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Do holidays change subjective sleep length or sleep 
debt in shift work disorder?

Päivi VANTTOLA1*, Mikko HÄRMÄ1, Christer HUBLIN1, Katriina VIITASALO2,
Mikael SALLINEN1, 3, Jussi VIRKKALA1, 4 and Sampsa PUTTONEN1

Abstract: In shift work disorder (SWD), disturbed sleep acutely impairs employees’ recovery, 
but little attention has been paid to sleep during longer recovery periods. We examined how 
holidays affect self-estimated sleep length, sleep debt, and recovery in cases of SWD. Twenty-one 
shift workers with questionnaire-based SWD and nine reference cases without SWD symptoms 
completed a questionnaire on recovery and sleep need. They also reported sleep length on 
two separate occasions: during a work period and after ≥ 2 weeks of holidays. Sleep debt was 
calculated by subtracting sleep length from sleep need. We used parametric tests to compare the 
groups and the periods. The groups reported shorter sleep on workdays than during holidays 
(median difference: SWD group 1.7 h, p<0.001; reference group 1.5 h; p<0.05). The SWD group’s 
self-estimated sleep during holidays increased less above the sleep need (median 0.0 h) than the 
reference group’s sleep (1.0 h, p<0.05). In addition, the SWD group reported good recovery from 
irregular working hours less often (14%) than the reference group (100%, p<0.001). Although 
holidays were generally associated with longer sleep estimates than workdays, employees with SWD 
experienced consistently less efficient recovery than those without SWD. 
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Introduction

Work schedules restrict shift workers’ sleep on work-
days. During weekly days off, individuals can time their 
sleep more freely and increase their sleep length to recover 
from work-related strain. The epidemiological literature 

suggests that habitual sleep of seven to eight hours is bene-
ficial for health and that outside this range, the risk of mor-
tality, for example, increases1–3). In laboratory conditions, 
the length of asymptotic sleep has been 8.2‒8.9 h among 
young adults and 7.4 h among the elderly4, 5). During a lon-
ger holiday, the prior work schedule should not consider-
ably affect the amount of sleep. De Bloom et al.6) found that 
employees report approximately 40-min longer night sleep 
during (7.4 h) than before (6.7 h) a holiday period of at least 
two weeks. During days off, sleep length increases by ap-



al.24) suggest that having three consecutive days off could 
improve recovery from shift work. Subjective sleepiness 
typically reverses after at least two nights of recovery sleep 
following a night shift25). We have previously found that in 
addition to inefficient sleep, SWD is associated with exces-
sive sleepiness26) and slower recovery17) on weekly days 
off. Yet, although they could alleviate the symptoms of 
SWD, longer recovery periods are rarely studied among 
shift workers. 

To examine recovery during holidays in cases of SWD, 
we compared shift workers with and without question-
naire-based SWD during work and holiday periods. In ad-
dition to their general questionnaire responses, we utilised 
their responses to questions on sleep length at two separate 
points of time: during a work period and after at least two 
weeks of being on holiday. We had two main hypotheses. 
First, we hypothesised that shift workers both with and 
without SWD would report longer sleep during holidays 
than on workdays. Secondly, we hypothesised that shift 
workers with SWD would experience longer sleep but sim-
ilar sleep debt during holidays to those without SWD. 

Subjects and Methods

Study design and setting
This observational study consisted of three question-

naires and a three-week sleep diary and actigraphy registra-
tion (Fig. 1A. general questionnaire, B. Sleep diary and 
actigraphy monitoring, C. questionnaire on shift work peri-
od, and D. questionnaire on holiday period) at different 
points of time between 2012 and 2013. The shift workers 

proximately 20–45 min in comparison to workdays7–9), and 
sleep quality improves9). 

In shift work, sleep length decreases by up to four hours 
prior to morning shifts and between night shifts, and many 
shift workers tackle sleep loss with prophylactic and restor-
ative napping10). In addition to morning and night shifts, 
short shift intervals typically restrict sleep length and cause 
sleepiness11, 12), increasing the risk of shift work disorder 
(SWD)13). SWD is characterised by chronic shift work 
schedule-related insomnia and/or excessive sleepiness, 
based on the second14) and third15) editions of the Interna-
tional Classification of Sleep Disorders (ICSD-2 and ICSD-
3, respectively). We recently concluded that approximately 
6% of hospital night shift workers are affected by ICSD-3-
based SWD16). The ICSD-3 requires a reduced total sleep 
time in addition to the primary symptoms of SWD. Night 
work and morning shifts – but not days off – have been 
associated with reduced sleep in SWD17, 18). Even so, Kalm-
bach et al.19) have found that new rotating shift workers 
who develop SWD report shorter sleep on weekend nights 
than those who do not develop SWD. 

Shift work increases the subjective need for recovery 
from work20). Consequently, shift workers experience more 
fatigue on days off than dayworkers, and report extended 
sleep length, probably due to their increased need for re-
storative sleep21). Field studies have shown that employees’ 
sleep may be at its shortest directly after the last night 
shift22) or on the first day off after a night shift23), after which 
sleep duration increases. Garde et al.22) indicated that after 
the last night shift, police officers’ sleep improved with 
more consecutive recovery days. In addition, Haluza et 

Fig. 1.  Study design and variables/measures.
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tinuously’) to answer the sub-questions (i–iv) of all the 
questions (1–6). ‘Not applicable’ was also a response op-
tion. 

To fulfil the criteria of SS-Q-based SWD case, the shift 
workers had to report symptoms of insomnia or sleepiness 
‘never/rarely’ or ‘rather rarely’ after two weeks of being on 
holiday, and report at least one of the ‘never/rarely’ or 
‘rather rarely’ occurring symptoms as ‘often/continuously’ 
in connection with morning, evening, and/or night shift. 
Nevertheless, one of the six symptoms could occur during 
the holiday period if at least one other symptom only oc-
curred in connection with work shifts17). To fulfil the crite-
ria of SS-Q-based reference case, the shift workers had to 
report symptoms of insomnia and sleepiness as ‘never/rare-
ly’ or ‘rather rarely’ in relation to both shifts and holidays. 
However, like the SWD cases, no more than one holi-
day-related symptom could occur ‘rather often’ or ‘often/
continuously’17). 

To meet the ICSD-3 criteria of SWD, we used a three-
week actigraphy and sleep diary monitoring (Fig. 1B and 
Appendix) to verify disturbed sleep-wake patterns and re-
duced total sleep time17) and confirmed that the frequency 
of work shifts and the SWD symptoms were adequate16, 17) 
(see Appendix T1–3). Our definition of SWD also complies 
with the circadian rhythm sleep-wake disorder – shift work 
type – in the 11th revision of the International Classifica-
tion of Diseases27). 

Other general questionnaire variables
The participants responded to items on age (yrs), sex, 

chronotype (four-point scale from ‘definitely a morn-
ing-type’ to ‘definitely an evening-type’ dichotomised to 
morning/evening-type)28), shift work experience (yrs), av-
erage length of shifts (h), obstructive sleep apnoea, sleep 
need (h)17), and recovery from irregular working hours 
(four-point scale from ‘poor’ to ‘good’) (Fig. 1A). 

Three-week actigraphy and sleep diary monitoring 
The participants wore an actigraph Actiwatch AW7 

(Cambridge Neurotechnology Ltd, Cambs, UK) on their 
non-dominant wrist for a three-week shift work period. We 
used Actiwatch Activity and Sleep Analysis 7 software 
(Cambridge Neurotechnology Ltd, Cambs, UK) to build a 
variable on average 24-hour total sleep time including 
workdays and days off (Fig. 1B) from one-minute epochs17). 
In addition, the participants filled in a sleep diary in which 
they reported shift start and end times at bedtime (Fig. 
1B)17). 

completed the questionnaire on the shift work period (Fig. 
1C) either before or during the three-week sleep diary and 
actigraphy monitoring period (Fig. 1B). We used the sleep 
diaries and actigraphy to observe and verify that the shift 
workers’ symptoms and shift schedules (Fig. 1B) were in 
accordance with the ICSD-3 criteria of SWD17) between 
May 2012 and July 2013. The interval between the ques-
tionnaires on shift work (Fig. 1C) and holidays (Fig. 1D) 
varied from one to six months. The study protocol was ap-
proved by the Coordinating Ethics Committee of the Hos-
pital District of Helsinki and Uusimaa (35/13/03/00/12). 
The study followed the requirements of the Helsinki Decla-
ration. All the participants provided written informed con-
sent.

Participants 
The study included 54 full-time ground staff members of 

Helsinki Airport (Finland), whose shift schedules included 
early morning shifts (starting from 03:01 to 06:00) and/or 
night shifts (at least 3 h of work between 23:00 and 06:00 
h), and evening shifts17). Eleven shift workers discontinued 
due to health, personal, or unknown reasons. To form and 
compare clear SWD and clear non-SWD (i.e., reference) 
case groups, and to simplify the interpretation of the re-
sults, we excluded a further 13 shift workers with milder 
SWD symptoms (only occurring ‘rather often’) who could 
not be distinctly classified as either SWD or reference cases 
(see criteria for the groups in ‘Shift work disorder’ section 
below)17). The final sample was composed of 21 SWD cas-
es and nine reference cases. 

General questionnaire 
The general questionnaire included questions on back-

ground characteristics, SWD, recovery, and sleep (Fig. 
1A). It was used to define SWD and to explore aspects of 
recovery on a general level. 

Shift work disorder 
We formed the study groups on the basis of the answers 

to the shift-specific questions on insomnia and sleepiness 
(SS-Q)17): ‘How often do you 1) experience difficulties ini-
tiating sleep, 2) awaken during a sleep period, 3) experi-
ence difficulties falling asleep after awakening, 4) experi-
ence non-restorative sleep, 5) experience daytime 
sleepiness, and 6) experience difficulties staying awake at 
work, in relation to i) morning shifts, ii) evening shifts, iii) 
night shifts, and iv) two weeks of being on holiday (exclud-
ing Question 6)’? The participants used a four-point scale 
(‘never/rarely’, ‘rather rarely’, ‘rather often’, or ‘often/con-
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ing of sleep differed during work shifts and on days off in 
the SWD group (Appendix T2–3). We used the Wilcoxon 
signed-ranks test to explore whether the occurrence of 
SWD symptoms during the shift work and holiday periods 
differed in the SWD and reference groups (Appendix T5). 
To compare the groups, we applied the independent sam-
ples t-test, the Mann–Whitney U-test, or Fisher’s exact test, 
depending on the scale and distribution of each variable. 
We applied the Wilcoxon signed-ranks test to compare the 
sleep length and sleep debt on workdays and days off, 
workdays and holidays, and days off and holidays of the 
SWD and reference groups. Exact and repeated logistic re-
gression models were used to adjust the analyses for age or 
chronotype. However, the results of the chronotype-adjust-
ed analyses are not shown, because they were similar to the 
results of the unadjusted and age-adjusted analyses. 

Results 

Sample characteristics
Table 1 presents the characteristics of the SWD (n=21, 

76% men) and reference (n=9, 78% men) groups. The 
SWD group was on average seven yrs (95% CI -14, 0) 
younger than the reference group (p=0.043). The SWD 
group had a longer subjective sleep need than the reference 
group (U=48.5, p=0.030). The groups were comparable in 
terms of sex, chronotype, shift work experience, objective 
24-hour total sleep time, work shifts, and having treated 
obstructive sleep apnoea. 

Questionnaires on work and holiday periods
The participants completed questionnaires during a visit 

to a medical centre once during a shift work period (Fig. 
1C) and once after at least two weeks of being on holiday 
(Fig. 1D). The participants answered the questions ‘How 
long during the last two weeks have you slept on average 
per 24 h, including naps 1) on workdays (sleep length on 
workdays, h and min) and 2) on days off/holidays (answer-
ing during a work period: sleep length on days off; answer-
ing after holidays: sleep length during holidays; h and 
min)?’. We calculated sleep debt for workdays, days off, 
and holidays separately by subtracting self-reported sleep 
length on these days from self-reported sleep need17,  29). 

To enable us to evaluate the presence of SWD symptoms 
in relation to the questionnaire responses on sleep length, 
the participants also estimated the occurrence of symptoms 
of insomnia and sleepiness in the last two weeks (Fig. 1C 
and D) as part of the questionnaires on work and holiday 
periods (see Appendix T4). The comparison of shift work 
and holiday periods verified that the SWD symptoms de-
creased during holidays. Appendix T5 presents the results 
of the comparisons of the SWD and reference groups. 

Statistical analyses
We used IBM SPSS Statistics 25.0 (IBM Corp., Armonk, 

NY, USA) and SAS 9.4 (SAS Institute Inc., Cary, North 
Carolina, USA) for the statistical analyses. We used the 
paired samples t-test to verify whether the length and tim-

Table 1. Sample characteristics 

Variable 
SWD Reference 

p 
n (group) Mean (SD) Median (IQR) % (n) n (group) Mean (SD) Median (IQR) % (n) 

Sex (men) 21     76 (16) 9     78 (7) 1.000 c 
Age (yr) 21 41 (8)     9 48 (7)     0.043 a 
Morning chronotype  21     38 (8) 9     56 (5) 0.443 c 
Sleep need (h) 21   8.0 (2.0)   9   7.0 (1.5)   0.030 b 
24-hour TST (h) – actigraphy 21 6.7 (0.7)     9 7.1 (0.4)     0.066 a 
Treated obstructive sleep apnoea 21     5 (1) 9     11 (1) 0.517 c 
Shift work experience (yr) 21 17 (8)     9 23 (13)     0.183 a 
Length of shifts (h) 21   9.0 (1.2)   9   9.7 (1.0)   0.156 b 
Early morning shifts per month 10   5.5 (4.8)   5   5.3 (3.5)   0.499 b 
Any morning shift per month 21   6.8 (3.6)   8   5.6 (3.5)   0.250 b 
Evening shifts per month 21   4.3 (1.7)   9   4.1 (1.7)   0.666 b 
Night shifts per month 17   5.0 (1.6)   8   4.6 (3.8)   0.884 b 

IQR, interquartile range 
TST, total sleep time 
a Independent samples t-test  
b Mann–Whitney U-test 
c Fisher’s Exact Test  
d ‘Absolutely morning type’ or ‘more morning than evening type’ 

Table 1.  Sample characteristics
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Recovery
Those with SWD experienced good recovery from irreg-

ular working hours less often (14%, n=3/21) than those in 
the reference group (100%, n=9/9; p<0.001, Fig. 3). This 
was supported by an age-adjusted exact logistic regression 
analysis (OR 0.02, 95% CI 0.00–0.11, p<0.0001). 

Discussion

We studied recovery during holidays in SWD utilising 
questionnaire responses on sleep length during work and 
holiday periods. This is the first study to investigate the 
amount of sleep or sleep debt in SWD cases during a natu-
ralistic shift work washout period. Holidays were associat-
ed with longer sleep estimates than workdays among shift 
workers both with and without SWD. Whereas the employ-
ees without SWD reported longer sleep than sleep need 
during holidays, the employees with SWD estimated hav-
ing similar sleep length and sleep need. This, together with 
sleep debt and suboptimal recovery from irregular working 
hours among the shift workers with SWD, suggests that the 
recovery of those with SWD is compromised. 

As we expected, the employees both with and without 
SWD estimated that they slept longer during holidays than 
on workdays. Although longer sleep need has been associ-
ated with SWD17) and dissatisfaction with shift work30), 
those with SWD did not report longer sleep during holidays 
than those without SWD. Contrary to our hypothesis, the 
employees with SWD estimated that they slept approxi-
mately the same amount during holidays as their perceived 
sleep need (i.e., they had zero hours of sleep debt), whereas 
those without SWD estimated that they slept more. Future 
studies could explore whether leaving shift work would di-
minish the group difference if, for example, the perceived 
sleep need in the different groups changed in different 
ways. 

Self-estimated sleep length
Table 2 presents the sleep length of the study groups. 

Compared to that of the reference group, those with SWD 
reported significantly shorter sleep on workdays (U=32.5, 
p=0.003), but not on days off or during holidays, as indicat-
ed by the Mann–Whitney U-tests. The age-adjusted exact 
logistic regression analyses indicated similar results (work-
days: OR 0.12, 95% CI 0.01–0.64, p=0.007). 

The Wilcoxon signed-ranks tests indicated significantly 
shorter sleep on workdays than on days off among those 
with SWD (Z=−3.97, p<0.001), but not among those in the 
reference group (Z=−1.76, p=0.078). Sleep was also sig-
nificantly shorter on workdays than during holidays among 
those with SWD (Z=−4.05, p<0.001) and among those in 
the reference group (Z=−2.39, p=0.017). Sleep length did 
not significantly differ on days off and during holidays 
among those with SWD (Z=−1.17, p=0.242) or among 
those in the reference group (Z=−1.89, p=0.058). Apart 
from an analysis of workdays and days off which was in-
conclusive, age-adjusted repeated logistic regression analy-
ses indicated similar results (workdays and holidays: OR 
−0.00, 95% CI −0.00–−0.00, p=0.007; days off and holi-
days: p=0.568) to the Wilcoxon signed-ranks tests. 

Sleep debt
Fig. 2 presents the sleep debt of the groups. Those with 

SWD had a significantly greater sleep debt on workdays 
(U=15.5, p<0.001), days off (U=50.5, p=0.040), and 
during holidays (U=42.0, p=0.016) than those in the refer-
ence group, as indicated by the Mann–Whitney U-tests. 
Age-adjusted exact logistic regression analyses indicated 
that SWD was positively associated with sleep debt on 
workdays (OR 9.29, 95% CI 1.83–202.20, p<0.001) and 
during holidays (OR 2.41, 95% CI 1.14–6.58, p=0.018), 
but not on days off.

Table 2. Self-estimated sleep length among those with SWD (n=21) and those in reference group (n=9)  

Sleep length during last two weeks 
SWD  Reference  

p a 
Median (Q1, Q3)  Median (Q1, Q3)  

Workdays (h) b 6.3 (6.0, 7.0)  7.0 (7.0, 7.8)  0.003 
Days off (h) b 8.0 (7.0, 8.5)  7.5 (7.0, 8.5)  0.744 
Holidays (h) c 8.0 (7.4, 8.5)  8.5 (7.8, 9.0)  0.238 

Q1 1st quartile; Q3, 3rd quartile  
a Mann–Whitney U-test  
b Response during work period  
c Response after at least two weeks of being on holiday  

 

Table 2.  Self-estimated sleep length among those with SWD (n=21) and those in reference group (n=9) 
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work period. As SWD symptoms should be associated with 
a shift work schedule15), and not with a long recovery peri-
od, we considered severe symptoms during holidays as be-
ing unrelated to SWD. This probably prevented us from 
confusing SWD with conditions of continuing insomnia 
and/or sleepiness. However, as SWD and other disorders 
can occur simultaneously, the participants of the current 
study could have one holiday-related insomnia/sleepiness 
symptom, provided that the separate symptom that defined 
a person as an SWD case did not occur during holidays in 
the SS-Q. The work- and holiday-related questionnaire re-
sponses of those with SWD verified that the subjective fre-
quency of the symptoms of insomnia and sleepiness did 
indeed decrease in relation to a real holiday. We also veri-
fied disturbed sleep-wake patterns and reduced total sleep 
time among those with questionnaire-based SWD using 
sleep diaries and actigraphy, as required by the ICSD-3 cri-
teria. 

The current study has limitations, such as its usage of 
subjective measures and variables averaged over two 
weeks. Thus, probable daily variation of sleep need and 

All the shift workers without SWD recovered well from 
irregular working hours, while the employees with SWD 
reported mainly suboptimal recovery. This is in line with 
studies that have associated the manifestation of SWD on 
workdays with shorter subjective sleep17–19) and insufficient 
sleep31). Compared to workdays, the employees with SWD 
estimated their sleep length as longer on days that were not 
workdays, but they still showed sleep debt on days off. 
Those without SWD estimated that they slept longer on 
days off than their subjective sleep need. Thus, in addition 
to recovery sleep, the reference group members’ sleep 
might also be prophylactic, counteracting the negative ef-
fects of shift work on workdays following days off32). Those 
with SWD might lack this kind of prophylactic sleep. In-
deed, objective 24-hour sleep was close to the reference 
cases’ subjective sleep need, which is in line with a recent 
study of truck drivers33), whereas those with SWD slept 
over an hour less than their sleep need when not on holiday.

This is the first study of SWD to evaluate sleep length in 
relation to holidays and to compare responses after a re-
al-life shift work washout period with responses during a 

Fig. 2.  Box-and-whisker plot of sleep debt.
○ = outlier. SWD (black), Reference (grey). Mann–Whitney U-test: * = 
p<0.05, *** = p<0.001

Fig. 3.  Percentage of shift workers with good 
recovery from irregular working hours.
Fisher’s exact test: *** = p<0.001
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Appendix

Criteria and observed symptoms of SWD
Actigraphy and sleep diary monitoring to verify that each individual with SS-Q-based SWD met the ICSD-3-based 
criteria of SWD

The participants filled in a sleep diary twice a day during a three-week shift work period. At bedtime, they reported shift 
start and end times, the greatest Karolinska Sleepiness Scale sleepiness1) of each day, and bedtime. At awakening, they 
evaluated wake-up time, sleep latency, the number of awakenings, and the quality of sleep (five-point scale from 1 = ‘good’ 
to 5 = ‘poor’). We calculated the mid-point of sleep from these variables. In addition, the participants wore an actigraph 
Actiwatch AW7 (Cambridge Neurotechnology Ltd, Cambs, UK) on their non-dominant wrist. We used Actiwatch Activity 
and Sleep Analysis 7 software (Cambridge Neurotechnology Ltd, Cambs, UK) to build the variables: sleep latency, wake 
after sleep onset, sleep efficiency, and total sleep time from one-minute epochs2). 

Frequency of work shifts and SWD symptoms. Those with SWD (n = 21) had from 7 to 15 work shifts (morning, evening 
and/or night shifts) during the three-week monitoring period. In connection with these work shifts they had individual 
numbers of symptoms, presented at group level in Appendix Table 1.

Appendix Table 1. Number of days with SWD symptoms among SWD cases during three-week monitoring period 

Number of days with symptoms 
Sleep diary  Actigraphy 

Mean MD SD (Q1, Q3) Range  Mean MD SD (Q1, Q3) Range 

Sleep latency >30 min 2.5 1 2.9 (1, 4) (0, 11)  0.5 0 0.8 (0, 1) (0, 2) 
Wake after sleep onset >30 min       7.7 9 3.9 (5, 11) (0, 12) 
≥4 awakenings during sleep period 2.1 1 2.3 (0, 4) (0, 7)       
Sleep efficiency ≤85%       2.6 1 3.6 (0, 5) (0, 11) 
Sleep quality poor or rather poor 2.7 2 1.7 (2, 4) (0, 6)       
Total sleep time <6 h 5.2 5 2.8 (3, 8) (1, 12)  5.8 6 2,7 (4, 8) (1, 11) 
Karolinska Sleepiness Scale ≥7 7.4 8 3.1 (5, 11) (1, 12)       

MD, median; SD, standard deviation; Q1 1st quartile; Q3, 3rd quartile 

Appendix Table 1. Number of days with SWD symptoms among SWD cases during three-week monitoring period

Reduced total sleep time. Each SWD case’s total sleep time decreased by at least one hour in relation to work shifts. Ap-
pendix Table 2 presents the group-level difference between total sleep time of the shifts and days off.

Appendix Table 2. Difference between total sleep time in connection with shifts and total sleep time in connection with days off 
among SWD cases during three-week monitoring period 

Reduction of total sleep time 
Sleep diary  Actigraphy   

Mean Δ (95% CI) t (df) p a Mean Δ (95% CI) t (df) p a 

Morning shifts (h) 2.1 (1.6, 2.6) 9.023 (20) <0.0001 1.7 (1.3, 2.1) 8.584 (20) <0.0001 
Evening shifts (h) 1.0 (0.6, 1.4) 5.167 (20) <0.0001 1.0 (0.7, 1.3) 6.752 (20) <0.0001 
Night shifts (h) 2.7 (2.1, 3.2) 10.649 (16) <0.0001 2.4 (1.9, 2.9) 10.258 (16) <0.0001 

Δ, difference; CI, Confidence interval; a Paired samples t-test 

Appendix Table 2. Difference between total sleep time in connection with shifts and total sleep time in connection with days 
off among SWD cases during three-week monitoring period

1) Ingre M, Kecklund G, Åkerstedt T, Kecklund L (2004) Variation in sleepiness during early morning shifts: a mixed model approach to an 
experimental field study of train drivers. Chronobiol Int 21, 973–90.

2) Vanttola P, Härmä M, Viitasalo K, Hublin C, Virkkala J, Sallinen M, Karhula K, Puttonen S (2019) Sleep and alertness in shift work disorder: 
findings of a field study. Int Arch Occup Environ Health 92, 523–33.

Disturbed sleep-wake pattern. The SWD cases’ timing of sleep varied considerably. Appendix Table 3 presents the 
group-level difference between the mid-points of sleep for shifts and days off.
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Appendix Table 3. Difference between mid-sleep in connection with shifts and in connection with days off among SWD cases 
during three-week monitoring period 

Delay in mid-sleep 
Sleep diary  Actigraphy   

Mean 
Δ 

(95% CI) t (df) p a Mean 
Δ 

(95% CI) t (df) p a 

Morning shifts (h) −0.8 (−0.3, −1.3) −3.151 (20) <0.01 −0.7 (−0.2, −1.2) −2.857 (20) <0.01 
Evening shifts (h) 1.4 (0.9, 1.8) 6.427 (20) <0.0001 1.6 (1.1, 2.0) 7.125 (20) <0.0001 
Night shifts (h) 6.3 (5.6, 7.0) 18.853 (16) <0.0001 6.4 (5.8, 6.9) 25.269 (16) <0.0001 

Δ, difference; CI, Confidence interval; a Paired samples t-test 

Appendix Table 3. Difference between mid-sleep in connection with shifts and in connection with days off among SWD 
cases during three-week monitoring period

Questions to evaluate the presence of SWD symptoms in relation to sleep length estimations 

The participants completed questions on SWD symptoms (Appendix Table 4) as part of the questionnaires on sleep 
length during a visit to a medical centre once during a shift work period and once after at least two weeks of being on hol-
iday (Figure 1C–D). The questions were similar to the Shift-specific questions on insomnia and sleepiness (SS-Q, Figure 
1A) used to define SWD in the current study.

Appendix Table 4. Questions on occurrence of symptoms of insomnia and sleepiness 

 
Questions/symptoms 

Less than 
once a week 

On 1–2 days 
per week 

On 3–5 days 
per week 

Often/ 
continuously 

1. How often have you experienced difficulties 
initiating sleep in the last two weeks? 

1 2 3 4 

2. How often have you awakened during a sleep 
period in the last two weeks? 

1 2 3 4 

3. How often have you experienced difficulties falling 
asleep after awakening in the last two weeks? 

1 2 3 4 

4. How often have you experienced non-restorative 
sleep in the last two weeks? 

1 2 3 4 

5. How often have you experienced daytime 
sleepiness in the last two weeks? 

1 2 3 4 

6. How often have you experienced difficulties 
staying awake in the last two weeks? 

1 2 3 4 

Appendix Table 4. Questions on occurrence of symptoms of insomnia and sleepiness

Appendix Table 5. Occurrence of SWD symptoms during shift work and holiday periods among those with SWD (n=21) and 
those in the reference group (n=9), based on questions in Appendix Table 4 

 
 
 
 
 
 
 
 
 
 
 

MD, median; Q1 1st quartile; Q3, 3rd quartile; a In last two weeks: Scale: 1 = less than once a week, 2 = on 1–2 days per week, 3 
= on 3–5 days per week, and 4 = often/continuously; b Wilcoxon signed-ranks test 
 

Symptoms of insomnia/sleepiness a 
SWD  Reference  

Work period  Holiday period  Work period  Holiday period  
MD (Q1, Q3)  MD (Q1, Q3) p b MD (Q1, Q3)  MD (Q1, Q3) p b 

Difficulties initiating sleep 2 (1, 2)  1 (1, 2) 0.161 1 (1, 1)  1 (1, 1) 1.000 
Awakenings during a sleep period 3 (3, 4)  2 (2, 4) 0.013 2 (2, 3)  2 (1, 2) 0.011 
Difficulties falling asleep after 
awakening 

1 (1, 1)  1 (1, 1) 0.414 1 (1, 1)  1 (1, 1) 1.000 

Non-restorative sleep 2 (2, 2)  2 (1, 2) 0.035 1 (1, 1)  1 (1, 1) 0.317 
Daytime sleepiness 3 (2, 3)  2 (1, 2) 0.000 2 (1, 2)  2 (1, 2) 0.414 
Difficulties staying awake 2 (1, 2)  1 (1, 1) 0.003 1 (1, 1)  1 (1, 1) 1.000 

Appendix Table 5. Occurrence of SWD symptoms during shift work and holiday periods among those with SWD (n=21) 
and those in the reference group (n=9), based on questions in Appendix Table 4
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The shift workers with SWD reported awakenings during a sleep period (Z=−2.5, p=0.013), non-restorative sleep 
(Z=−2.1, p=0.035), daytime sleepiness (Z=−3.5, p<0.001), and difficulties staying awake (Z=−3.0, p<0.010) significantly 
more seldom during a holiday period than during a work period. The frequency of difficulties initiating sleep and the fre-
quency of difficulties falling asleep after awakening did not significantly differ during work and holiday periods among 
those with SWD. Those in the reference group reported awakenings during a sleep period (Z=−2.5, p=0.011) during a 
holiday period significantly more seldom than during a work period. As expected, most of the SWD symptoms appeared to 
decrease in the SWD group during holidays, whereas only one symptom decreased in the reference group. The participants 
of the current study did not seem to frequently have difficulties initiating sleep or falling asleep after awakening. 
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