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Abstract

Introduction: Sleep is critical to human physiological function, cognitive per-

formance, and emotional regulation. Healthcare personnel, especially physi-

airments Due to Chronic Sleep Restriction . . . .
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panied by decreased sleep time. Clinical evidence indicates that these condi-
tions affect their cognitive function and professional practice, but researchers
in the field have not sufficiently explored the possible effects of reductions in
sleep time on social cognition. Objective: The aim of this is to further explore
the effects of sleep restriction among medical residents, the specific impair-
ments in social cognition that it produces, and the effects of a sleep hygiene
orientation on those impairments. Method: There were 124 medical residents
(50 males, 74 females) who completed a daily sleep/work log, a battery of
sleep tests/questionnaires, and neuropsychological evaluations. The partici-
pants then received a short course (8 hours) on basic concepts of sleep hy-
giene and sleep psychoeducation. Once the course was completed, participants
filled out the questionnaires again. Results: The results indicate that sleep dis-
turbances in medical residents were associated with severe neurocognitive and
social cognition impairments. After the sleep hygiene intervention, neurop-
sychological function and sleep parameters improved, awareness increased,
and social cognition performance significantly improved. Conclusion: Using
sleep psychoeducation and sleep hygiene intervention in medical residents is
a simple strategy to mitigate the effects of sleep restriction.
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1. Introduction

Sleep has a restorative effect on the brain and enables the reorganization of
neural activity [1]. However, in modern societies, there is an increasing tendency
to restrict daily sleep time, particularly in urban contexts [2]. Misleading beliefs
about sleep, excessive use of electronic devices, long working hours, and shift
work lead to a significant decrease in daily sleep time [3]. In this regard, even
one hour of sleep restriction per night may induce cognitive deterioration, com-
plaints of daytime sleepiness, irritability, weight gain, and increased risk of de-
veloping diabetes, obesity, hypertension, heart disease, strokes, and depression
[4].

Sleep restriction (SR) has several deleterious effects on cognitive functions,
which are observed after 15.84 hours of continuously being awake. SR negatively
affects multiple brain processes, particularly by disrupting the integrative func-
tioning of the prefrontal cortex, leading to overall impairments in different cog-
nitive functions [5]. Concerning health professionals, their working schedules
commonly induce serious impairments in circadian rhythm regulation and sleep
time.

In 2001, several scientific and academic societies held the Conference on Sleep,
Fatigue, and Medical Training [6]. This meeting aimed to analyze the effects of
sleep deprivation and fatigue on the performance of medical doctors and other
professionals in the health field. In addition, the conference also addressed the
generation of countermeasures to overcome these deleterious effects. The par-
ticipants in the conference recognized that fatigue and SR are a risk to both phy-
sician’s and patient safety. Since then, several efforts have been made to limit ex-
tended shifts to less than 16 hours. Levine et al [7] reviewed reports supporting
the notion that the reduction of shifts over 16 hours has beneficial effects on pa-
tient health and the quality of life of medical residents.

Nevertheless, most health institutions continue to use long shifts (more than
16 hours) and frequent night shifts with scarce opportunities for rest and sleep.
Papp et al [8] reviewed the impacts of SR among resident physicians, which re-
sulted in deleterious effects on professional capabilities and relationships with
patients, work groups, and families. The authors emphasize the need for sleep
training, circadian rhythms, and sleep disorders to cope with stressful working
conditions. The consequences of SR and circadian misalignment on alertness
and performance in health workers have been reported repeatedly [9]. Recently,
Harrison et al [10] reported on the beneficial effects of countermeasure strate-
gies to diminish the negative effects of SR on health professionals due to shift

work.
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Unfortunately, these strategies are not yet generalized. Health professionals in
several countries still keep working schedules longer than 24 hours. In Mexico,
medical residents still work long hours with almost no recuperation time. In the
present study, we analyzed the effect of a one-week informative course about
sleep hygiene on the alertness, performance, and cognitive functions of shift-work

medical residents.

2. Materials and Methods
2.1. Participants

This study examined 124 medical residents from Hospital General La Raza in
Mexico City (50 males and 74 females; age 26.7 + 3.48 years). All participants
provided written informed consent. The human data were performed under the
Declaration of Helsinki [11] and Mexican legislation on Bioethics. The ethical
approval was awarded by the Academic Ethics Committee of the Division of Bi-
ological and Health Sciences of the Universidad Auténoma Metropolitana-Izta-
palapa (CECBS20-05).

During a 6-week rotation period, we evaluated the participants in four differ-
ent service units (emergency medicine, perinatology, neurosurgery, and pedia-
trics). The shift schedule included 36 continuous hours on duty, followed by 24
hours off duty and a normal diurnal working schedule (8 to 17 hours) on the
next day. Participants were evaluated in two different conditions: 1) sleep depri-
vation (SD), in which participants were analyzed immediately after finishing
their on-duty schedule, and 2) SR, in which participants were studied after five
weeks of the shift schedule during the daytime. After the initial assessment, all
the participants received a sleep hygiene orientation as an intervention, which
consisted of four talks for two hours per day for one week. Then, all the partici-

pants completed the questionnaires again.

2.2. Sleep Assessment

Residents completed a daily sleep/work log throughout the study. Sleep logs
were used to collect data on sleep timing and duration, sleep quality, awaken-
ings, and work schedules and were available for 20 nights. Additionally, they
completed a range of sleep tests/questionnaires, including the Sleep Habits Ques-
tionnaire (SHQ), the Sleep Quality Scale (SQS), the Athens Insomnia Scale (AIS),
the Pittsburgh Sleep Quality Index (PSQI), the Epworth Sleep Scale (ESS), and
Karolinska Sleepiness Scale (KSS).

2.3. Psychomotor Vigilance Test (PVT)

Residents completed the PVT on four occasions throughout the experiment. Par-
ticipants were instructed to press a key as fast as possible whenever a red circle
appeared in the middle of a computer screen. The test was performed at the start
and end of each shift for each extended shift. The mean reaction time (RT), the

mean of the 10% slowest responses, and the number of lapses (response times >
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500 ms) were used as measures of neurobehavioral performance. To normalize
the data distribution, the mean RT was expressed as the log of the mean RT, and

lapses were normalized.

2.4. Neurocognitive Questionnaires

Participants completed the Mayer-Salovey-Caruso Emotional Intelligence Test
(MSCEIT), which is based on an ability model of emotional intelligence. The
model’s two principal areas are experiential (CIEX) and strategic (CIES) areas
and its four classes or branches of emotional abilities are perceiving emotions
(CIEP), facilitating thought (CIEF), understanding emotions (CIEC), and manag-
ing emotions (CIEM). It has eight individual task scores: faces, pictures, facilitation,
sensations, changes, blends, management, and relationships [12]. Raw test data are

scored online according to the MSCEIT through https://www.teacorrige.com.

2.5. Sleep Hygiene Orientation

Personalized mitigation strategies were designed so that participants could in-
crease their sleep and rest during their free time. General information on sleep
hygiene was provided for the correct use of strategies and improvement of sleep
habits. In addition, those who had a sleep disorder (apnea, insomnia, etc.) were
independently evaluated and supported with consultations and sleep studies.
The program included explanations and examples of relevant sleep factors (diet,
exercise, substance use, light, noise, temperature, and bedding), which are per-
sonal and environmental determinants that can positively or negatively affect
sleep. The goal of sleep hygiene was to avoid behaviors that interfere with a
normal sleep pattern and to perform those that promote good sleep.

The intervention was provided in four sessions of two hours each for two
weeks and started one week after finishing the tests in SD and SR conditions. In
week one, at sessions one and two, a presentation of the sleep hygiene program
was made to provide information to the participants for a correct understanding
of sleep and recognition of the importance of sleep for daily activities. The topics
that were given in the sessions were the following: What is sleep and why is it
important for health? Why do we need sleep? What is normal sleep? What are
the stages of sleep? Sleep and circadian rhythms: what they are and how they
work. Sleep’s impact on the immune system. What influences the quality and
length of sleep? Factors related to the quality of sleep among daytime workers.
How much sleep do we need? What is sleep deprivation (negative impacts of
sleep deprivation, the role of sleep deprivation in immune-related disease risk
and outcomes)? What is shift worker syndrome? Sleep problems and mental
disorders. Common sleep disorders. How does lack of sleep affect cognitive im-
pairment? Sleep for cognitive enhancement. What can we do about it?

In week two, at sessions three and four, the sleep hygiene program was pre-
sented to provide information about good sleep habits (myths and facts). We

implemented strategies for the correct use of free time and provided information
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for the correct use of electronic devices and stimulus control. The topics of the
sessions were the following: What is sleep hygiene? The importance of sleep hy-
giene for shift workers. What are the signs of poor sleep hygiene? How do you
practice good sleep hygiene? How to reset your sleep routine. How to build a
better bedtime routine. Tips for having a good night’s sleep. How to build healthy
daily habits. Ways to optimize your bedroom for better sleep. Healthy sleep Ay-
giene habits for shift workers. Sleep myths debunked fascinating facts about sleep.
How long should a nap be? All about naps. General recommendations (what you
eat and drink can influence your sleep, your bedroom could be keeping you
awake, planning meals around shifts, using light to your advantage, transitioning
between shifts, the relationship between sleep and routine, napping and the body
clock, shift work can affect your health and insomnia). Most used techniques for
sleep hygiene and insomnia. Strategies to solve noise and light problems when
sleeping during the day. Cognitive behavioral treatment for insomnia. Finally,

participants were instructed on relaxation techniques.

2.6. Data Analysis

Data were analyzed by a repeated-measures two-way analysis of variance 2W
RM ANOVA), which considered the condition (SR vs. SD) and intervention (be-
fore vs. after sleep hygiene instruction) as the repeated measure. To analyze
changes in the RT distribution for cognitive and perceptual processing speed,
the 95th percentiles were assessed for the PVT. Data obtained with sleep tests
and questionnaires (KSS, ESS, PSQI, AIS, SQS, SHQ,) were analyzed using 2W
RM ANOVA with the condition (SR vs. SD) as a factor and the intervention (be-
fore vs. after sleep hygiene instruction) as the repeated measure. Significant
ANOVA results were followed by Sidak multiple comparisons tests (correction
for multiple comparisons). The significance of statistical differences was estab-
lished at the 0.05 level. The data that support the findings of this study are avail-

able from the corresponding author upon reasonable request.

3. Results

3.1. Sleep Assessment

Pittsburgh sleep quality index showed a significant improvement in both SR and
SD groups after intervention (Fq 46 = 7421; p < 0.001) (Figure 1(a)). The Gray
area in the graph indicates the values in which this index is in the normal range.
No significant differences were observed between groups, indicating that quality
of sleep is affected in both groups. PSQI global score > 6 indicates that subjects
present severe difficulties and are considered poor sleepers (Buysse et al, 1989).
No significant differences were observed between groups, indicating that the
quality of sleep is affected in both groups. Similarly, the Epworth Sleepiness
Scale indicated that after the intervention, both SR and SD groups displayed
normal somnolence values after the intervention (F .4 = 7188; p < 0.001) (Figure

1(b)). The gray area inside the graph indicates the normal range of somnolence.
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Figure 1. Sleep questionnaires. Sleep measurements in chronic sleep-restricted subjects
(SR) and acute sleep-restricted subjects (SD). The gray area in the graph indicates the
normal range of values. Mean * standard deviation. *p < 0.001.
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We did not find significant differences between the SR and SD groups. However,
the Karolinska scale showed a significant increase after the intervention in both
SR and SD groups (F24 = 225; p < 0.001), but no significant differences were
detected when groups were compared (SR vs. SD, Figure 1(c)).

Sleep habits (SHQ) improved significantly after the intervention in both SR
and SD groups (Fq,46 = 11303; p < 0.001) (Figure 2(a)). Low scores on the
global SHQ indicate that a participant has better sleep habits. Sleep quality
measured by SQS revealed that this parameter was severely affected in SR and
SD groups, and the sleep hygiene intervention significantly improved sleep quality
(Fr246) = 4998; p < 0.001) (Figure 2(b)). Higher scores on the global SQS indi-

cate that a participant has better sleep quality. Finally, the intervention improved
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Figure 2. Sleep parameters in chronic sleep-restricted subjects (SR) and acute sleep-restricted
subjects (SD). See the explanation in the text. Mean * standard deviation. *p < 0.001.

the participants’ scores on the AIS in both the SR and SR groups (Figure 2(c)).
The severity criteria of the AIS include three levels of insomnia: absence of in-
somnia (0 - 5), mild insomnia (6 - 9), moderate insomnia (10 - 15), and severe
insomnia (16 - 24) (Mayer and Salovey, 1997). The differences in SHQ, SQS, and

AIS scores between groups did not reach statistical significance (SR vs. SD).

3.2. Psychomotor Vigilance Test (PVT)

RT in the PVT was significantly slower in the SD group than in the SR group
(Fa46) = 187.7; p < 0.001). After the intervention, the SD group improved sig-
nificantly, but values remained far from the normal range (Figure 3(a)). Con-
cerning lapses, the SD group showed significant differences from the SR group
and had a modest but significant improvement after the intervention (F 46 =
10.16; p = 0.002). This suggests that the test is more sensitive to total sleep de-
privation (Figure 3(b)).

3.3. Neurocognitive Assessment

Before conducting the comparisons, a missing-value analysis was performed to
confirm the validity of the participant’s responses. According to criteria from
Mayer et al. [13], the responses in this study were complete and valid. The sam-
ple had low scores in the emotional intelligence quotient of the MSCEIT, re-
flecting affected social cognition in both SR and SD groups before the interven-
tion (Fg46 = 115 p < 0.001). Nevertheless, after the intervention, the EIQ of the
participants significantly improved in both groups. In some cases, participants

obtained scores described as proficient after the intervention (Figure 4).
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Figure 3. Psychomotor Vigilance Test. Reaction time (a) and number of lapses (b). More
than 500 ms are considered an abnormal slow reaction. The gray area in the graph indi-
cates the normal range of values. SR = Chronic sleep-restricted group; SD = Acute sleep-
deprived group; ms: milliseconds. Mean * standard deviation. **p < 0.001; *p < 0.05; ns =

non-significant changes.

Experiential (CIEX) and strategic areas (CIES) of the MSCEIT were subnor-

mal before the sleep hygiene course and improved after the intervention (Fi24)

= 686, p < 0.001, F1246) = 927; p < 0.001, respectively) (Figure 5). Results were

similar for emotional abilities (perceiving emotions, CIEP; facilitating thought,

CIEF; understanding emotions, CIEC; and managing emotions, CIEM) (F 246 =
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Figure 4. Emotional intelligence quotients. The gray area in the graph indicates the range
of proficient scores. SR = Chronic sleep-restricted group; SD = Acute sleep-deprived group.
Meant standard deviation. *p < 0.001.
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Figure 5. MSCEIT Test Area scores. The gray area in the graph indicates the normal
range of values. SR = Chronic sleep-restricted group; SD = Acute sleep-deprived group.
CIEX = experiential coefficient; CIES = strategic coefficient. Mean+ standard deviation.
*p < 0.05; **p < 0.001.

10105 p < 0.001; Fri16 = 1149; p < 0.001; F246) = 527; p < 0.001; Frrase) = 1192; p
< 0.001; respectively) (Figure 6). Table 1 shows the improvement of individual
tasks scores (faces, pictures, facilitation, sensations, changes, blends, manage-
ment, and relationships) after the intervention (F(i = 1199; p < 0.001, F(124) =
1221; p < 0.001, F 246 = 1149; p < 0.001, Frra = 1229; p < 0.001, Fy 246 = 1060;
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©+p < 0.001.

Table 1. MSCEIT eight individual task scores in sleep-restricted (SR) and sleep deprived

(SD) participants.
SR participants. SD participants. F .
Mean (+ S.D.) Mean (+ S.D.)
Faces
Before intervention 77 (5.6) 70 (5.7) 1199 <0.001
After intervention 98 7.6) 87 (8.6)
Pictures
Before intervention 67 (4.3) 64 (9.5) 1221 <0.001
After intervention 93 (4.8) 90 (4.5)
Facilitation
Before intervention 73 (8.6) 64 (8.8) 1149 <0.001
After intervention 101 (7.5) 90 (7.1)
Sensations
Before intervention 79 (6.3) 71 (5.2) 1229 <0.001
After intervention 96 (4.5) 89 (5.7)
Changes
Before intervention 78 (7.4) 72 (6.8) 1060 <0.001
After intervention 97 (6.7) 92 (6.4)
Blends
Before intervention 80 (7.3) 67 (5.9) 1933 <0.001
After intervention 95 (4.1) 91 (3.7)

DOI: 10.4236/nm.2023.143004 57 Neuroscience & Medicine


https://doi.org/10.4236/nm.2023.143004

J.-C. Betsabe et al.

Continued
Management
Before intervention 78 (8.5) 68 (9.6) 725 <0.001
After intervention 95 (7.5) 88 (5.6)
Relationships
Before intervention 78 (7.1) 70 (6.4) 956 <0.001
After intervention 96 (6.4) 91 (7.1)

Table 2. Sleep duration in sleep-restricted participants Mean (+S.D.)

Before interventon After intervention
Bedtime 1:02 (0:58) 23:10 (0:10)*
Time in bed (hrs.) 3:40 (0:25) 5:00 (0:20)*
Wake up 4:03 (0:30) 4:00 (0:20)

*p < 0.001.

P < 0.001, F(i06 = 1933; p < 0.001, Fy246) = 725; p < 0.001, F1246) = 9563 p < 0.001.
Finally, collected data from the logs allowed us to identify that the intervention
increased sleep duration in the SR group, while this parameter remained unaf-
fected in the SD group. Bedtime decreased significantly after the intervention in
both groups (F,46 = 122.5; p < 0.001; Table 2).

4. Discussion

The present results corroborate the deleterious effects of SR on medical residents
due to long and frequent shift work. In addition, the study emphasizes the neu-
rocognitive impairments that SR induces in health professionals. From this analy-
sis, it can be concluded that health professionals show very limited knowledge of
circadian rhythms and sleep. The participants generally showed poor sleep hy-
giene, which significantly improved after the educational intervention. Moreo-
ver, initially detected neurocognitive impairments also improved significantly
after the intervention. These results support the notion that awareness training
on sleep significantly improves neurocognitive impairments in medical residents
due to long and frequent shift work.

Recently, Harrison et al [10] reviewed different strategies implemented to re-
lieve the harmful effects of shift work. Most of the reviewed studies deal with
strategies oriented toward the working environment, which are particularly de-
voted to lighting and napping conditions. Due to the multiple schedules of shift
work and the variability of work settings, we emphasize the need to identify
enablers and barriers that facilitate or inhibit reaching the goals of the different
strategies.

Some studies reported educational strategies to improve the health of shift
workers. Holbrook et al. [14] applied sleep hygiene training for police officers to
improve their performance and fatigue complaints. Scarce changes were ob-
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served, and the authors reported little adherence to sleep hygiene practices. How-
ever, in 2005, Kerin and Aguirre [15] reported positive results concerning sleep
and fatigue indices in workers after receiving sleep and circadian educational
training.

Concerning health professionals, a group of nurses received a cognitive beha-
vioral intervention (Sleep Enhancement Training System for Shift Workers).
After the intervention, nurses reported better sleep and well-being improve-
ments, although no significant changes were observed in wrist actigraphy [16].
Furthermore, a group of firefighters received training on sleep (Sleep Health
Program). The authors reported a significant decrease in injuries and disabilities
in firefighters after the sleep-training program [17]. Even acute exposure to sleep
deprivation affects the cognitive performance of health personnel. Egyptian anes-
thesiologists exposed to 24-hour working shifts had increased daytime sleepiness
and RTs and performed poorly on tasks that assess alertness, problem-solving,
psychomotor skills, attention, and mental flexibility [18].

Although the negative impact of sleep impairments on cognitive functioning
has been widely demonstrated [19], our results showed that particular cognitive
functions are specifically affected when individuals are exposed to SR or SD.
Most importantly, we found that a short intervention with a sleep hygiene orienta-
tion is an effective strategy to improve cognitive deterioration related to inap-
propriate sleep patterns. This educational process seems to increase self-con-
sciousness about the importance of good sleep to cope with the stressful condi-
tions of professional medical activity in public health institutions.

Since medical residents support the attention most of the medical attention in
health institutions, they must have good cognitive health (including motor and
emotional processes) to perform their professional duties correctly. Awareness
of the importance of adequate sleep for the proper functioning of medical resi-
dents emphasizes the need to review shift schedules in hospitals and educational
medical courses on sleep physiology. One significant finding of our study is that
medical residents who work long work shifts of 33 to 36 hours in alternate shifts
exhibit impaired social cognition and neurobehavioral performance at the end of
each long shift due to acute sleep loss.

Thus, a need to deepen and focus research on executive functioning (includ-
ing social cognition) has been evidenced, especially in this population since they
are exposed to such shifts regularly. Supporting this rationale, several researchers
have shown that memory, attention, and executive functioning disorders (plan-
ning, inhibition, cognitive flexibility, working memory, self-monitoring, and in-
hibition) are frequent problems in people with chronic SR [20] [21]. Thus, edu-
cational training with sleep hygiene concepts is a promising strategy to mitigate
health impacts due to shift work.

The limitations of the present research, On the one hand, behavioral interven-
tions had to be limited and adapted to the shifts and activities of medical resi-
dents; same that are subject to the needs of the hospital. For future studies, it

would be important to have actigraphy to confirm the schedules and the total
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sleeping time of the participants. Finally, it would be enriching to increase the
sample to identify differences between medical specialties and years of resi-

dency.

5. Conclusion

In populations vulnerable to developing shift work, or developing sleep disord-
ers secondary to long working hours, such as medical residents, to use sleep psy-
choeducation and sleep hygiene intervention is a viable, brief, and easily accessi-

ble strategy to mitigate the effects of sleep restriction.
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