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Abstract

Sleep problems are significant and are closely related to atten-
tion issues, impacting executive function disorders, especially
among healthcare professionals, including nurses. In contempo-
rary times, shift work has emerged as a new challenge for health-
care professionals, affecting their health, wellbeing, and cognitive
functions. This study aimed to investigate the relationship
between sleep and executive function among staff working in the
Emergency Department (ED). The research was a cross-sectional
study conducted on emergency nurses (EN) from four hospitals in
Malang, Indonesia. Sleep quantity parameters, including total
sleep time (TST), sleep onset latency (SOL), wake after sleep
onset (WASO), and sleep efficiency (SE), were collected based on
7-day sleep diaries. Sleep quality was measured using the
Pittsburgh Sleep Quality Index (PSQI). Executive function was
assessed using a Trail Making Test (TMT). Data analysis was car-
ried out using one-sample T-tests and multiple linear regression
with a stepwise model. Around 82% of ER have poor sleep quality
(PSQI > 5). Other findings WASO, TST, and SE reported a shorter
duration compared to the healthcare population, while the dura-
tion of SOL was twice as long. the sources of executive function
TMT-A, TMT-B, and TMT B-A were longer, and TMT B/A was
shorter than the normal population. TST was negatively related to
simple (TMT-A), alternating (TMT-B), and performance differ-
ence (TMT B-A) p values =0.000. This study concludes that fast-
rotating shift ED nurses experienced poor sleep and executive
function. The most significant factors influencing executive func-
tion were TST and BMI.

Introduction

The critical relationship between sleep and cognitive process-
ing has been confirmed in normal and abnormal populations over
the past decade. Sleep is controlled by the Suprachiasmatic
Nucleus (SCN) of the hypothalamus. The circadian rhythm regu-
lates melatonin production, which induces sleep.'* Sleep pro-
motes several cognitive functions, including decision-making,
language learning, categorization, memory, and executive func-
tions 3¢ Most work focuses on the effects of sleep on various types
of mind, especially work that uses work shifts, especially among
medical professionals.”

Shift work is widely recognized for its substantial impact on
desynchronizing the circadian rhythm, with a notable focus on the
disruption caused by night-shift work on regular circadian physi-
ology. Sleep deprivation has adverse effects on the functioning of
specific areas of the brain, resulting in a decline in cognitive per-
formance. After completing a night shift, nurses demonstrated
reduced prefrontal brain activity and diminished cognitive abili-
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ties.!®12 A correlation is observed between shift work among EN
and a decline in performance on neuropsychological testing.!>!4
Cognitive domains such as visual attention, processing speed,
hand-eye coordination, task-switching, and executive function
experience a deterioration when individuals engage in night-shift
work." Poor sleep has implications for the quality of patient treat-
ment, as it is associated with increased rates of errors and personal
safety concerns, particularly in driving following shift work.!
Executive function (FE) is a top-down mental process needed
when you have to concentrate and pay attention when it runs auto-
matically.'¢"7

Executive function (EF) refers to a top-down mental process
required when you need to concentrate and pay attention con-
sciously, as opposed to automatic processes.'® EF involves an
effort to engage in an activity with the intention of minimizing
deviations and making decisions that require careful consideration
before taking further actions. At its core, EF encompasses inhibi-
tion (inhibitory control, which includes self-control in terms of
behavior and the management of impulses), working memory
(WM), and cognitive flexibility (also known as set-shifting, mental
flexibility, or shifting mental sets, closely associated with creativi-
ty). EF skills are crucial for mental and physical health, success in
academics and life, as well as cognitive, social, and psychological
development.’®! In general, sleep problems are of considerable
significance related to attention problems. Sleep problems that
impact the disruption of executive functions are very prone to
occur in health professions, especially nurses.

Nurses have a high potential to suffer mental stress, especially
in treating patients. Clinical nurses must stay on guard throughout
the night.'® This mode of work makes their sleep time irregular.
The problem of nurse sleep quality has become a prominent social
focus.? Previous studies have shown that sleep disorders in nurses
affect not only their health but also the nursing quality and even
psychological health and patient care processes.'® In contemporary
medical settings, the issue of overcrowding in the emergency
department (ED) has risen to critical concern. Impaired cognitive
functions can heighten the risk of medical errors, thereby jeopar-
dizing patient safety and potentially leading to adverse outcomes.
However, no prior studies have specifically examined executive
function, which represents the subset of cognitive functions
responsible for task monitoring, response inhibition, error detec-
tion, and compensatory behavior. Therefore, the primary objective
of this study was to investigate both the qualitative and quantita-
tive aspects of sleep in ED nurses and to explore the potential asso-
ciation between sleep and executive function.

Materials and Methods

Design, setting, and sample

In this study, a cross-sectional design was employed, and a
multi-stage sampling technique was used to recruit participants.
Data was collected from 115 ED nurses in four hospitals in Malang
City, Indonesia, in 2018. Participants had to meet the following
inclusion criteria: i) nurses who had worked in the ED for more than
three months, ii) those working on a consecutive seven-day duty
schedule with one day off during the study period, and iii) partici-
pants needed to have the ability to complete cognitive tasks on the
last day of their duty. Excluded from this study were individuals who
were pregnant and those with a diagnosed sleep disorder. The first
step in the research involved obtaining informed consent from par-
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ticipants in four hospitals: Saiful Anwar Hospital Malang, Wava
Husada Kepanjen, Muhamaddiyah University Malang, and DR.
Soepraoen Military Malang. The participants in this study were
emergency nurses. Before signing the informed consent, the
researcher provided a detailed explanation of the research topic,
objectives, benefits, and the research plan. After obtaining written
consent, participants were provided with a sleep diary to fill out for
seven days. Each morning, participants recorded their sleep data,
including Trail Making Test (TMT), wake after sleep onset (WASQO),
sleep efficiency (SE), and sleep latency (SL), as well as their work
shift for that day. The Pittsburgh Sleep Quality Index (PSQI) and
TMT evaluations took place during the morning service attendance
over the course of seven days. The total time required for completing
the PSQI and TMT questionnaires was approximately 60 minutes.
This sampling method was chosen due to the numerous hospitals in
the East Java area, with only education and high-accreditation hos-
pitals included in this study.

Instrument and data collection

Data were collected by questionnaires, which were translated
into the Indonesian language. A self-administered questionnaire
has been completed: the questionnaires, Seven-day sleep diary was
used to assess the sleep quantity the present, including TST, SE,
SOL and WASO,? and this instrument was validated.” Other ques-
tionnaires of sleep quality in version Indonesia® and executive
function by Trail Making Test (TMT).25-26

Table 1. Number and percentage of demographic characteristics of
participants (n=115)

Age, mean (SD) 322 (8.8)
20-29 60 (522)
30-39 32 (27.8)
> 40 23 (20)

Gender
Male 52 452)
Female 63 (54.8)
BMI, mean (SD) 23.6 (3.0)

Marital status
Single and divorced 44 (38.3)
Married 71 ©61,7)

Education level
Licensed practical nurse (LPN) 91 (79.1)
Registered nurse (RN) 24 (20.9)

Working experience (year), mean (SD) 9 8.5)
<4 years 45 (39.1)
> 5 years 70 (60.9)

Personal income a month
<$250 59 (51.3)
>$ 250 56 (487)

Coffee intake every day
No 55 (47.8)
Yes 60 522)

Tea intake every day
No 40 (34.8)
Yes 75 (65.2)

Exercise habit every week
No 57 (49.6)
Yes 58 (504)
Total 115 100
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A seven-day sleep diary assesses the sleep quantity present,
including Total sleep time (TST), which is the time filling in sleep
last night and the time of getting up this morning. Sleep Efficiency
(SE) is a proportion of the whole sleep time and the entire time in
bed multiplied by 100%. Sleep Onset Latency (SOL) is the time
calculated from lying down to sleep onset after the light is off.
Wake After Sleep Onset (WASO) is a wake-up time to attend sleep
onset. PSQI for measuring sleep over the past month.?” The part-
ners or roommates answer an additional five items, which are not
counted for analysis. The 19 items generate seven components,
including subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep deficiency, frequent use of sleeping
medication, and daytime dysfunction — each item measured by
the four-point Likert scale (0-3). The global score is between 0 and
21. Individuals with a global score of PSQI of > 5 are considered
poor sleepers.

The Trail Making Test (TMT) was generated from the correct
number of connections minus the wrong amount. The results of the
validity of the Trail Making test are evident, suggesting that per-
formance simple TMT-A represented visual, conceptual tracking,
psychomotor processing speed, and attention. Alternating TMT-B
assesses visual, conceptual tracking, and psychomotor processing
speed. Difference performing TMT B-A considers the set-switch-
ing task required in part B. Performance B/A ratio represents more
reliable executive control task-switching.

Data analysis

All data analyses were conducted using the Statistical Package
for the Social Sciences 23 (IBM Corp., Armonk, NY, USA).
Descriptive analyses were employed to estimate sociodemographic
data, sleep parameters, and TMT scores. Continuous variables
were presented as mean + standard deviation, while categorical
variables were expressed as case numbers and percentages. A one-
sample T-test was used to assess differences between sleep param-
eters and norm data, as well as between TMT scores and norm
data. The selected variables were then included in a multivariable
linear regression stepwise model to investigate the associations
between sleep and executive functions in ED nurses. The selected
variables were then entered into a multivariable linear regression
stepwise model to examine associations between sleep and execu-
tive functions in ED nurses. The significant level is set as 0.5.
Ethical permission The Ethical number clearance from from the
Universitas Muhammadiyah Malang was E.5.a/122/KEPK-
UMM/VIII/2018.

Results

The results presented as follows: descriptive analysis included
demographic characteristics of the participants (age, gender, BMI,
material status, education, working experience, income, and habit-
ually); distributions of self-reported sleep parameters, distributions
of TMT scores of the study, and factors predicting TMT.

Table 1 showed the results of sociodemographic characteris-
tics. Regarding the consequence of score BDI and hypnotic use, no
one in the study has symptoms of depression and does not use any
medication for sleep disorders. The mean age of the respondents
was 32.24 years (SD = 8.77). Approximately half of the partici-
pants were female (54.8%). The mean BMI was 23.59 (SD = 3.02).
Furthermore, the mean of working experience was nine years.
Around 60.9% of participants worked in the ED for over five years
(n =70). Half of the participants’ monthly personal income was <
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$ 250; with education level, more than half percent of the partici-
pants were Licensed Practical Nurses (LPN) or graduated from a
Diploma-3 nurse (79%). There were 52.2% and 65.2% of partici-
pants having habits of consuming coffee and tea, and more than
half of participants (n = 58) regularly exercise every week.

Results of sleep parameters are shown in Table 2, including
WASO, TST, SOL, SE, and the global score of PSQI presented in
Table 3. The ED nurses were more likely to have prolonged SOL,
shorter TST, poorer SE, and a higher global score of PSQI than the
published norm (all the p 0.000). It should be noted that the value
of WASO in our participants was much lower than data from the
health population (p 0.000).

In Table 3, TMT was used to test the performances in the speed
of processing, cognitive flexibility, sequence alternation, visual
search, and executive function. The distribution of simple TMT A,
alternating TMT B, the difference TMT B-A, and the ratio TMT
B/A are presented in Table 4. The values of TMT A, TMT B-A, and
TMT B were higher in ED nurses than those of norm data p value
<0.001), reflecting that our participants needed more time to com-
plete the task than the healthy population. Besides, more partici-
pants produced lower scores than TMT B / A compared to the norm
(p<0.001). TMT B / A performance proves that participants do not
experience interference in the process of executive control func-
tions and task-switching ability.

Multilinear regression analysis was conducted to examine the
significant associations between sleep and executive function vari-
ables. After reviewing the assumption of the linear regression, the
independent variables include WASO, TST, SOL, SE, PSQI, age,
gender, BMI, material status, education level, working experience,
personal income, habits (drinking coffee, tea, and exercise)
interred in the stepwise multiple regression model.

The stepwise regression model revealed that sleep parameters,
including the effect of TST, SE, and BMI, were significantly relat-
ed to executive function among ED nurses in Malang, East Java,
Indonesia. Table 4 shows that the effect of TST and BMI combined
accounted for 89.8% of the variants representing visual, conceptu-

Table 2. Distributions of self-reported sleep parameters (n=115).

Variable Norm means Participants
Mean SD P

WASO (minutes) 15 8.7 55 0.000
TST (minutes) 420 327.7 66.59 0.000
SOL (minutes) 12 29.89 20.49 0.000
SE (%) 92 88 6 0.000
PSQI 5 7.68 273 0.000

<5 (n, %) - 21 183

>5 (n, %) - 94 81.7

‘WASO, Wake After Sleep Onset; TST, Total Sleep Time; SOL, Sleep onset Latency; SE,
Sleep Efficiency; PSQI, Pittsburgh Sleep Quality Index.

Table 3. Distributions of TMT scores of the study (n=115).

Variable Norm means Participants

Mean SD P
TMT A 254 34.92 1522 0,000
TMT B 59.3 67.87 22.86 0,000
TMTB -A 27.69 3295 9.35 0,000
TMT B/A 241 1.99 0.19 0,000
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al tracking, psychomotor processing speed, and attention. The
effect of TST and BMI significantly correlated to 96.2% of the
variants representing visual, conceptual tracking, and psychomotor
processing speed. Besides, we found that TST and SE were asso-
ciated with variants that indicated TMT B-A function (R2 =0.770).
SE and BMI were significantly associated with TMT B / A of
22.7% of reliable variants of executive control and task shifting.
The strongest association of TMT B-A executive functions is TST
(Beta= 0.874) followed by T.ST with TMT-B correlation (Beta=
0.631). The equation for the executive function of the TMT B-A,
SE association gives the lowest significance (Beta=0.133).

Discussion

On average, the 115 participants slept only five hours, which is
notably less than the seven to eight hours of sleep typically
observed in the normal population.® Other sleep parameter results,
including WASO, TST, and SE, were likely shorter than usual but
have a prolonged SOL?2. PSQI analysis showed that the majority
of respondents have poor sleep quality. The participants’ lack of
sleep was due to the many patients coming to the ER and the sever-
ity of the treated cases.?” Apart from that, lack of staff is also one
of the causes of work overload.* On the other hand, the impact of
burnout is a sleep problem.3!#2 Sleep disorders that occur in nurses,
especially in the ED, will impact patient care, the occurrence of
medication errors, and the most fatal effect is death.®

The previous research that supports nurses experiencing
decreased cognitive function associated with lack of sleep.2-45
Our findings suggest that ED nurses working fast rotating shifts
have poor executive function. Sleep disturbances and rapid shift
changes can have consequences; however, our study could not con-
firm the possible effects or mechanisms of sleep and shift work on
executive function.'®*¢37 Further investigation should examine this
issue. Another important finding was that only TST was negatively
related to executive function. A possible explanation is that our
participants may have experienced light sleep compared to deep
sleep, as we found that they had greater WASO than their counter-
parts. Executive function is associated with non-REM sleep and
REM sleep stages.* The most significant decrease in brain activity
during slow-wave sleep occurs in the frontal lobes.*® Multiple find-
ings support the benefits of slow-wave sleep for cognition. The
highest delta activity during slow-wave sleep is associated with
cognitive performance . ¥#

Another important finding was that only TST was substantially
associated with executive function. Our results found lower TST
scores compared with the healthy population. Most participants
spent about five hours daily in bed, followed by a shorter WASO.
Previous meta-analyses suggest that short sleep can impact cogni-
tive performance.® In line with this statement, sleep duration is
correlated with cognition. Executive function is associated with
non-REM sleep stages for REM cycles when a person has lower
sleep time.*! Lower sleep can prevent people from progressing
generally through sleep stages and limit the time spent in slow-
wave sleep.* The most significant decrease in brain activity during
slow-wave sleep occurs in the frontal lobe; multiple findings sup-
port the benefits of slow-wave sleep for cognition. Results indicat-
ed that participants took longer to complete the TMT (A, B, B-A)
portion.

Only TMT B/A had a completion time shorter than the norm.
The results indicated a correlation between findings, demonstrat-
ing an increase in the duration of wake after sleep onset (WASO),
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sleep efficiency (SE), and completion time for TMT-A, B, and B-
A. These results suggest that participants who experience longer
sleep and TMT completion times often report visual disturbances,
sluggishness in taking action due to fatigue, and increased suscep-
tibility to distraction when faced with fast-paced tasks.*** On the
other hand, TMT B-A results are shorter than usual. Participants
could still do it correctly when they simultaneously received the
doctor’s advice, but it took longer to concentrate fully. B-A TMT
performance predictions influence the consideration of set-switch-
ing tasks.#

This study has certain limitations, including the utilization of
cross-sectional data and self-report measures. While there are the-
oretically valid reasons to believe that the mentioned factors can
influence nurses’ sleep quality, it is important to note that causal
relationships cannot be definitively established from the data col-
lected in this cross-sectional study. The generalizability of these
findings to all clinical nurses in Indonesia is constrained by the
inclusion of only one level of hospital nurses in this study.
Furthermore, this study solely incorporated quality-of-life mea-
sures and did not consider other factors that may contribute to
sleep disturbances, thereby limiting the analysis of the relationship
between mental health and sleep disturbances. A further limitation
is the lack of exploration into the quantitative interactions between
psychological, quality-of-life, work-related, and personal factors.
Future research should explore the interplay between these inter-
mediary factors to construct comprehensive models of sleep distur-
bances among clinical nurses.

Conclusions

The study emphasized that emergency room (ER) nurses with
rapidly rotating shifts experienced poor sleep quality, longer sleep
latency, lower sleep efficiency, shorter sleep duration, and higher
wake after sleep onset (WASO) compared to healthy populations.
The study also found a negative relationship between sleep dura-
tion and participants’ executive function, which could result in
reduced responsiveness due to quick fatigue and increased suscep-
tibility to task-related distractions. These findings provide valuable
evidence for the development of health promotion initiatives and
strategic programs aimed at enhancing the wellbeing of ED nurses,
particularly in the context of managing rotating shift work that can
influence the health and safety of both nurses and patients. By
addressing these issues, the aim is to minimize the occurrence of
medical errors during duty shifts.
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