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Both quick returns and day-day transitions were associated with high
levels of sleepiness but most especially during quick returns. Thus,
ward managers should avoid scheduling quick returns to ensure staff
and patient safety. When unavoidable, countermeasures to prevent
fatigue related mistakes are needed. The novelty of this paper lies in
the high methodological rigour, compared to previous work.
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Quick returns, sleep, sleepiness and stress – An intra-individual field study on objective 
sleep and diary data
by Kristin Öster, MS,1 Philip Tucker, PhD,2, 3 Marie Söderström, PhD,1 Anna Dahlgren, PhD 1

Öster K, Tucker P, Södermalm M, Dahlgren A. Quick returns, sleep, sleepiness and stress – An intra-individual field study on 
objective sleep and diary data. Scand J Work Environ Health. 2024;50(6):466–474.

Objectives   Quick returns (<11 hours of rest between shifts) have been associated with shortened sleep length 
and increased sleepiness, but previous efforts have failed to find effects on sleep quality or stress. A shortcom-
ing of most previous research has been the reliance on subjective measures of sleep. The aim of this study was 
to combine diary and actigraphy data to investigate intra-individual differences in sleep length, sleep quality, 
sleepiness, and stress during quick returns compared to day-day transitions.
Methods   Of 225 nurses and assistant nurses who wore actigraphy wristbands and kept a diary of work and sleep 
for seven days, a subsample of 90 individuals with one observation of both a quick return and a control condition 
(day-day transition) was extracted. Sleep quality was assessed with actigraphy data on sleep fragmentation and 
subjective ratings of perceived sleep quality. Stress and sleepiness levels were rated every third hour throughout 
the day. Shifts were identified from self-reported working hours. Data was analyzed in multilevel models.
Results   Quick returns were associated with 1 hour shorter sleep length [95% confidence interval (CI) -1.23– 
-0.81], reduced subjective sleep quality (-0.49, 95% CI -0.69– -0.31), increased anxiety at bedtime (-0.38, 95% 
CI -0.69– -0.08) and increased worktime sleepiness (0.45, 95%CI 0.22– 0.71), compared to day-day transitions. 
Sleep fragmentation and stress ratings did not differ between conditions.
Conclusions   The findings of impaired sleep and increased sleepiness highlight the need for caution when sched-
uling shift combinations with quick returns.

Key terms   actigraphy; backward rotation; fatigue; recovery; safety; shift work; work schedule tolerance.
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Two in ten European workers are exposed to short rest 
periods (<11 hours) between shifts, most commonly 
within healthcare, agriculture, construction, and trans-
port (1). The most common quick return is an evening 
shift followed by a day shift (2), which is the focus of 
the present paper. In Nordic healthcare, there has been 
a high prevalence of quick returns, despite their pro-
scription by European legislation (3), although recent 
alterations of regulations in Sweden and Finland might 
change this. Between 20–68% of nurses are estimated 
to be exposed to quick returns (4–6).

Quick returns compress work hours, allowing for 
longer consecutive periods off work, which is often 
valued by shift workers (7). Within 24-hour healthcare 

settings, working the evening before a day shift may also 
promote continuity in work processes (8) thereby poten-
tially increasing control and alleviating stress during the 
morning shift. However, quick returns also restrict the 
time available for sleep and recovery between shifts.

Quick returns are associated with both short sleep 
length (≤6.5 hours) (2, 9) and reduced sleep quality in 
general (2, 4). As sleep is important for performance 
(10, 11), quick returns are potential risk factors for 
safety and, in the longer term, also for health (see figure 
1). In addition, quick returns are associated with diffi-
culties unwinding (8), worry, and difficulties detaching 
from work (12), which could contribute to difficulties 
falling asleep or affect sleep quality negatively. While 

This work is licensed under a Creative Commons Attribution 
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previous studies failed to detect acute effects on sleep 
quality compared to other shift transitions (9, 13, 14), 
they mainly relied on self-reported measurements of 
sleep which can be unreliable.

As a consequence of short sleep, quick returns are 
associated with increased daytime sleepiness (2, 9) 
and fatigue (2, 13, 15). It is unclear, however, if quick 
returns increase sleepiness throughout the day or cause 
elevated sleepiness during certain time periods during 
the day. One study reported higher sleepiness in the 
beginning of morning shifts that were preceded by a 
quick return (14), but qualitative data indicate that the 
most severe fatigue may come after work hours (12). 
Understanding if and how sleepiness varies across the 
workday as a consequence of quick returns is important 
for successful fatigue risk management, for example in 
the planning of safety critical work tasks.

As well as sleep, recovery activities are also impor-
tant for health and wellbeing (16, 17). After a quick 
return, workers usually gain longer consecutive peri-
ods off work, which are likely to promote recovery. 
However, quick returns have also been associated with 
increased fatigue during free time (8, 13, 15) and dif-
ficulties detaching from work (12). As a consequence, 
workers may be too tired to engage in leisure-time 
activities despite having more spare time, and the quality 
of recovery activities may be reduced following a quick 
return (17), as indicated on the right of figure 1.

Quick returns have been associated with impaired 
health and wellbeing (2), increased stress (2, 4, 9), pro-

spective sick leave (18), accidents, and mistakes (5, 19, 
20). It is likely that many of these consequences derive 
from insufficient sleep and recovery (11). For example, 
stress activation may occur on the second day of a quick 
return as a compensatory measure to cope with increased 
fatigue (21). Interventions involving a change from 
backward to forward rotation (eg, changing the sequence 
of shifts from evening-to-day shift transitions to day-to-
evening transitions), thereby removing quick returns, are 
among the most promising working hour interventions 
for the promotion of sleep and health (22).

In sum, many studies provide reliable evidence that 
quick returns shorten sleep and result in fatigue. How-
ever, previous studies have failed to find acute effects 
on sleep quality (9, 13) and stress (9). Moreover, there 
is a paucity of objective data on length and quality of 
sleep that would enable more precise estimates. Objec-
tive measures of sleep in relation to quick returns would 
increase both the evidence base and our understanding 
of possible mechanisms through which quick returns 
may affect health and safety outcomes.

The aim of this study was to combine subjective 
(diary) and objective (actigraphy) data to investigate 
intra-individual differences in sleep length, sleep quality, 
sleepiness and stress during quick returns compared to 
day-day transitions in a sample of nurses and assistant 
nurses. During the night of a quick return, we hypoth-
esized that sleep length would be shortened (Hypothesis 
1) and that both subjective (sleep quality index) and 
objective (sleep fragmentation) measures of sleep quality 
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Figure 1. Suggested mechanisms through which quick returns between evening and day shifts may affect sleep, and thereby contribute to fatigue, stress 
and reduced performance and wellbeing during the day shift, and subsequently affect the quality of leisure time after work, and thereby counteract some of 
the positive effects of having more consecutive time off work.
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would be reduced (Hypothesis 2). On the second day of 
a quick return, we expected to find increased sleepiness 
during work (Hypothesis 3) and leisure time (Hypothesis 
4), and increased stress during work (Hypothesis 5). 
Lastly, we predicted that there would be an interaction 
between shift sequence (ie, either day-day or a quick 
return) and time of day in sleepiness ratings, so that 
sleepiness would be higher toward the end of the second 
shift after a quick return (Hypothesis 6). We also aimed to 
test our hypotheses of reduced sleep quality and increased 
stress on secondary outcomes and expected to find (i) 
feelings of increased anxiousness at bedtime, (ii) feeling 
less rested in the morning, (iii) lower sleep efficiency, (iv) 
impaired psychological detachment, and (v) feeling more 
tense in relation to quick returns.

Methods

Study design and population

The present intra-individual study was based on diary 
and actigraphy data, provided by nurses and assis-
tant nurses during seven consecutive days. Data was 
retrieved from the baseline survey of two independent 
intervention studies. Each participant acted as their own 
control, where data from a quick return and a day-day 
transition was compared for every individual.

The first intervention study investigated the effects of 
a recovery program directed at newly graduated nurses 
(inclusion criteria was <12 months of work experi-
ence) during 2017–2018. Out of 461 potentially eligible 
invited participants, 207 completed the baseline survey 
and were included.

The second study investigated the effects of a work 
time intervention aimed at reducing the number of quick 
returns among nurses and assistant nurses. The baseline 
survey took place in the fall of 2019. A total of 366 
employees at the participating wards received informa-
tion about the study (the number of invitees who were 
potentially eligible to participate, ie, who met the inclu-
sion criteria of having a schedule with quick returns, 
is unknown), of whom 97 completed the survey and 
96 were eligible for participation. One participant was 
excluded due to working permanent night shifts.

The participants worked at different 24-hour care 
units at different hospitals in Sweden that spanned a 
representative range of patients and type of care, for 
example, emergency wards, palliative wards, geriatrics, 
pediatrics, oncology, abdominal surgeries and psychia-
try care units. A full description of the designs and first 
results of both studies have been previously reported (8, 
23). All participants gave their informed consent prior 
to participate in the studies.

The participants could choose to take part in an 
intensified investigation in addition to the baseline 
survey. This involved wearing an actigraphy wristband 
during the sleep periods (CamNtech Ltd, United King-
dom) and keeping a diary of work and sleep for seven 
consecutive days at the baseline and post-intervention 
measurements. The participants were asked to start 
recording their week after a day off work. In the second 
study, participants were asked to pick a week when they 
were scheduled to work a quick return. The diary and 
actigraphy data collected at baseline were used for the 
purpose of the current study.

In total, 225 participants from the two studies took 
part in the intensified investigation at baseline. The 
analysis included those with at least one observation of 
both a quick return and a day-day transition, resulting 
in a final sample of 90 individuals.

Assessment of exposure

Shifts were identified from self-reported work hours. 
Quick returns were defined as having <11 hours of rest 
between two shifts. Control conditions were defined as 
day-day transitions.

Evening shifts were defined as shift durations of  ≥3 
hours that ended after 20:00 and were not night shifts. 
Night shifts were defined as ≥3 hours of work between 
23:00–05:00. Day shifts were defined as all other shifts 
of at least 3 hours. The cut off for evening shifts at 
>20:00 deviates from that used in previous research. 
The decision was based on the actual working hours 
observed in the sample: some workers who started at 
12:00 or later left work as early as 20:00, whereas all 
participants who started work before noon went off their 
shift prior to 20:00.

All quick returns (<11 hours of rest between shifts) 
identified in the sample happened to take place between 
an evening (average work hours 13:30–21:42) and day 
shift (average work hours 06:54–15:42). In two cases, 
the second shift of the quick return was a double shift 
(≈07:00–21:30). In the analysis, we compared the first 
and second day of quick returns to the first and second 
day of a control condition (day-day transitions).

Outcomes

Primary and secondary outcomes, and operationaliza-
tions of variables were pre-registered (https://osf.io/
d3eaq) prior to analyzing data.

Primary outcomes

Stress was assessed on a Likert scale ranging from 1 
(“very low stress, feeling very relaxed and calm”) to 9 
(“very high stress, feeling tense and pressured – at the 

https://osf.io/d3eaq
https://osf.io/d3eaq


	 Scand J Work Environ Health 2024, vol 50, no 6	 469

Öster et al

limit of my capabilities”). The stress rating scale was 
inspired by the validated Stress–Energy Rating Ques-
tionnaire (24), which has been adapted for collecting 
data several times daily (25). Sleepiness (1=extremely 
alert, 9=extremely sleepy, fighting sleep) was assessed 
with the Karolinska sleepiness scale (KSS) (26).

Both stress and sleepiness were rated continuously 
during the day, every third hour from 07:00. Stress and 
sleepiness during work hours were operationalized as the 
ratings during work hours or within 15 minutes of hav-
ing started or ended one’s shift. This operationalization 
maximized the use of data and still ensured the validity 
of the outcome measures. As sleepiness is influenced by 
circadian rhythms, the ratings of sleepiness at work and 
after work (ie, leisure time) were analyzed in relation to 
a day shift (after a quick return or no quick return). Thus, 
sleepiness during work was extracted from work hours 
between 07:00–16:00 (ie, the typical hours of a day 
shift) and sleepiness during leisure time was extracted 
from leisure time ratings between 16:00–22:00.

Sleep quality was assessed with both actigraphy data 
on sleep fragmentation (Sleep Fragmentation Index, 
which is the sum of the mobile time (%) and the immo-
bile bouts ≤1 minute (%) and the Karolinska sleep diary 
– sleep quality index (KSD-SQI, 1=poor, 5=good) (27).

Sleep length was measured with actigraphy data, and 
was operationalized as the total elapsed time between 
falling asleep and waking up.

Secondary outcomes

Anxiousness at bedtime on the night between the two 
shifts (1=very, 5=not at all) and feeling rested at wake-
time (1=not at all, 5=completely) were assessed using 
items from the KSD. Sleep efficiency was assessed using 
actigraphy data on actual sleep percentage (percentage 
of time spent asleep between the time of falling asleep 
and wake-up time). The item “difficulty letting go of 
work related thoughts during leisure time” (1=not at all, 
5=to a large extent) was used to assess psychological 
detachment during leisure time in relation to both the 
first and second shift. The item “feeling tense throughout 

the day” (1=not at all, 5=to a large extent) was used as 
a secondary measure of stress during the second shift.

Statistical analyses

The analysis plan was pre-registered prior to analysis in 
the OSF Registries (https://osf.io/d3eaq). As a starting 
point, all primary outcomes were analyzed in multilevel 
linear regression models with the maximum random 
effects structure justified by the design (28). For the out-
comes stress and sleepiness, time of ratings was added 
as a covariate. Convergence problems were primarily 
addressed with numerical optimization procedures. Sec-
ondly, by-participant random slopes and random inter-
cepts were removed one at a time, keeping the random 
slope for the main effect of interest. If a model failed to 
converge despite optimization and simplification, data 
were aggregated and analyzed with a paired t-test. See 
table 1 for the final model specifications. Secondary 
outcomes were analyzed with paired t-tests..

The decision to fit multilevel models to all primary 
outcomes deviates from our pre-registered plan and was 
motivated by the presence of order effects in the data: ≥41 
(46%) participants had worked a combination of evening-
day-day. Thus, lingering effects from quick returns could 
have spilled over onto a non-negligible proportion of the 
control conditions (day-day). To control for order effects, 
we added the number of prior workdays as a covariate. As 
potential interactions or nonlinear order effects could not 
be controlled for, we also performed sensitivity analyses 
in the form of unpaired t-tests using data from the second 
measurement day only. The sample size of the sensitivity 
analyses was smaller (N=72) and unbalanced (N=46 – 
quick return, N=26 – day-day transition) and should be 
interpreted accordingly. Sensitivity analyses were also 
performed to confirm the operationalizations of stress and 
sleepiness during work.

We adhered to the standard alpha level of 0.05 and 
two-tailed test. P-values were obtained by likelihood 
ratio tests comparing models with and without the effect 
of interest. Cohen’s d effect sizes were calculated by 
dividing the difference between the estimated means 

Table 1. Final model equations and random effects structures for the multilevel models. [β  = fixed effects; µ = random effects; ε = residual error. ]

Outcome Equation

Fragmentation index

Sleep quality index

Stress at work

Sleepiness at work

Sleepiness after work

Sleepiness at work –  
with interaction term

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 𝛽𝛽0 + 𝛽𝛽1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽2 × Nr. Workdays + 𝜇𝜇0 + 𝜇𝜇1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖+ 𝜖𝜖

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽_0 + 𝛽𝛽_1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖+ 𝛽𝛽_2 ×𝑁𝑁𝑁𝑁.𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊+ 𝜇𝜇_0 + 𝜇𝜇_1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜖𝜖

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝛽𝛽0 + 𝛽𝛽1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖+ 𝛽𝛽2 × Nr. Workdays + 𝛽𝛽3 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇+ 𝜇𝜇0 + 𝜇𝜇1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖+ 𝜇𝜇2 × Nr. Workdays + 𝜖𝜖

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝛽𝛽0 + 𝛽𝛽1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖+ 𝛽𝛽2 × Nr. Workdays + 𝛽𝛽3 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇+ 𝜇𝜇0 + 𝜇𝜇1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖+ 𝜇𝜇2 × Nr. Workdays + 𝜖𝜖

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝛽𝛽0 + 𝛽𝛽1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽2 × Nr. Workdays + 𝛽𝛽3 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝜇𝜇0 + 𝜇𝜇1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖+ 𝜖𝜖

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝛽𝛽0 + 𝛽𝛽1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖× 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 + 𝛽𝛽2 × Shift + 𝛽𝛽3 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇+ 𝛽𝛽4 × Nr. Workdays + 𝜇𝜇0 + 𝜇𝜇1 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖+ 𝜖𝜖

https://osf.io/d3eaq
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by the square root of the summarized variance of the 
random effects (29).

The raw output from the actigraphy sleep record-
ings were analyzed in Motionware 1.2.25–28, and were 
cross-checked against the participants’ diary recordings. 
All statistical analyses were conducted in R version 
4.1.3. The R package lme4 1.1-31 (30) was used to fit 
multilevel models.

Results

The sample mean age was 29.4 [standard deviation (SD) 
7.7] years, 91% were women, 89% worked as nurses, 
92% worked full time and no participants worked <75%. 
The mean experience within the profession ranged from 
1–34 years (mean=3, SD=6.1). The average length of 
rest time during quick returns was 9 hours and 11 min-
utes (SD=31 minutes), and typically took place between 
21:42 (SD=21 minutes) and 06:54 (SD=28 minutes).

Raw means and SD for the comparisons between shift 
sequences are presented in table 2, together with model 
estimates. Quick returns shortened sleep length by 1.02 
hours [95% confidence interval (CI) -1.23– -0.81] com-
pared to day-day transitions. There was no significant 
difference in fragmentation index. Subjective sleep qual-
ity, KSD-SQI, was reduced by a half scale point (-0.49, 
95% CI -0.69– -0.31). Participants were sleepier both 
during work (0.45, 95% CI 0.22– 0.71) and leisure time 
(0.36, 95% CI 0.07– 0.59) on the second day of a quick 
return compared to the second day of a day-day transi-
tion. Worktime stress ratings did not differ significantly 

between conditions. During quick returns, participants 
rated that they were slightly (-0.38, 95% CI -0.69– -0.08) 
more anxious at bedtime and rated themselves half a scale 
point less well rested (-0.54, 95% CI -0.77– -0.31) when 
waking up. Quick returns were associated with a small 
decrease of sleep efficiency (-0.78, 95% CI -1.44– -0.11). 
There was no effect of quick returns for either psychologi-
cal detachment or feeling tense.

Raw means and SD of stress and sleepiness rating 
across the second shift of both shift sequences are pre-
sented in table 3. The effect of quick returns on sleepi-
ness did not interact significantly with time [X2(1)=2.46, 
P=0.483], indicating that the difference in sleepiness 
between shift conditions did not vary significantly across 
the workday (see figure 2).

The sensitivity test of operationalizations indicated 
that the cut-offs used for stress and sleepiness at work 
did not impose bias on the results. The sensitivity tests 
of order effects resulted in differences that were close 
to and in the same direction as most of the significant 
model estimates, with three exceptions. Regarding 
sleep efficiency and fragmentation index, the sensitiv-
ity analysis resulted in observed differences (1.26 and 
-2.04, respectively) in the opposite direction compared 
to the main analysis. When fragmentation index was 
analyzed with a paired t-test, in accordance with our 
pre-registration, the observed difference between condi-
tions remained small (2.3, P=0.024) but was significant. 
For sleepiness during leisure, the estimated difference 
was reduced by half in the sensitivity analysis (dif-
ference=0.18). For the full model output and detailed 
results of the sensitivity analyses, see the supplementary 
material (www.sjweh.fi/article/4175).

Table 2. Raw means, standard deviations (SD), estimated differences and test statistics for all outcomes but the interaction effect. Boldface denotes 
a statistically significant effect (P<0.05). [CI=confidence interval.]

Outcomes (scale limits) N c Day-day Quick return Estimated difference t a χ2(1)b P-value Cohen’s d

Mean SD Mean SD 95% CI

Primary outcomes, sleep between shifts
Sleep length (hours) 86 6.98 0.98 5.95 0.70 -1.02 (-1.23– -0.81) -9.69  0.000 -0.26
Fragmentation index (0–100) 87 19.75 8.87 22.71 9.39 1.72 (-0.26–3.82) 2.66 0.103 0.17
KSD-SQI (1–5) 90 4.16 0.70 3.67 0.89 -0.49 (-0.69– -0.31) 20.79 0.000 -0.56

Primary outcomes, ratings during the day
Worktime sleepiness, day 2 (1–9) 90 4.51 1.76 4.80 1.69 0.45 (0.22–0.71) 10.77 0.001 0.20
Off work sleepiness, day 2 (1–9) 90 5.63 2.00 5.89 1.92 0.36 (0.07–0.59) 4.61 0.032 0.18
Worktime stress, day 2(1–9) 89 4.49 1.98 4.58 1.89 0.26 (-0.12–0.61) 2.12 0.146 0.11

Secondary outcomes, sleep between shifts
Anxious at bedtime (1–5) 90 3.92 1.20 3.56 1.31 -0.38 (-0.69– -0.08) -2.47  0.015 -0.15
Feeling rested (1–5) 90 2.55 1.03 1.99 0.90 -0.54 (-0.77– -0.31) -4.60  0.000 -0.30
Sleep efficiency (%)  87 89.63 3.96 88.73 4.26 -0.78 (-1.44– -0.11) -2.31  0.024 -0.02

Secondary outcomes, ratings of the day
Psychological detachment, day 1 (1–5) 90 2.28 1.37 2.39 1.33 0.22 (-0.06–0.50) 1.54 0.127 0.16
Psychological detachment, day 2 (1–5) 90 2.17 1.32 2.35 1.38 0.21 (-0.06–0.47) 1.57  0.120 0.12
Feeling tense, day 2 (1–5) 90 2.33 1.29 2.39 1.26 0.02 (-0.27–0.31) 0.11  0.909 0.01

a t-statistics are derived from outcomes analyzed with paired t.tests.
b χ2(df) statistics are derived from the multilevel models. These estimates are adjusted for order effects, operationalized as the number of consecutive workdays, and 

time when applicable. See table 1 for the full model specification.
c Number of participants with complete data for the variable of interest, and thus included in the analysis. 

https://www.sjweh.fi/article/4175
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Discussion

In line with our hypotheses, quick returns were associ-
ated with one hour shorter sleep length (H1), decreased 
subjective sleep quality (H2), and increased work- and 
leisure-time sleepiness compared to day-day transitions 
(H3 and H4). Contrary to our expectations, there was 
no significant interaction between shift and time of day, 
when analyzing sleepiness (H6). Quick returns did not 
affect stress levels (H5) nor objective measures of sleep 
quality (H2).

In accordance with most previous studies (2, 9), 
quick returns were found to shorten sleep length. With 
an average sleep length of 6 hours, quick returns clearly 
impede sleep. In epidemiological studies, a sleep length 
of ≤6 hours is associated with an increased risk of all-
cause mortality (31).

Regarding sleep quality, the results are less conclu-
sive. Contrary to our hypothesis, we found no significant 
difference in fragmentation index across conditions and 
only a small decrease of sleep efficiency in the main 
analysis. In the additional sensitivity tests, these results 
could not be verified, which indicates that the finding 
of decreased sleep efficiency could be due to chance or 

confounding. Contrary to previous studies that failed to 
find a difference in subjective measures of sleep qual-
ity during quick returns (9, 13, 14), our results showed 
reduced subjective sleep quality and increased anxious-
ness at bedtime. Two of the previous studies used a 
single item to measure sleep quality, either in terms 
of restless sleep or the perception of how well one has 
slept. The Karolinska sleep quality index, used in this 
and one previous study (14), is a composite of items 
assessing ease of falling asleep, sleep quality, calm sleep 
and premature awakenings. Objective data from both 
the current and previous study (which compared sleep 
on quick returns with sleeps after rest days; 14) failed 
to indicate an increase in restless sleep during a quick 
return. Thus, it seems possible that the observed differ-
ence in subjective sleep quality in this study captures 
other aspects of sleep quality. More studies combining 
objective data with validated measures of subjective 
sleep quality are needed to determine if there is a nega-
tive effect of quick returns on sleep quality.

Nurses and assistant nurses were found to feel less 
rested and more sleepy after quick returns compared 
to after day-day transitions, indicating that sleep and 
recovery during quick returns is not only reduced but 
insufficient. The magnitude of both these differences 
was half a scale step, which is in line with previous 
estimates (9).

Looking at the mean sleepiness ratings, our data 
indicate that sleepiness is already a challenge for nurses 
working day-day transitions and is further aggravated 
during quick returns. Sleepiness scores of ≥7 have been 
associated with itchy eyes, changes in EEG patterns 
and severe lapses in attention (32). Thus, the observed 
average score close to 5 (“neither alert nor sleepy”) is 
approaching levels of sleepiness that negatively impact 
work performance. Although most nurses working quick 
returns did not run the risk of dozing off, the underlying 
sleepiness and reduced alertness may have affected their 
ability to interact with patients and perform complex 
cognitive and safety critical tasks. Moreover, there was 
large individual variation, where some nurses did report 
alarmingly high levels of sleepiness. In addition, the 
observed differences in sleepiness may be an underesti-
mate due to the presence of order effects and spillover 
fatigue, which could only be partially controlled for in 
the analysis.

The increased sleepiness during a quick return, rela-
tive to a day-day transition, was constant throughout 
the day. This was reflected in the absence of a signifi-
cant interaction effect between shift sequence and time 
of day. As shown in figure 2, there was the expected 
u-shaped variation in sleepiness (32). Sleepiness rat-
ings decreased around midday and increased again in 
the afternoon. These variations are likely a product of 
circadian rhythms (33), but it is also possible that high 

Table 3. Raw means and standard deviation (SD) for stress and sleepi-
ness during the second shift, across time points.

Time of 
day 
(hour)

Sleepiness Stress
Day-day Quick return Day-day Quick return

Mean SD Mean SD Mean SD Mean SD

07:00 5.01 1.84 5.23 1.72 4.01 1.85 4.21 1.66
10:00 4.11 1.55 4.23 1.49 4.55 2.05 4.64 1.71
13:00 4.30 1.67 4.66 1.60 4.67 2.03 5.02 2.06
16:00 5.12 1.87 5.70 1.84 4.90 1.83 4.20 2.18
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Figure 2. Estimated sleepiness during quick returns and day-day transi-
tions. Error bars display the confidence interval.
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activity levels around midday suppress some sleepi-
ness as stress and sleep are physiological counterparts 
(34). However, even if stress or increased activity may 
momentarily suppress sleepiness, it does not seem to 
counteract the overall increase in sleepiness observed 
in connection with a quick return.

Even though the observed difference in sleepiness 
was modest, the implications of increased sleepiness 
for health and safety are important considerations when 
planning shift schedules. Monotonous and time extended 
tasks are known to increase sleepiness, whereas rest 
breaks, light exposure and physical activity increase 
alertness (32). Thus, monitoring fatigue levels, planning 
for recurrent rest breaks, allowing for variation in work 
tasks and limiting overtime may be suitable solutions to 
prevent excessive sleepiness and reduced performance 
following quick returns. Moreover, participants were 
most sleepy during the early and late hours of the day 
shift. If possible, it may be wise to avoid the most safety 
critical work tasks during the beginning and end of 
the shift, or to buffer performance deficits (eg, double 
checking of safety critical procedures and providing 
support guidelines to staff).

Previous research has associated quick returns with 
increased fatigue during free time (8, 13, 15). This is in 
line with our results showing a small but significant dif-
ference in sleepiness between quick returns and day-day 
transitions during non-work hours. In the sensitivity test, 
the magnitude was halved. Contrary to previous qualita-
tive evidence (12), we found no difference in ratings of 
detachment from work on either day of the respective 
shift sequences. Counteracting mechanisms could be 
present. On the one hand, limited time for unwinding 
after the first shift, and fatigue after the second shift, 
could both cause difficulties fending off worry and 
rumination. On the other hand, knowing that one does 
not have to return to work soon may also make it easier 
to disconnect mentally after the second shift. In relation 
to the first shift, nurses may benefit from the greater 
sense of continuity in work process that is sometimes 
associated with evening-to-morning shift transitions in 
healthcare [eg, knowing what to expect in the upcom-
ing day shift as a result of having worked the preceding 
evening shift (8)]. Sleepiness and fatigue resulting from 
quick returns could theoretically inhibit active forms 
of recovery during leisure time (16), as is suggested in 
figure 1. However, it is not clear from our results that 
quick returns interfere more with active recovery during 
leisure time compared to day-day transitions.

Our results corroborate several previous findings 
from research on quick returns. Quick returns were 
found to shorten sleep length (2, 9), which was mani-
fested in slightly heightened sleepiness during the sec-
ond shift (9, 14, 35). As both the present study and a 
previous diary on nurses in Norway (9) identified asso-

ciations between quick returns and both shortened sleep 
length and increased sleepiness, these findings are likely 
generalizable to other hospital settings. From a theoreti-
cal point of view, it also seems reasonable to assume 
that when time is limited for sleep, sleep is shortened; 
and when sleep is shortened, sleepiness increases. In 
line with previous research (9), quick returns did not 
cause more stress than day-day transitions, indicating 
that other factors are likely to be more important for the 
stress experience during work. While previous studies 
found no effect on subjective sleep quality (9, 13, 14), 
the present study did but this was not reflected in objec-
tive measures.

In sum, our findings support many but not all of the 
suggested mechanisms set out in figure 1. The present 
study gives support to the notion that quick returns 
contribute to increased anxiety at bedtime which may 
contribute to difficulties falling asleep, shortened sleep 
length and modestly increased sleepiness the following 
day both during work and non-work hours. There was 
no support for the notion that quick returns cause stress 
or affect psychological detachment, and mixed support 
for reduced sleep quality. Effects on wellbeing, cognitive 
functioning and performance, and leisure time quality 
were not assessed, but need to be evaluated in future 
studies using both objective and subjective data.

Strengths and limitations

Strengths of the current study include the combination 
of objective and subjective measures and the intra-
individual design. Self-reports can be unreliable, thus 
objective measures improve estimates of sleep length 
and fragmentation. The subjective experience of sleep 
quality and sufficiency are also important and were 
thoroughly assessed with several items from a validated 
questionnaire. The intraindividual design gave increased 
statistical power.

Limitations to the study include the presence of order 
effects. Almost half of the participants had worked the 
shift combination evening-day-day, where sleepiness 
from the quick return between the evening-day transition 
may have spilled over onto the third workday, the day-
day transition. The analysis controlled for the number of 
consecutive workdays but did not control for potential 
nonlinear effects or interactions. In addition, as type of 
shift and the number of consecutive workdays were cor-
related, the analysis could not fully discern the effect of 
consecutive workdays from that of shift type. Thus, the 
results may be biased which could cause both under and 
overestimation of effects, depending on the outcome. 
The sensitivity analysis reported gives some indication 
of the validity of the magnitude and direction of these 
effect, but future studies are needed to draw more reli-
able conclusions. Another limitation is that we do not 
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know how representative our samples are.
To minimize confounding, it would be desirable to 

compare shift combinations that were preceded by a day 
off work. Possible solutions are to follow more partici-
pants for longer time periods to increase the chances of 
finding such unbiased comparisons. Another is to adopt 
a quasi-experimental approach by asking participants to 
schedule the comparisons of interest.

Concluding remarks

Quick returns impede recovery and result in increased 
sleepiness. Thus, frequent quick returns are likely to 
have negative acute effects on performance, and pos-
sibly also negative long-term effects on health. What 
constitutes a safe number of quick returns remains a 
question for future research. There is also a need for 
more research to understand individual differences in 
tolerance of quick returns.
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