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ABSTRACT

Background and Objective: Sleep is essential for physical and mental health, particularly for
neurocognitive and psychomotor performance. Medical students often experience poor sleep
quality or sleep deprivation due to academic pressures, long study hours and work shifts in
hospitals. This study aimed to investigate the relationship of sleep quality and sleepiness with
cognitive failures of Iranian medical students.

Materials & Methods: This cross-sectional study was conducted in 2023 on 207 medical
students at Babol University of Medical Sciences. Data collected using the Pittsburgh sleep
quality index (PSQI), Karolinska sleepiness scale (KSS), the cognitive failures questionnaire
(CFQ), and a demographic form. Statistical analysis performed in SPSS software, version 23,
and the significance level was set at 0.05.

Results: Among participants, 105 were interns (50.7%) and 114 were female (55.1%). The mean
PSQI score was 6.76+2.88, and 83.3% had poor sleep quality. The prevalence of sleepiness
(Based on the KSS score) was 24.6%, and 30.9% reported high cognitive failures. Univariate
analysis revealed a significant positive correlation between sleep quality and cognitive failures
(r=0.398, P<0.001), but not between sleepiness and cognitive failure (P>0.05). Multivariate
analysis showed the significant association between cognitive failure and the factors of sleep
quality (P<0.001, p=1.67), use of specific medications (P=0.009, =6.65), and average use of
mobile applications and the internet (P=0.004, f=-6.67) after adjusting for confounding variables.

Conclusion: Given the high prevalence of poor sleep quality among Iranian medical students,
especially interns, and its association with cognitive failures, interventions are needed for
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Introduction

leep is an essential component of physi-
cal and mental health, and is crucial for
learning, strengthening memory, efficient
consolidation of knowledge, and acquiring
desired skills [1]. There is a growing body
of evidence that good sleep is important for optimal neu-
rocognitive and psychomotor function in humans [1, 2].
Sleep has a profound impact on mental integration and,
consequently, on cognitive functions. Insufficient sleep, on
the other hand, causes the dissociation of consciousness,
impaired attention, and delayed cognitive functions [3].

According to past studies, one of the major causes of
accidents in work environments is cognitive error. Many
people have had the experience that their behavior and
thoughts change from time to time, or are involuntary
and unwanted. These behaviors range from simple for-
getfulness to functional impairments such as dropping
tools or equipment during work. Donald Broadbent in
1982 called such errors “cognitive failures,” which is
similar to the term “slips” used by Reason. According to
him, slips can be classified into three general forms: slips
in attention (failures in understanding), slips in memory
(failures related to information retrieval), and slips in
motor actions (unintentional actions or slips of action)
[4]. Attention to these cognitive failures through a sci-
entific study can make them less likely to occur in work
environments [5]. Given the relative and inconclusive
scientific evidence regarding the relationship between
sleep quality and cognitive performance, the role of
sleep in cognitive function has garnered increasing at-
tention in neuroscience and sleep-related research over
the past few decades [6-8].

Poor sleep quality and sleep deprivation are very com-
mon among medical students due to constant stress and
anxiety caused by heavy curriculum and course content,
frequent exams, fear of not achieving desired results
[9], hospital work shifts, and long hours of study late at
night [10]. Although the most important consequences
are increased risk of burnout, psychoactive substance
use, anxiety, and depression [10] in medical students,
the impact on cognitive functions and academic perfor-
mance, and ultimately the quality of care, is also con-
ceivable [8]. The results of a study on medical and non-
medical students in 2024 showed that most of them had
a sleep duration of less than 7 hours, and students who
had high sleep quality had good academic performance
[11]. Another study on clinical-year medical students
reported that poor sleep quality had a negative impact
on grade point average and academic performance,
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creating a vicious cycle [9]. Although no definitive re-
sults were found regarding the association of poor sleep
quality with the incidence of medical errors among
medical students, studies in other occupational groups
have shown that poor sleep quality can have a detri-
mental effect on a broad range of cognitive functions,
including decision-making, problem-solving, creative
thinking, memory, learning, attention, and reasoning in
employees. For example, a study has shown that poor
sleep quality can lead to reduced safety behaviors and
an increased risk of road traffic accidents [12]. There-
fore, given the importance and sensitivity of the subject
and the lack of related studies among medical students
in Iran, we aimed to investigate the relationship of sleep
quality and sleepiness with the occurrence of cognitive
failures in Iranian medical students.

Materials and Methods

This is a cross-sectional study that was conducted on
medical students in internship and externship courses at
Babol University of Medical Sciences (BUMS) in 2023.
The required sample size was estimated to be 187, based
on previous research [13] and using the formula, by con-
sidering the correlation coefficient between sleep quality
and cognitive performance (1=0.26), a test power of 95%
and a significance level of 0.05. However, considering a
15% possibility of sample dropout, the sample size in-
creased to 214. Participants were selected using a con-
venience sampling method. The criteria for entering the
study included at least 1 month of study in the internship
and apprenticeship courses, willingness to participate in
the study, and fully answering the questions. The exclu-
sion criteria were the uptake of sleeping pills prescribed
for insomnia and sleep disorders (e.g. diazepam, oxaz-
epam, clonazepam, lorazepam, flurazepam, chlordiaz-
epoxide, zolpidem, and melatonin), a history of sleep
disorders before entering the educational courses, and
not responding completely or incorrectly to questions.

The Pittsburgh sleep quality index (PSQI), Karolinska
sleepiness scale (KSS), and cognitive failure question-
naire (CFQ) were administered to participants and were
collected after two days. The PSQI has 19 items and 7
subscales. The total score ranges from 0 to 21; a global
scale score of >5 indicates poor sleep quality, while a
score of <5 shows adequate sleep quality. Buysse et al.
[14] reported a Cronbach’s o value of 0.83 for the inter-
nal consistency of PSQI [14]. In Iran, Sheikhinasb et al.
[15] reported a Cronbach’s o and split-half reliability of
0.81 and 0.78, respectively [15]. In our study, Cronbach’s
o was calculated to be 0.84. The KSS is a 9-level scale,
with values 1-5 indicating a desirable level of alertness
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Figure 1. Prevalence of cognitive failures in interns and externs

and values 6-9 indicating an undesirable level of alert-
ness. The score of this scale is correlated with electroen-
cephalographic results and behavioral and executive test
variables, indicating its high validity in measuring sleep-
iness [16-18]. The content validity ratio and content va-
lidity index for the Persian version of this questionnaire
were reported to be 0.86 and 0.81, respectively [18]. In
our study, Cronbach’s o was calculated to be 0.87. The
CFQ has 25 questions to measure everyday failures in
the areas of perception, memory, and motor function.
The total score ranges from 0 to 100, with lower scores
indicating no failure and the highest score indicating the
highest frequency of cognitive failure. According to this
scale, a cut-off score of >43 indicates cognitive impair-
ment [19]. Wallace et al. reported CFQ’s Cronbach’s a
coefficient as 0.91 and its reliability coefficient as 0.59
[20]. In Iran, Cronbach’s a coefficient for the entire scale
was reported to be 0.84, indicating the high reliability
and validity of the Persian version [21]. In our study,
Cronbach’s o was calculated to be 0.94.

Independent variables in this study included educational
level, gender, marital status, consumption of tea and cof-
fee one hour before bedtime, use of specific medications,
housing status, buying/selling shifts, daily commute sta-
tus, average use of mobile applications and the internet,
satisfaction with living conditions, level of fatigue, sleep
duration, sleep quality, and sleepiness. The collected data
were analyzed in SPSS software, version 23. In the de-
scriptive analysis section, mean and standard deviation
values were calculated for quantitative variables. To per-
form statistical analysis, the normality of the data was first
examined using the Kolmogorov-Smirnov Test. Based
on its results, the nonparametric Mann-Whitney U and
Kruskal-Wallis tests were used to compare the cognitive
failure score based on demographic variables due to the
lack of abnormality of the CFT data distribution. Spear-
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man’s rank correlation test was also used to examine the
relationship of sleep quality and sleepiness with cognitive
failures. The generalized linear models (GLM) testing
was used to adjust for confounding variables. The signifi-
cance level was set at 0.05.

Results

After removing seven questionnaires due to incom-
plete responses, the data of 207 medical students were
examined, among whom 50.7% were interns and 49.3%
were externs. The majority of them were female (55.1%)
and single (88.9%). Table 1 provides more information
about the participants. More than 95% reported less than
8 hours of sleep per night. The mean PSQI score was
6.76+2.88. Based on the PSQI score, 45 students (21.7%)
had good sleep quality and 162(78.3%) had poor sleep
quality. The prevalence of sleepiness based on the KSS
score was 24.6%. Also, 30.9% of students had high cog-
nitive failures. The prevalence of cognitive failures was
higher in interns than in externs, but this difference was
not statistically significant based on the chi-square test
results (P=0.096) (Figure 1). Also, as seen in Table 1,
the CFQ score was significantly different based on aca-
demic satisfaction (P=0.039), use of specific medication
(P=0.005), average time spent using mobile applications
and the internet (P=0.018), buying shifts (P=0.038), sat-
isfaction with living conditions (P=0.003), study level
(P=0.009), and sleep quality (P<0.001).

Spearman’s correlation test results revealed a positive
relationship between poor sleep quality and cognitive
failure (r=0.398, P<0.001), but not between sleepiness
and cognitive failure (P>0.05). By eliminating the effect
of confounding factors using the GLM multiple test, a
positive and significant association was observed between
cognitive failure and the factors of sleep quality (P<0.001,
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Table 1. Characteristics and CFQ score of participants

MeantSD

Variables No. (%) P
CFQ Score
Internship 105(50.7) 37.02+17.68
Study level 0.039
Externship 102(49.3) 32.65+15.51
Male 93(44.9) 33.41+16.87
Sex 0.196
Female 114(55.1) 36+16.63
Single 184(88.9) 34.84+16.49
Marital stats 0.985
Married 23(11.1) 35.04+19.08
Consumption of tea and Yes 32(15.5) 38.84+17.93
coffee one hour before 0.204
bedtime No 175(84.5) 34.14+16.47
- ) Yes 45(21.7) 41.4+18.16
Use of specific medica-
tions 0.005
No 162(78.3) 33.05+15.92
Home 177(85.5) 35.45+16.51
Housing status 0.251
Dormitory 30(14.5) 31.43+£17.98
Never 65(61.9) 34.69+16.65
Buying shifts (for interns) 1-2 per month 28(26.7) 37.29+18.86 0.038
>3 per month 12(11.4) 48.92+16.65
Never 70(66.7) 37.77+17.78
Selling shifts (for interns) 1-2 per month 31(29.5) 36.65+17.89 0.387
>3 per month 4(3.8) 26.5+14.27
Within Babol City 124(60.2) 34.59+16.42
Daily commute status ; Babol Ci 0.780
rom Babol City to sur- 83(39.8) 35.39+17.38
rounding cities
<2 40(14.1) 30.79+17.06
Average use of mobile ap-
plications and the internet 2-4 69(52.4) 32.39+13.13 0.018
(h)
>4 98(33.5) 40.19+20.2
Yes 115(55.6) 31.6+£15.26
Satisfaction with living No 48(23.2) 41.42417.82 0.003
conditions
No idea 44(21.3) 36.25+17.35
Yes 98(47.3) 32.47+16.47
SR U No 68(32.9) 30.43:16.88 0.009
of study
No idea 41(19.8) 33.02+16.02
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. MeanSD "
Variables No. (%) P
CFQ Score
Very high 18(8.7) 38.11+20.48
High 76(36.7) 36.39+18.57
Level of fatigue (based on Moderate 97(46.9) 34.28+14.56 0.225
self-assessment)
Low 12(5.8) 30.83+13.65
Very low 4(1.9) 17.5+14.01
>8h 9(4.3) 44.44+22.49
Duration of sleep 0.140
<8h 198(95.7) 34.43+16.38
Good 162(78.3) 25.49+12.62
Sleep quality <0.001
Poor 45(21.7) 37.47+16.85
Desirable 156(75.4) 34.14+16
Sleepiness 0.383
Undesirable 51(24.6) 37.08+18.85

"Mann-Whitney U or Kruskal-Wallis tests

B=1.67), use of specific medications (P=0.009, $=6.65),
and average use of mobile applications and the internet
(P=0.004, p=-6.67) with in medical students (Table 2). For
every one-unit increase in PSQI score, the average CFQ
score increased by 1.674 units. With the use of specific
medications, the CFQ score increased by 6.65 units. Also,
the use of mobile applications and the internet for only 2-4
hours a day can reduce the CFQ score by 6.67 units.

Discussion

According to the findings, more than three-quarters of
BUMS medical students did not have adequate sleep qual-
ity, and about one-quarter of them suffered from sleepiness
during work. Also, the prevalence of high/severe cognitive
failures among them was 30.9%. In univariate analyses,
a significantly positive association was observed between
poor sleep quality and the occurrence of cognitive failure.
In multivariate analyses, this association remained signifi-
cant after controlling for the effects of confounding vari-
ables. In the present study, 24.6% of medical students had
high daytime sleepiness. This is significantly lower than
the rates reported in other studies for medical students
in Morocco (36.3%) [10], Brazil (46.5%) [22], Malaysia
(35.5%) [23], India (30.6%) [2], Pakistan (39.5%) [24],
and Saudi Arabia (37.8%) [25], as well as the rate (35.9%)
reported in a systematic review and meta-analysis by Seo-
ane et al. [26]. The reasons for this discrepancy can be due
to differences in demographic characteristics, sample size,
educational levels, educational centers, work shift alloca-
tion, rest facilities, and nutrition of students and the type of
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measurement tools. In the mentioned studies, the Epworth
sleepiness scale (ESS) was used to assess sleepiness, while
we used the KSS.

There are several reasons why BUMS medical students
had a high daytime sleepiness. One possible reason for
this situation could be the students’ short nighttime sleep
duration. Studies have found that students who get less
sleep at night or whose sleep does not follow a regular
schedule are more likely to experience daytime sleepi-
ness [27-29]. According to the National Sleep Founda-
tion, people aged 18-25 need 7-9 hours of sleep per night
[30]. Therefore, it is expected that medical students sleep
at least 7 hours per day, but in the present study, the ma-
jority of medical students (95.7%) had less than 7 hours
of sleep at night. In the study by Seoane et al. only 29.1%
of students had insufficient sleep duration [26].

In the present study, 83.3% of medical students
had poor sleep quality. This rate is much higher than
the rates reported in studies conducted on Moroccan
(58.2%) [10], Brazilian (62.2%) [22], Indian (32.53%)
[31], and Saudi Arabian (74.2%) [32] medical students.
This discrepancy can be due to the fact that these stud-
ies were conducted on medical students of different
ages, in different years of study, and in different coun-
tries. In a study by Hangouche et al., 3rd- to 5th-year
medical students had lower sleep quality than 1st- to
2nd-year students [10]. Nojomi et al. showed a positive
and significant relationship between the age of students
and poor sleep quality [33].
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Table 2. The GLM test results for factors related to cognitive failure

Variables B P
Internship 3.455
Study level 0.109
Externship 0
Yes -2.526
Satisfaction with the field of study 0.361
No 0
Male -1.617
Sex 0.450
Female 0
Yes 0.076
Consumption of tea and coffee one hour before bedtime 0.980
No 0
Yes 6.65
Use of specific medications 0.009
No 0
Home 2.955
Housing status 0.319
Dormitory 0
<2h -5.229 0.121
Average use of mobile applications and the internet 2-4h -6.676
0.004
>4 h 0
Yes -3.852
Satisfaction with living conditions 0.200
No 0
KSS score 0.074 0.896
PSQl score 1.674 <0.001

In the present study, 30.9% of medical students had
high cognitive failures. Those with higher study levels
(interns compared to externs), medication use, higher
hours of mobile application/internet use, higher frequen-
cy of buying shifts per month, and lower sleep quality
had higher cognitive failure. Additionally, a positive re-
lationship was found between poor sleep quality and
cognitive failure. In a study among medical students,
Varalakshmi et al. reported a 51.7% incidence of cogni-
tive failures. Poor diet, poor interpersonal relationships,
degree of adaptation to university life and relationships
with new friends, living conditions in dormitories, and
parents’ financial status were identified as risk factors
[34]. In other studies, other factors such as age [35], gen-
der [4, 36-38], marital status [35], and shift work [35,
36] were also associated with the incidence of cognitive
failures. The findings of our study are consistent with
those of Singla et al. Their findings also showed that in-
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appropriate use of the Internet, low physical activity, and
poor sleep quality were associated with cognitive decline
[39]. Higher frequency of buying shifts and long work
shifts can increase the incidence of cognitive failure in
interns compared to externs, by increasing fatigue and
applying more work pressure. The results of a relatively
similar study in South Korea [40] showed that shift work-
ers made more mistakes at work than non-shift workers,
possibly due to their depressed mood, poor sleep qual-
ity, and cognitive impairment. In the study by Hong et
al., lower sleep quality was also associated with more
cognitive failures in daily life [41]. The relationship be-
tween sleep quality and cognitive failure is complex and
bidirectional. Sleep disturbance, in various ways such as
increased wakefulness or sleep fragmentation, can cause
excessive neural activity without sufficient time for ho-
meostasis, and subsequently lead to dysfunction of the
nervous system [7].
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One of the limitations of this study was the lack of in-
depth analysis of the role of potential confounding fac-
tors (such as stress or academic burden), which is rec-
ommended to be investigated in future studies. Other
limitations of this study included the use of self-report
tools, a cross-sectional design (which precludes inferring
causality), and the potential for response bias.

Conclusion

Given the prevalence of poor sleep quality in more than
three-quarters of interns and externs at BUMS, and the
direct relationship between this factor and a high level
of cognitive failure in them, the authorities are recom-
mended to implement measures to improve sleep qual-
ity and reduce the problem of sleepiness among medical
students, such as more careful management of shifts, im-
proving sleeping and resting conditions, making dietary
changes, and educating on sleep hygiene, with the aim of
preventing cognitive failures, reduced teaching quality,
and the occurrence of medical errors.
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