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two consecutive 12-hours day shifts. Thus, adequate time 
for recovery enables nurses to maintain caring attitudes 
with patients, thus contributing to patient safety.

Keywords  Work-related fatigue · Caregivers · Nursing 
homes · Recovery from work · Resource depletion · 
Allostatic load

Introduction

In presently aging societies, the amount of chronic and ger-
iatric patients entering the long-time care system continues 
to grow (Sander et  al. 2015). At the same time, financial 
resources are constrained, while reimbursement and reputa-
tion increasingly depend on measures of patient satisfaction 
(Martin et al. 2015). Nursing professionals provide quality 
and safe care customized to patients’ needs and prefer-
ences. Thus, nursing is a physically, emotionally and men-
tally demanding work that potentially leads to fatigue and 
a decrease in well-being (Chen et  al. 2010, 2014a; Josten 
et  al. 2003; Smith-Miller et  al. 2014; Steege et  al. 2015). 
Symptoms of burnout including emotional exhaustion, 
compassion fatigue and reduced personal accomplishment 
are disproportionately often found in nurses (Bakker et al. 
2005). Wróbel (2013) showed a strong correlation between 
emotional labor, negative mood induction and emotional 
exhaustion. Additionally, mandatory long work, shift work 
and night shifts typical for nursing contribute to prolonged 
fatigue due to impaired recovery from work (Josten et  al. 
2003; Sheppard 2015; Silva-Costa et al. 2011).

Intensive workload hampers physiological relaxation 
through elevated adrenaline levels indicating incomplete 
recovery (Sluiter et  al. 2000). Moreover, elevated salivary 
cortisol levels as an objective measure of job demands 
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predict the cumulative healthcare costs over the following 
5-year period (Ganster et  al. 2001). Especially long-term 
work-related strain leads to health complaints due to inad-
equate restoration (Stimpfel et  al. 2012; van Hooff et  al. 
2005). According to the effort-recovery model, recovery 
plays a central role in the transition from acute to chronic 
load reactions. Thus, workers experiencing incomplete 
recovery have to activate additional performance capaci-
ties. In the long run, the resulting accumulation of load 
effects, also known as “allostatic load,” triggers chronic 
disease (McEwen 1998). Hence, adequate recovery oppor-
tunities are crucial for preventing long-term health effects 
of acute load reactions in response to stressful working 
conditions. Understanding the concepts of allostatic load, 
need for recovery, fatigue and associated symptoms enables 
nursing facilities to develop best practice settings helping 
nurses to maintain caring attitudes with patients and con-
tribute to patient satisfaction.

Regulations on work hours usually include a minimum 
weekly rest period (Totterdell et  al. 1995). Twelve-hour 
shifts are a common staffing solution in hospitals and nurs-
ing homes in most countries (Estryn-Behar and Van der 
Heijden 2012). Nevertheless, evidence suggests impaired 
fatigue-recovery processes in nurses working a 12-hours 
shift during the day, potentially resulting in poor quality of 
care and high nursing turnover rates (Chen et  al. 2014b). 
In the USA, where work shifts of nurses often exceed 
12 h, greatly increased rates of serious medical errors and 
occupational injuries as a consequence of sleep depriva-
tion and fatigue have been reported (Landrigan et al. 2007; 
Lockley et  al. 2007). Increasing concerns regarding qual-
ity of patient care provided by fatigued healthcare workers 
demand empirical research on how effects of long hours of 
work affect nurses’ health and well-being.

Full recovery requires sufficient time for recovery. How-
ever, scientific knowledge on the time course of recovery 
after demanding work shifts is still poor. So far, only few 
authors have investigated best modes of recovery from 
work load of 12-hours shifts in nurses, with the crucial 
question being the number of days necessary for recovery 
(Chen et al. 2010, 2014b; Drach-Zahavy and Marzuq 2013; 
Totterdell et  al. 1995). In their longitudinal panel survey 
among nurses, Drach-Zahavy and Marzuq (2013) found 
that relaxation and vigor were higher after a short week-
end respite compared to two midweek rest days. Also, indi-
vidual preferences regarding weekend on midweek respites 
were crucial for experienced recovery, but could possibly 
interfere with pre-fixed work schedules and staff shortage.

In the light of high workload associated with nursing, 
we studied recovery from two consecutive 12-hours day 
shifts during a period of three rest days in a sample of Aus-
trian nurses. The study protocol incorporated the use of 
a 5-day diary to obtain reliable and valid real-world data 

about nurses` behavior and well-being (Bolger et al. 2003). 
In this article, we referred to the two consecutive workings 
days as W1 and W2 and to the three consecutive rest days 
as R1, R2 and R3. We assume that the outcome variables 
will reflect greater recovery on the rest days compared 
to the working days, indicated by a significant difference 
between the R2 and W1-2 (hypothesis 1); that the time 
for recovery will encompass three days, indicated by sig-
nificant differences between R1 and R2 as well as R2 and 
R3 (hypothesis 2); and that well-being will deteriorate to a 
greater extent on working days than on rest days, indicated 
by a significant difference between the morning to evening 
differences of W1–2 compared to the morning and evening 
differences of R2 (hypothesis 3).

Methods

Study design

The current study aimed at examining recovery conceptual-
ized by measures of fatigue, vigor, distress and sleep from 
two consecutive 12-h day shifts during a period of three 
rest days in nurses. A 5-day paper and pencil-based diary 
study assessed morning and evening measures on work and 
rest days to analyze within-subjects differences. The cur-
rent study collected data in three public nursing homes in 
different geographic Austrian regions with predominantly 
permanent residents (n = 75–109) from September 2011 to 
December 2013. Informed consent was obtained from all 
individual participants included in the study. Prior to par-
ticipation, we informed participants that their involvement 
in the study was completely voluntary and anonymous and 
could be discontinued at any time.

Participants

After receiving permission from the administration of the 
nursing homes, all employed nurses were invited to partici-
pate in this study. Exclusion criteria were (1) current con-
sumption of sleeping pills or antidepressants, (2) having 
been on a vacation within the last three weeks, as these fac-
tors are likely to adulterate test results on fatigue, sleep and 
recovery, and (3) having only two instead of three rest days 
after two working days (de Bloom et al. 2009). Thus, of the 
148 diaries handed out, 103 were returned (response rate of 
69.6%). Of these, 48 nurses who had three consecutive rest 
days were included in the current analysis. The remaining 
55 individuals with only two rest days were excluded. We 
did not find differences between these two groups regarding 
age, the presence of a partner or dependent children, work-
ing hours and night shifts per week (p > 0.25, unpaired t 
test, data not shown).
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Data collection

For pilot testing, eight employees from various occupa-
tions including nurses analyzed feasibility of the study and 
comprehension of the study questionnaire. We adapted the 
questionnaire based on their feedback and remarks. The 
study questionnaire was comprised of two parts. The first 
part collected socio-demographic and family characteris-
tics (age, sex, years of education, having a partner/depend-
ent children) as well as work schedule-related data (work 
hours/week, night shifts/month, leisure-time exercise/week 
and weeks since the last vacation). The second part was 
designed as a 5-day diary for scaling present moment well-
being both in the morning and in the evening. Participants 
received this diary prior to a work phase consisting of two 
consecutive 12-hours day shifts from 7 am to 7 pm (W1–2) 
followed by three consecutive rest days (R1–3). The day 
shifts incorporated a 60-min lunch break taken between 
11:30 am and 1:30 pm, a 15-min morning at 10 am as well 
as a 15-min afternoon break at 3 pm. Study subjects were 
instructed to fill out the diary in the morning when start-
ing work and in the evening when finishing work, thus at 7 
am and 7 pm on W1–2 and R1–3. We advised participants 
to avoid consuming caffeine, alcohol or tobacco directly 
prior to filling out the study questionnaire. At the end of 
the study phase, the study participants mailed the diaries 
directly to the study administrator using stamped self-
addressed envelopes, thus establishing anonymity for both 
participants and nursing homes.

Measures

By measuring various aspects of present moment well-
being, the standardized German questionnaire “Eigenzu-
standsskala” assessed perceived levels of fatigue, distress 
and vigor (Nitsch 1976). In total, these three variables were 
assessed with 27 adjectives describing current well-being. 
Individuals responded to the statement “At the moment 
I feel …” using six-point Likert scales. Fatigue was 
assessed with the eight items “rested,” “in need of recov-
ery,” “exhausted,” “recovered,” “spent,” “drowsy,” “tired” 
and “weary” (scale range 0–40), showing a high internal 
consistency of Cronbach’s alpha (α) = 0.85. Distress was 
assessed with the five items “tense,” “unselfconscious,” 
“calm,” “nervous” and “relaxed,” resulting in an acceptable 
internal consistency of α = 0.66 (scale range 0–25). Vigor 
was assessed with the seven items “vigorous,” “zealous,” 
“energetic,” “persistent,” “able to concentrate,” “active” 
and “eager to work” (scale range 0–35), showing a high 
internal consistency of α = 0.92. Sleep was assessed with 
the standardized German questionnaire “Erholungs–Belas-
tungs–Fragebogen” for evaluating stress and recovery 

(Kallus 1995). Items relating to last night’s sleep were 
presented on six-point Likert scales (scale range 0–20). 
The scale incorporated four items (“I fell asleep peace-
fully”; “My sleep was restful”; “I woke without an exter-
nal cause”; “I slept restlessly”) resulting in a high internal 
consistency of α = 0.88. The quality of sleep was assessed 
during the morning entry in the diary.

Data analyses

We processed and analyzed the collected data using Excel 
(Microsoft Corp., Redmond, USA) and SPSS 20 (SPSS 
Inc., Chicago, IL, USA). We set the two-sided significance 
level at p < 0.05. The sample size was adequate to detect 
differences of medium magnitude (effect size d  =  .45) 
in same-group comparison with a statistical power of 
80% and significance level of p =  .05, as calculated by 
G*Power version 3.1 (University of Kiel, Germany). Thus, 
the sample size was suitable to detect differences that can 
be considered relevant. We used multivariate analysis of 
variance for repeated measures to test the research hypoth-
eses. As for, we defined two repeated measures factors: 
the first one indicated the day (one of five days, i.e., W1–2 
and R1–3), whereas the second one indicated the time of 
measurement (morning or evening). For the first repeated 
measures factor, simple contrasts were calculated compar-
ing each day with R2 (i.e., the second rest day) as refer-
ence day. We used the second rest day as reference so as 
to be able to determine day-to-day changes in well-being 
over the three rest days by comparing rest day 1 with rest 
day 2 and rest day 2 with rest day 3 as well as to be able to 
determine whether the rest period statistically significantly 
differed from the work period. Contrasts were also deter-
mined for the second repeated measures factor (time of 
measurement). The following effects were determined: the 
effect of day (does the average values of R2 differ from the 
average value of each of the other days?), the effect of time 
of measurement (does the morning value differ from the 
evening value over all days?) and the interaction between 
day and time of measurement expressed by the interaction 
term day × time of day (i.e., the difference between morn-
ing versus evening vales on R2 different from the differ-
ence of morning versus evening values of the other days?). 
We analyzed the variables fatigue, distress and vigor 
accordingly. An analysis of variance for repeated measures 
also assessed the change in quality of sleep using simple 
contrasts, however, with just one repeated measures fac-
tor (days). Again, the reference day was R2. For graphical 
illustration of the data, we plotted the time course of the 
outcome variables fatigue, vigor, distress and sleep (means 
and standard deviations) on morning and evening across 
work and rest days.
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Results

Table  1 presents the socio-demographic characteristics of 
the study sample. The final study sample consisted of 48 
nurses (89.6% women) of three nursing homes. Their mean 
age was 39.0  years (SD 10.3, range 19–58  years). Four 
nurses (8%) worked for 20 h/week or less, 16 nurses (33%) 
for 21–30 h/week and 28 nurses (58%) for 31–40 h/week. 
Seven nurses had no night shifts (15%), 23 (48%) had one 
to two night shifts per month and 18 (38%) had three to 
four night shifts per month. Thirty-four of the study sub-
jects were living with a partner (71%), and nine (19%) had 
dependent children.

The time course of self-assessed fatigue, vigor, distress 
and sleep during W1–2 and R1–3 is displayed in Fig.  1. 
As illustrated, fatigue increased over the working days and 
decreased during the rest days, the other measures showing 
corresponding changes. Generally, fatigue was lower and 
vigor was higher in the morning than in the evening.

Table 2 provides effect sizes (partial eta2) and levels of 
statistical significance to illustrate the differences between 
the reference day R2 and the other days regarding the daily 
average (average of morning and evening values) as well 
as the daily change (difference between the morning and 
evening values). A partial eta2 of ≥.13 represents a medium 
effect size and is viewed as indicating relevant differences. 
The average level of perceived fatigue, vigor, distress and 
sleep during W1–2 differed significantly from that of R2. 
On working days, study subjects were more fatigued, less 
vigorous and more distressed and had a lower quality of 
sleep than on R2. Also, the deterioration of well-being was 
greater on working days. On W1–2, nurses showed a 34% 
greater increase in fatigue, a 30% greater decrease in vigor 
and a 10% greater increase in distress compared to R2.

In regard to the time course of recovery, average fatigue 
and distress significantly decreased and vigor increased 
from R1 to R2. However, there was no change in the quality 

of sleep. Average fatigue and vigor continued to improve 
from R2 to R3. This continued improvement, however, was 
not observed in distress and the quality of sleep. As for 
the relative improvement over the consecutive rest days, 
fatigue improved 47% on R1, 37% on R2 and 16% on R3, 
vigor improved 33, 45 and 22% and distress improved 48, 
37 and 15%, respectively.

Discussion

The current diary study examined the recovery from two 
12-hours day shifts during a period of three consecutive 
rest days in Austrian nurses based on self-assessed levels of 
fatigue, vigor, distress and the quality of sleep. In support 
of our research hypotheses, perceived fatigue was lower 
and perceived well-being higher on rest days compared 
to working days and study subjects experienced a greater 
decline in well-being on working days compared to rest 
days. The time to recovery was one day for sleep, two days 
for distress and three days for fatigue and vigor, thus sug-
gesting that three rest days are necessary for the full resto-
ration of fatigue and well-being.

National working time regulations determine the maxi-
mum weekly working hours, patterns of work and holidays 
as well as the daily and weekly rest periods (Totterdell et al. 
1995). Nevertheless, chronic understaffing due to short-
age of nursing staff could lead to nurses’ working longer 
shifts or overtime (Stimpfel et  al. 2012). Nurses working 
12-hours shifts experience physiological strain as shown 
by elevated cardiac stress levels (Chen et  al. 2010). So 
far, there is little empirical evidence concerning recovery 
from work and the respective number of days off needed to 
accomplish recovery from work-related exhaustion. As for 
nurses, several authors investigated best modes of recov-
ery from and aftereffects of work load (Chen et  al. 2010, 
2014b; Drach-Zahavy and Marzuq 2013; Totterdell et  al. 

Table 1   Socio-demographic 
characteristics of the study 
sample

Nursing homes

Home 1 Home 2 Home 3 Total

(n = 11) (n = 13) (n = 24) (n = 48)

Age, years (mean ± SD) 37.6 ± 11.8 45.1 ± 9.8 37.0 ± 9.7 39.3 ± 10.7

Sex (% females) 11 (100%) 12 (92%) 20 (83%) 43 (90%)

Education, years (mean ± SD) 9.6 ± 1.1 9.7 ± 1.3 10.4 ± 1.7 10.0 ± 1.5

Partner (%) 5 (46%) 9 (69%) 20 (83%) 34 (71%)

Dependent children (%) 2 (18%) 2 (15%) 5 (21%) 9 (19%)

Work/week; hours (mean ± SD) 33.6 ± 8.4 32.6 ± 6.6 33.6 ± 6.8 33.3 ± 7.0

Night shifts/month; n (mean ± SD) 2.7 ± 1.2 2.0 ± 1.1 2.2 ± 1.3 2.3 ± 1.2

Leisure-time exercise (> 1×/week) 2 (18%) 6 (46%) 7 (29%) 15 (31%)

Weeks since last vacation 10.4 ± 3.5 11.8 ± 4.5 9.4 ± 3.4 10.3 ± 3.8
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1995). In this vein, the present study investigated the per-
ceived extent of strain nurses experienced in the mornings 
and evenings of working days and on the subsequent rest 
days. Thus, the current study complements preexisting lit-
erature in the area of recovery research and the underlying 
effort-recovery model by providing empirical support for 
the critical role of recovery in the transition between acute 
work-related load reactions and chronic ill health (McEwen 
1998; van Hooff et al. 2005).

In our study, evening well-being showed the great-
est improvement from W2 to R1, morning well-being 
improved at a faster rate from R1 to R3, as reflected by the 
significant interaction day ×  time of day, with the excep-
tion of distress. The latter showed no further increase on R2 
compared to R1. Thus, we found higher levels of perceived 
fatigue and distress and lower levels of perceived vigor 
and quality of sleep on W1–2 compared to R1–3, thus fully 
supporting hypothesis 1. Also, we found a greater increase 
in strain over the work day as indicated by an increase in 
fatigue and distress and a decrease in vigor compared to 

Fig. 1   Time course of a fatigue, b vigor, c distress (scale range 0–25) and d sleep (scale range 0–20) across work and rest days; means and 
standard deviations for the morning (dashed line) and evening (solid line) are shown

Table 2   Comparison of day 4 (reference day) with all other days: 
effect sizes and statistical significance

Effect sizes are partial eta2. Both day effects (daily averages) and 
day × time of day effects (morning to evening change) are presented. 
The p-values are based on simple contrasts

Ref reference day

** p < 0.01; * p < 0.05

Partial eta2 Working days (W) Rest days (R)

Days 1 2 3 4 5

Nomenclature W 1 W 2 R 1 R 2 R 3

Daily average

 Fatigue 0.43** 0.72** 0.43** Ref 0.17**

 Vigor 0.29** 0.66** 0.43** Ref 0.29**

 Distress 0.28** 0.45** 0.19** Ref 0.05

 Sleep 0.27** 0.13* 0.04 Ref 0.00

Morning to evening difference

 Fatigue 0.56** 0.62** 0.13* Ref 0.09*

 Vigor 0.42** 0.52** 0.08* Ref 0.12*

 Distress 0.20** 0.20** 0.00 Ref 0.13*
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R1–3, thus fully supporting hypothesis 3. These results 
are in line with the well-known effects of work, especially 
demanding work, on well-being, with working days or 
periods being associated with higher levels of fatigue than 
with non-working days or periods (Akerstedt et  al. 2002; 
Meijman 1997; Westman and Eden 1997).

In nurses, work encompasses a variety of demands 
drawing on physical, emotional and mental resources 
all of which contribute to fatigue. In addition to the type 
of work, also the duration of work increases levels of 
fatigue. Though fatigue may not increase linearly over a 
work day, the risk for accidents is markedly higher after 
the ninth hour on the job, suggesting an accumulation of 
fatigue at the end of long work shifts (Folkard and Lom-
bardi 2006). Working two consecutive 12-hours shifts may 
further increase this accumulation of fatigue on the second 
work day, as inter-shift recovery time is limited and pre-
sumably insufficient for full recovery, according to related 
research on overtime and long work hours (Blasche et  al. 
2014; Chen et al. 2014b; Rau and Triemer 2004). From a 
theoretical perspective, the accumulation of fatigue is due 
to the need to compensate for fatigue at work by increasing 
effort to maintain performance, thus increasing physiologi-
cal stress and contributing to fatigue (Robert and Hockey 
1997; Wright et al. 2013).

Further, the present study showed that working days 
were associated with worse well-being and a greater decline 
in well-being compared to the rest days and that well-being 
increased over all three rest days in fatigue and vigor, but 
not in distress and sleep. These findings thus fully support 
hypotheses 1 and 2 and partly support hypothesis 3, sug-
gesting that recovery after two consecutive 12-hours shifts 
required at least three free days for complete recovery to 
occur. As irregular work hours accumulate fatigue, the lit-
erature suggests that one day of recovery is insufficient, 
two days are usually sufficient, whereas three to four days 
are necessary after periods of severely disturbed circadian 
rhythmicity (Åkerstedt et al. 2000; van Hooff et al. 2005). 
Thus, our findings support less recent investigations by 
Totterdell et al., stating higher levels of social satisfaction, 
cheerfulness, calmness and alertness on workdays preceded 
by two compared to one rest day (Totterdell et  al. 1995). 
Also, these authors suggested that perceived workload 
increased over consecutive shifts due to the inherent adap-
tive costs of fatigue.

Our observation that perceived distress did not improve 
from R2 to R3 might root in the anticipation of the next 
work day reflected in an increase in distress in the even-
ing of R3. However, in a previous study, distress recovered 
faster than fatigue or vigor (Blasche et  al. 2016b). This 
faster recovery of distress may reflect the increasing mental 
detachment from work which is a precondition for success-
ful recovery from work (Sonnentag and Fritz 2015). Thus, 

one would expect distress to recover prior to fatigue. Simi-
larly, the quality of sleep improved faster than fatigue.

Getting enough quality sleep at the right time is critical 
in promoting health and well-being. Conversely, sleep dis-
turbance increases the risk of infectious disease, cardiovas-
cular disease and cancer as well as the incidence of depres-
sion (Irwin 2015; Prather et al. 2015; Virtanen et al. 2009). 
As long working hours disturb the circadian rhythm, nurses 
might accumulate a significant sleep debt while work-
ing successive 12-hours shifts with associated fatigue and 
sleepiness (Geiger-Brown et al. 2012; Virtanen et al. 2009). 
Akerstedt et  al. (2002) reported that the extent of work 
stress and workload deteriorate sleep quality and related 
fatigue with highest levels during the first rest day, not the 
last work day in employees. In our study, we did not find 
changes in the quality of sleep from R1 to R2 as well as 
R2 to R3. Assuming the presence of a healthy worker effect 
in nurses, explanations for this observation could addition-
ally include that the current diary study evaluated the time 
course of recovery during a regular, work schedule-based 
employment, thus reflecting routine recovery in the con-
text of work–life balance (Burdelak et al. 2012). Addition-
ally, individual leisure-time behaviors such as exercise and 
social interactions mediate maladaptive fatigue symptomol-
ogy and significantly enhance sleep quality and recovery 
between work periods (Winwood et al. 2007). However, it 
is also conceivable that the chosen sleep measure was not 
adequately sensitive to change.

Physically demanding patient care tasks and mentally 
fatiguing demands such as organization, management and 
logistics tasks are the most frequently mentioned fatigu-
ing work demands among nurses (Steege et  al. 2015). 
Controversially, job satisfaction predicts vigor and dedica-
tion (Jenaro et al. 2011). Thus, the design of work sched-
ules contributes substantially to the health and well-being 
of nurses (Peters et  al. 2016). However, nurses have been 
shown to prefer 12-hours shift over shorter shifts to reduce 
their work/family conflicts, irrespective of the patient’s 
safety and their own health (Estryn-Behar and Van der Hei-
jden 2012; Josten et al. 2003).

As energy expenditure accumulates during 12-hours 
shifts, nurses experience physiological strain as shown by 
elevated cardiac stress levels (Chen et al. 2010, 2014b). To 
reduce allostatic load, two rest days or a typical two-day 
weekend might be insufficient to ensure a full fatigue-recov-
ery process (Åkerstedt et al. 2000; McEwen 1998). This is 
especially obvious when considering the high workload and 
long working hours experienced in nursing professions. In 
line with the literature, our results suggest revisiting tradi-
tional work schedules in nursing homes and develop addi-
tional solutions to the issue of nurse fatigue (Estryn-Behar 
and Van der Heijden 2012; Landrigan et  al. 2007; Lock-
ley et  al. 2007; Martin 2015). As such, personalized work 
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schedules ensuring sufficient rest breaks and leisure oppor-
tunities should stipulate adequate weekly rest periods of 
at least two, but preferably three rest days (Blasche et  al. 
2016a; Haluza and Blasche 2016). Recommendations for 
organizations could include to increase the number of reg-
istered nurses, define a minimum nurse-to-patient ratio and 
provide tailored continuous education programs (Park and 
Han 2010). Based on their findings on prevalent acute and 
chronic fatigue, Chen et al. (2014b) suggested establishing 
fatigue intervention programs for nurses working 12-hours 
shifts in hospitals. When implementing 12-hours shifts, hos-
pital administration, unit managers and nurses need to col-
laborate for achieving an adequate fatigue-recovery balance. 
Also, changing shifts with short notice and lack of time for 
shift handover should be reduced. Moreover, Gangster et al. 
argue to encourage control-enhancing job design interven-
tions for sustained stress reduction in nurses experiencing 
high workload demands (Ganster et al. 2001).

Study limitations

The results of the present study should be viewed with cau-
tion due to limitations inherent in the study design. Diary 
studies have been shown to serve as useful research tools to 
assess recovery activities and individual well-being (Son-
nentag 2000). However, self-reported data could introduce 
reporting bias. Also, self-assessment reflected perceived 
levels of the main outcome variables fatigue and recov-
ery, no objective measures. In the present study, we did not 
evaluate whether the employees had an additional occupa-
tion. In Austria, unlike to other countries, e.g., the USA, 
having more than one job is very unusual in general and 
especially for women. Thus, we assumed that all the non-
working time could be considered as rest time free of work. 
Nevertheless, this potentially undermines our assump-
tion that the three rest days following the double shift 
were indeed non-working time. Future study on recovery 
could provide further insight into activities pursued by the 
employees on their free days. We were not able to account 
for potential effects of gender (hormonal status, menstrual 
cycle, etc.) on the study results, as only a limited number 
of male nurses participated in the study. Noteworthy, the 
male/female ratio reflected the actual gender distribution 
with nurses being predominantly females. As no informa-
tion was available on characteristics of non-respondents, 
we could not discuss the influence of their absence quan-
titatively. However, the high response rate and the absence 
of differences between nurses with two versus three days 
off indicate that the results of the present study can be gen-
eralized. To achieve regional stratification, we used data 
derived from three nursing homes in different geographic 
regions, similar to other publications (Chen et  al. 2014b). 
We only studied recovery in Austrian nurses working in 

nursing homes which limits generalization to other nursing 
professions.

The sample size of the present study was adequate to 
detect changes in medium, but not of small magnitude 
between longitudinal measurements. Therefore, the results 
of our study regarding the time necessary for full recovery 
can be viewed as conservative, though relevant changes 
were detected. It is likely that a replication of the study 
with a larger sample size would result in the detection of 
significant differences in more variables. We did not mod-
ify the existing work schedule of the nurses, so the res-
pite period was situated either midweek or on weekends. 
However, there is evidence that weekends might provide 
a greater potential for recovery compared to weekdays, 
potentially due to favorable leisure experiences (Drach-
Zahavy and Marzuq 2013).

Conclusion

This study provides new insights into the course of recov-
ery after two consecutive 12-hours day shifts in nurses. The 
results suggest that at least three rest days are necessary for 
full recovery. In a physically and psychologically demand-
ing occupation like nursing, where performance is critical, 
employees’ health and well-being should not be unneces-
sarily affected by lack of recovery and sleep deprivation. In 
view of these results, we would advise decisions makers and 
nursing home administrations to alleviate allostatic load in 
nurses. This could be facilitated by providing an adequate 
number of rest days and avoiding extended shifts for nurses.
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