleep time × 100).
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Cortisol

On the Monday and the Thursday in each condition, the
participants gave saliva samples using Salivette
(Sarstedts, Rommelsdorf, Germany) cotton swabs. The
participants kept a swab in his or her mouth for about 1
minute, put it in a test tube, and then sealed it. The sam-
ples were obtained 15 minutes after awakening, at 0800,
1100, 1400, 1700, 2000, 2300, and at bedtime. The par-
ticipants were instructed to avoid food for 30 minutes
before these time points. There were no differences in
the sampling time between conditions at awakening or
bedtime. About 8% of the samples were lost. When pos-
sible, missing data were replaced by a mean value based
on adjacent values. Missing data at awakening and bed-
time were not replaced because of the lack of adjacent
values. Missing data at 8 hours were not replaced ei-
ther, since using the preceding high morning value
would probably have resulted in a mean value that was
too high and misleading. The cortisol samples were an-
alyzed by radioimmunoassay, using the Spectria (125 I)
coated-tubes radioimmunoassay kit (Orion Diagnostica,
FI-02101 Espoo, Finland). The within-assay coefficient
of variation ranged from 0.5 to 6, and the between-as-
say coefficients never exceeded 10%.

Heart rate and blood pressure
On Monday and Thursday in each condition, ambulato-
ry blood pressure and heart rate were measured for 24
hours at 1-hour intervals during the day and at 2-hour
intervals during the night, using an ambulatory blood
pressure monitor (Spacelabs Medical Inc, Issaquah,
WA, USA). About 14% of the day data (between 0800
and 2200) and about 19% of the night data (between
2400 and 0700) were missing. A mean for the values at
work, after work, and during sleep was calculated to
reduce the effects of physical activity and to overcome
the problem of missing data points.

Statistical analyses

A two-factor analysis of variance (ANOVA) for repeat-
ed measurements was used to detect differences in the
diary ratings between conditions and any interaction
during the workweek. The first factor was condition (8-
hour day or 12-hour day), and the second was workdays
(Monday to Friday). In order to analyze any possible
effects during the following weekend, we compared the
means across the weekends in a paired t-test analysis.

The cortisol data were analyzed using a three-way
ANOVA for repeated measures with weekday as the
first factor, condition as the second factor, and time of
day as the third factor. When the ANOVA showed a sig-
nificant three-way interaction, data were further ana-
lyzed. In order to increase the number of participants in

the analysis of morning values, we analyzed values dur-
ing work (mean between 0800 and 1800) and evening
(mean 2300 and bedtime) separately using a two-way
ANOVA with condition as the first factor and weekday
as the second factor.

The heart rate and blood pressure data were aver-
aged for values taken at work, after work, and during
sleep. The resulting means were analyzed in a two-way
ANOVA for repeated measurements with condition as
the first factor and weekday as the second factor.

Correction for sphericity, using the Huyhn-Feldt pro-
cedure, was performed when necessary, and only the
adjusted F-values are presented in this paper. The alpha
level was set to 0.05 in all of the analyses.

Results

The symptoms of health, stress, and sleepiness are
shown in table 1. The participants reported feeling more
exhausted, having more difficulties thinking, being more
irritated, and having less sufficient recuperation during
the overtime week. Sleepiness showed a significant in-
teraction with more or stronger symptoms at the end of
the week, as demonstrated in figure 1. The analysis of
the diurnal variation in sleepiness during Friday is pre-
sented in figure 1 and shows significantly greater sleep-
iness throughout the day in the overtime week
(F(1,11)=35.2, P<0.001), as well as a significant effect
of time of day (F(6,66)=6.2, P<0.001). There were no
differences in mental fatigue, stress, time pressure, or
feeling tense. The results from questions concerning
health and health-related behavior did not show any dif-
ferences in the health status or alcohol consumption.
However, during the overtime week, the participants
drank significantly more coffee.

Table 1 shows the worktimes for each week. The
participants had an earlier start of their workday during
the overtime week and varied the start during the work-
week with an earlier start on Friday. The results showed
no differences in perceived workload, workpace, or sat-
isfaction with work performance and therefore indicat-
ed that the work situation was fairly similar during both
conditions.

The ratings of time spent on different activities af-
ter work showed that the participants spent significant-
ly less time on household work, time for themselves, and
time socializing with other people during the overtime
week.

The results from the participants’ ratings of sleep
and data from the actigraph measures are shown in ta-
ble 1. There were no significant differences between the
conditions in the subjective ratings of sleep quality,
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awakening problems, stress or restlessness at bedtime,
or the objective measures of sleep efficiency. There was
good consistency between the participants’ subjective
reports of bedtimes and the actigraphy measures. There
were no differences in the subjective measures; howev-

er, the actigraphy data showed significant differences
for the wake-up time and the actual sleep time. During
the overtime week, the participants had a shorter total
sleep time and woke up earlier. They also showed a sig-
nificant interaction for wake-up times; in the overtime

Table 1. Results of a two-way analysis of variance for repeated measures on data from the diaries and actigraphy. (SE = standard error,
df = degrees of freedom, * alpha P<0.05, ** alpha P<0.01, *** alpha P<0.001)

12-hour workday 8-hour workday F-value

Mean SE Mean SE Condi- df 1 Monday df 4 for Inter- df 4
tion for con- through Monday action for

dition Friday through inter-
Friday action

Diary ratings of work

Started work 0756 0009 0824 0014 12.8** 12 5.6** 48 0.8 48
Finished work 1959 0015 1657 0013 99.7*** 12 2.6 48 0.3 48
Total workhours (hours:minutes) 12:04 0:08 8:35 0:09 274.3*** 11 .8 44 0.2 44
Workload (1=very low, 5= very high) 3.5 0.2 3.3 0.2 1.2 10 0.68 40 0.3 40
Workpace (1=very low, 5= very high) 3.3 0.2 3.2 0.2 0.1 10 0.8 40 1.0 40
Satisfied with work (1=very dissatisfied, 3.6 0.2 3.5 0.2 0.8 11 3.4* 44 1.6 44
5=very satisfied)

Diary ratings of health, stress and fatigue

Sleepiness- KSS (1=very alert, 3.9 0.2 3.9 0.2 0.1 12 0.8 48 4.2* 48
9=very sleepy)
Stress (1=low stress, 9= very high stress) 3.1 0.2 3.1 0.2 0.0 12 1.2 48 1.8 48
Mental fatigue (1=very active, 9=very slow) 4.0 0.2 3.9 0.2 1.4 11 0.7 44 1.0 44
Worn out (1 = difficulties, 5 = no problems) 4.7 0.2 5 0.0 15.7** 11 1.8 44 2.3 44
Irritated (1 = difficulties, 5 = no problems) 4.5 0.1 4.7 0.1 5.4* 11 1.1 44 0.4 44
Exhausted (1 = difficulties, 5 = no problems) 4.8 0.1 5 0.0 6.1* 11 0.7 44 2.3 44
Difficulties thinking (1 = difficulties, 4.6 0.1 4.9 0.1 7.0* 11 2.0 44 1.1 44
5 = no problems)
Sufficient recuperation (1 = not sufficient, 3.3 0.1 3.8 0.2 9.4* 11 0.5 44 0.3 44
5 = sufficient)
Time pressure (1 = difficulties, 4.4 0.1 4.4 0.1 0.8 11 1.0 44 1.0 44
5 = no problems)
Tense (1 = difficulties, 5 = no problems) 4.4 0.2 4.5 0.2 0.8 11 0.5 44 0.5 44
Overall health (1 = very poor, 5 = excellent) 5.9 0.2 5.8 0.3 0.5 11 1.0 44 2.5 44
Pain symptoms (1 = difficulties, 4.5 0.2 4.6 0.2 2.2 10 0.7 40 0.7 40
5 = no problems)
Alcohol (Monday to Thursday; 0 = none, 0.2 0.0 0.4 0.1 4.3 13 0.5 39 0.3 39
3 = a lot, party consumption)
Coffee (no) 3.0 0.3 2.7 0.2 5.6* 8 1.3 32 1.1 32

Ratings of activities after work

Household work (hours:minutes) 0:40 0:04 1:01 0:07 9.9** 14 1.3 56 1.7 56
Leisure time (hours:minutes) 1:15 0:12 1:24 0:14 3.7 14 2.6 56 1.0 56
Time for one’s self (hours:minutes) 1:01 0:14 1:38 0:11 5.8* 14 0.9 56 0.9 56
Watching TV (hours:minutes) 1:30 0:14 1:33 0:11 1.7 14 1.2 56 1.8 56
Rest and relaxation (hours:minutes) 0:57 0:19 0:39 0:04 0.0 14 0.7 56 0.2 56
Socialize (hours:minutes) 2:01 0:24 2:39 0:24 19.0*** 14 2.9 56 0.7 56

Diary ratings of sleep

Bedtime 2309 0012 2320 0009 2.9 12 0.1 48 1.7 48
Wake-up time 0610 0015 0620 0015 1.2 10 2.2 40 0.4 40
Time in bed (hours:minutes) 6:54 0:06 6:55 0:08 0.0 10 1.6 40 1.3 40
Stress or restlessness at bedtime 4.5 0.2 4.5 0.1 0.0 13 1.8 52 0.1 52
(1 = difficulties, 5 = no problems)
Sleep quality index (1 = difficulties, 4.0 0.2 4.1 0.2 0.4 13 2.0 52 1.7 52
5 = no problems)
Awakening index (1 = difficulties, 2.9 0.1 3.1 0.2 1.9 13 0.5 52 0.0 52
5 = no problems)

Actigraphy

Sleep start 2332 0015 2337 0015 0.9 9 0.0 36 0.9 36
Sleep end 0629 0013 0651 0016 5.4* 9 36 36 3.4* 36
Assumed sleep (hours:minutes) 6:58 0:07 7:14 0:08 14.7** 9 0.6 36 0.4 36
Total sleep time (hours:minutes) 6:24 0:08 6:42 0:08 10.6** 9 0.6 36 0.4 36
Sleep efficiency (%) 92.0 1.1 92.6 2.6 1.5 9 1.2 36 1.8 36
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condition, the wake-up time was earlier by the end of
the week.

In order to examine the relationship between the ear-
lier wake-up time and symptoms of stress and fatigue,
we performed a set of correlation analyses using the dif-
ference in the mean values between the two measure-
ment weeks. The results showed no significant correla-
tions between the wake-up time and “sufficient recuper-
ation” (r=0.13, P>0.05), “exhaustion” (r=–0.34,
P>0.05), “worn out” (r=–0.51, P>0.05), “irritation” (r=–
0.08, P>0.05) and “difficulties thinking” (r=–0.48,
P>0.05). However there was a significant correlation
between the wake-up times and start of the workday
(r=0.59, P<0.05).

The cortisol data are presented in figure 2. The three-
way ANOVA for repeated measurements showed no
difference between the conditions (F(1,8)=0.3, P>0.05),
but there was a significant effect of time of day
(F(5,40)=26.6, P<0.001) and a significant two-way in-
teraction between condition and time of day
(F(5,40)=3.2, P<0.05). However, the interaction effect
was rather weak, and, as demonstrated in table 2, addi-
tional analyses of the morning values, values at work,
and values after work showed no significant differenc-
es between the conditions. However, the analysis of the

morning values showed a trend towards an interaction
effect (P<0.10), higher morning values being observed
on Thursday of the overtime week. There were no sig-
nificant differences in the sampling times of the first
morning measures. The morning values and wake-up
times showed no significant correlation.

The heart rate and blood pressure data are present-
ed in table 2. The systolic and diastolic blood pressure
did not show any effects on condition or weekday dur-
ing work, after work, or during sleep. However, there
were significant interactions during work with respect
to systolic blood pressure, and, during the week with
overtime, the participants showed a lower systolic pres-
sure from Monday to Thursday. For the 8-hour condi-
tion, the opposite pattern was apparent. The heart rate
data did not show any significant effects with respect
to condition, but there was a significant effect with re-
spect to weekday for the night measures and a signifi-
cant interaction between condition and weekday for the
measures after work. The heart rate during sleep in-
creased from Monday to Thursday. The measurements
after work showed a decrease from Monday to Thurs-
day during the overtime week, whereas an increase oc-
curred from Monday to Thursday during the 8-hour
workweek.
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Figure 1. Means and standard errors of the
means for sleepiness from Monday to Friday
during each condition and for sleepiness
throughout Friday in each condition (right).
(* P<0.05 with pairwise t-test)

Figure 2. Means and standard errors of the
means for the cortisol level during Monday
(left) and Thursday (right) in each condition.
Cortisol at rising was taken 15 minutes after
the participant awakened.
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Table 3 shows the analysis of data from the week-
end at the end of the measurement week. Due to indis-
tinct instructions about which ratings to make during the
weekend, we have missing data from some parts of the
diary. Data from these parts of the diary are therefore
not presented in this paper. However, from the remain-
ing data, virtually none of the variables showed a sig-
nificant difference between the conditions, except for

sleep efficiency. Sleep efficiency was higher during the
weekend after the overtime week.

Discussion

This is the first study in which the perceived workload
and workpace were held constant when the effects of
overtime work were examined with a within-person de-
sign. The results indicated that a week with overtime
work was associated with decreased sleep, more symp-
toms of fatigue, and an increase in sleepiness at the end
of the week. These findings agree with some results
from previous studies (3, 17, 18). However, we could
not determine whether the increase in fatigue and sleep-
iness was due to the workhours per se or if it was an
effect of the shorter sleep time. The suggestion that
overtime reduces sleep time is supported by results from
other studies, which have shown an association between
long workhours and sleep deprivation (6, 17), leading
to increased symptoms of fatigue.

Reduced sleep during the overtime week may have
been a result of the participants waking earlier even if the
phase advance was only 28 minutes. However, it may
have contributed to some extent. Moreover, there were
no significant correlations between how much earlier the
participants awoke in the overtime week and concomi-
tant changes in fatigue. The reason for the earlier awak-
ening may have been anticipation of a forthcoming

Table 2. Results from a threeway analysis of variance for repeated measures with data from the cortisol samples and the ambulatory
heart rate and blood pressure measurement during Monday and Thursday of each condition. (df = degrees of freedom, SE = standard
error of the mean)

Overtime 8-hour workday F-value df 1 a

Monday Thursday Monday Thursday

Mean SE Mean SE Mean SE Mean SE

Cortisol in saliva (nmol/l)

Morning 11.6 1.5 15.0 2.8 13.5 1.7 10.5 1.4 0.5 0.0 3.2 12
At work 6.7 0.5 7.2 0.7 6.7 0.7 6.4 0.5 0.5 0.1 0.7 13
After work 2.7 0.4 1.9 0.4 3.3 1.3 2.1 0.4 0.3 3.1 0.1 11

Blood pressure and heart rate

At work
Systolic 126.2 5.2 123.0 4.2 123.4 4.8 126.6 4.5 0.1 0.0 10.4** 13
Diastolic 78.8 1.3 78.4 1.1 78.2 1.5 79.0 1.5 0.0 0.1 0.7 13
Heart rate 66.8 1.9 69.9 2.2 69.1 2.4 67.8 1.4 0.0 0.4 2.4 13

After work
Systolic 123.1 4.8 122.7 3.8 123.5 4.7 123.0 5.1 0.0 0.1 0.0 12
Diastolic 75.6 1.8 75.1 1.8 75.0 1.6 76.1 2.2 0.0 0.1 0.7 12
Heart rate 68.8 2.4 67.0 2.2 66.1 1.5 70.9 2.1 0.1 1.0 5.5* 12

During sleep
Systolic 102.0 5.1 101.2 4.1 98.8 4.1 102.8 5.1 0.6 1.6 2.2 11
Diastolic 61.1 2.1 62.0 2.0 60.7 2.3 60.4 2.3 0.6 0.1 0.4 11
Heart rate 57.9 2.1 58.6 2.2 57.6 2.1 60.7 2.2 0.5 6.2* 0.7 11

a Same within each analysis for all of the F-values.

Condition Monday- Inter-
Friday action

Table 3. Results of the paired t-test for data from the diary and
actigraphy during the weekends. (df = degrees of freedom, SE =
standard error of the mean)

Overtime 8-hour workday df

Mean SE Mean SE

Diary ratings of sleep

Bedtime 2437 0023 2427 0025 0.5 12
Wake-up time 0819 0029 0823 0030 –0.4 12
Time in bed (hours:minutes) 7:42 0:14 7:56 0:14 –0.7 12
Stress or restlessness 4.7 0.1 4.8 0.1 –0.7 12
at bedtime a

Sleep quality index a 4.4 0.2 4.3 0.1 1.2 12
Awakening index a 3.8 0.3 3.5 0.1 1.5 12

Actigraphy

Sleep start 2459 0019 0108 0021 –0.6 9
Sleep end 0905 0026 0925 0030 –1.1 9
Assumed sleep 8:06 0:18 8:18 0:17 –0.5 9
(hours:minutes)
Total sleep time 7:31 0:17 7:31 0:13 0.01 9
(hours:minutes)
Sleep efficiency (%) 93.0 0.8 90.8 1.3 2.6* 9

a 1 = difficulties, 5 = no difficulties.

t-
Value
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difficult day. It may also have been a conscious deci-
sion despite instructions to maintain normal sleep hours.

With regard to sleep, it has been argued that it might
be one of the key factors in the development of stress-
related diseases in connection with overtime work (6).
It seems likely that there is a two-way relationship be-
tween sleep and stress. Specifically, short sleep will lead
to an elevation in markers of stress (30), while stress in
itself appears to have negative effects on sleep (31). In
the present study there was an association between over-
time work and sleep length, but there was no clear rela-
tion between overtime work and any of the physiologi-
cal stress markers. On the other hand, only one week
with overtime work was scheduled, and it may be that a
longer period would lead to an accumulation of sleep
debt and sleep problems with a subsequent alteration in
the physiological measures.

The cortisol data did not show any significant main
effect for overtime. However, the interaction effect from
the three-way ANOVA and the trend towards an inter-
action effect in the analysis of the morning values sug-
gest that the overtime week was associated with an in-
crease in the morning value at the end of the week, on
Thursday. This finding may indicate that working over-
time induced higher arousal, and this finding is support-
ed by previous research that has found an association
between high arousal and high morning cortisol (32).
However, since the effect is rather weak, these data
should be interpreted with caution. The reasons for the
rather weak effect could possibly be that there are indi-
vidual variations in the cortisol response, such that some
people react with an increase in cortisol whereas others
do not. Such circumstances have been shown to be the
case in previous studies (33). Due to the relatively small
size of the present sample, it was not possible to explore
this issue any further.

The main finding from the analyses of the heart rate
and blood pressure data is that the overtime condition
did not show any elevated effects on any of the meas-
urements of ambulatory blood pressure during work,
after work, or during sleep. This finding contrasts with
the findings of Hayashi et al (4), who demonstrated that
a period of intense overtime work was associated with
elevated blood pressure and heart rate. However, in the
study of Hayashi et al, it was unclear how many hours
of overtime were worked on the days when the meas-
urements of ambulatory blood pressure were made.
Therefore comparisons between studies are difficult, but
stress was clearly present. In our present study, the sig-
nificant interactions between condition and weekday
indicated that blood pressure during work was higher
at the beginning of the week in the overtime condition,
whereas the opposite pattern was shown for the 8-hour
week. There were no such effects with respect to work-
load, workpace, or stress ratings. One possible expla-

nation for this interaction may be that the values on
Monday of the overtime condition reflected apprehen-
sion of the person in question at the prospect of work-
ing a whole week with 12-hour shifts. The elevated lev-
els on Thursday in the 8-hour condition could reflect a
greater need to get things done before the week is over.
However, we have no other data to support these spec-
ulations, and the significant effects shown in the blood
pressure and heart rate data are rather weak and should
be interpreted with caution. Moreover, the lack of in-
formation about posture, physical activity, and emotion-
al state in connection with the blood pressure record-
ings makes interpretations of these data ambiguous. It
is hard to differentiate an effect of physical activity from
that of psychosocial stressors. However, we assume that,
during work and sleep, the participants’ physical activ-
ity levels were somewhat constrained and thus remained
relatively constant, whereas activity after work was
more likely to vary from day to day. Thus one interpre-
tation of the interaction in the analysis of heart rate af-
ter work may be that it is simply due to different levels
of physical activation.

Previous research has shown that overtime work is
associated with increased conflicts between work and
family life (34). Our study showed that the participants
cut down on time spent on household work, time for
themselves, and time socializing with others. However,
there were some limitations in the generalizations of
these results due to the characteristics of the present
study group. There were only four participants that had
children, and none had children under 7 years of age.
One could expect that people with small children and
greater family responsibilities would find it harder to
cut down on household work. They might instead be
tempted to cut down on sleep.

The data indicate that the effects of the overtime
week did not extend into the weekend. This finding can
be compared with that of a similar study of a week of
high stress and workload, with a natural occurrence of
overtime work (average workday 9 hours and 23 min-
utes), which showed how negative effects on stress and
stress or restlessness at bedtime and sleep duration con-
tinued into the following weekend (35). This compari-
son suggests that moderate overtime work in combina-
tion with work-related stress has more negative effects
on recuperation during weekends than extreme overtime
work in the absence of elevated workload. However,
apart from the sleep ratings, the data loss in the current
study was large for the weekends, and, therefore, there
is a risk that we were unable to detect some effects (ie,
risk of a type II error).

The current study lacked objective measures of
workload or the amount of work carried out by the par-
ticipants. We instead measured the participants’ percep-
tion of workload and workpace. Since there were no
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differences in the ratings of these two, we assumed that
the work demands experienced by the participants did
not differ. Hence we achieved our objective of control-
ling for what in previous studies has been a confounder
(ie, overtime work has been associated with increased
work demands). However, objective measures of work-
load and work performance would have made it possi-
ble to ensure that the subjective ratings were valid.

Our present study suffers from some limitations that
may diminish the effects of the overtime week. Since
the participants could choose which weeks to partici-
pate, it is feasible that they selected weeks with no ma-
jor commitments during their free time. In addition, the
participants had only moderate family responsibilities.
Furthermore, there is a possibility that some effects of
fatigue were masked by the increase in coffee consump-
tion. Fatigue symptoms might have been greater in the
overtime week if coffee intake had been held constant
between the conditions. Any of these effects could have
confounded the comparison between conditions. Thus
our results may constitute underestimations.

When interpreting these results, one should bear in
mind that the perceived workload was relatively mod-
erate in both conditions and that we do not know what
the effects would have been in a more demanding work
situation. If how the effects of overtime work are relat-
ed to work demands is to be fully understood, it would
be preferable to manipulate both workhours and work-
load. In a previous study (35), we manipulated the lev-
el of workload and stress, whereas the present study in-
volved the manipulation of workhours. In the previous
study there was a natural occurrence of moderate over-
time work, and the results showed negative effects on
sleepiness, sleep, stress, and physiological stress mark-
ers. Similar effects have been shown in other studies of
overtime work, whereas our present study failed to show
negative effects on stress-related variables. If it is the
demanding work situation per se that gives rise to neg-
ative effects, it may not be enough to limit the amount
of overtime work or length of workhours in order to pro-
mote health. Instead it may be more fruitful to focus on
the workhours in combination with the work situation.
However, the results of our study imply that long
workhours alone are associated with negative effects on
variables related to fatigue and recuperation. These neg-
ative effects may diminish people’s abilities to cope with
a more stressful work situation.

In conclusion, the results indicate that working over-
time when having a rather low workload has a modest
effect on the physiological markers of arousal. Greater
effects were found on sleep and fatigue, with greater
problems during overtime work. However, it should be
borne in mind that these findings reflect only one week
of exposure, and we cannot know what the long-term
effects would have been. Nevertheless, these results are

a step in the exploration of the relationship between
workhours, workload, and stress. More research is need-
ed to understand fully how workhours interact with oth-
er factors, such as work characteristics, workload, stress,
and life outside of work. Such research is of great im-
portance in order to help employers optimize workhours
with regard to their impact on workers’ health and safe-
ty.
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