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ABSTRACT
Background:  Sleep disturbance and fatigue are prevalent in nurses. Little is known about the 
characteristics of shift work nurses’ sleep-wake features and their subsequent impact on work 
performance. The study aimed to describe the characteristics of the sleep-wake index, reaction 
time, saliva cortisol level, and fatigue severity among female shift work nurses.
Methods: This is a cross‐sectional exploratory study. A convenience sample of 152 female nurses 
(8-hour day-evening-night, n = 70; 12-hour day–night, n = 82) participated in this study from nine 
intensive care units (ICUs) from two teaching hospitals in Beijing, China. A consecutive 7-day 
actigraphy data were used to analyse sleep-wake indexes, including total sleep time (TST) and 
circadian activity rhythms (CAR). Before and after shifts, the following data were collected, 
psychomotor vigilance task for reaction time, saliva cortisol for the level of alertness, and 
self-reported fatigue severity with the Lee Fatigue Scale-Short Form.
Results: All nurses reported clinically significant fatigue severity. Compared with the 8-hour shift 
nurses, the 12-hour shift nurses had significantly more TST (456 vs. 364 min), higher saliva cortisol 
levels before the day shift (0.54 vs. 0.31), but longer reaction time before the night shift (286 
vs. 277 ms). In both shifts, those with better CAR had significantly longer TST.
Conclusion:  Female nurses experienced fatigue and desynchronized CAR, especially nurses on 
a 12-hour shift. The CAR-friendly shift work schedule is needed to minimize the health and 
safety impacts of circadian misalignment for nurses.

KEY MESSAGES
•	 This is the first use of consecutive 7-day actigraphy data to explore the link between sleep 

disturbances as a stressor to CAR, salivary cortisol, and reaction time among clinical nurses.
•	 CAR may be a helpful indicator for overworked nurses, and it can serve as a modifiable 

target for interventions to enhance nurses’ well-being.

1.  Introduction

Shift work is working during periods other than the 
day shift from 8 am to 5 pm [1]. It can cause circadian 
rhythm disruption as work interferes with an individ-
ual’s standard night-time sleep schedule [2]. Circadian 
misalignment is related to sleep restriction, irregular 
endogenous circadian rhythms, sleep-wake cycles, and 
external environmental cues [2]. Evidence shows that 
the impact of circadian misalignment exceeds the 
effect of sleep disruption; therefore, shift workers may 
not quickly recover from irregular sleep-wake patterns 
and may adversely affect safety and health [3,4]. Shift 

work nurses must frequently modify their daily rou-
tines due to the changes in their work and sleep 
schedules associated with each shift rotation.

Studies found that shift workers who adapted well 
to their schedule had less sympathetic nerve activity 
during sleep, which resulted in longer sleep time, bet-
ter performance, alertness, and mood [5,6]. However, 
being well-adapted to shift work is rare. A meta-analysis 
concluded that only 3% of permanent night workers 
fully adapted to their schedule, and there were indi-
vidual differences in the ability to adjust to shift work 
[7]. For example, gender plays a role; female nurses 
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exhibited high stress levels and experienced more 
sleep and mental problems than their male counter-
parts [8,9]. Therefore, it is essential to explore the 
effect of shift work on women’s health, work perfor-
mance, and cognitive function since they comprise 
most of the nursing workforce. In addition, in China, 
the rapidly rotating shift is mandatory for nurses. They 
alternate day, evening, and night shifts within one 
week [10], which might create more challenges for 
nurses in China.

Nearly one decade ago, researchers pointed out 
that the rapidly rotating shift is challenging to adapt 
to while minimizing circadian misalignment; therefore, 
they recommended eliminating this kind of work 
schedule [11]. However, the rapidly rotating shift 
schedules are still commonly used in clinical nursing 
practice in China, Korea, and Italy [6,10,12]. Such a 
work schedule can increase fatigue severity, poor 
sleep, decreased work performance [6], and impaired 
memory [13]. A systematic review concluded that rap-
idly rotating shift work could lead to fragmented 
sleep, decreased total sleep time, and increased 
fatigue severity [14]. More than one decade ago, 
researchers suggested that the optimal working 
schedule should limit night shifts to three nights and 
allow three days off before resuming changes [15]. 
Today, hospitals in many countries have implemented 
a 12-hour shift system to optimize work arrangements. 
It is well-known that day shifts are safer than night 
shifts because night shifts require extended rest peri-
ods to regain energy [16]. However, physiological evi-
dence regarding the effects of different shift work 
hours is lacking.

Circadian rhythms synchronize human functions to 
the 24 h a day cycle in the rest-activity pattern. Studies 
have shown that desynchronized circadian rhythms can 
negatively impact health, affecting key central nervous 
system regulation pathways [17]. Circadian activity 
rhythms (CAR) is the ratio between peak activity (ampli-
tude) and adjusted mean activity [18]. CAR is a surro-
gate metric of internal circadian rhythms assessed by 
actigraphy, and CAR is a useful biological marker for 
internal circadian rhythms in humans [19]. To date, little 
is known about the characteristics of nurses’ CAR, espe-
cially those who work in rapidly rotating shifts, and 
their subsequent impact on work performance.

The effectiveness of work performance may be 
related to the individual’s alertness and attention level. 
The psychomotor vigilance task (PVT) is commonly 
used to measure the lack of alertness and sustained 
attention [20]; lack of sleep is associated with slower 
reaction times and increased lethargy [21]. From the 
physiological perspective, the cortisol level indicates 

alertness since it is an effective stress indicator, which 
is affected by circadian rhythms and coping mecha-
nisms [8].

Sleep disturbances could trigger a stress response 
with a subsequent activation of the psychoneuroim-
munological (PNI) pathway that impacts health and 
work performance [22]. Rober Ader introduced the 
PNI concept in 1980 [22]. PNI focuses on the associ-
ations between mental processes and health by 
examining the interaction between psychological 
function and the body’s nervous, endocrine, and 
immune systems. Psychological stress triggers the 
autonomic nervous system and the endocrine 
responses resulting in a fight-or-flight reaction. 
Repetition of this process due to chronicle stress over 
a long period leads to wear-and-tear adverse impacts 
on physical and mental conditions [22,23]. The most 
immediate observable consequence of such adverse 
effects is sleep disturbances resulting from inade-
quate total sleep time or sleep disruption. Studies 
exploring the link between sleep disturbances as a 
stressor to CAR, salivary cortisol, and work perfor-
mance are rare. Based on the PNI theory [22], 
behavioural (i.e. shift work), neurological (i.e. alert-
ness), and endocrine (i.e. cortisol) processes of adap-
tation have an impact on health.

2.  Aim

The current study aimed to describe the characteristics 
of sleep-wake indexes (total sleep time, wake after 
sleep onset [WASO], CAR), reaction times, saliva cortisol 
level, and fatigue severity among 8- and 12-hour rap-
idly rotating shift work female nurses.

3.  Methods

3.1.  Study design and participants

This cross-sectional exploratory study used a conve-
nience sample of nine intensive care units (ICUs) from 
two teaching hospitals in Beijing, China: four ICUs and 
all nurses on 8-hour shifts in one hospital, and another 
five ICUs in another, all nurses work 12-hour shifts. The 
sample size was calculated using G-power. A minimum 
sample size of 146 (73 in each shift length group) would 
be needed to achieve 85% power in a two-tailed test 
to detect the medium effect size. The inclusion criteria 
were ICU female nurses working rapid shifts (rotating 
day, evening, and night shifts within one week). The 
two hospitals routinely use a shift system. The 8-hour 
shift is day-evening-night-off-day-day-off, and the 
12-hour shift is day-night-off-off-night-off-off. For shift 
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schedule, the 12-hour shift is 07:45–19:45 and 19:45–
7:45; the 8-hour shift is day shift 08:00–16:00/08:00–
12:00 and 14:00–18:00; the evening shift 18:00–02:00, 
and the night shift 02:00–08:00. The nurses who 
self-reported pregnant, with a history of obstructive 
sleep apnea (which may give a higher waking time from 
the overnight actigraphy monitoring), and mental illness 
(e.g. anxiety disorder, depressive symptom) were 
excluded. The study was approved by the Institutional 
Review Board at the research site (No. 201612028).

The nursing department sent recruitment emails 
through WeChat (a common social media in China). Due 
to the limited supply of actigraphy, we could only enroll 
20 nurses every two weeks for the objective sleep data 
collection. Potential participants were informed that 
their participation was entirely voluntary. From January 
to November 2020, a total of 173 female nurses were 
enrolled in this study, and all signed informed consent; 
however, 21 participants were excluded for either hav-
ing their actigraphy recording less than seven days 
(n = 6), or their saliva samples (n = 15) were not suitable 
for analysis. Therefore, a total of 152 participants 
(response rate= 87.86%, 82 in the 12-hour shift and 70 
in the 8-hour shift) were included in the final analysis.

3.2.  Measures

A demographics form was used to gather the partic-
ipant’s age, height and weight (for BMI), education, 
marital status, and shift work rotation. The link between 
BMI and sleep has been controversial [24]; we used it 
as a confounding variable in this study. Objective data 
(sleep-wake index, reaction times, and salivary cortisol) 
and subject fatigue data were collected as 
described below.

Actigraphy (AMI: Ambulatory Monitoring, Inc., Ardsley, 
New York), a non-invasive motion sensor monitor, 
assessed the sleep-wake indexes (total sleep time, CAR). 
Various researchers have used polysomnographic mea-
sures of sleep to validate wrist actigraphy as a measure 
of total sleep time and wake during the night (r= .93 
to .99) [18,25]. Nurses wore the actigraphy on their 
non-dominate hand for a consecutive seven days (a 
period of their rapidly rotating shift). Study participants 
were asked to keep a 7-day sleep diary to record their 
bedtime and arise time, which was used to validate the 
event markers from the actigraphy data. The mean val-
ues of TST and WASO for seven nights and the standard 
error of the mean were used for data analysis. The 
rest-activity patterns, mesor (24-hour adjusted activity 
mean) and amplitude (mesor to peak) were used to 
calculate the circadian quotient (amplitude/mesor) to 

indicate CAR [18]. A CAR value close to one suggests 
a more robust and synchronized rest-activity pattern.

The PVT-192 device (Ambulatory Monitoring, Inc.), 
a handheld and self-contained system, assessed reac-
tion times. The PVT-192 was delivered a three-mm 
visual stimulus (a reaction-time counter), which 
requires the participant to make a pushbutton 
response within 1.5 s with an inter-stimulus interval 
varying from 2 to 10 s [26]. Participants were 
instructed to respond to a visual stimulus presented 
at various intervals (random, 2,000–10,000 ms), over 
5 min, by pressing the button on the device; how-
ever, no cut-off point was suggested. Four sets of 
PVT data were collected from each participant before 
and after day- and night-shifts at a private and quiet 
lounge in the ICU. The nurse was instructed to avoid 
caffeine, alcohol, and over-the-counter medications 
before the test; each participant had a 1-minute 
training.

Since salivary cortisol is highly correlated with 
blood cortisol levels, it is often used in studies on 
circadian rhythm and work-related stress [27,28]. To 
enhance the validity of the salivary sampling, the 
researchers used the manufacturer’s standardized pro-
tocol for sample collection, transportation, storage, 
and analysis [29]. Morning saliva samples were col-
lected between 7:00 and 8:00, and night samples were 
collected between 19:00 and 20:00 at a private and 
quiet lounge in the ICU. The nurses rinsed their 
mouths with tap water, then 30 min later, deposited 
2 ml of saliva in a sterile labeled plastic tube. Samples 
were stored at −20 °C then assessed using a Liquid 
chromatography-mass spectrometer (LC-MS/MS, 
4000QTRAP, AB SCIEX, USA). Morning salivary cortisol 
levels were categorized as the normal range 
(0.094 − 1.551 μg/dL), below the normal range (< 
0.094 μg/dL), and above the normal range (> 1.551 μg/
dL); night-time levels were categorized as the normal 
range (≤ 0.359 μg/dL) and above the normal range (> 
0.359 μg/dl) [8,30].

Fatigue severity was measured with the Lee Fatigue 
Scale-Short Form (C-LFS-SF) [31]. The level of fatigue 
should be affected by the level of alertness of the 
individual; therefore, the severity of fatigue was 
assessed before the four PVT measurements. C-LFS-SF 
is a self-rated, 8-item scale, rating from 0 (not 
fatigued) to 10 (extremely fatigued), and is adapted 
from the Lee Fatigue scale [32], which includes a 
13-item fatigue subscale and a 5-item energy sub-
scale. A mean score of 3.3 or higher indicates clini-
cally significant fatigue. The Cronbach’s alpha for the 
C-LFS-SF is 0.97 and has good construct validity [31].



4 X. ZHANG ET AL.

3.3.  Data analysis

The automatic sleep-scoring program (Action 4 
Software Program, AMI) calculated TST in minutes and 
WASO as a percentage of the night’s time in bed trying 
to sleep. Data were analysed by using SPSS 24.0 ver-
sion. Before analysis, all data were evaluated to ensure 
that all met statistical assumptions. Descriptive statis-
tics were used to describe sample characteristics and 
the major variables, including mean ± SD, median (P25, 
P75), range, and percent. T-tests were used for the 
post-hoc comparisons between the means, 
Mann-Whitney tests were used for the non-parametric 
equivalent of the independent samples t-test, and 
chi-square tests were used to test group differences 
in the categorized data.

4.  Results

4.1.  Participant characteristics

The 152 participants’ mean age was 31.8 (SD = 3.1) 
years (Table 1). They were either working 8- (46.1%) 
or 12-hour shifts, and all rotated day and night shifts 
within one week. The majority of them had a normal 
BMI (69.7%); however, 13 (8.6%) were underweight, 
and 33 (21.7%) were either overweight or obese. 
Compared with the 12-hour shift nurses, the 8-hour 
shift nurses had more ICU experience and higher 
patient loads.

4.2.  Characteristics of the sleep-wake index, 
reaction times, saliva cortisol level, and fatigue 
severity among 8- and 12-hour shifts nurses

Table 2 detailed the characteristics and differences 
between two rapidly rotating shift work nurses. 
Compared with 8-hour shift nurses, the average total 

sleep time of 12-hour shift nurses was significantly 
higher (12-hour= 455.64 vs. 8-hour= 363.98 min). A 
synchronized CAR should be close to one; however, 
for nurses in 8- or 12-hour shifts, their CAR is desyn-
chronized (12-hour = 0.53 vs. 8-hour = 0.50). Compared 
with the 8-hour shift nurses, the saliva cortisol level 
of 12-hour shift nurses was significantly higher before 
the day shift (median 0.54 vs. 0.31, p < .005) and after 
the night shift (median 0.51 vs. 0.31, p < .005), and 
the reaction time was longer before the night shift 
(288.46 vs. 268.99 ms, p = .033). As for fatigue, all the 
nurses experienced clinically significant fatigue severity 
regardless of whether before or after their shift work; 
however, compared to the 8-hour group, the 12-hour 
group reported significantly lower fatigue severity 
before the day and night shifts (p < .001).

4.3.  Differences in the two groups according to 
the median of CAR

To date, no existing data is available to determine the 
cut-off point of CAR values. Therefore, the median split 
(.53 for 12-hour shift and .50 for 8-hour shift) was used 
to divide the nurses into two groups, poor CAR and 
good CAR, for further analysis. For nurses on the 
12-hour shift, compared with nurses with poor CAR, 
those with better CAR were younger, single, worked 
fewer years in the hospital, and had fewer night shifts 
in one week (Table 3). For both 8- and 12-hour shifts, 
nurses with better CAR had longer total sleep time. 
Although all nurses reported clinically significant 
fatigue severity, there was no significant difference 
between the good and poor CAR groups.

5.  Discussion

Based on the PNI theory [22], this study used consec-
utive 7-day actigraphy data to explore the link 

Table 1. N urses’ demographic and working characteristics (N = 152).

Variable Mean (SD)/N (%)

12h (n = 82) 8h (n = 70) Comparison

Mean (SD)/N (%) Mean (SD)/N (%) X2/ t/Z p Value

Age (years) 31.81 ± 6.09 31.81 ± 5.28 31.81 ± 6.97 −0.009 0.992
BMI 21.99 ± 3.29 22.05 ± 3.53 21.91 ± 3.01 0.249 0.804
Education level 6.928 0.074
  Associate’s 30(19.7) 10(12.2) 20(28.6)
  Bachelor’s and 

above
122(80.3) 70(87.8) 50(71.4)

Marital status 0.373 0.541
  Married 93(61.2) 30(36.6) 41(58.6)
 S ingle 59(38.8) 52(63.4) 29(41.4)
Years worked in the 

hospitala
10(4, 16) 10(5, 15.25) 9.5(3, 16.25) −0.248 0.804

Years worked in the 
ICUa

7(2, 11.75) 4.5(2, 10) 8(3.00, 15.25) −2.346 0.019

Nurse-patient ratio 3.85 ± 1.25 3.24 ± 0.95 4.56 ± 1.18 −7.441 0.000
aAll are the median (P25, P75).
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between sleep disturbances as a stressor to CAR, sal-
ivary cortisol, and work performance among clinical 
nurses. To our best knowledge, this is the first report 
in this area. Nurses in this study had problems with 
both sleep and CAR. On average, they slept fewer 

than recommended 8 h, which is especially problem-
atic for nurses on 8-hour shifts. In the current study, 
the total sleep time of 8-hour shift nurses was sig-
nificantly less than that of 12-hour shift nurses, and 
they also reported higher levels of fatigue at the 

Table 2. C haracteristics and differences in the sleep-wake index, reaction times, saliva cortisol level, and fatigue severity among 
8- and 12-hour shifts nurses (N = 152).

12h (n = 82) 8h (n = 70) Comparison

Variable Mean (SD)/N (%) Mean (SD)/N (%) X2/ t/Z p Value

Actigraphy
  TST (min) 455.64 ± 97.30 363.98 ± 119.97 5.200 0.000
  WASO (%)a 3.86 (1.60, 7.23) 2.78

(1.30, 5.72)
−1.148 0.251

 C AR 0.53 ± 0.13 0.50 ± 0.18 1.278 0.203
Salivary cortisola

  Before day shift 0.535 (0.246, 1.045) 0.312 (0.152, 0.633) −3.094 0.002
  Abnormal 14 (17.1) 17 (24.3)
  After day shift 0.202 (0.122, 0.456) 0.182 (0.072, 0.335) −1.643 0.100
  Abnormal 25 (30.5) 15 (21.4)
  Before night shift 0.216 (0.123, 0.494) 0.194 (0.053, 0.463) −1.697 0.090
  Abnormal 29 (35.4) 19 (27.1)
  After night shift 0.513 (0.262, 0.894) 0.313 (0.134, 0.619) −2.778 0.005
  Abnormal 10 (12.2) 16 (22.9)
Reaction time mean
  Before day shift 321.55 ± 71.32 314.26 ± 72.54 0.623 0.534
  After day shift 335.77 ± 88.09 310.30 ± 72.46 1.754 0.082
  Before night shift 317.00 ± 76.04 303.34 ± 62.69 1.195 0.234
  fter night shift 345.47 ± 93.63 357.03 ± 101.63 −0.729 0.467
Reaction time median
  Before day shift 285.61 ± 57.37 277.04 ± 51.45 0.962 0.337
  After day shift 303.25 ± 76.87 281.99 ± 60.42 1.872 0.063
  Before night shift 288.46 ± 67.81 268.99 ± 36.42 2.150 0.033
  After night shift 313.16 ± 74.23 308.51 ± 69.60 0.394 0.694
Fatigue severity
  Before day shift 3.78 ± 2.26 4.76 ± 1.96 −2.816 0.006
  After day shift 6.99 ± 2.13 5.99 ± 1.84 3.064 0.003
  Before night shift 4.04 ± 2.55 6.42 ± 2.06 −6.267 0.000
  After night shift 8.14 ± 1.88 7.62 ± 1.71 1.784 0.076
aAll are the median (P25, P75).
TST: total sleep time; WASO: wake time after sleep onset; CAR: circadian activity rhythm.

Table 3. D ifferences in the two groups according to the median of CAR (N = 152).
Variable Mean (SD)/N (%) Mean (SD)/N (%)

X2/ t/Z p Value12-hour (n = 82) CAR ≤ 0.53 (n = 38) CAR > 0.53 (n = 44)

Age (years) 33.55 ± 5.19 30.30 ± 4.92 2.914 0.005
Marital status 5.080 0.024
  Married 29 (76.3) 23 (52.3)
 S ingle 9 (23.7) 21 (47.7)
Years worked in the hospitala 10 (5, 15.25) 9.5 (3, 16.25) −2.436 0.015
TST (min) 427.76 ± 95.20 479.73 ± 93.57 −2.488 0.015
WASO (%)a 6.47 (1.99,10.89) 2.85 (1.11, 5.48) −3.050 0.002
Subjective fatigue
  Before day shift 4.27 ± 2.27 3.36 ± 2.19 1.849 0.068
  After day shift 7.41 ± 2.07 6.62 ± 2.11 1.712 0.091
  Before night shift 3.98 ± 2.69 4.09 ± 2.45 −0.199 0.843
  After night shift 8.30 ± 2.00 3.21 ± 0.93 0.713 0.478
8-hour (n = 70) CAR ≤ 0.50 (n = 33) CAR > 0.50 (n = 37)
 N urse-patient ratio 4.88 ± 1.11 4.27 ± 1.19 2.199 0.031
  TST (min) 330.73 ± 134.48 393.65 ± 97.95 −2.254 0.027
Subjective fatigue
  Before day shift 4.72 ± 2.06 4.79 ± 1.90 −0.153 0.879
  After day shift 5.94 ± 2.17 6.03 ± 1.53 −0.204 0.839
  Before night shift 6.01 ± 2.13 6.79 ± 1.94 −1.591 0.116
  After night shift 7.41 ± 1.74 7.80 ± 1.69 −0.966 0.338
aAll are the median (P25, P75).
TST: total sleep time; WASO: wake time after sleep onset; CAR: circadian activity rhythm.
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beginning of day and night shifts. WASO of more than 
10% indicates sleep is fragmented and of poor quality 
[18]. Although the WASO of nurses in this study was 
within the normal range, this may be the result of 
extreme fatigue and difficulty in waking up at night, 
especially for the 8-hour shift nurses. This might be 
related to the 8-hour shift nurses working on three 
different shifts (day-evening-night) in the roll, only 
taking one day then returning for two more days; 
however, for the 12-hour shift, they work two shifts 
(day and night), take two days off, then work another 
night shift then take two days off. Compared with the 
8-hour shift nurses, the 12-hour nurses have more 
time off to recover. Burgess [15] suggested that a 
minimum of 3 days off is required between shifts 
changing. Prior studies found a high correlation 
between short total sleep time and nurse fatigue 
[33,34]; therefore, nursing managers should be familiar 
with the sleep mechanism and consider it nurse when 
arranging schedules for nurses.

None of the participants in this study were allowed 
to have enough time to recover their circadian rhythms. 
Their rest-activity rhythms were desynchronized and 
evidenced by low CAR (<.53), which was similar to the 
index of older people with cognitive impairment [35]. 
Therefore, the long-term effects of rapidly rotating 
shift work on psychological and cognitive function 
should be monitored, especially for those middle-age 
nurses with sleep problems. In addition, the start time 
of night shifts may be another issue worthy of further 
discussion. Melatonin production generally starts 
around 7-8 pm and peaks around 2-3 am [36]. In the 
current study, the shift changed at 19:45 for the 
12-hour shift and at 2 am for the 8-hour shift, which 
may negatively impact nurses’ circadian rhythm adap-
tation and work performance. Therefore, examining 
the nurse’s desynchronized CAR associations with cog-
nitive function was necessary. CAR may be a helpful 
indicator of when nurses are overworked and serve 
as a modifiable target for interventions to enhance 
the nurse’s well-being.

The average fatigue scores of the current study 
participants in all shifts were above the cut-off point, 
indicating that they experienced clinically significant 
fatigue severity and needed attention. Shift work 
nurses are vulnerable to workplace fatigue, which is 
a physiologically impaired work state caused by four 
main factors: sleep loss (acute and chronic), pro-
longed awake time (more than 16 h), working at 
suboptimal times in the circadian master clock cycle, 
and physical and mental work overload [37]. Findings 
from the current study show that rapid-shift work 
nurses have desynchronized CAR and workplace 

fatigue, which is indicated by the self-report and 
prolonged reaction time; these two issues may neg-
atively affect each other and patient safety. Further, 
chronic fatigue may lead to the accumulation of DNA 
damage and increase the incidence of cancer and 
other diseases [38]; therefore, this issue needs to be 
addressed.

Workplace stress has been recognized globally as 
a risk factor affecting the health and safety of work-
ers [8,39]. In the current study, 20.4% of the study 
participants had abnormal cortisol levels before the 
day shift and 17.1% after the night shift, indicating 
they were either too alert to fall asleep after the 
night shift or not alert enough during the day shift 
to avoid errors. Longer shift duration (more than 8 h) 
was significantly associated with impaired morning 
cortisol levels [8]; therefore, the findings support the 
need to examine shift patterns and stress-coping 
strategies to promote nurses’ health and maintain 
workplace safety. Alertness is essential during work 
to minimize the risk of accidents and promote 
healthcare workers’ safety. Compared with nurses 
who only work day- or night-shifts [5], our study 
participants have longer reaction times, which sug-
gests that rapid shift work may harm cognition and 
response and deserves further attention. Therefore, 
examining workplace stress’s associations with alert-
ness was necessary. The reaction time may indicate 
the nurse’s ability to provide competent clinical prac-
tice. Nursing administrators should design the orga-
nizational interventions (e.g. CAR-friendly rotation 
schedules, individual shift work tolerance, objective 
measures of vigilance and sleepiness, and a low-risk 
environment) and personalized guidance for shift 
nurses to increase their capacity for doing time and 
task management, especially nurses on 12-hour 
shift [40].

Despite these promising findings, the study has 
several limitations. Findings should be considered in 
light of the only-once collection time point of reaction 
times, cortisol, and subjective fatigue in the first of 
day and night shifts, which may threaten internal valid-
ity. The nurses were only drawn from ICUs from two 
teaching hospitals, and only bivariate analyses were 
conducted for the hospital characteristics. Although 
we used PNI to guide this study, the immunology 
biomarkers were not included in the current study due 
to the technology limitation in our lab. We did not 
directly evaluate the presence of sleep quality through 
specific questionnaires. Other endocrines markers, such 
as melatonin and estradiol, should also be collected 
to explore further the role of biomarkers related to 
health outcomes.
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6.  Conclusion and implications for practice

Female nurses experienced fatigue and poor CAR in 
rapid-shift rotation. The results support the potential of 
circadian-based interventions to minimize circadian mis-
alignment’s health and safety impacts. Circadian 
rhythm-based interventions should discuss shift length, 
speed of shift rotation, and number and duration of con-
secutive shifts, in addition, to emphasizing the importance 
of CAR and its association with cognitive function. Further 
research should be based on a longitudinal design with 
larger sample size and repeated measurement to under-
stand asynchronized CAR over time and determine causal 
relationships between variables in nurses with shift work. 
Another suggestion is to conduct a comparative study for 
the sub-group analysis between participants with high-CAR 
and low-CAR value affiliations to establish and develop 
the role of CAR as a coping strategy to deal with health 
problems of different age groups. To ensure the internal 
validity of the study findings, self-reported data, including 
qualitative interviews, should be considered in addition 
to objective data in future studies.
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