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Abstract

Background: Sleep is an organized behavior that is repeated every day as a vital necessity based on the biological rhythm. Sleep
deprivation is known as one of the major problems that can cause functional impairment in individuals. Therefore, it is expected
that sleep deprivation in interns also causes problems in their performance.
Objectives: According to the importance of cognitive health in health care workers, we decided to study the effects of partial and
chronic sleep deprivation on attention and working memory in the emergency medicine interns in Yazd University of Medical Sci-
ences.
Methods: The number of 50 emergency medicine interns were randomly selected and their demographic information was entered
the data collection form. The subjects were examined before and after the one-month period of the shift work. Working memory
and attention in participants were compared with the application of working memory and attention tests in 2-time points. Finally,
the collected data were entered the SPSS software version 16 and statistical tests were performed subsequently.
Results: The results showed that there is no significant difference between the mean of direct and reverse auditory working mem-
ory, direct and reverse visual working memory, as well as the divided attention of participants before and after the one-month period
of the shift work, but there was a significant difference between the average of selective attention of participants before and after
the one-month period of the shift work (P value < 0.05). Also, this study showed that, regardless of the effect of sleep deprivation,
the mean of divided attention and working memory are different between males and females.
Conclusions: According to the results of the study, it can be concluded that the type of sleep deprivation in the emergency medicine
interns only reduces the selective attention and this effect was not dependent on the gender.

Keywords: Attention, Male, Partial Sleep Deprivation, Female, Working Memory

1. Background

Sleep plays an important role in protecting the men-
tal and physiological health. Different physical and emo-
tional factors can result in sleep disorders (1). Sleep depri-
vation (SD) as an important problem can affect physiolog-
ical and psychological performances (2-4). Total sleep de-
privation (TSD) and partial sleep deprivation (PSD) are two
types of SD. In TSD, a person at least experiences 24 hours
of sleepless but PSD means sleeping less than 6 hours dur-
ing 24 hours. Several studies showed that total sleep depri-
vation (TSD) can create health problems such as cardiovas-
cular disorders and psychological impairments (4, 5). One
of the critical effects of TSD is the distraction of cognition
such as working memory and attention (6).

Attention is a behavioral and cognitive process of selec-
tively concentrating on a discrete aspect of information.

Selective attention is the ability to select from many fac-
tors or stimuli and to focus on only the one that you want
while filtering out other distractions. Divided attention is
the ability to process two or more responses or react to two
or more different demands simultaneously.

Working memory is a cognitive system with a lim-
ited capacity that is responsible for temporarily holding
information available for processing. Working memory
is important for reasoning and the guidance of decision-
making and behavior. The studies about TSD revealed that
the distraction of working memory and attention are in-
volved in the reduction of performance (6). On the other
hand, people usually experienced the PSD (but not TSD)
in their life, for example, the jobs with night shift such as
nursing or guarder may lead to repeated PSD and affect
their performances.

The effects of PSD could be recovered by sleeping, thus
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were less noticeable (7, 8). However, some studies showed
that the effects of the repeated PSD during a period of time
may be reinforced and finally induce the effects of TSD (6).
In addition, according to physiological and psychological
differences between males and females, the effects of SD
are probably different between them (5).

2. Objectives

We aimed to study the effects of PSD during the one-
month period of the night shift on the working memory
and attention in male and female emergency medicine in-
terns in Yazd University of Medical Sciences.

3. Methods

All procedures of this study were approved by the
Ethics Committee of the AJA University of Medical Sciences,
Tehran, Iran, and were in compliance with Helsinki ethi-
cal rules. In the current study, 50 healthy student volun-
teers participated from two genders (25 males and 25 fe-
males) with the age range of 23 - 25 years old. The partic-
ipants have no history of neurological and psychological
diseases, sleep disorders, and alcohol or drug abuse. They
experienced the first month of their night shifts and had
less than 4 hours of sleep per night during 15-night shifts.
The participants were examined two times, including be-
fore and after the one-month night shift without any inter-
vention. The experimental procedure was explained to the
participants at the start of the study.

The Wechsler memory scale (WMS) is a neuropsycho-
logical test designed to measure different memory func-
tions in a person. The Wechsler working memory tests con-
tain direct and reverse visual and auditory tests that were
used to assess visual and auditory working memories. The
working memory tests consisted of single digit numbers
that the students repeated them after their direct and re-
verse presentation. With the progress of the test, the speed
of presentation and number of the objects are increased.

Also, the selective and divided attention were assessed
using the tasks designed by the SINA institute of cognitive
and behavioral sciences, Tehran, Iran. In the selective at-
tention test, a number of images were shown in a random
order and the students pressed the certain key after seeing
the certain object. On the other hand, in the divided atten-
tion test, the different images were shown and the partic-
ipants pressed the Esc key after seeing the certain objects
simultaneously. Similarly, with the progress of the test, the
speed of presentation is increased.

After the computerized data collection, two-way
ANOVA was used to evaluate the final data using the SPSS

software version 16. The statistical level of less than 0.05
(P < 0.05) was considered significant and followed by
adjusting Bonferroni test to compare differences between
groups, and the data were presented in the text as mean±
standard deviation (SD).

4. Results

4.1. The Visual Working Memory

The partial sleep deprivation did not have any signifi-
cant effect on forward (P = 0.181) and reverse (P = 0.621) vi-
sual working memory induced by the night shifts during
one month in male and female emergency medicine stu-
dents. However, forward and reverse visual working mem-
ory significantly differ between male and female emer-
gency medicine students (P = 0.008, P = 0.026, respectively)
(Table 1).

Table 1. The Effect of Partial Sleep Deprivation on Forward and Reverse Visual Work-
ing Memorya

Before After

Forward visual working memory

Male 8.88 ± 0.57 8.46 ± 0.25

Female 7.56 ± 0.34 7.16 ± 0.37

Reverse visual working memory

Male 8.37 ± 0.50 8.96 ± 0.29

Female 7.32 ± 0.73 7.20 ± 0.54

aValues are expressed as mean ± SD.

4.2. The Auditory Working Memory

The partial sleep deprivation induced by the night
shifts during one month did not have any significant ef-
fect on forward (P = 0.520) and reverse (P = 0.619) auditory
working. However, forward and reverse auditory work-
ing memory significantly differ between male and female
emergency medicine students (P = 0.01, P = 0.041, respec-
tively) (Table 2).

4.3. The Selective and Divided Attention

The partial sleep deprivation induced by the night
shifts for one month significantly decreased selective at-
tention (P = 0.007). However, no significant difference was
seen in selective attention between male and female emer-
gency medicine students (P = 0.185) (Table 3). In addition,
the partial sleep deprivation did not have any significant
effect on divided attention (P = 0.670). However, there was
a significant difference in divided attention between male
and female emergency medicine students (P = 0.008) (Ta-
ble 3).
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Table 2. The Effect of Partial Sleep Deprivation on Forward and Reverse Auditory
Working Memorya

Before After

Forward auditory working memory

Male 8.7 ± 0.36 9 ± 0.29

Female 7.8 ± 0.41 7.56 ± 0.42

Reverse auditory working memory

Male 8.63 ± 0.5 9 ± 0.32

Female 7.8 ± 0.57 7.8 ± 0.47

aValues are expressed as mean ± SD.

Table 3. The Effect of Partial Sleep Deprivation on Selective and Divided Attentiona

Before After

Selective attention

Male 154 ± 2.4 138.5 ± 6

Female 143.7 ± 2.3 138.8 ± 2.9

Divided attention

Male 121.3 ± 11.9 120.9 ± 11.5

Female 69.8 ± 15 68.8 ± 14.7

aValues are expressed as mean ± SD.

5. Discussion

The sleep deprivation as an important problem can
cause distraction of a person’s performance (2). This prob-
lem is more critical about shifting health workers such as
physicians and nurses (4). Thus we aimed to study the ef-
fects of repeated partial sleep deprivation on visual and au-
ditory working memory and selective and divided atten-
tion in emergency medicine students of Yazd University of
Medical Sciences.

The results of our study showed the partial sleep de-
privation induced by night shifts during one month could
decrease only the selective attention in male and female
emergency medicine students while had any significant ef-
fects on the other examined cognitive aspects. Some of the
previous studies about the effects of sleep deprivation on
cognitive aspects had different results.

Voderholzer explained the total and partial sleep de-
privation could improve the mood of depressed people
and increase their attention; however, the effect of partial
sleep deprivation was better than total sleep deprivation
(4). In comparison to the results of our study, this result
suggests that the effects of sleep deprivation on psychiatric
patients may be different from those of a healthy person.
Also, Khazaie et al. showed the partial sleep deprivation for
a five-day- and night-period had no significant effects on
prefrontal cortex performance, time estimation tasks, and

decision making ability in medical residents (9). These re-
sults may be due to the short period of partial sleep depri-
vation. On the other hand, many studies showed the nega-
tive effects of the total and sleep deprivation on cognitive
aspects. Jiang et al. suggested the chronic sleep depriva-
tion impaired the reference memory in rats (10).

Alhola and Polo-Kantola explained the total and par-
tial sleep deprivation could impair the attention, working
memory, and decision making; however, the partial sleep
deprivation was more effective on attention. Also, they re-
ported there are differences between genders in physio-
logical features. Thus it is possible that physiological re-
sponses to SD are different between males and females (5).
Also, Goel in their review article, showed the deficits in at-
tention and executive functions after 16 hours wakefulness
were demonstrable by testing protocols. However, these
deficits were dependent on genetic differences or compen-
satory changes in the neurological systems involved in cog-
nition (6). Killgore et al. reported the partial sleep depri-
vation has resulted in a decrease of attention and impair-
ment of decision making (11). Bank and Dinges explained
the accumulated cognitive deficits during chronic sleep
deprivation were similar to those created after 1 to 3 nights
of total sleep deprivation. Also, the other studies have con-
firmed these results (12).

Lo et al. revealed PSD can increase the formation of
false memory and impairment of cognitive functions, sub-
jective alertness, and mood. Also, they showed some cog-
nitive impairments do not recover after 2 night’s recovery
sleep (13, 14). Cohen-Zion et al. in 2016, showed the infor-
mation processing speed performance was poorer in the
PSD (15). Ballesio et al. in 2018, explained that habitual PSD
damaged switching performance (16). Therefore, different
studies revealed that the PSD can impair cognition; how-
ever, the type of damaged cognitive aspect is dependent on
the type and duration of the PSD.

In conclusion, according to the same results of the pre-
vious studies and our study, it seems the attention may
be more sensitive to PSD induced by shift working than
the other cognitive aspects. Moreover, in this study we ob-
served gender differences in cognitive aspects; however,
there were no differences in responses to PSD among males
and females. Nevertheless, due to little information about
the effects of PSD on cognition and its relation to individ-
ual differences, further studies are needed to prove these
findings.
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