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Editorial on the Research Topic

Sleep and Psychological Trauma or Stress

Restorative sleep plays a critical role in maintaining physical and mental health. Sleep disturbances
frequently co-occur with trauma or stress related disorder such as posttraumatic stress disorder
(PTSD). It has long been thought that interventions focusing on trauma itself would eventually
reduce disturbed sleep. However, accumulating evidence have shown that sleep disturbances play
a central role in both the development and maintenance of PTSD and therefore require clinical
attention. As well as traumatic stress, stressful experiences are also associated with sleep (1). Stress
can worsen the sleep quality, while poor sleep can also interfere with emotional processing of
stressful experiences. The current Research Topic represents a collection of papers investigating
the relationship between sleep abnormalities and psychological trauma or stress, as well as studies
analyzing potential mechanisms connecting these pathologies.

In the current Research Topic, 1 review article and 1 original article on the association between
PTSD and sleep were published. The review article by Lancel et al. introduced sleep disorders
which have been suggested as predisposing, facilitating, and perpetuating factors of PTSD.
This review also introduces non-pharmacological and pharmacological treatments for the four
major sleep disorders commonly accompanying PTSD. Authors strongly recommended an initial
comprehensive evaluation and timely treatment for comorbid sleep disorders for PTSD patients.

In the article by Denis et al., the relationship between sleep microarchitecture and symptom
severity in trauma-exposed participants with and without PTSD were investigated. Contrary to
previous studies, beta power was increased in trauma-exposed controls (TEC) compared to PTSD.
Spectral power in the beta frequency was associated with reduced symptoms. Their results suggest
an adaptive role of beta power during sleep for individuals exposed to trauma.

There are many stressful situations in hospital both for patients and health care workers,
and these stressful situations can be associated with sleep. The current Research Topic covers
the relationship between sleep and hospital-related stressful situations such as COVID-19, HIV
infection, operation, and pregnancy. Cleper et al. reported that the influence of COVID-19 work-
related stressors on sleep in physicians and nurses working in designated COVID-19 wards.
COVID-19 frontline health care workers were more likely to report sleep difficulties compared
to non-COVID-19 health care workers in the same hospital. In particular, the negative experiences,
mainly witnessing patient’s physical suffering or death, partially explained the association between
COVID-19 work and sleep disturbances.

The reliability and validity of the Chinese version of Pittsburgh Sleep Quality Index (PSQI)
in people living with HIV were assessed by Yan et al.. PSQI was used to measure sleep quality 5
years after HIV diagnosis. Sleep disturbances were associated with less income, higher CD4 counts,
antiretroviral treatment initiation, exercise, depression, and higher stress levels. Authors reported
that the Chinese version of PSQI is feasible for use among people living with HIV considering its
internal consistency and the construct validity.
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Applicability of intranasal dexmedetomidine (DEX) in the
treatment of preoperative insomnia was reported by Zeng et
al.. Patients with preoperative insomnia were divided into two
groups of intranasal DEX and normal saline (NS). Intranasal
DEX shorten sleep latency and lengthen total sleep time
compared to intranasal NS. The intranasal DEX application also
reduced insomnia and drowsiness. They suggest that intranasal
DEX can improve preoperative insomnia, especially for patients
who are reluctant to take sleeping pills before surgery.

Most women complained sleep disturbances during
perinatal/postnatal period, which is associated with physiological
and psychological change during pregnancy (2). Two papers on
the association between sleep and perinatal/postnatal depression
were reported by Bao et al.. Poor sleep trajectories during the
perinatal period were related to postpartum depression. Authors
suggest that screening for prenatal sleep problems would be
helpful for identifying the onset of perinatal depression. Bao et al.
also reported that patients with prenatal depression showed poor
sleep quality and decision-making function especially when they
had suicidal ideation. This study suggests that sleep disturbance
and impaired decision-making function may be risk factors for
suicidal ideation in prenatal depression.

The current Research Topic also covers the association
between sleep and common psychological stress of young adults.
Manzar et al. demonstrates that the interrelationship between
psychological stress, poor sleep, inadequate sleep hygiene, and
anxiety in university students. They suggest a need to address the
various aspects of mental health and its diverse sleep correlates in
university students.

Barbeau et al. investigated the impact of recent troubling
experiences on dream characteristics. Individuals who

experienced a recent troubling event reported a higher frequency
of nightmares and more emotionally negative dream. Nightmare
and oneiric dream were more common in young adults. Authors
suggest that dysphoric dreams might serve as potential proxies
of mental health status and developmental stages.

Taken together, this Research Topic covered several
diverse of sleep disturbance and psychological trauma or
stress, and can update readers with the latest research
in the field of sleep medicine, psychosomatic medicine
and psychiatry. These articles will provide insights to
the clinicians and researchers, and help them to further
explore the relationship between sleep and psychological
trauma or stress with the goal of developing effective
therapeutic strategies.
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Poor Sleep and Decision-Making
Disturbance Are Associated With
Suicidal Ideation in Pre-natal
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Ciqing Bao 1, Ling Xu 1, Weina Tang 2, Shiyu Sun 2, Wenmiao Zhang 3, Jincai He 4, Ke Zhao 5*,

Dongwu Xu 2* and Xiaodan Ye 5*

1Wenzhou Seventh People’s Hospital, Wenzhou, China, 2 School of Mental Health, Wenzhou Medical University, Wenzhou,

China, 3Department of Obstetrics, First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China, 4Department of

Neurology, First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China, 5 The Affiliated Kangning Hospital of

Wenzhou Medical University, Wenzhou, China

Although many risk factors for suicidal ideation have been identified, few studies have

focused on suicidal ideation and pre-natal depression. The purpose was to investigate

the relationship between decision-making (DM) dysfunction and sleep disturbance on

suicidal ideation in pre-natal depression. Participants included 100 women in the third

trimester of pregnancy, including pregnant women with pre-natal depression who had

recent suicidal ideation (n = 30), pre-natal depression without SI (n = 35) and healthy

controls (n = 35). The Iowa Gambling Task (IGT) was used to evaluate the DM function

and the Pittsburgh Sleep Quality Index (PSQI) was used to assess the sleep index. The

Edinburgh Post-natal Depression Scale (EPDS) was used to assess suicidal ideation and

the seriousness of depression. Overall, the two groups with pre-natal depression showed

worse sleep quality and decreased DM function compared with healthy controls. The

pre-natal depression with suicidal ideation group showed a significantly higher score in

subjective sleep quality and a lower score in block 5 of IGT than the pre-natal depression

without suicidal ideation group. Further correlation analysis showed that suicidal ideation

positively correlated with subjective sleep quality, sleep duration, and daytime function,

and negatively correlated with IGT scores. Sleep disturbance and impaired DM function

may be risk factors for suicidal ideation in pre-natal depression.

Keywords: sleep disturbance, antenatal depression, suicidal ideation, decision-making function, pregnancy

INTRODUCTION

Suicide in the perinatal period is an important public health problem, and suicidal ideation is,
one of the most important risk factors for suicidal behavior. During pregnancy, the prevalence of
suicidal ideation can reach between 5 and 14% (1–3) and there is a correlation between suicidal
ideation and suicide attempts that can result in an elevated suicide risk at some point in the future
(1, 4–7). There are many risk factors for suicidal ideation during pregnancy, including accidental
pregnancy (8, 9), education level (10, 11), marital status (12, 13), and intimate partner violence
(11, 14). Depression and anxiety may be the most important biological factors of perinatal suicide
(15, 16). The incidence of perinatal depression is as high as 10–30%, and perinatal depression
patients show a higher rate of suicide and self-injury than those with general depression (17).
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There are few studies on the decision-making (DM) function
of perinatal depression patients, even though DM dysfunction
may be closely related to suicidal ideation in perinatal
depression patients.

DM can be defined as the cognitive process that identifies
and selects the best available solution for a given problem or
challenging situation based on the value and preferences of
the decision maker. The Iowa Gambling Task (IGT) is one of
the most commonly used DM tasks (18), and was developed
to simulate real-world DM processes in vague and dangerous
situations. DM is impaired in various mental illnesses, including
obsessive-compulsive disorder (19), schizophrenia (20), and
depression (21, 22). Teenagers and adults with DM defects are
more likely to display suicidal behavior (23), andmore researches
have shown that DM play a very important role in suicidal
behavior (24). Neurobiological studies have found that the
integrity of the orbital cortex/ventral medial PFC (OFC/VMPFC)
determines the ability tomake decisions.When theOFC/VMPFC
is impaired, people suffer from false emotional signals, leading
to neglect of unfavorable factors in the future and a focus on
immediate interests (25). In depression, structural changes are
found in the OFC and VMPFC, and these changes are thought to
be closely related to the onset and severity of depression (26, 27).

A large proportion of patients with depression have sleep
disturbance and, furthermore, sleep disturbance is more
common in perinatal depression than in general depression
because of the physiological changes associated with pregnancy
(28). There are many studies that show a correlation between
pre-natal depression and sleep disturbance (29–33). Jomeen et
al. (34) found that about 26% of pregnant women had mild
to moderate depressive symptoms, and the sleep quality of the
depressed group was worse than that of the non-depressed group.
Higher Pittsburgh Sleep Quality Index (PSQI)scores in early
pregnancy predict an increase in the Beck depression index
scores in the second trimester, and higher PSQI scores in the
second trimester predict a higher Beck depression index score
in the third trimester, suggesting that sleep quality in the first
trimester of pregnancy can predict the clinical symptoms of
depression in the third trimester of pregnancy (35). Studies
have also shown that there is a correlation between suicidal
ideation and sleep during pregnancy (36–38). In one study, in
mid-pregnancy, women with high sleep reactivity report elevated
symptoms of insomnia, depression, and anxiety, and were more
likely to participate in suicidal ideation (39). Previous studies
have also suggested that sleepmay optimize emotion-guided DM.
For example, Pace-Schott et al. reported that after uninterrupted
sleep, subjects scores better in the IGT than those that had
undergone interrupted sleep (40).

Although there are no studies on DM in pregnant women
with pre-natal depression, there has been some research into
pregnancy and post-natal cognitive performance and mood.
Many studies have shown that there may be cognitive changes
in perinatal depression patients (41–46). A Portuguese study

Abbreviations: DM, decision-making; IGT, Iowa Gambling Task; PSQI,

Pittsburgh Sleep Quality Index; EPDS, Edinburgh Post-natal Depression Scale;

OFC, orbitofrontal cortex; VMPFC, ventromedial PFC.

found that more dysfunctional beliefs related with maternal
responsibility, more frequent negative thoughts related with
personal maladjustment and with the metacognitive appraisal of
the thoughts’ content, and less frequent positive thoughts were
significantly associated with postpartum depression symptoms
(47). Stress associated with pregnancy may contribute to
postpartum mental illness and its associated symptoms by
compromising structural plasticity in the mPFC (48). Women
may show specific areas of cognitive changes during and after
pregnancy, in particular, deficits in verbal learning and memory;
mood appears to be impacted as well (46).

There are currently no studies on the association suicidal
ideation and DM in patients with perinatal depression. The
physiological and psychological mechanisms of high suicidal
ideation in perinatal depression are currently unclear. In the
present study, we hypothesized that high suicidal ideation
in patients with perinatal depression is closely associated
with sleep disorders and impaired DM during pregnancy.
The purpose of this study was to determine if sleep quality
and DM ability are associated with suicidal ideation in pre-
natal women with depression compared to pre-natal women
without depression.

METHODS

Participants
A total of 100 pregnant women in late pregnancy were recruited
from the obstetrics clinic of the First Affiliated Hospital of
Wenzhou Medical University. Three groups were as follows:
Group SI included 30 pre-natal depression pregnant women
with suicidal ideation (Edinburgh Post-natal Depression Scale
(EPDS) >9 and the 10th item in the EPDS except “never”);
Group NSI consisted of 35 pregnant women with antenatal
depression, but no suicidal ideation (EPDS >9, item 10 in the
EPDS was selected as “never”); Group CG was a control group
consisting of 35 healthy pregnant women (EPDS ≤ 9, and
item 10 in the EPDS was selected as “never”). Inclusion and
exclusion criteria were based on clinical structured interviews
and self-reports.

The inclusion criteria were: (1) adult (≥18 years old);
(2) late pregnancy (28–40 weeks); and (3) willing to sign
informed consent.

The exclusion criteria were: (1) history of mental illness
or brain disorders; (2) chronic diseases that require regular
medical care; (3) intellectual disability; (4) obvious pregnancy
complications; and (5) reading and writing dysfunction.

The researchers were composed of psychiatry and mental-
health graduate students and physicians, who had undergone
consistent training before the experiment began. Our trained
researchers collected demographic and clinical information
about all pregnant women in face-to-face interviews through
standardized questionnaires, including age, height, weight,
ethnicity, place of residence, marital status, level of education,
monthly family income, history of mental illness, and family
history of mental illness. And the standardized questionnaire
consists of a demographic scale with consistent guidance
and content.
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TABLE 1 | Sociodemographic and clinical variables.

Groups Overall comparison

SI (n = 30) NSI (n = 35) CG (n = 35) Test statistic P-value

Age (years) 28.2 (4.0) 29.5 (2.7) 28.8 (4.4) F = 1.16 0.316

Years of education (years) 13.5 (2.0) 12.7 (3.4) 14.0 (2.5) F = 4.81 0.090

%Han 100% 100% 100% - -

Marital status - -

Married 30 (100%) 35 (100%) 35 (100%)

The others 0 (0%) 0 (0%) 0 (0%)

Family monthly income (RMB) X2
= 6.24 0.397

<3,000 1 (3.3%) 0 (0%) 1 (2.9%)

3,000–5,000 5 (16.7%) 12 (34.3%) 6 (17.1%)

5,000–10,000 11 (36.7%) 14 (40.0%) 17 (48.6%)

>10,000 13 (43.3%) 9 (25.7%) 11 (31.4%)

Subjective occupational stress X2
= 7.61 0.107

Mild 18 (60.0%) 20 (57.1%) 29 (82.9%)

Moderately severe 12 (40.0%) 14 (42.9%) 6 (17.1%)

Number of children X2
= 2.63 0.622

0 16 (53.3%) 18 (51.4%) 20 (57.1%)

1 12 (40.0%) 16 (45.7%) 15 (42.9%)

2 2 (6.7%) 1 (2.9%) 0 (0.0%)

Number of abortions X2
= 4.27 0.371

0 20 (66.7%) 16 (45.7%) 18 (51.4%)

1–2 8 (26.7%) 16 (45.7%) 16 (45.7%)

≥3 2 (6.7%) 3 (8.6%) 1 (2.9%)

SI, Suicidal ideation group; NSI, Non-suicidal ideation group; CG,Control group; RMB, Chinese legal currency Age was analyzed by one-way analysis of variance, all other continuous

variables by Kruskal-Wallis test, all categorical variables by Chi-square test.

Assessments
The Edinburgh Post-natal Depression Scale
In western countries, the EPDS (49) is a widely used depression
assessment scale. And it is believed to be effective in multiple
cultures during pregnancy (50–53) and postpartum. It has 10
items testing: mood, pleasure, guilt, anxiety, fear, insomnia,
ability to cope, sadness, crying, and self-injury. In accordance
with the severity of the relevant symptom, each item is divided
into 0–3 points and the total score ranges from 0 to 30 points. The
scale has good reliability and validity in populations in mainland
China (54). In this experiment, a total score of >9 was classified
as depression (55).

Suicidal Ideation
To evaluate suicidal ideation, we examined item 10 of the EPDS
(presented as “The thought of harming myself has occurred to
me”) (56–58). Possible responses included “never” = 0, “hardly
ever” = 1, “sometimes” = 2, or “quite often” = 3. Due to the
particularity of China’s national conditions, “never” is defined
as “no suicidal ideation” and the other three are defined as
“suicidal ideation.”

The Pittsburgh Sleep Quality Index
The PSQI (59) was used to assess sleep quality over the previous
month. The maximum total score of the PSQI is 21 points.

Nineteen individual items generate seven component scores
(range 0–3, with higher scores indicating worse sleep): subjective
sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleeping medication, and
daytime dysfunction. This scale has good internal consistency,
test-retest reliability, and validity (60). A score of >5 is indicative
of clinically significant sleep disturbance.

Iowa Gambling Task
DM was assessed using the IGT (61). Participants completed
the computerized version of the IGT consisting of four decks of
cards labeled A, B, C, and D. The participants made 100 card
selections. After each selection, a specified amount of facsimile
money was awarded. At the top of the computer screen, a bar
indicates wins and losses and changes according to the amount
of money won or lost after each selection. Participants were
told that the aim of the game is to win as much money as
possible. They were also instructed that some decks were better
than others and that they have to avoid the bad decks. The
total net score on the IGT is the difference between the total
number of cards selected from advantageous decks (decks C

′

+

D
′

) and disadvantageous decks (decks A
′

+B
′

). Block scores
were calculated for every 20 cards selected in the same manner.
The total net scores range from −100 to 100 and block scores
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TABLE 2 | Differences in scores of PSQI and EPDS among the three groups (SI, NSI, CG).

Groups Group comparison

Overall Pairwise

SI (n = 30) NSI (n = 35) CG (n = 35) P-value SI vs. NSI

P-value

SI vs. CG

P-value

NSI vs. CG

P-value

EPDS (SD) 13.57 (3.4) 11.63 (2.1) 5.6 (2.2) <0.001 0.018 <0.001 <0.001

EPDS without suicidal ideation (SD) 12.27 (3.5) 11.63 (2.1) 5.6 (2.2) <0.001 0.535 <0.001 <0.001

PSQI (SD) 9.27 (4.1) 7.66 (3.5) 5.97 (2.6) 0.002 0.074 0.001 0.048

Subjective sleep quality (SD) 1.67 (0.7) 1.31 (0.6) 1.14 (0.4) 0.005 0.05 0.001 0.185

Sleep latency (SD) 1.87 (0.9) 1.57 (1.0) 1.31 (0.8) 0.074 - - -

Sleep duration (SD) 0.87 (1.1) 0.54 (1.0) 0.31 (0.7) 0.091 - - -

Habitual sleep efficiency (SD) 1.13 (1.2) 0.89 (1.1) 0.80 (0.9) 0.671 - - -

Sleep disturbances (SD) 1.67 (0.6) 1.54 (0.5) 1.31 (0.4) 0.05 0.541 0.024 0.055

Use of sleeping medication (SD) 0 0 0 1.00 - - -

Daytime dysfunction (SD) 2.0 (0.9) 1.8 (0.7) 1.0 (0.9) <0.001 0.161 <0.001 0.001

SI, Suicidal ideation group; NSI, Non-suicidal ideation group; CG,Control group; EPDS, The Edinburgh Post-natal Depression Scale; EPDS without suicidal ideation. The sum of the

scores of the remaining nine items except the 10th item of EPDS; PSQI, The Pittsburgh Sleep Quality Index; Subjective sleep quality, sleep latency, sleep duration, habitual sleep

efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction are the seven sub-items of PSQI.

TABLE 3 | Differences in decision-making functions among three groups (SI, NSI, CG).

Groups Group comparison

Overall Pairwise

SI (n = 30) NSI (n = 35) CG (n = 35) SI vs. NSI SI vs. CG NSI vs. CG

P-value P-value P-value P-value

IGT (SD) −15.13 (38.0) −9.94 (21.2) 10.74 (27.2) <0.001 0.191 <0.001 0.001

Block1 (SD) −4.1 (7.0) −4.2 (6.9) −3.1 (6.2) 0.803 0.959 0.554 0.494

Block2 (SD) −4.6 (9.0) −3.6 (6.3) −1.5 (8.5) 0.186 0.574 0.150 0.240

Block3 (SD) −5.4 (8.4) −2.2 (6.5) 2.7 (7.6) <0.001 0.089 <0.001 0.005

Block4 (SD) −2.6 (8.0) −2.2 (7.0) 5.5 (8.1) <0.001 0.855 <0.001 <0.001

Block5 (SD) −2.3 (8.8) 2.3 (6.9) 7.1 (7.8) <0.001 0.022 <0.001 0.008

IGT, Iowa gambling task; SI, Suicidal ideation group; NSI, Non-suicidal ideation group; CG, Control group.

range from −20 to 20. Positive net and block scores indicate
advantageous decision-making.

Statistical Analysis
Comparison of the three groups (SI, NSI, and CG) with regard
to sociodemographic and clinical variables were performed
by means of one-way analysis of variance, Kruskal–Wallis
test, and the Chi-square test, depending on the variable type
(normally distributed, non-normally distributed and categorical,
respectively). Checks for deviations from normality were
performed by means of the Kolmogorov–Smirnov test. Post-hoc
pairwise comparisons (by t-test, Mann–Whitney U-test, or Chi-
square test, respectively) were conducted only if the overall group
comparison yielded a significant result (p < 0.05). In the case of
three groups, this sequential testing procedure allowed testing of
group differences without adjustment for multiple comparisons.

The same procedure was also used to compare the three
groups with PSQI and the DM task IGT. As the IGT
consists of five consecutive blocks, we performed an additional

repeated-measures analysis of variance with time as a within-
subjects factor and group as a between-subjects factor to adjust
for potential learning effects.

Spearman correlation analysis was used to analyze the
correlations among sleep (PSQI and its seven component scores),
DM function, and suicidal ideation in late pregnancy women.

RESULTS

A total of 100 participants (SI group, n = 30; NSI group, n = 35;
CG group, n= 35) were included. Sociodemographic and clinical
data are presented inTable 1. The three groups did not differ with
respect to age, years of education, marital status, family monthly
income, subjective occupational stress, the number of children,
or the number of abortions.

Table 2 shows the results of the EPDS scores, EPDS scores
without suicidal ideation, and PSQI between groups. Compared
with the NSI group, the EPDS scores of the SI group were
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TABLE 4 | Spearman correlation matrix of suicidal ideation, PSQI and IGT.

Suicidal ideation EPDS without

suicidal ideation

IGT PSQI Subjective sleep

quality

Sleep duration Daytime

dysfunction

Suicidal ideation – 0.415*** −0.265** 0.289** 0.305** 0.212* 0.299**

EPDS without suicidal ideation - −0.365*** 0.351*** 0.251* 0.131 0.391***

IGT – −0.207* −0.123 −0.123 −0.329**

PSQI – 0.710*** 0.707*** 0.634***

Subjective sleep quality – 0.444*** 0.521***

Sleep duration – 0.288**

Daytime dysfunction –

Spearman correlation *p < 0.05, **p < 0.01,***p < 0.001.

significantly increased, which was due to the higher score of
the suicide ideation factor on the EPDS. There were significant
differences between the three groups except for the PSQI scale
and the EPDS scale without suicidal factor scores. There were
also significant differences in subjective sleep quality, sleep
disturbance, and daytime function in the PSQI scale. For the
subjective sleep quality, the SI group showed a significantly
higher score than the other two groups. This means that women
with suicidal ideation had worse subjective sleep quality than
women without suicidal ideation and healthy controls. No
significant differences were found between the NSI and CG
groups. The scores of sleep disturbances and daytime function in
the SI group were significantly higher than those in the CG group.

There were significant differences of in the IGT scores and
block3-block5 scores among the groups (Table 3). Among these
differences, the block 5 group were significant after comparison.
Repeated measures ANOVA revealed significant positive effects
in the different groups of IGT (F = 10.653, p < 0.001) and
significant learning effects from the first to fifth blocks of the IGT
(F = 17.905, p < 0.001). In addition, test time interacted with the
group (F = 3.706, P = 0.001).

Spearman correlation analysis (Table 4) showed that suicide
ideation positively correlated with pre-natal depression (r =

0.415, P < 0.001), PSQI (r = 0.289, P = 0.004), subjective
sleep quality (r = 0.305, P = 0.002), sleep duration (r =

0.212, P = 0.034), and daytime dysfunction (r = 0.299,
P = 0.002), and negatively correlated with IGT total score
(r =−0.265, p= 0.008).

DISCUSSION

To the best of our knowledge, this is the first study to assess
DM and sleep in pre-natal depression patients with suicidal
ideation. The risk-decision made by the suicidal ideation group
in the fifth block of the IGT was significantly higher than
that of the NSI group and the healthy control group, which
indicates that people with DM defects have stronger suicidal
ideation. Suicide ideation positively correlated with pre-natal
depression, subjective sleep quality, sleep duration, and daytime
dysfunction, and negatively correlated with DM function. The
three groups in our study did not differ significantly in
social demographics.

Our findings are generally consistent with the existing
literature documenting the association of poor subjective sleep
quality with the likelihood of suicidal ideation among men and
non-pregnant women (62, 63). However, there are few studies
on sleep and pre-natal depression and suicidal ideation during
pregnancy. Among them, one study showed that poor subjective
sleep quality was associated with an increased likelihood of
suicidal ideation (36). The article mentioned that after adjusting
for depression, the probability of suicidal ideation increases
by 18% for every unit increase in the global PSQI score. The
proportion of subjective sleep quality and suicidal ideation in
patients with depression increased by 3.5-fold compared with
patients without risk factors. Another study published in 2016
showed similar results (37).

Our study confirmed the correlation between suicidal ideation
and subjective sleep quality, and the difference was also
significantly related to sleep duration and daytime dysfunction.
The causal relationship between sleep disorders and suicide in
major depression is unclear, however, there is evidence that the
activities of the three neurobiological systems play a key role
in the pathophysiology of suicidal behavior, i.e., hyperactivity
of the hypothalamus-pituitary-adrenal axis, dysfunction of the
serotoninergic system and overactivity of the noradrenergic
system. Not only the first and last systems appear to be
involved in the response to stress events, the hyperactivity of
the HPA axis and the dysfunction of the serotonergic system
are also associated with changes in the sleep-wake cycle, such
as insomnia (64–67). In depression, HPA hyperactivity can have
many negative effects on sleep. It can lead to sleep fragmentation,
decreased slow-wave sleep, and shortened sleep time (66). It can
therefore be assumed that neurobiological dysfunction mediates
the occurrence of suicidal behavior through the disturbed
regulation of basic neuropsychological functions. The main
clinical significance of suicidal ideation/sleep disturbance is that
sleep assessment may help assess the risk of suicide in patients
with antenatal depression.

Previous studies of DM and suicidal ideation have produced
controversial results. Some studies have shown that IGT scores
are significantly lower in people who currently have suicidal
ideation compared with healthy controls (68). However, in
contrast, some studies found no association between suicidal
ideation and DM (69, 70). DM deficiencies were related to suicide
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attempts in adolescents and adults, and the group differences
in DM did not persist after controlling for current emotional
problems and the use of psychotropic substances. In this study,
there was no significant difference in the IGT net score between
the SI group and the NSI group, but there was a significant
difference compared with the healthy control, indicating that
there was a decision deficit in the pre-natal depression groups
with or without suicidal ideation. By comparing the net scores
and their trends in different blocks, we analyzed the DM
characteristics and strategy adjustment of the subjects in the
income-loss situation (71). There was no significant difference
in the net scores of blocks 1–2 between the three groups in
this study. In blocks 3–4, both groups with depression had
significantly lower scores than the healthy controls, while there
was no significant difference between the SI and NSI groups.
The two groups of pregnant women with pre-natal depression
showed no difference in performance at the beginning and the
middle stage. As the task progressed, the net scores of the two
groups in the fifth block were different. The SI group scores were
significantly lower than those in the NSI group, and the scores
of both groups were lower than those of the healthy control
group. These data shows that patients with pre-natal depression
lack decision-making ability, have poor strategy adjustment, and
do not show the “learning effect” of normal healthy people or
improve the net score, while the DM function defects of pre-natal
depression patients with suicidal ideation are more serious.

A previous study suggested that IGT performance was not
mediated by the conscious knowledge of risk. Patients selected
cards that brought higher immediate rewards despite more severe
penalties, and patients with OFC/VMPFC lesions often showed
this pattern of behavior (25, 72). Another study found that REM
sleep in emotion-guided decision making plays a selective role,
the subjects performed highly on the IGT, whose OFC/VMPFC
regions were selectively activated in REM sleep (73). Sleep
disturbances, including insomnia and sleep deprivation, can
produce a labile mood (74), which may correspond with
neural responses that suggest abnormal reward processing and
autonomic hyperarousal (75), limbic overactivity (76), and loss
of medial pre-frontal cortex connectivity (77). Having sleep
disturbance could worsen the altered reward processes in
mothers with depression and SI (78). We hypothesized that
sleep inefficiency and daytime dysfunction would aggravate
impairment of DM function in patients and the correlation
results support our hypothesis.

Our study shows that suicidal ideation and depressive
symptoms of pregnant women need to be carefully monitored,
especially in those with poor sleep quality. Pregnant women often
report poor sleep quality and those with poor subjective sleep
quality should be evaluated for suicide ideation. Actively dealing
with sleep problems may reduce suicide behavior of pregnant
women. For example, investigators have noted that behavioral
(e.g., sleep hygiene, stimulus control, and imagery rehearsal
therapy) and pharmacological interventions may be particularly
promising modalities for reducing the risk of suicidal ideation
(79). This study suggests that the decision-making function
impairment may be associated with pre-natal depression and
suicidal ideation in pregnant women, However, further studies on

the neuropathological mechanism are needed, such as functional
magnetic resonance imaging (fMRI).

This study reports the DM profile of recent pre-natal
depression subjects with suicidal ideation and confirms the
existence of decision deficits in this population. The study
also found correlations between antenatal depression, suicidal
ideation and sleep disturbance. There is an urgent need to raise
awareness of this issue and further longitudinal studies should
be encouraged to examine other cognitive functions that may be
related to suicide status.

There are several limitations in our study. Firstly, the sample
size was relatively small (n= 100) and it will be necessary to study
a larger sample size to reduce the type II error rate. Secondly,
due to the nature of cross-sectional studies, we are not sure of
the dynamic relationship between suicidal ideation and sleep in
perinatal depression patients during pregnancy, nor can we infer
the causal relationship between suicidal ideation and impaired
DM function. Longitudinal studies are needed to address these
questions and verify our findings. Thirdly, In this study, only
the subjective scale (PSQI) was used to evaluate sleep, without
using objective evaluation indicators, such as polysomnography
test. Finally, due to the absence of brain imaging, in this study we
do not knowwhether any neuroanatomical/functional changes in
the patients’ brains occurred.
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Background: Anxiety symptoms, stress, poor sleep, and inadequate sleep hygiene are

common in university students and these affect their learning and increase attrition.

However, limited knowledge exists about the inter-relationship between these factors

among university students in low-middle income countries. Therefore, this study aimed

to investigate the prevalence of anxiety symptoms and their relationship with sleep quality,

sleep hygiene practices, and psychological stress.

Materials and Methods: A cross-sectional study was conducted with a randomly

selected sample of students in Mizan-Aman, Ethiopia. Participants completed a

self-administered questionnaire, which included questions about socio-demographics,

socio-economic factors, the Leeds Sleep Evaluation Questionnaire-Mizan, Sleep

hygiene index, Perceived stress scale-10 (PSS-10), and Generalized anxiety disorder-7

scale (GAD-7).

Results: The prevalence of anxiety symptoms was about 22%. Multivariate regression

analysis showed that both anxiety status χ
2[(13, N = 480) = 82.68, p < 0.001],

and increasing levels of anxiety (model adjusted R2 = 0.204, p < 0.001) were

associated with greater psychological stress, inadequate sleep hygiene practices, and

poor sleep quality scores after adjusting for age, gender, attendance, substance use,

years of university education, time spent in athletic activity every day, and frequency of

tea/coffee consumption.

Conclusion: There was a high prevalence of anxiety symptoms in this study population,

and this condition was associated with psychological stress, poor sleep, and inadequate

sleep hygiene parameters. These results suggest a need to address the various aspects

of mental health and its diverse sleep correlates in university students.

Keywords: anxiety, perceived stress, sleep quality, sleep hygiene, Leeds sleep evaluation questionnaire
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INTRODUCTION

Anxiety is one of the common mental health disorders (global
prevalence of 3.7%), associated with significant comorbidity and
mortality (1). Anxiety is often comorbid with depression or other
anxiety disorders, which renders its diagnosis and treatment
complicated (2). As a result, anxiety remains undiagnosed and
undertreated in most primary care settings (3). Anxiety has
added indirect costs to the economic burden of countries owing
to significant loss of personnel productivity and increased use
of primary health care services (4). As such, it is important
to identify anxiety for early diagnosis and treatment. This is
more relevant for university students of the present-day world
as mental health issues are common and usually associated with
pressure to achieve higher academic grades, a transition to a
higher level of studies, and pressure to succeed (5). Estimates
vary but a large proportion of college-going students show stress
(∼51–67%), and anxiety symptoms (∼34–56%) (6, 7).

Poor sleep quality adversely influences day-to-day activities
and may predispose affected individuals to poor health and
quality of life outcomes and mental health issues such as
anxiety, depression, and other problems (8). There are pieces
of evidence showing that anxiety is correlated with poor
sleep quality in insomnia (9, 10). Inadequate sleep hygiene
practices are correlated with measures of anxiety and stress in
Saudi university students (11). However, the association was
determined using bivariate analysis, and therefore it is desirable
to further investigate this relationship in other populations
using multivariate analysis. Sleep quality is associated with
psychological distress and inadequate sleep hygiene among
Iranian pre-clinical students (12). We recently found that
insomnia is highly prevalent among university students and
that it is associated with anxiety, and inadequate sleep hygiene
practices (13). However, to the best of our knowledge, no study
investigated anxiety, and its association with psychological stress,
sleep quality and sleep hygiene.

Moreover, two recent studies in the Ethiopian population
determined the prevalence and determinants of anxiety in
healthcare workers (14) and women attending prenatal care (15).
However, there are few reports which determined the prevalence
of anxiety in the Ethiopian student population and studied
its associated conditions. Therefore, this study was planned to
investigate the prevalence of anxiety and its relationship with
psychological stress, sleep quality, and sleep hygiene practices
among Ethiopian university students.

MATERIALS AND METHODS

Study Design and Participants
A total of 17936 students were enrolled in both the campuses
located at Mizan city and Tepi city of the Mizan-Tepi University
(MTU) in regular and continuous programs in 2017–18 academic
year. Haile et al. had reported a prevalence of 63.1% for common

Abbreviations: GAD, generalized anxiety disorder; PSS-10, perceived stress scale-

10; SHI, sleep hygiene index; LSEQ-M, Leeds sleep evaluation questionnaire-

Mizan; VAS, visual analog scale.

mental disorders especially anxiety and depressive symptoms
in a similar setting of university students in Ethiopia (16).
Therefore, a sample size of 598 was estimated using 5% as margin
of error, confidence interval of 99%, population (all students
of MTU), and 63.1% as expected response distribution. We
randomly selected the Mizan campus for the recruitment of
participants in this cross-sectional study. A list of 750 students
was initially prepared by a simple random method. Of these
students, 189 declined to participate or were absent on the
day of the interview, 36 were excluded after screening for the
exclusion criteria, and 26 responses were deleted because of
person-level missing values, that is, missing responses for most
of the items of the four standard questionnaires. Finally, analysis
of a dataset of collegiate young adults (n = 499, age: 21.34
± 2.76 years) is presented. The final sample size was deemed
adequate because it was still more than a sample size (351)
estimated using 5% as margin of error, confidence interval of
95%, population (all students of MTU), and 63.1% as expected
response distribution. Respondents were asked to complete a
self-administered questionnaire during in-person meetings with
the research team. These meetings were scheduled during the
semesters to avoid bias from the examination-related stress.
Students who were pursuing higher education from Mizan-Tepi
University, Mizan-Aman, Ethiopia were included in the study.
Those with an idiosyncratic account of self-reported recollected
complaints and those taking neuropsychiatric medications were
excluded from the study. Institutional review committee approval
from the College of Health Sciences, Mizan-Tepi University,
Ethiopia was acquired. Before the collection of data, a precis of
the intent and methodology to be implemented was explained
to the respondents. The nature of participation was clarified
to the respondents as voluntary and their right to terminate
participation at any time-point was emphasized. There were no
direct benefits for respondents and no risks or chances of harm.
It was also communicated to the respondents that they will not
receive any fee in exchange for participation. Stringent provisions
for privacy and confidentiality were implemented. The study
strictly conforms with the Helsinki declaration. Informed written
consent for participation and publication were obtained. The
study utilized five tools: (i) Generalized anxiety disorder-7 scale
(GAD-7), (ii) Leeds Sleep Evaluation Questionnaire-Mizan, (iii)
Perceived stress scale-10 (PSS-10), (iv) Sleep hygiene index, and
(v) a semi-structured socio-demographics tool. Since the English
language is the medium of instruction in all federal universities
in Ethiopia, all the tools employed in this study were in English.

Measures
Generalized Anxiety Disorder − 7 Scale
GAD-7 scale is a succinct but scrupulously validated inventory
to examine anxiety symptoms (17–19). It has been shown to
have sufficient diagnostic validity for vetting a wide-array of
anxiety-related disorders: “GAD, panic disorder, social phobia,
and post-traumatic stress disorder” (18). A cut-point of 10 for
GAD-7 is observed in this study to determine anxiety symptoms.
A sensitivity of 68% and specificity of 88% were reported by
Kroenke et al. at this cut-point. Seven items are scored using an
ordinal scale (0–3) to account for the cumulative regularity of
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anxiety symptoms within the last 7 days (18). The GAD-7 total
score, ranging from 0–21, is equal to the linear summation of all
the 7-items (17, 18). The severity of the anxiety increases with
the increment in the GAD-7 total score (17, 18). The GAD-7 is
a valid instrument for screening anxiety in university students in
Afro-Asian countries (19, 20).

Sleep Hygiene Index
SHI is a validated 13-item self-report measure of sleep hygiene
(21). This study adapted the version with a slightly modified
scoring system (dichotomized rating for each of the items: 0 =

No; 1 = Yes). SHI total score is the summation of all the items
ranging from 0–13, where a lower score infers good sleep hygiene
practices and a higher score suggests the otherwise (21). The
reliability of this version (dichotomized scoring) is sufficient as
indicated by a GLB = 0.85 and Standardized α = 0.66 (22). SHI
is valid among university students (11).

Leeds Sleep Evaluation Questionnaire-Mizan
Manzar et al. (23) validated the modified version of the LSEQ
(i.e., LSEQ-M) (24). The revision was composed to gauge the
sleep complaints among the student populace. A 100mm visual
analog scale (VAS) was utilized to rate each of the 10-items
(23, 25). Lower scores imply more severe sleep complaints (23).
The scores (0–100 range) of each item are transformed into
0–10 range which when summed will yield an LSEQ-M total
score ranging from 0–100 (23). LSEQ-M has requisite reliability,
adequate internal homogeneity, construct validity, and structural
validity in university students (23, 25).

Perceived Stress Scale-10
PSS-10 is a succinct (10-items) but scrupulously validated scale
of psychological stress (26). PSS-10 is a self-report that appraises
the stress experienced by the respondents throughout the month
preceding the test. Each item is rated using a 4-point ordinal
scale (0 = Never; 4 = Very Often), where higher scores would
infer a cumulative regularity of stress-related complaints. The
linear summation of all the 10-items will generate the total PSS-
10 score (26). The higher the psychological stress level, the higher
the PSS-10 total scores. Manzar et al. (27) reported that PSS-10
has adequate psychometric validity when utilized in assessing the
psychological stress among Ethiopian university students.

Socio-Demographic Questionnaire
A concise questionnaire was utilized to register the socio-
demographic characteristics of the respondents (e.g., age,
gender, years of education, attendance (% of classes attended),
substance use, daily athletic activity duration, and frequency
of daily tea/coffee consumption). Substance use item recorded
self-reported habitual consumption of alcohol and/or Khat
and/or smoking.

Statistical Analysis
In this study, statistical analysis was performed using SPSS
version 26.0. Participants’ characteristics were presented
using these: mean ± SD (continuous) and percentage
and frequency (categorical variables). Chi-square test
or Fisher’s exact test (categorical variables) and Student’s

independent t-test (continuous variables) were employed for
bivariate analysis.

Multivariate analysis was performed using binary logistic
and multiple linear regression. Nineteen multivariate outliers
[Mahalanobis distance criteria; X2 (9) = 27.88, p < 0.001]
and high leverage points and highly influential points (Cook’s
distance < 1.0) were removed for performing multivariate
analysis. There were few univariate outliers in the attendance
and age variables but these were not removed because those
values were found to be correct and not arising out of data entry
mistakes. Other assumptions for binary logistic regression like (i)
independence of observations, (ii) absence of multicollinearity
among independent variables as determined by the Spearman’s
correlation coefficients, and (iii) linear relationship with log
odds of all independent variables were satisfied by the dataset.
Additional assumptions for the multiple linear regression: (i)
linear relation between outcome and independent variable
as determined by scatterplot and partial regression plots,
(ii) homoscedasticity as determined by studentized residuals
plotted against the unstandardized predicted values, and (iii)
normal distribution of the residual errors were satisfied by
the dataset.

All the covariates and independent variables except gender,
attendance, years of education, and frequency of daily tea/coffee
consumption were significantly correlated with anxiety.
However, gender, attendance, years of education, and frequency
of daily tea/coffee consumption were used as covariates or
predictors because earlier works have shown them to be
associated with anxiety (28–31).

RESULTS

Participants’ Characteristics
Most of the participants (80.6%) were males (Table 1). Three-
fourth of the collegiate young adults (75%) were studying in the
first 2 years of university education (Table 1). The average of
attendance, PSS-10 total score, LSEQ-M total score, and SHI total
score was 95.32 ± 6.87, 18.83 ± 6.43, 60.08 ± 21.19, and 6.44 ±
2.39, respectively (Table 1). The prevalence of anxiety symptoms
was 21.6%, and the average GAD-7 total score was 7.2 ± 4.3 in
the study sample.

Bivariate Analysis: The Relationship
Between Anxiety and Participants’
Characteristics
The bivariate analysis predicted that anxiety was more common
in students with lower age (20.57 ± 1.47 vs. 21.55 ± 2.99, p <

0.001) and those who spent less time in athletic activities every
day (28.15 ± 32.33 vs. 42.68 ± 40.85, p < 0.001) (Table 1). Both
PSS-10 total score (22.82 ± 5.24 vs. 18.83 ± 6.43, p < 0.001) and
SHI total score (7.47 ± 1.84 vs. 6.44 ± 2.39, p < 0.001) were
higher in the anxiety group than normal (Table 1). Similarly, the
anxiety group showed lower values for LSEQ-M total score (49.90
± 19.18 vs. 60.08 ± 21.19, p < 0.001), indicating poorer sleep
than the normal young adults (Table 1).
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TABLE 1 | Participants’ characteristics and their relationship (bivariate) with anxiety in Ethiopian collegiate young adults.

Characteristics Mean ± SD

/frequency

(percentage)

Normal (n = 391)

mean ± SD

/frequency

(percentage)

Anxiety symptoms

(n = 108)

mean ± SD

/frequency (percentage)

Statistics P-value

Age (yr) 21.34 ± 2.76 21.55 ± 2.99 20.57 ± 1.47 4.71a <0.001

Gender

Male 402 (80.6) 318 (81.3) 84 (77.8) 0.68b 0.41

Female 97 (19.4) 73 (18.7) 24 (22.2)

Years of education

1st 186 (37.3) 150 (38.4) 36 (33.3) 6.35b 0.18

2nd 188 (37.7) 140 (35.8) 48 (44.4)

3rd 56 (11.2) 43 (11.0) 13 (12.0)

4th 39 (7.8) 30 (7.7) 9 (8.3)

5th 30 (6.0) 28 (7.2) 2 (1.9)

Attendance 95.34 ± 6.92 95.32 ± 6.87 95.44 ± 7.13 −0.16a 0.88

Substance use* 0.45b 0.50

No 464 (93.0) 362 (92.6) 102 (94.4)

Yes 35 (7.0) 29 (7.4) 6 (5.6)

PSS-10 total score 19.69 ± 6.40 18.83 ± 6.43 22.82 ± 5.24 −6.65a <0.001

LSEQ-M total score 57.88 ± 21.18 60.08 ± 21.19 49.90 ± 19.18 4.51a <0.001

SHI total score 6.67 ± 2.32 6.44 ± 2.39 7.47 ± 1.84 −4.80a <0.001

Daily athletic activity duration 39.53 ± 39.59 42.68 ± 40.85 28.15 ± 32.33 3.89a <0.001

Frequency of tea/coffee consumption 1.15 ± 0.63 1.18 ± 0.63 1.06 ± 0.61 1.81a 0.07

*Substance use (self-reported habitual use of alcohol and/or Khat and/or smoking); Anxiety symptoms was screened by Generalized anxiety disorder-7 scale.

SD, standard deviation; GAD-7, generalized anxiety disorder-7 scale; SHI, sleep hygiene index; LSEQ-M, an adapted and validated English version of the Leeds sleep evaluation

questionnaire; PSS, perceived stress scale-10.

Statistics: Chi-square test/ Fisher’s exact test for categorical variables and student’s t-test for continuous variables; a: t statistic; b: chi-square statistic value.

Multivariate Analysis: Binary Logistic
Regression-Association of Anxiety
Disorder With the Level of Stress, Poor
Sleep, and Inadequate Sleep Hygiene
A binary logistic regression was run to predict anxiety; this model
was adjusted for age, gender, attendance (percentage of lectures
attended), substance use (self-reported habitual use of alcohol
and/or Khat and/or smoking), years of university education, time
spent in athletic activity every day, and frequency of tea/coffee
consumption. The model with three predictors, that is, PSS-
10 total score, SHI total score, and LSEQ-M total score were
significant in comparison to a model with only intercepts; χ2(13,
N = 480) = 82.68, p < 0.001. The model with these predictors
explained 24.1% of the variance in the classification of anxiety
with an accuracy of 78.8%. Increasing scores of PSS-10 and SHI
and the decreasing score of LSEQ-Mwere associated with anxiety
status (Table 2).

Multivariate Analysis: Multiple Linear
Regression-Association of Anxiety Level
With the Level of Stress, Poor Sleep, and
Inadequate Sleep Hygiene
Further, a multiple linear regression model assessed the extent
to which inadequate sleep hygiene, poor sleep, and psychological
stress predict changes in anxiety levels. Increasing severity of the

TABLE 2 | Binary logistic regression: association of anxiety with psychological

stress, poor sleep, and inadequate sleep hygiene in Ethiopian collegiate young

adults.

Associated conditions AOR (95 % CI) P-value COR (95 % CI) P-value

LSEQ-M total score 0.97 (0.96–0.99) <0.001 0.98 (0.97–0.99) <0.001

SHI total score 1.16 (1.03–1.30) 0.01 1.22 (1.10–1.35) <0.001

PSS total score 1.11 (1.06–1.16) <0.001 1.12 (1.07–1.17) <0.001

CI, confidence interval; AOR, adjusted odds ratio; COR, crude odds ratio.

Adjusted for age, gender, attendance (percentage of lectures attended), Substance use

(self-reported habitual use of alcohol and/or Khat and/or smoking) and years of university

education, time spent in athletic activity every day, frequency of tea/coffee consumption.

Anxiety was screened by Generalized anxiety disorder-7 scale; LSEQ-M, an adapted and

validated English version of the Leeds sleep evaluation questionnaire; SHI, sleep hygiene

index; PSS: perceived stress scale-10.

anxiety (implied by increasing GAD-7 total score) was predicted
by an increasing level of poor sleep (lower LSEQ-M total
score), inadequate sleep hygiene (higher SHI total score), and
increasing psychological stress (increasing PSS-10 total score)
(model adjusted R2= 0.204, p < 0.001) (Table 3).

DISCUSSION

In the present study, (i) a high prevalence of anxiety was found
in the study population of Ethiopian university students, and
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TABLE 3 | Multiple regression predictors of the anxiety level in Ethiopian collegiate young adults.

Independent variable Beta coefficient Standard error T-values P-values Model unadjusted R2;

adjusted R2; P-value

Age −0.069 0.089 −1.525 0.128 0.219, 0.204, <0.001

Gender 0.001 0.468 0.03 0.976

Attendance −0.020 0.027 −0.477 0.633

Daily athletic activity duration (min) −0.067 0.005 −1.617 0.106

Frequency of tea/coffee consumption −0.097 0.307 −2.353 0.019

SHI total score 0.120 0.084 2.726 0.007

PSS-10 total score 0.307 0.03 7.097 <0.001

LSEQ-M total score −0.186 0.009 −4.359 <0.001

Years of university education 0.006 0.169 0.134 0.894

Intercept 8.818* 3.376 2.612 0.009

*Unstandardized beta coefficient for the intercept, for all other independent variables standardized beta coefficient is shown.

GAD-7, generalized anxiety disorder-7 scale; LSEQ-M, an adapted and validated English version of the Leeds sleep evaluation questionnaire; SHI, sleep hygiene index; PSS, perceived

stress scale-10. Bold values indicate a significant relationship between an independent variable and the dependent variable.

(ii) both status of anxiety and an increasing level of anxiety
were found to be associated with psychological stress, poor sleep
quality, and inadequate sleep hygiene practices. To the best
of our knowledge, this is the first study to demonstrate the
status of having an anxiety and increasing level of anxiety to
be associated with poor sleep, inadequate sleep hygiene practice,
and psychological stress. The findings of the present study are
strengthened by the fact that all the measures were standard
questionnaires that have previously been validated in university
students (11, 19, 23, 27). Furthermore, the results are reinforced
by the fact that the relationship was significant in the multivariate
models after adjusting for many of the known covariates (28–31).

The prevalence of anxiety (∼22%) in this study was slightly
lower than that reported by a recent systematic review, that is,
24.5% based on a summarized finding of 48 articles from 40
countries (32). Ghrouz et al. (33) found a slightly higher level
of anxiety symptoms using the GAD-7 scale (30%) in Indian
university students (33). This concordance with the findings of
a high prevalence rate of anxiety in Ethiopia and the rest of the
world indicates a major global public health problem affecting
university attending young adults (32, 33). The anxiety-sleep
quality relationship in the present study is supported by previous
reports. Poor sleep has been one of the consistent predictors of
increased anxiety levels in collegiate young adults (33, 34). Zhang
et al. reported that psychological stress mediates the relationship
between poor sleep quality and anxiety levels among American
nursing students (34). Ghrouz et al. (33) found that poor
sleep quality was associated with anxiety in Indian university
students (33). A recent systematic review summarized that sleep
disturbances may aggravate the severity of anxiety symptoms,
and thus, understanding comorbid anxiety and poor sleep may
be important for the exploration of treatment strategies (35).

To the best of our knowledge, this is the first study to
report a direct association of anxiety status, and anxiety level
with inadequate sleep hygiene practices among young adults.
However, thematically similar generalizations are entailed in
some of the previous reports. Baroni et al. reported that

an intervention called sleep course targeted to improve sleep
hygiene practices also led to a decrease in anxiety levels in
American college students (36). Similarly, Peltz et al. (37) using
a moderator-mediator analysis found that (i) sleep hygiene was
both directly and indirectly associated with anxiety levels in
American adolescents whose school start time is before 8:30 am,
and (ii) sleep hygiene was only directly associated with anxiety
levels in American adolescents whose school start time was 8:30
am or later (37). A systematic review showed a constellation of
poor sleep behaviors like inadequate sleep hygiene, and difficulty
in initiating/maintaining sleep are common in children with
anxiety disorders (38). Inadequate sleep hygiene practice is
common in university students, due to continuous pressure to
maintain a higher cumulative grade point average (cGPA), and
personal socioeconomic position forcing some of them to work
off-campus, all of these adds to their irregular sleeping schedules.
Other evidence revealed that an increased co-sleeping tendency
in anxious school-going children is found, with one in three
children tending to co-sleep 2–4 times a week compared to non-
anxious children (39). The use of portable electronic devices by
children and adolescents before sleep has been proposed to cause
displacement of time to sleep due to increased mental alertness,
and psychological stimulation due to light exposure (40). To this
end, inadequate sleep hygiene practice is common in university
students, thus it is suggested that the universities should have
appropriate advisory centers to provide specialized counseling
tailored to improve sleep habits, and mental health.

Anxiety and increasing severity of anxiety were associated
with psychological stress in the study population. Faravelli and
Pallanti reported that distressing events in life lead to the
development of anxiety symptoms (41). Perceived exam stress
is common in university students with the fear of lower grades.
Lower grades may consequently decrease prospects of finding
jobs in the future, thoughts about this may increase the level
of anxiety. Prolonged stress may impair the ability to perform
well-during exams, and in the long-term makes an individual
vulnerable to neuropsychiatric complications (42). Other aspects
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that may potentially increase stress in students are adjustments
to the new campus life, fulfilling academic requirements, and
simultaneous maintenance of social and academic life.

Limitations of the Study
The study does not have an equal representation of females;
nevertheless, the study satisfies the NIH mandate of inclusion of
sex as a biological variable for reproducibility and replicability
in science (43). Lesser female representation may also be related
to the overall lower percentage of female students (about
30%) enrolled at MTU during the academic year. Similar
studies involving Ethiopian university students also reported less
participation from female students (16). It would be interesting
to assess the relationship between courses of study and anxiety
symptoms in future studies. Moreover, both regression models
used in this study explained 20.4 and 24.1% of the variance.
This is most plausibly explained by statistical consideration that
some of the covariates associated with anxiety may have not
been accounted for in the present study. This aspect should be
further explored in future studies. Moreover, a clinical diagnosis
of anxiety was not performed. However, it may not be out of place
to mention that in the limited resource setting in which this study
was performed, a comprehensive clinical neuropsychological
assessment was not possible.

CONCLUSION

The study found a high prevalence of anxiety and psychological
anxiety levels in the participating Ethiopian university students.
Both the status of anxiety and the increasing severity were
associated with higher psychological stress, poor sleep, and
inadequate sleep hygiene. Screening of these correlates of
anxiety may help in the early identification and management of
mental health.
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Background: The Pittsburgh Sleep Quality Index (PSQI) has been a widely used

instrument measuring sleep quality among people living with HIV (PLWH) in China while

its psychometric properties have yet to be examined in this population. We aimed to

assess the reliability and validity of the Chinese version of PSQI in PLWH and identify

factors associated with sleep quality.

Methods: This study was based on a longitudinal study of newly diagnosed PLWH,

among whom the PSQI was used to measure sleep quality 5 years after HIV

diagnosis (n = 386). To evaluate internal consistency, Cronbach’s alpha and corrected

item-total correlation were calculated. To assess construct validity, Pearson’s correlation

coefficients were calculated between PSQI scores and depression, anxiety, stress, and

health-related quality of life (HRQoL). Known group validity was evaluated by comparing

PSQI scores between participants with probable depression and those without. Binary

logistic regression was conducted to identify factors associated with sleep disturbances.

Results: The internal consistency Cronbach’s alpha for the Chinese version of PSQI in

PLWHwas 0.713. Construct validity was established by significant relationships between

PSQI and depression, anxiety, stress, and HRQoL. The PSQI scores in participants

with probable depression were significantly higher than those without, indicating good

known-group validity. Sleep disturbances were associated with less income, higher

CD4 counts, antiretroviral treatment (ART) initiation, exercise, depression, and higher

stress levels.

Conclusions: The Chinese version of PSQI is feasible for use among Chinese PLWH.

Over a third of PLWH reported sleep disturbances. More attention should be given to

individuals with less income and on ART. Intervention aimed at improving mental health

or facilitating exercise may improve sleep quality.

Keywords: pittsburgh sleep quality index, reliability, validity, HIV, sleep disturbances, China
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INTRODUCTION

Receiving diagnosis of HIV infection is considered as an
extremely stressful experience for most individuals, accompanied
with considerable stressors such as stigma, disclosure, emotional
distress, medication side effects, and declines in physical function
(1, 2), which are known to be strong predictors of sleep
disturbances among people living with HIV (PLWH) (3, 4).
PLWH are, therefore, more likely to be vulnerable to sleep
problems (5). A meta-analysis estimating the prevalence of
self-reported sleep disturbances among PLWH found that
approximatelymore than half of PLWH report sleep disturbances
after diagnosis (5), while PLWH complaining of poor sleep
quality have been shown to be less likely to adhere to
recommended treatment and more likely to suffer multiple
mental disorders (6, 7), whichmay negatively impact the immune
and virologic responses (8), leading to treatment failure (9) and,
ultimately, influencing the quality of life in this population (10).

Given the significantly negative consequence of the poor
sleep quality among PLWH, providing a reliable estimate of the
prevalence of sleep disturbances has been increasingly important.
Sleep quality is evaluated either by self-reported or interviewer-
rated scales or objective measures (such as polysomnography and
actigraphy) (11). Empirical evidence showed that self-reported
measures are user-friendly, reliable, and sensitive to change in
sleep pattern and quality (12). Of the different measures on
sleep quality, the Pittsburgh Sleep Quality Index (PSQI) is the
most widely used (5). The Chinese version of the PQSI was
translated in 1996 by Liu et al. and have been subsequently
examined in different populations including the civil servants,
college students, and rural elderly (13), all indicating the Chinese
version PSQI is a reliable and valid instrument for evaluating
sleep quality (14–16).

Although previous studies have explored various
psychometric properties of the Chinese-version PSQI across
different clinical and non-clinical groups, its application in
PLWH has yet to be examined. This study aimed to (1) examine
the reliability and validity of the Chinese version of the PQSI in
PLWH, and (2) assess the prevalence of poor sleep quality using
PQSI and identify the factors associated with poor sleep quality
among PLWH.

METHODS

Participants
Participants were HIV-infected patients enrolled since 2013 in a
longitudinal study designed to evaluate mental health challenges,
among people with newly diagnosed HIV infection. Relevant
description on the study design is available in elsewhere (17).
Briefly, individuals with newly diagnosedHIVwere consecutively
recruited from the Changsha Center for Disease Control and
Prevention, Hunan Province, China. Individuals were eligible if
they were (1) receiving HIV diagnosis for less than 1 month
(newly diagnosed with HIV), (2) more than 18 years of age, and
(3) having lived in Changsha city for more than 6 months. This
study was approved by the Ethics Committee of Xiangya School
of Public Health Central South University (ZYGW-2018-055).

Written informed consent was obtained from each participant
before participation.

A total of 855 people newly diagnosed with HIV met the
inclusion criteria, among which 557 participants completed the
baseline survey between March 1, 2013 and September 30, 2014.
After 1 year, 410 participants continued to participate in the
follow-up survey. Among the 557 individuals who completed the
baseline survey, 386 agreed to participate in the 5-year follow-up
survey which was conducted between August 1, 2018 and March
29, 2019. This study was based on data from 5-year follow-up
survey in which the sleep quality was added as a new variable
of interest.

Measures
Socio-Demographic Information
Demographic information included gender, age (18–29, 30–39,
or≥40), marriage status (single, married, or divorced/widowed),
education (senior or below, college or above), employment
(employed or unemployed), monthly income (≤4,000 Yuan or
>4,000 Yuan), and exercise behavior (yes or no).

Sleep Quality
Sleep quality was assessed by the Chinese version of PSQI, which
was translated and validated by Liu et al. in 1996 (13). The
original scale was designed by Buysse et al. which was used
to measure the sleep quality and disturbances over the past
month (12). It includes 18 items consisting of seven components:
subjective quality of sleep, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbance, use of sleep medication, and
daytime dysfunction. Each item is scored from 0 (not during the
past month) to 3 (three or more times a week), with total score
ranging from 0 to 21. A higher score suggests poorer sleep quality.
A cut-off score of 5 has been recommended to screen for sleep
disturbance by Buysse et al. (12).

Clinical Information
Clinical information including CD4 counts and antiretroviral
treatment (ART) status were obtained from the Chinese
HIV/AIDS Comprehensive Response Information Management
System. In addition, participants were asked in questionnaire
whether they had any other disease (except for HIV infection).

Depression
Depression was assessed by the 9-item Patient Health
Questionnaire Depression Scale (PHQ-9) (18). Participants
responded on a 4-point Likert-type scale ranging from 0 (not at
all) to 3 (nearly every day). The total score of scare ranges from 0
to 27, with a score ≥10 being considered a cut-off screening for
significant depressive symptoms (19). The Chinese version of the
PHQ-9 shows good reliability and validity with a Cronbach’s α

coefficient of 0.86 (20).

Anxiety
Anxiety was measured by the 7-item Generalized Anxiety
Disorder questionnaire (GAD-7) (21). Each item was rated on a
4-point Likert scale ranging from 0 (not at all) to 3 (nearly every
day). The total score of scale ranges from 0 to 21. A score of 10
points or higher was usually used as cut-off to identify significant
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anxiety symptoms (22). The Chinese version of GAD-7 shows
good reliability and validity with a Cronbach’s α coefficient of
0.88 (23).

Stress
The Chinese version of HIV/AIDS Stress Scale (CSS-HIV) was
used to assess HIV-related stress (23). It was first developed
by Pakenham et al. (24), and Niu et al. later translated it into
Chinese version. This scale consists of three subscales: social
stress, instrumental stress, and emotional stress. Participants
were asked how much stress they had endured in the past month
on a 5-point Likert-type scale. A higher score indicates higher
levels of stress. In this study, the median score of the CSS-HIV
(P50 = 13) was used as the cut-off to divide low and high stress.
The CSS-HIV has good validity and reliability, with an overall
Cronbach’s α coefficient of 0.906 (23).

Health-Related Quality of Life
The health-related quality of life was measured using the Medical
Outcomes Study HIV Survey (MOS-HIV) (25). The MOS-HIV
includes 35 items with 11 dimensions containing general health,
physical function, role function, cognitive function, pain, mental
health, health distress, energy/fatigue, social function, overall
quality of life, and health transition. Based on standard scoring
procedures, a physical health summary score and a mental health
summary score could be calculated. The Chinese version of
the MOS-HIV has shown good validity and reliability among
PLWH (26).

Statistical Analysis
The continuous variables were described as median with
interquartile ranges (IQRs) and categorical variables were
described as numbers with percentages. To evaluate the internal
consistency, we calculated Cronbach’s alpha for overall scale
and corrected item-total correlation, with Cronbach’s α ≥0.70
and corrected correlations ≥0.30 indicating adequate internal
consistency (27). To evaluate construct validity, Pearson’s
correlation coefficients were calculated between PSQI scores and
other theoretically related constructs, i.e., depression, anxiety,
stress, and HRQoL. Known group validity was evaluated by
comparing each component scores of PSQI between participants
with probable depression (PHQ-9 ≥ 10) and without depression
(PHQ-9< 17) using independent sample t test. We hypothesized
that depression is negatively associated with poor sleep quality.
To identify the factors associated with sleep disturbances (defined
as PSQI > 5), univariate logistical regression was conducted,
with experiencing sleep disturbance or not as dependent variable,
and sex, age, marital status, education, employment, monthly
income, CD4 count, comorbidities, ART status, exercise, HIV-
related stress, depressive, and anxiety symptoms as independent
variables. Variables that were statistically associated with sleep
disturbances with a p ≤ 0.2 in the univariate logistic regression
were further selected into the multiple logistic regression model.
Odds ratios (OR) and 95% CIs were presented. All analyses were
conducted using SPSS 22.0 (SPSS Inc., Chicago, IL, USA) with
two-tailed p < 0.05 considered statistically significant.

RESULTS

Sample Characteristics
Of the 386 participants who completed the 5-year follow-up
survey after diagnosis, 353 (91.5%) were male, with a median age
of 34 (IQR: 30–43). The majority were single, employed, and had
a monthly income of more than 4,000 Yuan. Nearly two-thirds of
participants self-reported as homosexual or bisexual. The median
CD4 counts 5 years after diagnosis were 512 cells/mm3 (IQR:
368–656). Over one-third of individuals reported the presence of
other disease except for HIV infection (Table 1).

Reliability
The corrected item-total correlation ranged from 0.131 for the
use of sleep medication component to 0.702 for the subjective
sleep quality component. The overall Cronbach’s α was 0.719 and
increased to 0.734 after excluding the use of sleep medication
component (Table 2).

Validity
Construct Validity
Correlations between the PSQI scores and relevant variables
are presented in Table 3. Theoretical related constructs such as
depression, anxiety, stress, and HRQoL were all significantly
correlated with the total score of the PSQI (r ≥ |0.360|). Each
component scores of the PSQI were significantly correlated
with the depression, anxiety, and mental health summary scores
of HRQoL (|r| = 0.110–0.526, p < 0.05). In addition, all
components of the PSQI were correlated with the scores of stress
the physical health summary scores of HRQoL (|r| = 0.107–
0.369, p< 0.05), except for the component of sleepingmedication
use (|r|= 0.042–0.065, p > 0.05).

Known Group Validity
As hypothesized, the total score of the PSQI in individuals with
probable depression (PHQ-9 ≥ 10, n = 66; mean = 6.42, SD
= 3.90) was significantly higher than that in normal individuals
with no depression (PHQ-9 < 10, n = 320; mean = 3.50, SD
= 3.50) with p <0.001 (Table 4). All of the PSQI components,
except for two components, sleep efficiency and use of sleep
medication, were significantly correlated with the depression
(p < 0.001).

Sleep Quality Among PLWH
Prevalence and Severity of Symptoms
The global PSQI score for the 386 participants ranged from 0 to
18, with a median of 3 (IQR: 1–6). The overall prevalence rate
of poor sleep quality was 37.0%, using a cut-off point of 5, as
suggested by Buysse et al. (12).

Factors Associated With Sleep Quality in PLWH
In the multivariate regression analysis, we found participants
with less income (p = 0.002), CD4 >350 cells/mm3 (p =

0.024), ART initiation (p = 0.047), exercise behavior (p =

0.008), depressive symptoms (p= 0.006), and higher stress levels
(p= 0.032) were more likely to experience sleep disturbances
(Table 5).
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TABLE 1 | Sample characteristics.

Variables n %

Sex

Male 353 91.5

Female 33 8.5

Age, median (IQR) 34 (30–43)

18–29 94 24.4

30–39 171 44.3

≥40 121 31.3

Marital status

Single 189 49.0

Married 138 35.8

Divorced/widowed 59 15.2

Education

Senior or lower 215 55.7

College or higher 171 44.3

Employment

Employed 318 82.4

Unemployed 68 17.6

Monthly income (Yuan), median (IQR) 5,000 (3,000–6,500)

≤4,000 179 46.4

>4,000 207 53.6

Exercise

No 212 54.9

Yes 174 45.1

Sexual orientation

Heterosexuality 142 36.8

Homosexuality 155 40.2

Bisexuality 89 23.1

CD4 count (cells/mm3 ), median (IQR) 512 (368–656)

≤350 84 21.8

>350 302 78.2

Comorbidities

No 265 68.7

Yes 121 31.3

ART

No 36 9.3

Yes 350 90.7

Depressive symptoms

No 320 82.9

Yes 66 17.1

Anxiety symptoms

No 347 89.9

Yes 39 10.1

ART, antiretroviral treatment.

DISCUSSION

Although the PSQI has been frequently used in the studies
of PLWH in China, the reliability and validity of the Chinese
version in this population has yet to be examined. This is the
first study to examine the psychometric efficiency of the PSQI
among Chinese PLWH. We found that the Chinese version of

TABLE 2 | PSQI internal consistency data.

PSQI component Corrected item-total correlation

Subjective sleep quality 0.702

Sleep latency 0.497

Sleep duration 0.462

Habitual sleep efficiency 0.380

Sleep disturbance 0.414

Sleep medication use 0.131

Daytime dysfunction 0.469

Cronbach’s α 0.719

PSQI, Pittsburgh Sleep Quality Index.

TABLE 3 | Correlations between sleep measures and relevant variables.

PSQI component Depression Anxiety Stress HRQoL HRQoL

(PHS) (MHS)

Subjective sleep quality 0.426** 0.354** 0.317** −0.301** −0.439**

Sleep latency 0.319** 0.306** 0.255** −0.236** −0.332**

Sleep duration 0.266** 0.222** 0.177** −0.211** −0.329**

Habitual sleep efficiency 0.143** 0.130* 0.107* −0.116* −0.209**

Sleep disturbance 0.267** 0.219** 0.264** −0.260** −0.302**

Use of sleep medication 0.157* 0.179** 0.042 −0.065 −0.110*

Daytime dysfunction 0.456** 0.336** 0.316** −0.334** −0.455**

Total score of the PSQI 0.486** 0.409** 0.360** −0.369** −0.526**

*p < 0.05; **p < 0.01.

MHS, mental health summary score; PHS, physical health summary score; PSQI,

Pittsburgh Sleep Quality Index.

TABLE 4 | PSQI scores according to the PHQ-9.

PSQI component No

depression

Probable

depression

t p

Mean SD Mean SD

Subjective sleep quality 0.55 0.63 1.09 0.76 −6.077 <0.001

Sleep latency 0.82 0.99 1.33 1.19 −3.721 <0.001

Sleep duration 0.40 0.86 0.88 1.17 −3.857 <0.001

Habitual sleep efficiency 0.30 0.66 0.42 0.81 −1.365 0.173

Sleep disturbance 0.67 0.58 1.00 0.61 −4.163 <0.001

Use of sleep medication 0.03 0.22 0.08 0.40 −1.431 0.153

Daytime dysfunction 0.73 0.94 1.62 1.17 −6.647 <0.001

Total score of the PSQI 3.50 3.05 6.42 3.90 −6.741 <0.001

PHQ-9, 9-item Patient Health Questionnaire Depression Scale; PSQI, Pittsburgh Sleep

Quality Index.

the PSQI has adequate reliability and validity in PLWH. Over a
third of PLWH reported sleep disturbances (defined as PSQI >5)
in this study. Individuals who had a lower income, higher CD4
counts, ART initiation, exercise behavior, presence of depressive
symptoms, and higher stress levels were more likely to experience
sleep disturbances.

The reliability of PSQI in this study was supported by high
internal consistency (Cronbach’s α = 0.719), which was close to
the result from studies by Buysse et al. (12). The component
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TABLE 5 | Factors associated with sleep quality in PLWH.

Variables Univariate Multivariate

OR (95% CI) p OR (95% CI) p

Sex

Male Ref

Female 1.12 (0.54–2.32) 0.770

Age

18–29 Ref

30–39 0.84 (0.50–1.41) 0.503

≥40 0.81 (0.47–1.42) 0.463

Marital status

Married Ref Ref

Single 1.24 (0.78–1.97) 0.355 1.60 (0.93–2.73) 0.088

Divorced/widowed 1.74 (0.94–3.25) 0.081 1.93 (0.97–3.83) 0.060

Education

Senior or lower Ref

College or higher 0.79 (0.52–1.19) 0.257

Employment

Unemployed Ref Ref

Employment 0.65 (0.38–1.10) 0.110 1.08 (0.56–2.07) 0.824

Monthly income (Yuan)

≤4,000 Ref Ref

>4,000 0.47 (0.31–0.72) <0.001 0.44 (0.26–0.74) 0.002

CD4 count (cells/mm3 )

≤350 Ref Ref

>350 1.63 (0.96–2.75) 0.071 2.00 (1.10–3.66) 0.024

Comorbidities

No Ref Ref

Yes 1.37 (0.88–2.13) 0.161 1.10 (0.66–1.82) 0.722

ART

No Ref Ref

Yes 2.23 (0.94–5.29) 0.070 2.63 (1.01–6.82) 0.047

Exercise

No Ref Ref

Yes 0.45 (0.29–0.69) < 0.001 0.53 (0.33–0.85) 0.008

Depressive symptoms

No Ref Ref

Yes 4.47 (2.54–7.85) <0.001 2.83 (1.34–5.98) 0.006

Anxiety symptoms

No Ref Ref

Yes 3.47 (1.74–6.92) <0.001 1.43 (0.59–3.43) 0.427

HIV-related stress

Low Ref Ref

High 3.01 (1.96–4.63) <0.001 1.75 (1.05–2.92) 0.032

ART, antiretroviral treatment; PLWH, people living with HIV.

on sleep medication use had an item-total correlation <0.3
in this study, indicating poor correlations for this component
in the PSQI framework. After deleting the component on
sleep medication use, the Cronbach’s α coefficient of PSQI
increased from 0.719 to 0.734. Such a result is consistent
with several published studies (28, 29). Of note, removing
the medication use component was based on psychometrical

methods, whereas the best possible psychometrics may not
always be the highest consideration.

The validity of PSQI was supported by good construct validity
and known-group validity. Significant correlations between PSQI
and theoretical related constructs such as depression, anxiety,
stress, and HRQoL were found in this study. In addition, the
total score of PSQI in individuals with probable depression
(PHQ-9 ≥ 10) was found to be significantly higher than that of
individuals with no depression (PHQ-9 < 10), compatible with
our hypothesis that individuals with depression are more likely to
experience poor sleep quality. The reliability and validity analyses
of PSQI in this study suggest that the Chinese version of PSQI
is a suitable and acceptable instrument for use in assessing sleep
quality among Chinese PLWH.

Poor sleep quality was observed in 37% of participants in this
study, which is much higher than that of the general population
survey in China where the rate of sleep disturbances was found
to be about 10% (30). This result, however, was lower than the
rate of 43.1% reported by another study conducted among 4,103
HIV-infected individuals at 20 AIDS clinics across China (31).
The different lengths of time since diagnosis may partially explain
the discrepancy between the two studies. The median duration of
diagnosis was 2.25 years in that study and 5 years in our sample,
while the length of time since diagnosis has been associated
with sleep disturbances, with shorter duration from diagnosis
being associated with poor sleep quality (31). Nevertheless, the
prevalence of sleep disturbances remains high even 5 years after
diagnosis. Routinely assessing sleep quality over the course of the
HIV infection should be taken into consideration. In accordance,
identifying factors associated with sleep disturbances among
PLWH is critical to inform strategies to improve sleep quality
among this population.

In this study, PLWH on ART were more likely to report sleep
disturbances. It is well-known that the morbidity and mortality
rates among PLWH have declined dramatically with the scale-
up of ART (32). However, side effects associated with ART
have also been frequently reported by patients on ART, with
sleep disturbances as a common side effect of treatment (33).
A previous study investigating factors influencing adherence
to ART mentioned that 56.4% of patients regarded insomnia
as an adverse effect of ART, which further contribute to the
non-adherence and discontinuation of treatment (34). Some
antiretroviral medications (e.g., efavirenz) have been linked to
adverse sleep effects, especially at higher plasma levels (35).
Regularly monitoring adverse reactions to ART should be an
important consideration in the management of HIV.

Our study found that individuals with higher CD4 counts
(>350 cells/mm3) have a higher rate of sleep disturbances when
compared with those with lower CD4 counts (≤350 cells/mm3).
Conversely, findings from most HIV studies suggested higher
CD4 counts were associated with better sleep quality (36, 37).
It seems a more likely scenario as it would be expected that
as patients decrease their viral load and improve their CD4
counts, their overall health would improve, together with sleep.
However, a study in South Africa where 79% of the participants
were women also reported a similar relationship between higher
CD4 counts and poor sleep quality, arguing this may be related
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to an underlying immune activation (38). In addition, a cross-
sectional study conducted in France found that patients with CD4
count <500 cells/mm3 were more likely to be long sleepers and
less likely to experience insomnia. Insomnia and impaired sleep
quality seem to be highly prevalent in well-controlled PLWH
(39). Further investigation is needed to explore the relationship
between CD4 counts and sleep quality.

5Poor immune function, serious symptoms, and antiretroviral
side effects in the 1990s were broadly considered as the
contributors of sleep disturbances in PLWH (40, 41), while
even in the context of improved antiretroviral therapy and
optimally controlled viral replication, PLWH still struggle
with sleep disturbances, indicating that sleep disturbances
among PLWH may be caused by additional factors related to
psychosocial status other than HIV disease. Individuals would
suffer from a myriad of stressors related to HIV after being
diagnosed, such as disclosure concerns and infection-related
stigma (2), which may make individuals with HIV infection
be burdened further by depression and sleep disturbances
(42, 43). Consistent with previous studies that depression
is a major factor influencing sleep quality among PLWH
(44, 45), we found that individuals with depression were
more likely to experience sleep disturbances than those
without. Considering the possible bidirectional association
between sleep and depression (46), alleviating depressive
symptoms among PLWH may improve sleep quality and
vice versa.

In our study, less income was significantly associated with
increased risk of sleep disturbances, and this variable is known
to be an important factor associated with sleep whatever the
medical condition (47). In addition, the beneficial effect of
exercise on sleep has been commonly demonstrated among the
general population or patients with other disease such as cancer
survivors, and people with rheumatoid arthritis and mental
illness (48–51), while less attention has been paid to PLWH. In
this study, we found PLWHwith exercise behavior were less likely
to report sleep disturbances. Further research should investigate
which type of exercise and exercise intensity is more effective for
the sleep quality of PLWH.

Several limitations of this study should be acknowledged.
First, consecutive sampling was used in this study to recruit
participants, which may limit the generalizability of the findings.
Second, other factors that may influence sleep quality were
not included in this study, e.g., pain, alcohol assumption,
smoking, and body mass index (BMI). These variables should be
considered in future studies. Another limitation is that the sleep

quality among PLWH in this study was based on one-time point
assessment. Longitudinal studies tracking sleep disturbances
among PLWH throughout the course of the disease could be
valuable to characterize the impact of HIV infection on sleep.

CONCLUSIONS

The findings from this study supported the feasibility of the
PSQI for use among Chinese PLWH. Over a third of PLWH
reported sleep disturbances in this study, and participants
with less income, higher CD4 counts, ART, exercise behavior,
depressive symptoms, and higher stress levels were more likely
to experience sleep disturbances. More attention should be given
to the screening and treatment for sleep disturbances experienced
by PLWH.
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Sleep disturbances are common in post-traumatic stress disorder (PTSD), although

which sleep microarchitectural characteristics reliably classify those with and without

PTSD remains equivocal. Here, we investigated sleep microarchitectural differences

(i.e., spectral power, spindle activity) in trauma-exposed individuals that met (n = 45)

or did not meet (n = 52) criteria for PTSD and how these differences relate to

post-traumatic and related psychopathological symptoms. Using ecologically-relevant

home sleep polysomnography recordings, we show that individuals with PTSD exhibit

decreased beta spectral power during NREM sleep and increased fast sleep spindle

peak frequencies. Contrary to prior reports, spectral power in the beta frequency

range (20.31–29.88Hz) was associated with reduced PTSD symptoms, reduced

depression, anxiety and stress and greater subjective ability to regulate emotions.

Increased fast frequency spindle activity was not associated with individual differences

in psychopathology. Our findings may suggest an adaptive role for beta power during

sleep in individuals exposed to a trauma, potentially conferring resilience. Further, we

add to a growing body of evidence that spindle activity may be an important biomarker

for studying PTSD pathophysiology.

Keywords: post-traumatic stress disorder, sleep, spectral power, sleep spindles, beta power

INTRODUCTION

Post-traumatic stress disorder (PTSD) is an emotional disorder characterized by the persistence
of heightened reactivity 1 month or more after exposure to a traumatic event. Symptoms include
intrusions, avoidance behaviors, and hyperarousal (1). Sleep disturbances are extremely common
in PTSD, present in ∼70% of patients (2). Two meta-analyses have identified polysomnographic
(PSG) findings common across multiple studies of PTSD including decreased total sleep time (TST)
and sleep efficiency (SE) and increased wake time after sleep onset (WASO) (3), increased light
(N1) sleep and reduced slow-wave (N3) sleep (3, 4), and increased rapid eye movement density
(4). Certain moderators (e.g., age, sex) also reveal subgroup specific features relative to controls
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and illustrate the heterogeneity but also the ubiquity of sleep
disturbance in individuals with PTSD (4, 5). However, reliable
microarchitectural markers of PTSD during sleep remain elusive
(6). This is of critical importance as sleep macroarchitecture
(i.e., time spent in different sleep stages) only provides a broad
characterization of the sleeping brain that varies widely from
night-to-night, potentially hindering their utility as reliable
biomarkers of sleep in PTSD (7).

The quantification of sleep electroencephalography (EEG)
signals through spectral power analysis allows for a more fine
grained analysis of frequency-specific neural activity that is
reflective of underlying brain states. Emerging evidence suggests
that PTSD patients exhibit a reduction in low frequency (slow
oscillation-delta band range; <4Hz) power during non-rapid
eye movement (NREM) sleep, and increased high frequency
power (beta and gamma frequency range; >20Hz) during both
NREM and REM sleep (6, 8–12), though see (13, 14). In
addition, trauma exposed individuals who do not go on to
develop PTSD have been found to show higher REM theta (4–
7Hz) power compared to patients who did subsequently develop
PTSD (15). These findings are hypothesized to indicate lower
restorative functioning and increased hyperarousal during sleep
in PTSD.

Another sleep oscillation that has been suggested as a
potential pathophysiological biomarker are sleep spindles. These
waxing and waning (∼9–16Hz) oscillations are characteristic
signatures of NREM sleep (16). Generated by the thalamic
reticular nucleus (TRN), spindles travel to cortical regions
via thalamocortical pathways (17, 18). A number of putative
functions of sleep spindles have been suggested, including sleep
maintenance, induction of synaptic plasticity, and memory
consolidation [see (17) for detailed review]. Given their relatively
well-understood generation by thalamo-cortical circuitry, scalp-
EEG detected sleep spindles may provide an indirect, non-
invasive readout of thalamocortical functioning during sleep
(19). Unlike sleep macroarchitecture, sleep spindle properties are
highly stable night-to-night, showing high test-retest reliability
(20). Surprisingly, only two studies to date have examined
sleep spindle activity in PTSD (6, 21), with one study
suggesting a higher sleep spindle peak frequency in PTSD
patients (21).

The aim of the present study was to compare NREM and REM
sleep microarchitecture in PTSD patients to trauma-exposed
individuals who did not go on to develop clinically diagnosed
PTSD. We focused on differences in the NREM and REM power
spectrum, and properties of sleep spindles. These were examined
both in terms of group differences in sleep microarchitecture
and correlations between sleep microarchitecture measures
and psychiatric symptomatology. Our pre-registered hypotheses
(https://osf.io/z6gfw) were as follows:

H1: PTSD patients would exhibit increased high frequency
(>20Hz) and decreased low frequency (<4Hz) NREM
spectral power compared to trauma-exposed controls (TEC).
H2: PTSD patients would exhibit increased high frequency
(>20Hz) and decreased theta (4–7Hz) REM spectral power
compared to TEC.

H3: PTSD patients would show higher frequency sleep
spindles during NREM sleep compared to TEC.

Further exploratory analyses are described in sections below.

METHODS

We analyzed data from an existing dataset examining sleep
and neuroimaging correlates of fear extinction learning in
trauma exposed individuals. All reported analyses are novel,
and the analysis plan was pre-registered on Open Science
Framework (https://osf.io/z6gfw).

Participants
A total of 133 right-handed participants from the greater
Boston metropolitan area were recruited via online and posted
advertisements and passed initial telephone screening and had
satisfied inclusion/exclusion criteria following clinical interviews
(22, 23). All participants had experienced a DSM-V criterion-
A traumatic event (“index trauma”) within 1 month to 2
years of study participation. Current and lifetime histories
of psychiatric disorders were assessed using the Structured
Clinical Interview for DSM-IV-TR for Non-Patients [SCID
1/NP; (24)]. PTSD was diagnosed by a highly experienced
interviewer (N.B.L.) using the Clinician-Administered PTSD
Scale for DSM-5 [CAPS-5; (25)]. The PTSD Checklist for DSM-
5 [PCL-5; (26)] was used to further assess symptom severity. In
alignment with the National Institutes of Mental Health Research
Domain Criteria (RDoC) Framework (27, 28), our study
aimed to recruit participants across a range of post-traumatic
symptomatology, including those with concurrent anxiety and
depressive disorders. However, participants could not have a
lifetime history of psychosis, bipolar disorder, autism spectrum or
other neurodevelopmental disorder, suicide attempt or current or
chronic suicidal ideation; neurologic conditions such as seizure,
neurodegenerative disease, stroke, or other brain lesions; history
of head trauma with concurrent loss of consciousness; severe
medical conditions including cardiovascular or other systemic
disease, chronic pain, or endocrine disorders. Participants
could not have a current diagnosis of disorders known
to influence sleep such as fibromyalgia, severe GERD, or
chronic fatigue syndrome. However, participants were not
excluded if they indicated a lifetime history of DSM-IV-
TR Primary Insomnia, Insomnia Related to Another Mental
Disorder or Nightmare Disorder. Participants could not meet
criteria for current drug or alcohol abuse or dependence. To
confirm presence of current drug use, participants completed a
urine test, which identified commonly abused drugs (cocaine,
THC, opiates, amphetamines, MDMA, PCP, benzodiazepines,
barbiturates, methadone, tricyclic antidepressants, oxycodone,
and buprenorphine). Participants treated with antidepressants
were required to be on a stable dose and were accepted into
the study on a case-by-case basis in consultation with the
study physicians.

Of the 133 study participants, 68 participants met criteria
for PTSD based on their CAPS-5 score. Sleep disorders were
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screened using the Pittsburgh Structured Clinical Interview
for Sleep Disorders (SCID-SLD), a widely used (29, 30),
but unpublished, in-house instrument. Lastly, participants
completed a urine toxicology screening for 11 abused substances.
The present analysis included 114 participants who successfully
completed a baseline night of polysomnographically-recorded
sleep (see Procedures below). Of these participants, 17 were
excluded due to having unusable EEG data (e.g., excessive noise,
recording error, corrupted file). As such, a total of 97 participants
(52 TEC, 45 PTSD) were included in this analysis. Participant
characteristics are displayed in Table 1.

Procedure
Participants completed a ∼2-week sleep assessment period
during which they continuously wore an Actiwatch-2 (Philips
Respironics, Bend, OR) and filled out a sleep and nightmare
diary. Over this period, participants also completed an
online battery of questionnaires assessing trauma history,
habitual sleep quality, circadian preference, anxiety, mood, and
personality variables using the Research Electronic Data Capture
(REDCapTM) system (© 2013, Vanderbilt U). Approximately
midway through the assessment period, participants completed
a combined sleep-disorders-diagnostic and acclimation night
of ambulatory polysomnography (PSG). This was followed by a
second night of PSG recording (“baseline night”), a night prior
to participants completing a fear conditioning and extinction
protocol during functional magnetic resonance imaging followed
by a third night of PSG-recorded sleep [see (23)]. Alcohol and
recreational drugs were prohibited throughout the protocol.
In the present analysis we focus solely on the baseline night
of PSG. We chose to use this night for our analysis to avoid
potential first-night effects as participants became acclimated to
the PSG device during the acclimation/diagnostic night and the
influence of learning on sleep physiology, as has been previously
reported (31–33).

Ambulatory Polysomnography
Participants underwent three nights of ambulatory
polysomnography (PSG) wearing the Somte-PSG recorder
(Compumedics USA, Inc., Charlotte, NC). Electrodes were
attached in the laboratory and participants were sent home to
sleep. The montage included 6 EEG channels (F3, F4, C3, C4,
O1, O2) with reference to contralateral mastoids (M1, M2), 2
electrooculogram (EOG) channels, 2 submental electromyogram
(EMG) channels, and 2 electrocardiogram (ECG) channels
(right clavicle and left 5th intercostal space). The first sleep
recording was considered an acclimation and sleep-disorders
screening night and included additional channels for respiration
transducer belts, pulse-oximeter, nasal cannula, and tibialis
movement sensors. Signals were recorded at 256Hz, using
high (0.16Hz), and low (102Hz) pass filters. Records were
subsequently exported, with a 0.3–35Hz band pass filter (plus
60Hz notch filter) for sleep scoring. Records from the baseline
PSG night (the focus of this analysis) were scored in 30-s epochs
by an experienced, Registered Polysomnographic Technologist
(K.G.) following American Academy of Sleep Medicine criteria
(34). The acclimation night was examined by the same scorer for

clinically significant obstructive sleep apnea and periodic limb
movement disorder, though no participants in the current study
met clinical criteria for a diagnosis of either of these disorders.
The scored records from the baseline night were used to obtain
sleep macroarchitecture measures (Table 1), and were exported
as European Data Format files for further analysis of sleep
microarchitecture. All subsequent analyses were carried out in
MATLAB using custom code (35).

Artifact Detection
Artifactual epochs of PSG data were detected using an automated
algorithm. For each EEG channel we calculated per-epoch
summary metrics of three Hjorth parameters [signal activity,
mobility, and complexity; (36)], and any epochs in which at least
1 channel was >3 standard deviations from the mean on any of
the three parameters were marked as artifact and removed from
subsequent analysis (37). Artifact detection was performed twice
(in case of extreme outlying epochs), and performed separately
for each sleep stage (given the inherent differences in the EEG
signal between different sleep stages).

Power Spectral Density
Estimates of power spectral density (PSD) were obtained for both
NREM (N2 + N3) and REM sleep at frontal (F3, F4) and central
(C3, C4) electrodes. PSD was estimated using Welch’s method
with 5 s Hamming windows and 50% overlap. To minimize 1/f
scaling, PSD estimates were derived from the derivative of the
EEG time series (20). PSD estimates at each channel and sleep
stage were then normalized within-subject by dividing power
at each frequency between 0 and 30Hz by the average power
in the 0–30Hz range [see (38) for a similar approach]. PSD
estimates at the two frontal sites were averaged together to obtain
a measure of frontal PSD activity, and PSD estimates at the two
central sites were averaged together to obtain ameasure of central
PSD activity.

Sleep Spindles
Sleep spindles were automatically detected at frontal and central
electrodes during NREM sleep using a previously-validated
wavelet based detector (35, 39, 40). As a first step, individualized
fast and slow spindle peak frequencies were identified through
visual inspection of the NREM sleep power spectrum (using both
frontal and central electrode sites, with PSD estimated using the
same procedure described above). An individual’s fast spindle
peak was defined as the most prominent peak between 12.5 and
16Hz, and a slow spindle peak was defined as themost prominent
peak between 9 and 12.5Hz. Any spindle peaks occurring
at exactly 12.5Hz were considered fast spindles. Detection of
spindle peaks was performed blind to the patient group. Three
participants did not show a clearly identifiable fast spindle peak,
and 24 participants failed to exhibit a clearly defined slow spindle
peak. Because the lack of a peak in the power spectrum does
not necessarily indicate the lack of oscillatory activity (if those
events are infrequent or of low amplitude), participants without
a fast peak frequency had their fast spindle peak frequency set to
14Hz, and participants without a slow peak frequency had their
slow peak frequency set to 11Hz. A sensitivity analysis, where
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TABLE 1 | Sample characteristics.

TEC (n = 52) PTSD (n = 45) Sig Effect size

DEMOGRAPHICS

Age (years) 23.8 (4.79) 24.2 (4.80) 0.66 0.09

Sex

Female 28 (54%) 36 (80%) 0.007

Male 24 (46%) 9 (20%) 0.25

Race

American Indian or Alaskan Native 1 (2%) 2 (4%)

Asian 6 (12%) 5 (11%)

Black or African American 9 (17%) 7 (16%)

More than one race 4 (8%) 5 (11%)

White 30 (58%) 26 (58%)

Prefer not to say/unreported 2 (4%) 0 (0%)

Ethnicity

Hispanic or Latino 3 (6%) 8 (18%)

Not Hispanic or Latino 46 (88%) 37 (82%)

Prefer not to say/unreported 3 (6%) 0 (0%)

Marital status

Married 4 (8%) 2 (4%)

Separated 0 (0%) 1 (2%)

Single 44 (84%) 40 (89%)

Prefer not to say/unreported 4 (8%) 2 (4%)

Highest level of education

High school degree or equivalent 3 (6%) 0 (0%)

Associate’s degree 3 (6%) 1 (2%)

Some college 22 (43%) 16 (36%)

Bachelor’s degree 15 (29%) 16 (36%)

Graduate degree 4 (8%) 10 (22%)

Prefer not to say/unreported 5 (10%) 2 (4%)

Income

<$20,000 10 (19%) 9 (20%)

$20,000–$34,999 10 (19%) 10 (22%)

$35,000–$49,999 7 (14%) 1 (2%)

$50,000–$74,999 6 (12%) 5 (11%)

$75,000–$99,999 3 (6%) 5 (11%)

$100,000–$149,999 2 (4%) 3 (7%)

$150,000–$199,999 1 (2%) 1 (2%)

$200,000 + 6 (12%) 0 (0%)

Prefer not to say/unreported 6 (12%) 6 (13%)

Employment status

Employed (1–39 h per week) 21 (40%) 20 (44%)

Employed (40+ h per week) 14 (27%) 15 (33%)

Not employed, looking for work 1 (2%) 2 (4%)

Not employed, not looking for work 1 (2%) 1 (2%)

Unemployed, looking for work 6 (12%) 3 (7%)

Unemployed, not looking for work 4 (8%) 1 (2%)

Prefer not to say/unreported 5 (10%) 3 (7%)

PTSD SEVERITY

Months from trauma to study 12.5 (6.99) 12.4 (6.34) 0.93 0.02

CAPS total 11.0 (6.31) 31.8 (7.87) <0.001 2.92

CAPS hyperarousal 2.94 (2.53) 9.0 (3.36) <0.001 2.04

PCL-5 total 18.1 (9.89) 40.5 (12.6) <0.001 1.98

(Continued)
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TABLE 1 | Continued

TEC (n = 52) PTSD (n = 45) Sig Effect size

PCL-5 hyperarousal 3.35 (2.63) 8.51 (3.75) <0.001 1.60

PSYCHOPATHOLOGY MEASURES

DASS 19.4 (17.5) 47.0 (23.6) <0.001 1.32

DERS 109 (19.6) 85.4 (25.3) <0.001 1.03

HVQ 22.7 (10.2) 32.3 (12.1) <0.001 0.86

RETROSPECTIVE SLEEP MEASURES

PSQI 5.68 (2.66) 8.34 (3.18) <0.001 0.91

PSQI PTSD 4.22 (4.28) 6.95 (3.78) 0.002 0.68

ESS 6.66 (3.43) 9.14 (4.94) 0.007 0.58

MEQ 48.4 (8.79) 44.1 (9.24) 0.02 0.48

SLEEP DIARY MEASURES

Total sleep time (min) 451 (56.7) 441 (59.7) 0.40 0.18

Sleep onset latency (min) 20.3 (13.9) 28.6 (18.9) 0.021 0.50

Sleep efficiency (%) 92.8 (6.50) 90.1 (6.12) 0.037 0.44

Number of nightmares 0.64 (1.03) 1.34 (1.90) 0.033 0.46

ACTIGRAPHY MEASURES

Total sleep time (min) 423 (59.9) 429 (66.0) 0.64 0.10

Sleep onset latency (min) 32.3 (35.5) 26.7 (19.4) 0.35 0.20

Sleep efficiency (%) 86.5 (7.46) 87.3 (8.26) 0.63 0.10

BASELINE NIGHT POLYSOMNOGRAPHY MEASURES

Total sleep time (min) 384 (105) 336 (136) 0.062 0.39

Sleep onset latency (min) 25.5 (32.8) 25.6 (39.7) 0.99 < 0.01

Sleep efficiency (%) 86.7 (9.26) 83.4 (14.2) 0.23 0.27

N1 % 6.85 (3.88) 5.11 (3.35) 0.020 0.48

N2 % 57.0 (7.42) 52.4 (13.0) 0.042a 0.43

N3 % 18.6 (9.56) 25.5 (16.7) 0.017a 0.51

REM % 17.9 (6.33) 17.4 (8.32) 0.74 0.07

All values reflect the mean (standard deviation) with the exception of sex through employment status, where frequency (percentage) are displayed. Significant differences between

groups assessed using independent samples t-test with Cohen’s d used as the measure of effect size, with the exception of sex, where differences were assessed using a chi-square

test and Cramer’s V measure of effect size. CAPS, Clinician Administered PTSD Scale; Higher score, greater symptomatology; PCL, PTSD checklist (self-report); Higher score, greater

symptomatology; DASS, Depression Anxiety Stress Scales; A higher score, greater negative emotional states; DERS, Difficulties in Emotion Regulation Scale; A higher score, better

able to regulate negative emotions; HVQ, hypervigilance questionnaire; A higher score, increased hypervigilance; PSQI, Pittsburgh Sleep Quality Index; A higher score indicates poorer

overall sleep quality. PSQI PTSD, Pittsburgh Sleep Quality Index for Post-traumatic Stress Disorder; A higher score, higher frequency of sleep disturbances common to PTSD; ESS,

Epworth Sleepiness Scale; A higher score, increased daytime sleepiness; MEQ, Morning Evening Questionnaire; A higher score indicates greater preference for mornings. Bold values

indicate cases where p < 0.05 (uncorrected).
aGroup difference was not significant after controlling for total sleep time.

all spindle based analyses were re-run excluding participants
without a discernible peak, led to the same pattern of results
(not reported).

After deriving each participant’s individualized fast and slow
spindle peaks, spindles were automatically detected using a
wavelet-based detector. The raw, artifact-free, NREM EEG signal
was subjected to a time-frequency decomposition using complex
Morlet wavelets. The peak frequency of the wavelet was set to
each individual’s fast or slow spindle peak. In order to minimize
overlap between fast and slow spindle ranges, the full-width half-
max bandwidth was set as a 1.3Hz window centered on the
peak spindle frequency (35). Spindle detection was performed
on the squared wavelet coefficients after being smoothed with
a 100ms moving average. A spindle was detected whenever the
wavelet signal exceeded a threshold of six times the median
signal amplitude for at least 400ms (35, 41). Spindle detection

was performed twice, once for fast spindles, and again for
slow spindles.

For fast spindle analysis, fast spindle activity at central
electrodes were averaged together for subsequent analyses. For
slow spindles, activity at frontal electrodes were averaged. For
both spindle types, the following parameters were extracted: Peak
frequency (Hz), density (spindles/min), amplitude (µV), and
duration (seconds).

Age Correction
Age can act as a confounding variable in sleep macro- and
microarchitecture studies (42). Most notably, increasing age is
linked to a reduction in slow wave sleep, and thus a reduction
in low frequency spectral power. During study recruitment, an
upper age limit of 40 was selected to ensure participants retained
a measurable amount of slow wave sleep. However, because the
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TEC and PTSD groups were not strictly age-matched, we tested
for associations between age and our main sleep measures of
interest (NREM spectral power, REM spectral power, and sleep
spindle frequency). In all cases, no significant associations were
observed between age and key sleep metrics (all r’s < 0.16, all
p’s > 0.11).

Clinical Measures
Clinician-Administered PTSD Scale for DSM-5 (CAPS-5). The
CAPS-5 (25) is the “gold standard” clinical assessment for PTSD.
Administration of the CAPS-5 involves clinician ratings for each
of the 20 symptoms of PTSD on a 5-point severity scale ranging
from 0 (absent) to 4 (extreme). Total scores range from 0 to 80.

The PTSD Checklist for DSM-5 (PCL-5). The PCL-5 (26)
is a self-report scale that includes 20 questions based on
the DSM-5 diagnostic criteria for PTSD. Participants rated
symptom severity on 5-point scales. PCL-5 hyperarousal was the
combined hyperarousal (Cluster E) PTSD symptoms on the PCL-
5 excluding sleep item 20 (“Trouble falling or staying asleep”).

Depression and Anxiety Stress Scale (DASS). The DASS
(43) is a 42-item self-report scale which measures the
three related negative emotional states of depression, anxiety
and tension/stress.

Difficulties in Emotion Regulation Scale (DERS). The DERS
(44) is a 36-item self-report scale which measures subjective
emotion regulation by asking respondents to identify the
frequency in which participants engage in adaptive and
maladaptive emotion regulation strategies using a 5 point scale
from 5 (almost never) to 1 (almost always). In this dataset, the
DERS was reverse scored meaning a higher score indicates less
difficulty regulating emotions.

Hypervigilance Questionnaire (HVQ). The HVQ (45)
is an 11-item assessment of subjective hypervigilance in
which participants rate items on a scale from 1 (not at
all true) to 5 (extremely true) about their experience of
hypervigilance symptoms.

Pittsburgh Sleep Quality Index (PSQI). The PSQI (46) is a
19 item self-report questionnaire that assesses several different
aspects of sleep quality over a 1-month period including
subjective sleep quality, sleep latency and duration, sleep
efficiency, sleep disturbances, use of sleep medication, and
daytime dysfunction.

Pittsburgh Sleep Quality Index for Post-traumatic Stress
Disorder (PSQI PTSD). The PSQI PTSD (47) is a self-report
instrument designed to assess the frequency of seven disruptive
nocturnal behaviors including anxious nighttime thoughts and
experiencing or acting out nightmares.

Epworth Sleepiness Scale (ESS). The ESS (48) is an 8-item self-
report questionnaire in which respondents are asked to rate their
usual chances of dozing off or falling asleep while engaged in
different activities. Ratings are made on a 4-point scale from 0
(would never doze) to 3 (high chance of dozing).

Morning Evening Questionnaire (MEQ). The MEQ (49) is a
19-item self-report measure that identifies individuals’ preference
for a morning, evening or intermediate chronotype. Questions
include preferred sleep and wake times and preferred times for
daytime activities.

Statistical Analysis
Our a priori planned analyses can be found in the study
pre-registration (https://osf.io/z6gfw). Group differences in PSD
between TEC and PTSD were assessed using cluster-based
permutation tests implemented in the FieldTrip toolbox for
MATLAB (50). This approach allowed us to take the full
power spectrum into account whilst also accounting for multiple
comparisons. The ft_statfun_indsamplesT function was used
with the following parameters: 10,000 iterations, a clusteralpha
of 0.1 with the default maxsum method to determine cluster
significance, and a significance threshold of 0.05. Separate tests
were run for NREM and REM PSD. To test for significant
associations between spectral power and symptomatology, our
pre-registered a priori approach was to average PSD across each
frequency in significant clusters to obtain a single value that could
then be correlated with PCL hyperarousal score. In the absence
of any significant group-differences, our unplanned post-hoc
approach was to perform the spectrum-wide correlations with
symptomatology utilizing the same cluster-based permutation
approach, though with the ft_statfun_correlationT function. In
this report, we focus on PSD at central electrode sites. Sensitivity
analyses (not reported) using the frontal electrode sites revealed
a highly similar pattern of results. Group differences in fast
and slow spindle frequency was assessed using two independent
samples t-tests.

As additional planned exploratory tests, we assessed group
differences and symptomatology correlations for PSD estimates
obtained separately for N2 and N3 sleep, and also for early and
late NREM/REM periods. Here, early NREM/REM was defined
as NREM or REM sleep occurring in the first half of the night.
Late NREM/REM was defined as NREM or REM sleep occurring
in the second half of the night. Similarly, we also examined
group differences and symptomatology correlations for sleep
spindle frequency during N2 and N3 sleep separately, as well as
during early and late NREM sleep. Finally, exploratory analyses
of group differences in spindle density, amplitude, and duration
were performed, as well as exploratory correlations between these
spindle properties and symptomatology. Additional, unplanned
exploratory tests are highlighted in the results section as relevant.

RESULTS

Participant Characteristics
Demographic, psychometric, and sleep characteristics of the
sample of participants included in this analysis are displayed
in Table 1. There was no difference in age between the two
groups [t(87.2) = 0.02, p = 0.98, d < 0.01], however there was
a difference in sex between groups [X2

(1)
= 6.66, p = 0.010, V =

0.25]. Sleep diary reported sleep onset latency was significantly
shorter in the TEC group [t(75.9) = 2.37, p = 0.020, d = 0.50],
and diary reported sleep efficiency was significantly greater [t(90.9)
= 2.12, p = 0.037, d = 0.44] compared to the PTSD group.
The frequency of nightmares during the diary reporting period
was significantly higher in the PTSD group [t(64.1) = 2.18, p =

0.033, d= 0.46]. The two groups did not differ on any actigraphy
measures. On the baseline PSG night (the focus of this report),
N1 and N2 percentage was both significantly greater in TEC
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FIGURE 1 | Power spectral density during NREM sleep. (A) 0–30Hz power spectrum during NREM sleep. Note that PSD at each frequency is relative to the average

PSD in the 0–30Hz range. Shaded area around lines denotes the standard error. Gray box marks frequencies showing significant group differences following cluster

correction. (B) PSD averaged across frequencies in the significant cluster. (C) Correlation between spectral power (averaged across frequencies in the significant

cluster in A) and symptoms of hyperarousal.

participants (p’s < 0.043, d’s > 0.42). Conversely, N3 percentage
was significantly greater in the PTSD group [t(68.1) = 2.44, p
= 0.017, d = 0.51]. However, when controlling for total sleep
time, only the difference in N1 percentage remained significant
(p = 0.038). Sleep onset latency and sleep efficiency were also
equivalent between groups (all p’s > 0.30).

Power Spectral Density
Spectral power during non-rapid eye movement (NREM) sleep
is displayed in Figure 1A. A cluster-based permutation test
revealed a significant group difference in spectral power at 20.31–
29.88Hz (tsum = 122.77, p = 0.015, d = 0.56). Spectral power in
this band was higher in TEC participants (M = 0.55, SD = 0.03)
compared to PTSD patients (M = 0.46, SD = 0.02; Figure 1B).
As planned exploratory analyses, we tested whether these group
differences would be seen in both N2 and N3 sleep, and in both
early and late NREM sleep. For N2 sleep, we observed a similar
significant cluster differentiating groups in frequencies spanning
24.41–29.88Hz (tsum = 75.07, p = 0.034). No significant clusters
differentiating groups emerged for N3 sleep PSD. Conversely,
when we compared early (which typically contains more N3
sleep) and late (which typically contains more N2 sleep) NREM,
a non-significant cluster emerged differentiating groups during
early NREM (23.63–29.88Hz; tsum = 70.80, p = 0.056). A
significant cluster differentiating groups emerged during late
NREM sleep (23.24–29.88Hz; tsum = 98.21, p = 0.018). In all
cases, TEC participants showed increased spectral power relative
to PTSD participants.

Next, we correlated cluster-averaged spectral power with
PCL hyperarousal symptomatology (Figure 1C). Across all
participants, we observed a significant negative correlation (r =

−0.27, p= 0.008), indicating that increased 20–30Hz power was
associated with fewer hyperarousal symptoms. Correlations were
not significant when run separately within the TEC (r = −0.13,
p = 0.34) and PTSD (r = −0.23, p = 0.14) groups. A similar
magnitude correlation was found when the total PCL was used
(all participants: r = −0.20, p = 0.047; TEC: r = 0.06, p = 0.68;
PTSD: r = −0.17, p = 0.27), and also when correlated with
CAPS-measured hyperarousal (all participants: r = −0.27, p =

0.008; TEC: r =−0.13, p= 0.37; PTSD: r =−0.13, p= 0.42) and
CAPS total score (all participants: r = −0.26, p = 0.01; TEC: r =
−0.08, p= 0.56; PTSD: r =−0.11, p= 47).

We next turned our attention to rapid eye movement (REM)
sleep (Figure 2A). For REM sleep, no significant clusters emerged
when we compared the REM power spectrum between the
TEC and PTSD groups (all p > 0.23). Similarly, no group
differences were found when groups were compared during
early and late REM sleep separately (all p > 0.21). As such,
we performed spectrum-wide correlations across all participants,
again using a cluster-based permutation test. Here, we found
a significant negative correlation between spectral power in
a band ranging from 23.24 to 29.88Hz and PCL measured
hyperarousal (tsum = −81.35, p = 0.026, cluster-averaged r =

−0.27; Figures 2A,B). This same pattern was observed during
early (25–29.88Hz; tsum = −64.89, p =0.042) but not late (p =

0.18) REM sleep. As with NREM sleep, correlations were not
significant when run within the two groups separately (TEC:
r = −0.17, p = 0.34; PTSD: r = −0.22, p = 0.18). The
pattern of results remained unchanged when using the PCL
total score (all participants: r = −0.22, p = 0.035; TEC: r
= −0.08, p = 0.58; PTSD: r = −0.14, p = 0.41) and when
using CAPS-measured hyperarousal (all participants: r = −0.28,
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FIGURE 2 | Power spectral density during REM sleep. (A) 0–30Hz power spectrum during REM sleep. Note that PSD at each frequency is relative to the average

PSD in the 0–30Hz range. Gray box marks frequencies showing significant correlations with hyperarousal symptomatology across all participants following cluster

correction. Shaded area around lines denotes the standard error. Note that no overall group differences were observed. (B) Scatterplot visualizing the relationships

between cluster-averaged spectral power and hyperarousal symptomatology.

p = 0.007; TEC: r = −0.18, p = 0.20; PTSD: r = −0.22, p
= 0.18) and CAPS total score (all participants: r = −0.30, p
= 0.004; TEC: r = −0.20, p = 0.16; PTSD: r = −0.25, p =

0.12). These results suggest a pattern of increased spectral power
in high (>20Hz) frequencies being associated with reduced
PTSD symptomatology.

To supplement these unexpected results, we next performed
unplanned exploratory tests directly comparing high frequency
spectral power in participants who were asymptomatic-to-low
levels of symptomatology (defined as a score of 10 or less
on the CAPS, n = 28) with those exhibiting moderate-to-
severe symptoms (defined as a score of >22 on the CAPS,
n = 44). NREM high frequency power was defined as PSD
averaged between 20.31 and 29.88Hz. REM high frequency
power was defined as PSD averaged between 23.24 and 29.88Hz
(i.e., we averaged across frequencies in the significant clusters
that emerged in our primary analyses; Figures 1, 2). In this
analysis, high frequency spectral power was significantly higher
in asymptomatic-to-mild symptoms participants compared to
moderate-to-severe participants for both NREM [t(39.3) = 2.74,
p = 0.01, d = 0.70] and REM [t(38.2) = 2.79, p = 0.009, d =

0.72] sleep (Figure 3A). Within-groups, there were no significant
correlations with either PCL or CAPS hyperarousal scores (all p’s
> 0.063) or PCL or CAPS total score (all p’s > 0.16).

Heightened spectral power in the 20–30Hz range has
previously been linked to hyperarousal in insomnia patients.
Although the current dataset lacked a validated measure of
insomnia symptoms, we were able to examine how spectral
power differed between generally good and poor sleepers, as
defined using the Pittsburgh Sleep Quality Index (PSQI). As
an unplanned exploratory analysis, we divided the sample into

participants with either good or poor sleep quality. Those with
good sleep quality were defined as participants with a PSQI score
in the bottom two quintiles of the distribution of PSQI scores (M
= 3.96, SD = 1.36, n = 27). Those with poor sleep were defined
as participants with a PSQI score in the top two quintiles (M
= 10.6, SD = 1.78, n = 28). We again defined high frequency
power by averaging across frequencies in the significant clusters
that emerged in our primary analyses (Figures 1, 2). We did not
see any differences between good and poor sleepers with regards
to either NREM [t(52) = 0.93, p = 0.35, d = 0.25] or REM [t(48.2)
= 0.83, p= 0.41, d = 0.23] spectral power (Figure 3B).

This set of results, that high frequency spectral power
is inversely associated with PTSD symptomatology, directly
contradicting our original hypotheses. To better understand
these findings, we next performed unplanned exploratory
correlations between high frequency PSD and other measures
of psychopathology and well-being. In particular, we focused on
symptoms of depression, anxiety, and stress (as measured by the
DASS), ability to regulate emotions [asmeasured by theDERS, on
the basis of other research linking oscillatory EEG activity during
wake is related to emotion regulation PTSD; (51)] and nightmare
frequency [on the basis that nightmares in PTSD have been
theorized to reflect hyperarousal; (52, 53)]. High frequency power
during NREM sleep showed a trend toward being associated with
lower overall DASS-measured psychopathology (r = −0.20, p =
0.054) along with significantly better emotion regulation (r =

0.23, p = 0.027) and significantly fewer nightmares (r = −0.26,
p = 0.011; Figure 4). For REM sleep, high frequency PSD was
associated with lower overall psychopathology (r = −0.24, p
= 0.028) and better emotion regulation (r = 0.23, p = 0.033;
Figure 4). No other correlations were significant.
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FIGURE 3 | High and low symptomatology participants. (A) High frequency spectral power in low and high PTSD symptomatology participants, as defined by CAPS

scores. (B) High frequency spectral power participants with good and poor sleep quality, as defined by global PSQI score. Note that PSD at each frequency is relative

to the average PSD in the 0–30Hz range Error bars = standard error. **p < 0.01, ns, not significant.

TABLE 2 | Correlations between sleep spindle properties and symptomatology.

PCL hyperarousal PCL total

Fast spindle frequency r = 0.09

p = 0.38

r = 0.05

p = 0.66

Slow spindle frequency r = −0.08

p = 0.44

r = −0.11

p = 0.27

Fast spindle density r = −0.10

p = 0.32

r = −0.14

p = 0.16

Slow spindle density r = 0.06

p = 0.53

r = 0.03

p = 0.80

Fast spindle amplitude r = 0.06

p = 0.53

r = 0.13

p = 0.19

Slow spindle amplitude r = 0.24

p = 0.02

r = 0.25

p = 0.01

Fast spindle duration r = −0.09

p = 0.38

r = −0.11

p = 0.29

Slow spindle duration r = 0.04

p = 0.70

r = 0.12

p = 0.23

Bold values indicate cases where p < 0.05 (uncorrected).

Sleep Spindles
Group differences in sleep spindle properties are displayed
in Figure 5. Our pre-registered a priori hypothesis was that
sleep spindle peak frequency would be faster in PTSD patients
compared to TEC. For fast spindles, a small but significant
difference was observed [t(94.94) = 2.51, p = 0.014, d = 0.51]
with spindle peak frequency being slightly faster in PTSD (M
= 13.56Hz, SD = 0.57Hz) compared to TEC (M = 13.28Hz,
SD = 0.52Hz). No difference in peak frequency was found for
slow spindles [t(94.53) = 0.77, p = 0.44, d = 0.15]. The same
pattern of results were observed when fast spindle frequency was
examined during N2 [t(94.87) = 2.52, p = 0.013, d = 0.51], N3

[t(94) = 2.31, p = 0.023, d = 0.47], early NREM [t(95) = 2.53, p
= 0.013, d = 0.51], or late NREM [t(94.84) = 2.52, p = 0.016, d
= 0.50] sleep. One possibility is that a higher spindle frequency
is a by-product of faster EEG activity. To test this hypothesis,
we correlated fast spindle frequency with high frequency power
(20.31–29.88Hz, frequencies derived from our primary analysis;
see Power spectral density results). We did not find a significant
correlation either across all participants (r =−0.16, p= 0.12), or
when TEC (r=−0.09, p= 0.51) and PTSD (r=−0.21, p= 0.17)
were assessed separately.

We next ran planned exploratory tests on other spindle
properties. The only significant difference (uncorrected) was
reduced fast spindle density in PTSD (M = 6.14, SD = 1.75)
relative to TEC [M = 6.82, SD = 1.54; t(94.94) = 2.05, p = 0.043,
d = 0.42]. We note that the difference in fast spindle density was
no longer significant after controlling for multiple comparisons.
All other comparisons were non-significant (all p’s > 0.36, all
d’s < 0.19). Correlations between spindle properties and PTSD
symptomatology are shown in Table 2. The only (uncorrected)
significant results were a positive correlation between slow
spindle amplitude and symptomatology.

DISCUSSION

In this report, we investigated the relationship between
sleep microarchitecture (power spectral density and spindles)
and psychopathology symptom severity in trauma-exposed
participants with and without diagnosed PTSD. Contrary to our
hypothesis, we observed elevated beta spectral power activity
for TEC compared to PTSD participants during both NREM
and REM sleep. We did not replicate prior reports implicating
REM theta power for PTSD resilience. Beta power was further
associated with reduced hyperarousal, decreased nightmare
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FIGURE 4 | Exploratory correlations. Top row: correlations between NREM high frequency power and general psychopathology (higher score = more symptoms of

depression, anxiety, and stress) (A), emotion regulation (higher score = better able to regulate emotions) (B), and nightmare frequency (C). Bottom row: correlations

between REM high frequency power and general psychopathology (D), emotion regulation (E), and nightmare frequency (F). Note that PSD at each frequency is

relative to the average PSD in the 0–30 Hz range.

FIGURE 5 | Group differences in sleep spindle properties. Gray dots represent individual data points, and error bars indicate the standard error. *p < 0.05.

frequency, decreased depression, anxiety and stress, and better
ability to regulate emotions. Interestingly, we also observed fewer,

but higher frequency fast sleep spindles in PTSD compared to
TEC participants while slow spindle amplitude was positively
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associated with hyperarousal. The following sections aim to
interpret these findings.

Beta Spectral Power Decreased in PTSD
High frequency EEG rhythms (e.g., beta rhythms) during
sleep are theorized to be a component of a hyperarousal
syndrome present in Insomnia Disorder [(54–60); though see
(61) who failed to detect this in a large meta-analytic study], a
condition commonly comorbid with anxiety and traumatic-stress
disorders, such as PTSD. However, associations between elevated
beta power and PTSD symptomatology remains mixed. For
example, in PTSD compared to non-PTSD controls, some studies
have observed higher waking beta EEG power (62), higher beta
power across a whole night of sleep (8, 9), higher REM-NREM
sleep beta power ratios (12), and greater high frequency activity
(including beta power) during NREM sleep (63). Nonetheless,
others have failed to observe such group differences (13, 14).

Here, we surprisingly observed that beta power was
increased in trauma-exposed non-PTSD participants compared
to participants that met criteria for PTSD. Inconsistencies among
studies of sleep beta activity in PTSD may be explained by
a number of factors. First, it is unclear whether beta power
represents a biomarker of trauma exposure as opposed to a
marker of hyperarousal or PTSD severity. In support of the
former interpretation, NREM beta power has been shown to
be positively associated with prior combat exposure in those
with PTSD (13). Second, beta power may be an indicator of
adaptive emotional processing (64). For example, a prospective
study linked increased REM beta power soon after a trauma
to decreased PTSD and nightmare severity at a follow-up 2
months later (14). We similarly observed a negative association
between beta power and PTSD symptomatology, including self-
reported hyperarousal and nightmare frequency, albeit during
NREM sleep. These associations gain convergent validity by
the fact that the DASS, DERS, and nightmare frequency
varied with PTSD symptomatology in the same manner. To
our knowledge, no prospective studies have assessed whether
beta power is a trait vulnerability factor or a marker of
PTSD pathogenesis. While we recognize such a study might
be difficult to perform, others have studied baseline sleep
and subsequent PTSD development in groups with a high
likelihood of experiencing subsequent trauma [e.g., military
personnel; (65)]. Third, studies to date differ as to when
sleep was measured relative to the index trauma, with some
measuring sleep in close proximity to the traumatic event
[e.g., (14)] and others measuring sleep decades after trauma
exposure [e.g., (12)].We report here associations between current
sleeping patterns and psychopathology in individuals with a
relatively recent (1 month to 2 years) index trauma. Future
work might focus on prospectively mapping trajectories of
sleep microarchitecture over the course of PTSD development
and maintenance.

Another potential reason for heterogeneity among prior
reports may be that whereas beta power may be a marker
of insomnia severity, a sleep disorder commonly comorbid to
PTSD and associated with a daytime hyperarousal syndrome
(66), it may not reflect PTSD-specific hyperarousal over and

above trauma exposure itself. While we did not directly
measure insomnia severity in the present study, we did
not find that poorer sleep quality (measured by comparing
widely separated PSQI scores) were associated with greater
beta power. Interestingly, a prospective treatment study for
patients experiencing insomnia found that improvements in
psychopathology and insomnia severity were associated with
increased beta power during NREM sleep (64). Contrary to
earlier theories (58), beta power appears to be adaptive to
regulating emotions or learning emotion control techniques.
Further, other studies have failed to find an association between
beta power during sleep and insomnia symptomatology (63)
or subjective hyperarousal symptoms (12). Nonetheless, current
evidence is far from definitive and requires further exploration.

Lastly, several studies to date likely lack the power to
detect consistent sleep microarchitectural features related to
PTSD symptomatology owing to small sample sizes, and
underpowered studies are highly susceptible to Type 2 error
(67). To our knowledge, our study constitutes the largest sample
size to date that spans the full spectrum of post-traumatic
stress symptomatology. Increasing power through meta-analytic
techniques is a practical and important next step to update
current trends in the literature related to sleep spectral power and
PTSD symptomatology.

Sleep Spindle Frequency Differences in
PTSD
Here, we report increased fast spindle frequency during NREM
sleep in PTSD compared to TEC. This aligns with recent reports
of sleep spindle morphology differences in PTSD (6, 21, 63).
We found that spindle peak frequency was not correlated with
activity at faster frequencies (>20Hz), suggesting that the group
difference in spindle frequency was independent to EEG activity
at faster frequencies.

While we did not find that these group differences predicted
symptom severity, other reports have found that spindle activity
predicted daytime intrusive symptoms (63) and fragmented sleep
(21). Interestingly, several other reports have linkedNREM sigma
power (the frequency band encompassing sleep spindles) with
increased susceptibility to post-traumatic symptomatology in
rodent models (68) and humans (12, 69). Specifically, human
studies have shown a positive association between NREM sigma
activity and subjective hyperarousal (12) as well as intrusive
symptoms (69) in those with PTSD.

While speculative, fast spindle activity, when coupled with
cortical slow oscillations and hippocampal sharp-wave ripples,
has been linked to enhanced consolidation of fear memories in
rodent models of PTSD (70). This aligns with targeted memory
reactivation studies in humans showing that fear memory
cueing during post-learning NREM sleep alters subsequent
conditioned-fear responses (71, 72). Moreover, consolidation
of extinction memories may be impaired when fear reminders
are presented during slow wave sleep following extinction
learning (73). However, like beta power, it remains unknown
whether changes in spindle morphology in PTSD is an
indicator of disorder pathogenesis or a trait vulnerability factor.
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While spindle activity has been shown to be stable across
multiple nights of sleep (37), associative learning (including fear
conditioning) has been shown to increase NREM sleep post-
learning in rodents (74) and sleep spindle density in humans
(32). An important next step will be to determine whether
spindle activity alone, or spindles specifically coupled with slow
oscillations [which have been predictive of emotional memory
consolidation; e.g., (31, 70, 75, 76)], alters the processing of
conditioned fear and extinction memories both in healthy
participants as well as those with anxiety and traumatic
stress disorders.

Limitations
The current study was limited in a number of ways. First,
the study is cross-sectional, including analysis of only a single
night of recorded sleep. We therefore could not investigate
some key questions addressed above including whether specific
sleep oscillatory rhythms are trait vulnerability factors, diagnostic
of PTSD disorder sequelae or a combination of the two. We
limited our analysis to a single night in order to reduce
potential confounds from first night effects (i.e., not analyzing
the acclimation/diagnostic recording) and learning (i.e., not
analyzing the post-fear conditioning night). Second, our sleep
recordings took place in participants’ own homes, reducing
experimental control. However, we believe this approach was a
strength as such recordings may be more indicative of the typical
sleep our participants obtain on a nightly basis. Thirdly, the
stored PSG files limited our ability to look beyond 30Hz activity,
into the gamma frequency range. Gamma activity during sleep
has been associated with reduced overnight emotional processing
[as indexed by behavioral responses and functional brain activity
in emotional brain regions; (77)] and has been shown to be
increased in PTSD (6), and could be an interesting range to
investigate in future research. Fourthly, because antidepressant
treatment is extremely common among those with moderate
to severe PTSD, individuals receiving a stable dose of an
antidepressant were accepted into the study on a case-by-case
basis and these drugs may have influenced EEG spectral power
in certain participants.

Conclusions
In a large sample of trauma-exposed participants expressing a
wide range of post-traumatic symptomatology, we found NREM
beta power to be decreased and fast spindle peak frequency
increased in participants meeting criteria for PTSD compared to
trauma-exposed participants without PTSD. Contrary to several
prior reports, beta power was associated with better, rather

than poorer mental health on a variety of measures. Whether

these sleep rhythms may be protective from PTSD pathogenesis
remains to be determined.
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Sleep disturbances frequently co-occur with posttraumatic stress disorder (PTSD).

Insomnia and nightmares are viewed as core symptoms of PTSD. Yet, relations

between disturbed sleep and PTSD are far more complex: PTSD is linked to a broad

range of sleep disorders and disturbed sleep markedly affects PTSD-outcome. This

article provides a concise overview of the literature on prevalent comorbid sleep

disorders, their reciprocal relation with PTSD and possible underlying neurophysiological

mechanisms. Furthermore, diagnostic procedures, standard interventions—particularly

first choice non-pharmacological therapies—and practical problems that often arise in

the assessment and treatment of sleep disturbances in PTSD are described. Finally,

we will present some perspectives on future multidisciplinary clinical and experimental

research to develop new, more effective sleep therapies to improve both sleep

and PTSD.
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INTRODUCTION

Sleep disturbances frequently occur in posttraumatic stress disorder (PTSD) and are reported
by 70–90% of patients (1). Nightmares (intrusions) and difficulties sleeping (hyperarousal)
are specifically included in the diagnostic (DSM-5) criteria of the disorder (2). In addition,
various other sleep disorders are common in PTSD [e.g., (3, 4)]. It has long been
thought that interventions focusing on trauma itself would eventually reduce disturbed
sleep, but accumulating evidence shows that sleep disorders play a central role in both
the development and maintenance of PTSD [e.g., (5, 6)] and therefore require particular
clinical attention.

In this paper we provide an overview of prevalent sleep disorders in PTSD, the reciprocal
association of sleep disturbances and PTSD and its underlying mechanisms, as well as
information on accurate assessment and treatment of disturbed sleep tailored to the PTSD
patient population. Finally, our perspectives for future research directed at more effective
sleep-targeted interventions and integrated treatment strategies are described. Our aim is
to enhance awareness of clinical practitioners of the importance of targeting sleep in
PTSD treatment.
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PTSD AND SLEEP DISTURBANCES

The majority of patients with PTSD, about 50–70%, suffer from
recurrent distressing nightmares (see Table 1 for an overview
of the most frequently occurring sleep disorders in PTSD,
their characteristics, ways of assessment and treatment). These
can be exact replications or more symbolic representations of
traumatic experiences, and primarily occur during rapid eye
movement sleep (REMS) (7). Insomnia symptoms, reported by
∼70% of patients (8), are often related to increased autonomic
arousal and fear of sleep: fear of loss of control and/or
of having nightmares (9, 10). PTSD is also associated with
obstructive sleep apnea (OSA), concerning 40–90% of PTSD
patients (11). The repeated OSA events lead to frequent oxygen
desaturations and arousals. Insomnia, nightmares and OSA
may trigger and exacerbate each other, forming a vicious
cycle (1, 4). In addition, multiple studies found a high
proportion (around 33%) of periodic limb movement disorder
(PLMD) in PTSD patients (12). The limb movements during
sleep are associated with arousals/awakenings. Also relatively
prevalent in PTSD are periods of sleep paralysis, typically
occurring during (REM) sleep-wake transitions, which are
often accompanied by distressing experiences, referred to as
hypnagogic or hypnopompic hallucinations (13). Although the
exact frequency is unclear, PTSD is also linked to remarkable
disruptive nocturnal behaviors, including abnormal vocalizations
and complex body movements. These parasomnias are generally
thought to occur during non-REMS (confusional arousals, night
terrors, sleepwalking), but may also take place during REMS,
implying REMS behavior disorder (RBD)-like periods of REMS
without the usual muscle atonia (RWA) with dream enactment.
Mysliwiec et al. (14) proposed a distinct trauma-associated sleep
disorder (TASD), conceptualized as a parasomnia encompassing
nightmares, disruptive nocturnal behaviors as well as RWA [see
(15) for an illustrative case study]. In support of this idea, a
recent study in a large sample of veterans found self-reported
dream enactment in nearly 40%. However polysomnography
(PSG) showed no RWA in 80% of this group, indicating a
non-REMS parasomnia, rather than a REMS phenomenon (16).
Furthermore, in those veterans with RWA, RBD appeared related
to PTSD (prevalence rate 15%) and even more so to the
combination of PTSD and traumatic brain injury (prevalence
rate 21%). Therefore, it is still controversial whether TASD really
represents a separate sleep disorder (17, 18).

INTERRELATIONS BETWEEN PTSD AND

SLEEP DISTURBANCES

Research strongly indicates that disturbed sleep is not merely
a symptom or consequence of PTSD, but constitutes a
predisposing, precipitating and perpetuating factor for PTSD.
Sleep disturbances prior to and/or shortly after trauma increase
the risk for PTSD (5, 12). For instance, in patients admitted
to an emergency department after a motor vehicle collision
both pre-trauma insomnia and nightmares predicted subsequent
PTSD development (19). Furthermore, sleep disturbances affect

the clinical course of PTSD: poor sleep quality is associated
with reduced responsiveness to trauma-focused therapy [e.g.,
(20, 21)], while interventions targeting insomnia, nightmares
or OSA improve sleep quality and ameliorate daytime PTSD
symptoms (22). For example, Kanady et al. (9) observed that
cognitive behavioral treatment of insomnia (CBT-I) in patients
with PTSD and insomnia significantly decreased hypervigilance
as well as PTSD symptom severity, and both were related
to persistent reductions in fear of sleep. Moreover, sleep
disturbances often persist after trauma-focused therapy (10). For
example, Walters et al. (23) recently showed that prolonged
exposure therapy improved daytime PTSD symptoms, but did
not ameliorate insomnia and nightmares in veterans with PTSD.
Residual insomnia has been shown to be an important risk
factor for the development of and relapse in diverse mental
disorders [e.g., (24)].

The reciprocal relations between sleep disturbances and
PTSD suggest that disturbed sleep constitutes a causal factor
in PTSD (25, 26). This causality is partly based on sleep’s
role in memory consolidation and emotion regulation (27, 28).
While memory consolidation takes place during both slow wave
sleep (SWS; deep non-REMS) and REMS, the processing of
emotional memories is thought to happen primarily during
REMS (29). In PTSD, traumatic memories arise in part from a
failure in extinction learning, i.e., learning that the previously
conditioned stimulus no longer represents a threat (30, 31).
It is postulated that REMS disturbances, resulting from the
noradrenergic hyperactivation typical of PTSD, hamper the
consolidation of extinction memory, leading to a failure of
the extinction memory to persist and generalize (32). So
far the experimental support for this idea is limited, but
nonetheless growing. Sleep disturbances following a traumatic
event, including fragmented REMS, predict the development
of PTSD (33–35). In polysomnographic studies, PTSD is
characterized by reduced SWS and increased REM density (36,
37) as well as REMS fragmentation (38). These characteristics
may well result from increased noradrenergic tone during
(REM) sleep in PTSD patients (39, 40). Focusing on the role
of sleep in the treatment of PTSD, a recent study found that
the level of SWS and REM density positively predict treatment
outcome (41). This and other clinical studies point toward
an additional role of non-REMS disturbances, particularly a
shortage of SWS, in the development and perpetuation of
PTSD. Furthermore, shared neuromodulatory pathwaysmay also
underlie the relationship between PTSD and disturbed sleep.
Especially (hyperactive) noradrenergic projections from the locus
coeruleus (LC), as part of both the sleep-wake and PTSD-related
circuitry, could form a final common pathway in generating
the state of hyperarousal typical for both PTSD and disturbed
sleep (32). Insomnia (42), nightmares (26) and most other
sleep disorders discussed in this perspective are characterized by
hyperarousal, frequent disruptions in REMS and aberrant LC-
firing. In case of OSA, trauma-related hyperarousal may promote
sleep disordered breathing (43). Vice versa, untreated OSA may
contribute to development of PTSD, being a continuous stressor
leading to sympathetic overactivity and disruption of sleep (44).
As OSA events often occur during REMS, it is the brain’s
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TABLE 1 | Overview of frequently occurring sleep disorders in PTSD: characteristics, assessment and treatments.

Sleep

disorder

Timing and

sleep-phase

Duration Behavior

during

Behavior

after

Recollection

of the

event

Provocative

factors

Assessment PSG

changes

Treatment

Non-REMS

Confusional

arousals

(CA)

First third of

the night, first

bout of slow

wave sleep

(SWS)

Seconds

to

minutes

Sudden

arousal,

followed by

confusion,

disorientation,

eyes open

Confusion Amnesia Sleep

deprivation,

fever,

anxiety,

stress,

sleep

apnea,

sleep-

related

movement

disorder,

caffeine

Observations

by bed

partner,

video

observation,

PSG

optional

Arousal

out of

SWS,

return to

sleep

Avoidance of

provocative

factors, sleep

hygiene

Sleepwalking

(somnambulism)

See CA 1–10

mins

Abrupt

arousal, motor

activity outside

the bed,

possibility of

confusion/agitation

when suddenly

interrupted

Sleeping

again

Amnesia See CA.

Hypnotic

zolpidem

See CA See CA See CA. Safety

measures for

protection:

remove sharp

objects, lock

windows and

doors. If

dangerous,

consider

pharmacotherapy

Night

terrors

(pavor

nocturnus)

See CA Seconds

to

minutes

Sudden

arousal with

intense

screaming,

inconsolable

crying or

agitation, and

increased

autonomic

discharge

If awake:

being

anxious

Amnesia See CA See CA Sudden

and

incomplete

arousal

from

SWS

See CA. Also

psycho-

education to

parents/partners

and patients that

episodes are

transient and

patient should

not be

awakened.

Installation of

fixed wake-up

times prior to

episode, stress

reduction

training.
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TABLE 1 | Continued

Sleep

disorder

Timing and

sleep-phase

Duration Behavior

during

Behavior

after

Recollection

of the

event

Provocative

factors

Assessment PSG

changes

Treatment

Periodic

limb

movements

(PLMs)

Non-REMS Seconds Repetitive

cramping or

jerking of the

legs during

sleep

Continue

sleeping,

possible

short

arousal

Amnesia /

no

recollection

Somatic

disease

(including

iron

deficiency),

smoking,

caffeine,

medication

use, sleep

apnea

Observations

by bed

partner,

video

observation,

PSG

Consecutive

bursts of

activity in

leg

muscles,

with or

without

arousals

Sleep hygiene,

avoidance of

possible triggers,

when severe

with frequent

arousals:

pharmacological

treatment

REMS

Sleep

paralysis

Transition

from REMS to

wakefulness

< 1min Enduring

muscle atonia:

not being able

to talk and

move body

and limbs

when waking

up (less

frequently

when falling

asleep),

anxiety

Sometimes

anxious

reaction,

paranormal

sensations

Recollection Sleep

deprivation,

schedule

disruption,

alcohol

ingestion

Self-report,

possible

PSG

Persistence

of

consciousness

and

alpha

activity

intruding

into the

otherwise

desynchronized

REMS

EEG

Psycho-

education and

reassurance.

Paralysis usually

resolves in <

1min and/or

after sensory

stimulation

(touch). Focus

on small

movements,

such as

breathing and

eye movement

Nightmares/

nightmare

disorder

During REMS,

last third of

the night

Seconds

to

minutes

Vivid and

extended

extremely

dysphoric

dreams, with a

strong

negative

emotional

tone, typically

involving

threats to

security,

physical

and/or

emotional

integrity;

muscle atonia

Sudden

and violent

awakening,

often

accompanied

by anxiety,

sometimes

shortness

of breath.

Fear of

going back

to sleep

Clear

recollection

of dream

content

and

storyline

Sleep

deprivation,

fever,

stress,

major

(traumatic)

events,

medications

such as

antihypertensives,

antidepressants,

and

dopamine

agonists

Self-report,

nightmare

logs

Densely

packed

eye

movements

during

REMS

Sleep hygiene,

stress reduction,

imagery

rehearsal

therapy (IRT):

rescripting of

nightmares,

imaginal

exposure to

nightmare

content,

consider

pharmacotherapy:

prazosin

(Continued)
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TABLE 1 | Continued

Sleep

disorder

Timing and

sleep-phase

Duration Behavior

during

Behavior

after

Recollection

of the

event

Provocative

factors

Assessment PSG

changes

Treatment

REMS

behavior

disorder

(RBD)

During REMS,

last third of

the night

Seconds

to

minutes

Loss of REMS

atonia. Dream

enactment

motor activity:

usually trying

to prevent an

attack, and

any behavior

that could

occur during a

dream,

possibility of

injuring

themselves

and/or bed

partner

Awakening

often

accompanied

by anxiety,

sometimes

shortness

of breath.

Fear of

going back

to sleep,

fear of

hurting bed

partner

Vivid

recollection

of the

dream,

correlating

with

observed

behavior

Acute

phase:

medication

induced:

tricyclic

antidepressants,

monoamine

oxidase

inhibitors,

and

serotonin

reuptake

inhibitors;

alcohol

withdrawal,

benzodiazepine

withdrawal

Self-report,

observations

by bed

partner,

PSG

REMS

without

atonia

(RWA)

Bedroom safety

principles,

removing

provocative

factors, consider

pharmacotherapy:

melatonin,

clonazepam

Other

Sleep-

related

hallucinations

When falling

asleep

(hypnagogic)

or waking up

(hypnopompic)

Seconds

to 1

minute

Hallucinations

with visual,

auditory,

tactile,

olfactory,

and/or kinetic

properties,

possible

paranormal

sensations,

sometimes in

combination

with sleep

paralysis

Sometimes

fear,

paranormal

beliefs

Recollection Sleep

deprivation,

daytime

naps,

psychoactive

substances:

opiates,

cannabis,

amphetamines,

cocaine,

hypnotics,

and

zopiclone

Self-report Not

known

Psycho-

education

Sleep

talking

(somniloquy)

Mostly in

non-REMS,

also in REMS

Seconds

to

minutes

Talking in own

language or

nonsense, one

word or an

extensive

dialogue

Sleep

continues

Amnesia Anxiety,

sleep

deprivation

and fever

See CA Occurring

in both

non-

REMS

and

REMS

Psycho-

education, sleep

hygiene and

stress reduction
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TABLE 1 | Continued

Sleep

disorder

Timing and

sleep-phase

Duration Behavior

during

Behavior

after

Recollection

of the

event

Provocative

factors

Assessment PSG

changes

Treatment

Insomnia Entire night 1–8 h Lying awake,

unrest,

rumination

Daytime

fatigue,

concentration

problems,

impaired

emotion

and

trauma

regulation

Recollection Arousal,

negative

thoughts,

fear of

nightmares,

trauma-

related

triggers,

such as

bed,

bedroom,

nighttime,

darkness

Self-report,

sleep diary,

possible

PSG

Longer

periods

of

wakefulness,

frequent

awakenings.

REMS

fragmentation

with very

short

arousals

CBT-I

Obstructive

sleep

apnea

syndrome

(OSAS)

Entire night 1–8 h Short

breathing

stops, and

arousals

without

conscious

awakening

Continue

sleeping,

daytime

fatigue,

non-

refreshing

sleep,

possible

development

of

insomnia

Amnesia Obesity,

snoring,

smoking,

use of

alcohol or

other

sedating

substances/

medication

Observations

by bed

partner,

audio/video

recording,

PSG

Recurrent

partial or

complete

cessation

of air

flow, with

hypoxia

and

arousals/sleep

fragmentation

Weight loss,

sleep hygiene,

avoidance of

possible triggers,

CPAP, MRA,

position trainer,

ENT surgery

Restless

legs

syndrome

(RLS)

Prior to sleep Minutes–

hours

Uncomfortable

sensations in

legs

(sometimes

arms) while

awake;

irresistible urge

to move limbs

Awake Recollection Somatic

disease

(including

Iron

deficiency),

smoking,

caffeine,

medication

use

Self-report Longer

sleep

onset

latency,

often co-

occurring

PLMs

during

sleep

Sleep hygiene,

avoidance of

possible triggers,

pharmacological

treatment
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capacity to process negative emotions during REMS that is most
likely affected.

ASSESSMENT OF SLEEP DISTURBANCES

IN PTSD

Sleep disturbances can be screened and assessed with a clinical
interview and objectified with other measures such as actigraphy
and PSG. An actigraph and/or smartwatch can be helpful
in detecting nightly arousals and limb movements, as well
as daily rhythms in sleep and activity, and estimating sleep
onset latency, total sleep time and sleep efficiency (45). PSG
(with/without overnight video recording) provides an accurate
picture of multiple physiological parameters related to sleep and
wakefulness. PSG is less suitable as a screening tool, because it is
an elaborate measurement which might not be readily accessible
and financially feasible.

For an accurate diagnosis of PTSD according to DSM-5
criteria (2), the Clinician Administered PTSD Scale (CAPS-5)
(46) can be used. It is a structured interview to diagnose current
and life-time PTSD. However, the CAPS-5 is not sufficient for
assessing the presence of sleep disorders, as it contains only
two questions regarding sleep problems, considering nightmares
and sleep disturbance in general. Diagnoses of sleep disorders
are easily missed if specific diagnostic criteria are not inquired
about. Therefore an accurate clinical assessment according to
the International Classification of Sleep Disorders 3 (ICSD-3)
(47) of sleep history, present sleep quality, sleep-wake behavior
(preferably including information from the bedpartner to get a
more accurate report of nightly behaviors) and screening for sleep
disorders is essential.

We recommend an extensive clinical interview as there is
no comprehensive questionnaire for screening diverse sleep
disturbances in PTSD available. The diagnostic procedure should
include an assessment of daily routines, diet, substance (ab)use,
medication, mental state, presence of diseases and/or pain (or
other physical limitations that compromise sleep), activity levels
during night and day, and sleep behaviors including fear of sleep
(10) [see (48) for a comprehensive review of the assessment and
treatment guidelines of insomnia].

In PTSD the following events should be evaluated. (1)
Presence of trauma-related triggers associated with sleep, the
bedroom, nighttime and/or darkness, as these triggers might
maintain a high arousal level, thereby hampering sleep onset
and sleep maintenance. (2) Evaluation of circadian rhythm sleep-
wake disorders in (uniformed) personnel working irregular hours
(military personnel, police officers, fire-fighters, first responders).
(3) Presence of parasomnias and distinguishing the different
parasomnias, which is important for psychoeducation as well
as treatment indication. For the detection of nightmares, which
occur primarily during REMS, screening questionnaires such
as the Nightmare Disorder Index (NDI) might be useful (49).
However, both patients with PTSD and clinicians tend to
misinterpret all nightly behaviors/experiences as nightmares.
As the NDI does not cover other parasomnias, the clinician
should always ask further about the experiences. Non-REMS

parasomnias, such as confusional arousals, night terrors and
sleepwalking, are often misdiagnosed as nightmares. Experiences
during non-REMS parasomnias are generally not remembered
well. The associated emotional distress can therefore be
different from nightmares that are typically remembered
vividly. It is important to ask patients to describe their
nightmares in detail: What is the story in the dream? Is
this trauma-related or more symbolic? What is the emotional
intensity? Other parasomnias, such as sleep paralysis with or
without hypnagogic and/or hypnopompic hallucinations, can
be distressing, but they are not the same as nightmares.
(4) Patient and bedpartner need to be asked about snoring,
breathing stops, arousals and other symptoms to screen for
OSA. One should take into account that the usually reported
excessive daytime sleepiness is often not experienced by PTSD
patients with OSA, possibly due to hyperarousal, yielding low
scores on a screening questionnaire such as the Epworth
Sleepiness Scale (50). An overnight audio-recording can be
a useful tool to screen for sleep-related breathing problems.
However, a PSG is the most objective measurement to assess
OSA and its severity (51). (5) Patients and bedpartner can
be asked about movements during sleep, and if present
these movements can be objectified and interpreted with
video-assisted PSG.

NON-PHARMACOLOGICAL TREATMENT

OF SLEEP DISTURBANCES IN PTSD

With or without PTSD, non-pharmacological interventions are
first choice in the treatment of insomnia, nightmares and other
(non-REMS) parasomnias (48, 52–54). In line with this, a recent
meta-analysis on studies in PTSD patients found that PTSD
symptoms and sleep both improve across all PTSD and sleep
treatments. Yet, sleep improved the most after sleep-focused
interventions, especially psychotherapy approaches (55).

Insomnia
For insomnia CBT-I has shown the most evidence of efficacy
(56). CBT-I consists of several therapeutic components targeting
different aspects of the sleep disorder: psychoeducation
about sleep and sleep hygiene, relaxation training, behavioral
interventions such as stimulus control (focus on re-connection
of bed/bedroom with sleep) and sleep restriction (focus on
reduction of time in bed to total sleep time), and cognitive
therapy (48). Drawn from clinical experience and the cognitive
behavioral model of PTSD, the following interventions within
CBT-I require specific attention in PTSD: relaxation training
because of hyperarousal (57); treatment of trauma-related
triggers associated with sleep, the bed and/or bedroom, with
exposure in vivo, EMDR and/or cognitive therapy. Furthermore,
other interventions promoting the feeling of safety, such as a
photograph of a loved one next to the bed, sleeping with a dim
light, soothing music or white noise can be helpful. An increasing
number of studies in patients with both PTSD and insomnia
show positive effects of CBT-I on sleep efficiency, time awake
after sleep onset, self-reported insomnia severity and fear of sleep
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(58). Another practice based intervention is the use of weighted
blankets, some patients benefit from it. It is a simple non-
invasive intervention and a first trial shows promising results
(59). However, the presence of OSA is a contra-indication.

Nightmares
If nightmares are particularly prominent and perpetuate fear
of sleep and insomnia, one can decide to treat nightmares
before starting trauma-focused therapy. Most evidence is found
for imagery rehearsal therapy, a technique for rescripting the
nightmare story toward a better ending (60). The new dream is
subsequently rehearsed through imagination. Imaginal exposure
to the nightmare story is another effective, however, less studied
intervention (53). There are no studies on EMDR for nightmares,
even though it can be argued that desensitization of the
nightmare image might be helpful.

Night Terrors or Arousals
If the patient has night terror-induced arousals, the bedpartner
can sooth the patient with a soft and low voice, directing him/her
back to bed and to sleep. Do not force awakening, ensure safety
and trust that the patient will have no recollection of the event.
If the arousals occur often and generally at the same time of the
night it can be helpful to awaken the patient 15–30 mins before
the expected arousal to prevent its occurrence (61).

Obstructive Sleep Apnea
Continuous positive airway pressure (CPAP) and mandibular
repositioning appliance (MRA) can be used, and show most
evidence in the treatment of OSA syndrome. CPAP has
been shown to successfully reduce PTSD symptoms, including
nightmare frequency, possibly by stabilizing the arousal system
(43). In veterans with subclinical PTSD, non-compliance to
CPAP therapy leads to increased PTSD symptoms, implying that
optimal OSA-treatment prevents progression to clinical PTSD
(44). If OSA-treatment adherence, e.g., wearing a CPAP-mask
or MRA, is complicated by trauma-related anxiety, this needs
to be specifically addressed, for example with cognitive therapy
or EMDR. Other treatment options may be considered, such as
weight reduction.

Timing of Sleep Interventions
There is no guideline available for the timing of sleep-
targeted interventions in PTSD in relation to trauma-focused
therapy. Because of the reciprocal relation between PTSD
and sleep disturbances one can argue that the sequence of
interventions should be determined by the most prominent
symptoms. Moreover, regarding the heterogeneity of PTSD
symptoms, it is unlikely that a “one size fits all” treatment will
be found. Therefore, we recommend focusing the treatment
on the most distressing symptoms and/or administer two
different treatments, e.g., EMDR for PTSD and CBT-I for sleep
disturbances, side by side. Through monitoring the treatment
process, the treatment plan can be adjusted when necessary.

PHARMACOLOGICAL TREATMENT OF

SLEEP DISTURBANCES IN PTSD

Several types of drugs have been specifically evaluated in
PTSD-related sleep disorders (51). Alpha1-receptor antagonists
such as prazosin are best supported by evidence, showing
improvement in nightmares as well as insomnia (62, 63).
Both sedating antipsychotics and antidepressants have been
found beneficial in the treatment of PTSD, including specific
positive effects on sleep quality and nightmares, but need close
monitoring of negative effects such as hang-over, metabolic
dysregulation, and induction/elevation of restless legs syndrome
(RLS), PLMD and nightmares (64). The use of benzodiazepine-
receptor agonists is controversial in patients with PTSD, not
just because of generally known adverse effects, but specific
negative outcomes such as worse therapy outcomes and
increased risk of developing PTSD when used directly following
trauma (65). Considering current evidence, pharmacological
treatment of insomnia and nightmares in PTSD should be
regarded as temporary and additional, rather than alternative, to
psychological interventions.

CONCLUSIONS AND PERSPECTIVES

Research convincingly demonstrates that PTSD is frequently
associated with multiple and diverse sleep disorders that impact
both PTSD development, maintenance and recovery. Thus, an
early and comprehensive assessment of comorbid sleep disorders
as well as their timely treatment is of high clinical relevance
for patients with trauma and PTSD. In our opinion, centers
providing (mental) health care to patients with PTSD should,
therefore, include at least one clinician trained in sleep medicine
and establish close collaboration with a sleep center for accurate
assessment and (interdisciplinary) treatment of co-occurring
sleep disorders.

Yet, there are clear gaps in the knowledge on the links
between PTSD and sleep and to optimize PTSD-outcome further
research and innovations are warranted. For both research and
clinical practice, it would be helpful to develop a screening
instrument to more accurately assess all sleep disturbances and
contributing factors relevant in PTSD populations, ultimately
leading to a guideline for the assessment of sleep disorders in
PTSD. Prospective studies of large, naturalistic cohorts suffering
from trauma implementing both subjective and objective sleep
measures, would be highly informative for instance with respect
to delineating the sleep-related protective as well as risk factors
in the development of PTSD. Furthermore, evidence on the
efficacy of integrated PTSD and sleep treatment is limited to
small samples, specific patient groups (veterans) and only a few
sleep disorders (insomnia and nightmares) and interventions.
Research needs to be expanded to include larger and more
diverse groups of traumatized/PTSD patients (to entangle
general and population-specific factors) and diverse, both
pharmacological and non-pharmacological, treatment strategies
for all relevant sleep disorders. Moreover, novel developments
in the neuroscience of sleep may also guide PTSD treatment.
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Combining for instance trauma-focused treatment with new
EEG-based techniques to deepen and lengthen SWS (66, 67)
could have a synergistic effect through enhanced consolidation
of the traumatic memories altered in therapy. Due to faster
and more complex oscillatory dynamics, such sleep-based
interventions are harder to perform during REMS. Alternatively,
novel behavioral methods to strengthen memories during sleep
(known as targeted memory reactivation, TMR) (68, 69) could in
theory be used in PTSD during post-treatment sleep to augment
treatment outcome (70).
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Several studies have highlighted associations between adverse life events and the

dysphoric character of dream experiences. This degree of continuity between waking-life

and dream content seems partly attributed to the emotional and personal attachment

linked to the incorporated waking experiences. Numerous changes in the processing of

emotion-related stimuli are also reported across different human developmental stages.

Therefore, we were interested in testing whether age would modulate the impact of

recent troubling experiences on dream characteristics. Two hundred sixty participants,

evenly distributed in five developmental stages, matched for gender and their exposure

to a troubling experience, were selected from a large sample collected for a previous

normative study of dreams of Canadians. Participants completed a dream questionnaire

from which independent judges subsequently scored the dreams. We observed no

interactions between the experience of troubling events and age. However, individuals

who experienced a recent troubling event reported a higher frequency of nightmares and

their dreamsweremore emotionally negative. Participants who experienced amoderately

severe troubling event were also more likely to experience a dream whose maximal

threat severity was of moderate intensity. Adolescents and young adults had dreams

with a higher level of oneiric threats compared to older adults (>40 years old). Young

adults also reported a higher frequency of nightmares compared to older adults. Our

findings have implications for modern dream theories. They also suggest that dysphoric

dreams might serve as potential proxies of mental health status and developmental

stages. Future studies are now needed to explore the implications of these findings for

psychological adaptation.

Keywords: dreams, troubling experiences, nightmares, emotions, dream formation, neurocognitive model of

nightmares, threat simulation theory, continuity hypothesis

INTRODUCTION

There is evidence for a certain degree of continuity between waking-life and dream content.
It is postulated that dream features reflect waking-life experiences and/or that dreams impact
psychological adaptation. The former concern dream formation theories and the latter dream
function theories. Several specific proposals on how this occurs have been formulated and fall under
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the umbrella of what is best known as the continuity hypothesis
(CH) of dreams [see an overview by (1)]. Research so far suggests
that the reflection of waking life in dreams is mostly selective,
distorted and that features, such as reading and writing (i.e.,
mundane tasks), very seldomly find their way into dreams (2).
More specifically, continuity between dream content and waking
life was observed within complex individual characteristics, such
as personality (3, 4), physical health (5), social roles (6) and
individual concerns (7, 8). It was also found that changes in
psychological well-being are correlated with similar changes in
emotional dream content (9) and significant life experiences
such as pregnancy can be well represented with distortions in
dreams (10). Schredl (11) has proposed a mathematical model
of families of influencing factors and their interactions that
mediate incorporation into dreams. Of overall interest is the
observation that, once the proper physiological substrate and
cognitive capacity are achieved, dream construction prioritizes
emotional waking-life experiences and concerns with a negative
bias (12, 13).

Along the same line, stressful life experiences have been
shown to be preferentially incorporated into dreams (14, 15).
There is strong evidence of this effect in those who have
experienced a traumatic or severe adverse life event and
subsequently suffered from post-traumatic nightmares (16, 17).
Indeed, several studies have found a relationship between
traumatic experiences during waking-life and the subsequent
development of dysphoric dreams and chronic nightmares
(18–21). Interestingly, current research examining the impact
of the 2019 Coronavirus (COVID-19) has reported increased
nightmares, anxiety, and threats in dreams (22–25). Mounting
evidence supports the idea that personally and emotionally
difficult waking experiences, which may vary in temporal
proximity, can have a long-lasting impact on the everyday oneiric
experience. For example, a history of severe childhood trauma
in undergraduate women was associated with more frequent
disturbing dreams, higher nightmare distress and augmented
psychopathology (26). Similarly, a recent study reported that the
dreams of war prisoners during World War II had long-lasting
incorporations of war-related themes, threatening elements,
and negative emotions (27). Adverse life events may thus be
overrepresented in dreams because they continue to represent
real-life concerns and are of personal significance (28). From a
dream construction perspective, these two elements have been
identified as factors that affect the degree of continuity between
waking-life and dream content (28).

According to the Threat Simulation Theory (TST), dreaming
is thought to have evolved as an adaptive mechanism to simulate
oneiric threats drawn from waking-life experiences, and the
repetition of these threats in dreams were thought to improve
survival skills (29). Although the TST was proposed to explain
the evolutionary function of dreaming in our previous human
ancestors, the theory has been investigated in modern life and
societies. For instance, those who have a more active threat
simulation system (TSS), such as those who have endured a
trauma, have been shown to report more severe dream threats
(30). Other studies have also found that the frequency and
severity of waking-life threatening events are associated with the

severity and frequency of dream threats (31, 32). Additionally,
pre-sleep negative emotions were shown to be associated with
threats in dreams (31), suggesting that waking life emotional
experiences influence the menacing characteristics of dreams.
In sum, the CH and the TST offer an explanation for the
incorporation of waking-life events into dreams. The TST goes
further by postulating that dreams served an evolutionary
biological function in ancestral times (33). This phylogenetic
function is impossible to directly test in modern days, as
recognized by the TST (33, 34). However, what can be
tested is whether threatening dreams form following adverse
life experiences.

Nightmares are defined as elaborated and highly dysphoric
dreams whose content is threatening and accompanied by
intense negative emotions (35). While several recent models of
nightmare formation have been developed from a psychological
(36) to a neurochemical (37) perspective, a predominant view
of interest for the current study stems from the neurocognitive
model of nightmares [NMN; (38)]. It proposes that nightmares
result from a dysfunction in a network of affective processes
that typically serve the adaptive function of fear-memory
extinction during dreaming (38). Thus, “normal dreaming”
would facilitate fear-memory extinction through memory-
element activation (e.g., deconstruction of memories into
isolated elements); memory-element recombination (e.g., new
elements are combined with isolated memory-specific elements
to be inconsistent with real memories and offer novelty for
enhanced emotional processing); and emotional expression
[e.g., attentional focus on dream imagery to downregulate
negative emotional arousal; (38)]. The link between adverse life
experiences and nightmares is thus explained by a disruption
in these dream processes caused by the accumulation of stress
and negative affect from these life events (i.e., high affective
load). This would ultimately lead to more incorporation of
distressing memories into dreams. The relationship between
adverse life events and nightmares may also be modulated
by age. For example, it was reported that early life exposure
to negative adverse events is associated with later nightmares
and dysphoric dream experiences (26, 39–41). Moreover,
the frequency of nightmares also changes with age. The
direction of this change remains, however, to be clarified,
as some cross-sectional studies observed with advancing age
an increase (39, 42), a decrease (43–46), or no changes (47)
for the frequency of nightmares. Nevertheless, more studies
seem to point in the direction of a general decline in
nightmares frequency with advancement in age. Congruently,
in a study investigating non-trauma exposed adults, it was
shown that the younger the participants were, the higher
were the frequency of dream threats (48). To date, our
understanding of the potential age-related effects on dysphoric
characteristics of dreams in those who experienced a negative
adverse event is limited and has not been investigated in an
ontogenetic manner.

Although there are no theories to explain these age-related
differences, neurodevelopmental changes associated with brain
maturation and aging may explain differences in perceptual
processing and memory storage of negative stimuli. For
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instance, compared to older adults, adolescents demonstrate
greater activity in areas of the brain responsible for processing
emotions, specifically areas implicated in the fear response
(e.g., amygdala), when viewing negative stimuli (49–51). These
findings suggest that adolescents are more emotionally reactive
to negative stimuli than older adults. Additionally, older adults
demonstrate lower activation in these regions (52, 53) or a
stronger coupled activation with prefrontal areas of the brain
compared to younger adults when viewing negative stimuli
(54), signifying better emotion regulation and less negative
emotionality. Adolescents and young adults may demonstrate
higher fear responses when viewing negative stimuli because
their limbic structures, such as their amygdala, are more
developed than prefrontal structures during this life stage,
and thus functional connectivity between these regions in the
brain are weaker, limiting the capacity for emotion regulation
(55). These differences in fear responses when viewing negative
stimuli are also associated with biases in memory retrieval.
Indeed, younger adults are more likely to recall negative
stimuli (56), while older adults are more likely to recall
positive stimuli (57–59). Taken together, these findings suggest
that neurodevelopmental processes may underlie age-related
differences in experiencing threatening and dysphoric elements
in dreams and nightmares. More specifically, adolescents and
younger adults may be more likely to perceive situations or
elements of their environment as more threatening and be more
likely to recall these events, leading to higher incorporation
of these memories into their dreams. Furthermore, some of
their affective processes are limited, such as emotion regulation,
due to brain immaturity in frontal regions, which may impede
the facilitation of fear-extinction processes that naturally occur
during “normal dreaming,” resulting in fear-enhancing dreams
(i.e., nightmares).

Although associations have been found between adverse life
events and the disturbing and threatening nature of dreams, it
remains unclear if those who have experienced a common (e.g.,
a death, a separation, interpersonal difficulties, an accident) and
recent (i.e., within the past year) troubling personal event would
reportmore nightmares, have a higher level of threat and negative
emotions in their dreams. Furthermore, the degree to which there
is continuity between the severity of recent adverse events and
the threat severity of dreams remains unclear in a community-
based population. Finally, despite observations of age-related
differences in negative dream characteristics, studies have yet to
take a developmental approach.

The main objective of the current study was thus to
investigate the potential interaction between age and the
experience of a recent troubling event on the dysphoric
characteristics of dreams. In terms of dream characteristics,
we were interested in the frequency of nightmares, the
“threatening tone” of dreams, and the level of positive and
negative dream emotions. We selected these variables as they
measure the dysphoric experience of dreams at the level of
monthly occurrence, actual threatening content, and emotions,
respectively. Finally, our last objective was to assess which
relevant dream theory (i.e., CH, TST, NMN) would best explain
our findings.

HYPOTHESES AND PREDICTIONS

The CH (11) and TST (33) posit a certain degree of continuity
between waking negative experiences and subsequent dream
content. Thus, we predicted that, compared to participants
who did not experience a recent troubling event, those who
did will have more dysphoric dreams, which will manifest
through a higher frequency of nightmares, higher level of oneiric
threat, higher negative dream emotions and lower positive
emotions. We also predicted that the severity of troubling events
will be associated with the severity of dream threats: minor
troubling experiences will be associated with minor oneiric
threats, moderately troubling experiences will be associated with
moderate oneiric threats, and severe troubling experiences will be
associated with severe oneiric threats. It should be noted that, for
the current study, the predictions drawn from the CH and TST
cannot be differentiated.

The NMN (21, 38) proposes that the accumulation of stressful
and negative emotional experiences (i.e., affect load) during
wakefulness can entail the experience of disturbing dreams.
Consequently, we predict that, compared to participants who
did not experience a recent troubling event, those who did will
have a higher frequency of nightmares and a higher level of
negative emotions in their dreams. Of note, the NMN postulates
that dreams regulate fear-related emotions by recombining fear-
memories with non-fearful mnemonic elements into dreams.
Therefore, we propose that this mechanism could be observed
at the level of dream emotions, where the positive and negative
emotions would tend toward a “relative” equilibrium in their
intensities to regulate the impact of negative dream emotions.
Thus, compared to individuals who did not experience a recent
troubling event, those who did should have either a comparable
or higher level of positive emotions in their dreams to match
or outmatch their expected higher level of negative emotions.
To the best of our knowledge, this prediction has never been
tested before.

The neurodevelopmental paradigm highlights multiple
changes in the perception and processing of emotion-related
stimuli from adolescence to older ages (60–63), and the dream
formation literature points to a link between waking-life and
dream experiences (11, 33, 38). Moreover, age-related differences
have been found in the frequency of nightmares (43–47) and
oneiric threats (48). Collectively, these led to the prediction that
adolescents and younger adults will report a higher frequency of
nightmares and level of dream threats compared to middle-aged
and older adults. This effect will be magnified in those who had a
recent troubling experience.

METHOD

Participants and Protocol Overview
Two hundred sixty participants were selected from a large sample
collected between 2004 and 2017 for a normative study of the
dreams of Canadians (64, 65). Therefore, it was completed before
the COVID 19 pandemic. Participants were between the ages of
12–90 years old (Mean = 38.0, SD = 21.3) and were devised
into five age groups according to key developmental stages:
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adolescence (12–17 years old), early adulthood (18–24 years old),
adulthood (25–39 years old), middle adulthood (40–64 years
old), and late adulthood (65 years old and older). There were
52 participants who were matched for gender and exposure to a
recent troubling experience within the past year in each age group
(N = 260, men= 127; women 133; exposed = 129; non-exposed
= 129). Of those who experienced a recent troubling event over
the past year, most experiences were categorized as psychological,
social, or economic adverse events (n = 79, 61%), followed by
minor events (n = 32, 25%), deadly (n = 13, 10%), and physical
(n = 5, 4%). All age groups included 52 participants who were
matched for gender (men = 127; women = 133) and their
exposure to a troubling experience within the past year (non-
exposed = 131; exposed = 129). Chi-square tests confirmed that
the proportion of gender (χ ²(4) = 0.25, p = 0.99) and exposure
to a troubling experience (χ ²(4) = 3.45, p = 0.49) were similar
across age groups. The study was approved by the Research Ethics
Boards (REB) at the University of Ottawa.

Participants were recruited using the following approaches:
through personal contacts at school boards, advertisements
displayed at a Canadian university, advertisements on social
media, at public presentations and conferences, at retiree
associations, and word of mouth. All participants were unaware
of the purposes of the study and provided written consent.
After obtaining participant’s consent, they were instructed to
complete a dream questionnaire using pen and paper until at least
two dreams were reported, for a maximum period of ten days.
The dream questionnaire (DQ) included several sections, some
of them described below are based on existing questionnaires,
most notably on dream recall and nightmare frequency. No
new validation procedure was applied. It was developed for the
Normative Study of the dreams of Canadians that has led to
several publications [see (64–66)]. The first section contained
the consent form and instructions regarding how to fill out the
questionnaire. The other sections contained sociodemographic
questions and subsections about the characteristics of their
dreams. The subsections of the questionnaire used in the current
study are described below.

Measures
Sociodemographics and Troubling Events
The DQ included a sociodemographic questionnaire in which the
participants were asked to provide a detailed account regarding
general information about them (e.g., age, gender, marital status,
profession, education). Participants also had to report whether
they had experienced any troubling events (e.g., a death, a
separation, interpersonal difficulties, an accident) over the past
year and, if so, to describe them.

Frequency of Nightmares
Next, the questionnaire required the participants to self-report
their monthly frequency of nightmares, similar to the one
for dream recall frequency, by checking one of the following
categories: Less than once a month, Approximately once a
month, Approximately once every two weeks, Approximately
once a week, Many times a week, and Almost every night. These
categories were recoded from 1 (i.e., less than once a month) to

6 (i.e., almost every night) and were used to conceptualize the
frequency of nightmares.

Dream Reports and Emotions
Following this, participants filled out the morning section of the
DQ and describe the narrative of their dream as soon as they wake
up in the morning. The mean word count of dream narratives
was 145.18 (range: 50–531; SD = 84.68). After describing the
dream, they were instructed to assess the degree of joy, happiness,
apprehension, anger, sadness, confusion, fear and anxiety [the
dream emotion categories used by Hall et al. (67)] experienced
in their dream on a four-point Likert scale (1 = not at all, 2 = a
little, 3=moderate, 4= a lot). Participants’ ratings of their dream
emotions were recoded to range between 0 and 3, such that the
level “not at all” started with a value of “0” to denote the absence
of emotional experience. Then, the ratings of apprehension,
anger, sadness, fear, and anxiety were averaged to form a mean
intensity measure of the dream’s negative emotions. The ratings
of joy and happiness were averaged to produce the mean level of
the dream’s positive emotions. Cronbach’s alpha of the positive
and negative emotion scores were 0.91, 0.67, respectively.

Dream Threat Scale and Threat Severity Scale
For evaluating participant’s threats in dreams, the third section
of the Dream Threat Scale was used (68), which relates to
the severity of the threats for the self. As in previous studies
(31, 32), the definitions of this subscale (Life-threatening event;
socially, psychologically or financially severe threat; physically
severe threat; and a minor threat) were used for the identification
of threats in the DQ. The level of threat severity was further
rated on a four-point scale (0 = not threatening, 1 =

somewhat threatening, 2 = moderately threatening, 3 = highly
threatening). This allowed the assessment of the dream threats
severity regardless of its qualitative nature. A similar scale was
used in a previous study investigating aggressions in dreams
of soldiers, gamers, and control participants (69). Given the
relationship between the frequency of dream components and
the reports length (64, 65), the frequency of dream threats
were divided by the word count for the purpose of the
analyses. Moreover, the most severe dream threat was selected
as the measure of threat severity. A global measure of the
dream’s “threatening tone” was computed by conducting a z-
transformation of the threat severity and frequency scores. After
this transformation, both scores were averaged to create a threats
composite score with higher values reflecting more severe and
frequent dream threats. Cronbach’s alpha was 0.81 for the threat
composite score.

Scoring Procedure of Threat Characteristics of

Adverse Events and Dreams
All participant’s dreams were coded for the presence of oneiric
threats. The dreams were coded by two independent judges
who received instructions on how to identify the threats in
the reports and how to evaluate their severity. The judges
were trained on reports from other sources before starting the
scoring of the participant’s dreams. The threatening components
in dreams were considered as such on the basis that both
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judges had identified the same elements as menacing using the
aforementioned definitions in the DTS. If both judges disagreed
on the threatening nature of an event, the scoring of this event
was discussed until they reached an agreement. The inter-rater
reliability was evaluated for the level of threats severity using
the intraclass correlation coefficient’s (ICC) average measure
parametrized for an absolute agreement definition. All ICC
values ranged from 0.90 to 0.94, suggesting excellent reliability
between the judge’s scoring. The same procedure was undertaken
for the scoring of the troubling events experienced within the
past year. The ICC for the severity level of threats was 0.78,
suggesting good reliability. Following the scoring phase, the first
dream containing a minimum of 50 words and a maximum of
550 words was retained for analyses. Five participants (1.92%)
were excluded from analyses as they reported dreams with
an insufficient word count. Therefore, 255 participants were
retained and included in the main analyses.

Data Analytical Plan
For the main analysis, a series of 2 (recent troubling event: yes or
no) by 5 (age group: 12–17 years old; 18–24 years old; 25–39 years
old; 40–64 years old; and 65 years or older) between-subjects
ANOVAs were conducted to examine the relationship between
experiences of recent troubling events and age on the threatening
tone of dreams, frequency of nightmares, and emotional levels
of dreams (positive and negative). Bonferroni adjustments were
applied to post-hoc tests. To examine whether the severity of
a recent troubling event is associated with severity of oneiric
threats, a 3 by 3 (somewhat threatening, moderately threatening,
and highly threatening) chi-square test of independence was
conducted in those who experienced a recent troubling event
and had dreams that contained threatening events. Only those
with a threatening dream were included in this analysis as
we were interested in whether the severity of troubling events
during wakefulness was associated with the maximal severity of
threatening events in dreams. This allowed us to test the degree of
continuity between the severity of threatening experiences during
wakefulness and dreaming. Bonferroni corrections were applied
to post-hoc comparisons (0.05/3= 0.0166). All statistical analyses
were conducted using IBM SPSS v27 (SPSS, 2021) and figures
were created using GraphPad Prism v9 (2021) for Windows.

For a between-subjects ANOVA with two factors, an a priori
power analysis using G∗Power (70) recommended a sample size
of 223 participants for detecting a medium effect size with power
of 0.70 and an alpha of 0.05, thus our goal was to reach this sample
size. For a two-tailed 3 by 3 Chi-square test of independence,
an a priori power analysis using G∗Power (70) recommended a
sample size of 108 participants for detecting a medium effect size
with a power of 0.70 and an alpha of 0.05.

RESULTS

Preliminary Analyses
Regarding data cleaning, missing data were not imputed;
therefore, participants with missing data were omitted from
certain ANOVA analyses (n= 4 excluded; three from the exposed
group and one from the non-exposed group; N = 255 for

the final sample). Some participants were missing data due to
variations in questionnaire packages over the duration of the
data collection period for the normative study and thus did not
have the opportunity to self-report on all outcomes of interest
in the current study. Univariate outliers were winsorized. There
were no multivariate outliers. Assumptions for the 2 (recent
troubling event) by 5 (age group) between-subjects ANOVAs for
the main analyses for normality and homogeneity of variance
were examined through scatterplots and tests of homogeneity of
variance. The assumption for homogeneity of variance was met
across all outcomes. There were minor violations of normality;
however, transformations were not applied considering that
analysis of variance tests are robust to non-normality (71),
especially in cases where group variances are similar (72). Means
and standard deviations for all outcomes of interest are displayed
in Table 1.

Main Analyses
Differences in the Threatening Tone of Dreams:

Threats Composite Score
A 2 (recent troubling event) by 5 (age group) ANOVA
demonstrated a non-significant main effect of recent troubling
event, F(1,245) = 0.55, p = 0.815, η2

p = 0.000, a significant main

effect of age group, F(4,245) = 8.94, p = < 0.001, η
2
p =0.127,

and a non-significant interaction between recent troubling event
and age group, F(4,245) = 1.31, p = 0.269, η

2
p = 0.021, for

the composite score of oneiric threats. As shown in Figure 1,
pairwise comparisons revealed that 12–17 year old’s significantly
had more severe and frequent oneiric threats compared those
who were 40 years old or older (40–64 years old: p = <

0.001; 65 years old or older: p = <0.001). Similarly, 18–24 year
old’s had significantly more severe and frequent oneiric threats
compared those who were 40 years old or older (40–64 years
old: p = 0.004; 65 years old or older: p = 0.009). No other age
differences emerged.

Differences in Frequency of Nightmares
A 2 (recent troubling event) by 5 (age group) ANOVA
demonstrated a significant main effect of recent troubling event,
F(1,240) = 4.74, p = 0.030, η

2
p = 0.019, a significant main effect

of age group, F(4,240) = 5.66, p = <0.001, η
2
p = 0.086, and a

non-significant interaction between recent troubling event and
age group, F(4,240) = 0.67, p = 0.614, η

2
p = 0.011, for the

monthly frequency of nightmares. Pairwise comparisons revealed
that those who experienced a recent troubling event reported
a higher frequency of nightmares compared to those who did
not (p = 0.030; see Figure 2A). Additionally, as depicted in
Figures 2B, 18–24 year old’s had significantly more nightmares
compared to those who were 40 years old or older (40–64 years
old: p = 0.005; 65 years old or older: p = 0.002). No other age
differences emerged.

Differences in Positive Dream Emotions
A 2 (recent troubling event) by 5 (age group) ANOVA
demonstrated a non-significant main effect of recent troubling
event, F(1,243) = 1.22, p = 0.270, η

2
p =0.005 (see Figure 3A),

a non-significant main effect of age group, F(4,243) = 1.00,
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FIGURE 1 | Age group differences in the threatening tone of dreams. The

values are expressed as means ± SEM, N = 255. **p < 0.01, ***p < 0.001.

p = 0.407, η
2
p = 0.016, and a non-significant interaction

between recent troubling event and age group, F(4,243) = 1.12,
p = 0.348, η

2
p = 0.018, for positive emotions felt in dreams.

Pairwise comparisons were not examined due to non-significant
main effects.

Differences in Negative Dream Emotions
A 2 (recent troubling event) by 5 (age group) ANOVA
demonstrated a significant main effect of recent troubling event,
F(1,243) = 5.55, p = 0.019, η

2
p = 0.022, a non-significant main

effect of age group, F(4,243) = 2.23, p = 0.067, η
2
p = 0.035,

and a non-significant interaction between recent troubling event
and age group, F(4,243) = 0.71, p = 0.588, η

2
p = 0.011, for

negative emotions experienced in dreams. Pairwise comparisons
revealed that those who experienced a recent troubling event had
a significantly higher level of negative emotions in their dreams
than those who did not have a recent troubling experience, p =

0.046 (see Figure 3B).

Associations Between Severity of a Recent Troubling

Event and Severity of Oneiric Threats
In those who recently experienced a troubling event and had a
threatening dream (N = 125), a 3 (severity of troubling event)
by 3 (severity of oneiric threat) chi-square test of independence
was conducted to examine the association between severity of the
event and maximal severity of threats in dreams. This analysis
revealed that the severity of a recent troubling event and severity
of threats in dreams are significantly associated, X2

(4) = 11.09,
p = 0.026. Post-hoc comparisons demonstrated that recently
experiencing a moderately threatening event during waking was
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FIGURE 2 | Group differences in the frequency of nightmares. (A). Main effect

of the experience of troubling events over the past year. (B). Main effect of

age. The values are expressed as means ± SEM, N = 250. *p < 0.05; **p <

0.01; ***p < 0.01.

significantly associated with moderate severity for the maximal
threat in dreams, p= 0.002 (see Figure 4).

DISCUSSION

In the context of recent dream formation theories, the objective
of the current study was to examine whether common and recent

FIGURE 3 | Main effect of the experience of a recent troubling event on

emotion levels in dreams. (A). Level of positive emotions. (B). Level of negative

emotions. The values are expressed as means ± SEM, N = 253. *p < 0.05,

ns = p > 0.05.

adverse events were related to dysphoric dream characteristics.
Given that the perception and processing of emotion-related
stimuli undergo several changes from adolescence to older ages
(60–63), we were also interested in examining whether age
would modulate the influence of recent adverse experiences on
subsequent dream characteristics. Aligned with our hypotheses,
our results suggest that having a recent troubling experience
is associated with reporting more nightmares monthly and
experiencing a higher level of negative dream emotions.
However, these adverse experiences were not related to
the experience of dreams with a higher threatening tone.
Additionally, we only observed a small degree of continuity
between the severity of troubling events experienced within the
last year and severity of threats in dreams, as this relationship
was only present when the adverse event and dream threat were
of moderate intensity. Furthermore, adolescents and younger
adults had a higher level of threats in dreams compared to
older age groups. Younger adults also self-reported a higher
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FIGURE 4 | Associations between the severity of a recent troubling event and

severity of oneiric threats. The values are expressed as count. N = 125. **p <

0.01.

frequency of nightmares than adults older than 40 years old.
Contrary to our hypotheses and predictions, no interactions
between the experience of troubling personal events and age
group were observed for any dream characteristic. The absence
of significant interactions in the presence of both factors’
significant main effects thus suggests a dissociation between
these variables, which show specific and different impacts on the
dreaming experience. Results are more thoroughly discussed and
interpreted through the lens of three relevant modern dream
theories in the following sections.

Effects of Recent Troubling Events on

Dream Characteristics
The NMN (21, 38) postulates that a higher level of affect
load during wakefulness could precipitate the occurrence of
disturbing dreams. One could safely speculate that experiencing
a troubling event within the previous year may manifest through
dysphoric emotions and stress levels experienced in daily life.
Thus, as predicted by the NMN, we observed that individuals
who experienced a recent troubling event self-reported a higher
frequency of nightmares compared to those who did not report
such an experience. Although this result aligns with the literature
on trauma and nightmares (16), our results add to the latter
by showing that even the experience of common and recent
troubling events can significantly increase the monthly frequency
of nightmares in a community-based sample. Moreover, the
NMN (38) proposes that dreams regulate fear-infused emotions
by a recombination of fearful memories with non-fearful mnestic
elements into dreams. Another contribution of our study was to
show that, compared to individuals who did not report a recent
experience of troubling event, those who did had a higher level
of negative emotions with a similar level of positive ones (see

Figure 3A). This mixture of emotional intensity could reflect
an attempt to down-regulate negative emotions and memories
through dreaming. Indeed, maintaining a “normal level” of
positive emotions in the presence of an increased level of negative
affects could dilute the latter within the global emotional tone
of dreams, allowing their down-regulation as proposed by Perlis
and Nielsen (73) and Menz et al. (74). Thus, our findings seem
coherent and add to the literature on the NMN and the emotional
regulation theory of dream (75).

Both the CH (11) and TST (33, 76) predict that the
exposition to adverse life events would lead to more dysphoric
characteristics in dreams, such as a higher frequency of
nightmares, higher level of oneiric threats, and higher level
of negative dream emotions. Thus, the increased frequency of
nightmares and higher level of negative oneiric emotions in those
who experienced a recent troubling event lends some support
to both theories, but the fact that such afflicting events did not
affect the threatening tone of dreams does not. Additionally,
when specifically looking at dreams containing threats, the
only significant associations was found for individuals having
experienced a moderately severe troubling event who were more
likely to experience a dream whose maximal threat severity was
of moderate intensity. This suggests that, following moderately
severe troubling events, the dream-production system would
generate dreams with a symmetrical level of threat severity
between waking and oneiric experiences. This is consistent
with the TST proposing that the intensity of the oneiric threat
simulations should be proportional to the magnitude of personal
threat experienced during waking-life events (33). However, the
fact that this association was only found for moderately, and not
highly, severe troubling events does not completely align with
the TST. Indeed, highly adverse experiences are postulated to be
most relevant for the activation of the TSS, entailing more severe
and persistent threatening dreams. This finding regarding the
association betweenmoderately threatening troubling events and
moderately threatening oneiric threats also partly supports the
CH due to the continuity between waking-life experiences and
dream experiences. However, according to this theory, we would
have expected to observe similar patterns for the other troubling
events’ severities, which was not the case. However, as proposed
by the CH (11), the incorporation rate of waking-life experiences
into dreams may depend on the time interval between both.
Because the troubling event reported by our participants could
have happened anytime within the last year preceding the dream
report, this varying delay might have limited the degree of
continuity between the waking-life troubling events and dream
experiences in our study. Overall, the effects of recent troubling
events on the distressing character of dream experiences seem
best explained by the NMN, and offer mixed support for the TST
and CH.

Effects of Age on Dream Characteristics
No theories of dreaming have specifically addressed the
ontogenetic patterns of dream experiences. For this reason,
our results regarding the effects of age on dream features
will be interpreted in relation to previous relevant findings.
Some evidence supports a progressive declining pattern of
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the disturbing character of dreams across life. For instance, a
linear decrease from adolescence to older age was reported for
the frequency of nightmares (45), which is consistent with a
previous study comparing young and older adults (46). This is
congruent with our findings such that young adults reported
a higher frequency of nightmares compared to older adults
(>40 years old). Furthermore, our group (64, 65) previously
investigated the ontogenetic patterns of several components of
dream content, such as the characters, interactions, activities,
and emotions of both men and women. One consistent result
was the significant decrease across the lifespan of the frequency
of aggressive interactions in dreams. Similarly, a study found
that younger participants reported a higher frequency of dream
threats, although in their study few participants were older than
40 years old (n = 11) (18). Together, these findings suggest
a possible decrease in the frequency of oneiric threats with
advancing age. Consistent with this hypothesis, we observed
that adolescents and young adults reported dreams containing
a higher level of oneiric threats compared to older adults (>40
years old).

Collectively, our findings suggest that the disturbing character
of dreams, at the occurrence- and content-level, seem to deplete
with aging. One could nonetheless speculate that the reduction
in dream recall observed with advancing age (77) might explain
the lower frequency of nightmares of older adults. However,
it would not explain the previous and current findings of the
less threatening nature of dreams in the older age groups.
As it was recently proposed that dream mentation could
mirror neurocognitive development across the lifespan (78,
79), one could hypothesize that such developmental processes
might influence the content of dreams at different levels. For
example, numerous changes pertaining to the perception of
emotions, emotional processing, and regulation are incurred
with advancing age. These might result from changes in the
trajectories of personality traits (80), structural and functional
brain changes (55, 60, 63), and coping strategies (81, 82), to
name a few. Future studies will thus be required to investigate
whether these developmental changes in the processing of
emotion-related stimuli might relate to the declining experience
of dysphoric dreamswith aging. Such inquiries can bring valuable
insights to theories of dreaming, shedding light on the possible
mechanisms underlying their formation and function.

Limitations and Future Directions
The main limitation of our study is the fact that the participants
were not required to report the date of when the troubling
experience took place in the preceding year. Therefore, it was
not possible to control for the potential acute effect of the
recency of the adverse experience on dream features. Future
studies could thus specifically assess how the level of recency
of troubling experiences progressively influences subsequent
dreams’ dysphoric nature and the temporal sources of these
dreams (32). Additionally, we did not score the troubling
events according to their nature. Instead, they were scored
based on their severity as a threatening experience. Thus, we
cannot determine whether the troubling events’ nature could
have modulated the effects observed in our study. Future

studies should consider the nature of different common adverse
life events and determine whether it influences the dysphoric
characteristics of dreams. Another limitation is that we did
not assess participant’s personality traits, which may have
influenced the perception of dream threats, their severity, and
the negative affect elicited by them. Given that the experience
of a troubling event was self-reported, individuals with a
dispositional susceptibility to emotional reactivity and distress
might have been more prone to report both a troubling
life event and more distressing dreams (83). Indeed, it was
previously shown that trait-like factors were associated with
the frequency of nightmares (84, 85), oneiric threats (48) and
the emotional tone (86) of dreams. Future research should
incorporate questionnaires assessing personality traits and test
their influence on the relationship between adverse life events and
dreams. Finally, as we were interested in the potential interaction
between age and the experience of a troubling personal event, and
to maximize statistical power, we did not focus on the effect of
gender on our results. Although previous research highlighted an
impact of gender on dream characteristics (66, 87), weminimized
this potential confounding effect by gender-matching our groups.

CONCLUSION

Our findings lend partial support to the CH and TST but seem
to favor the NMN with respect to dream formation. One exciting
result is the observation of a specific mixture of oneiric emotional
intensities in individuals having experienced a troubling personal
event within the past year. This mixture, composed of a
heightened level of negative emotions with a “normal” level of
positive emotions, could serve an adaptive emotion regulation
function. Future studies should investigate whether such an
emotional mixture in dreams would predict better outcomes for
this population’s following morning mood. Furthermore, our
findings may have implications beyond the understanding of
dream formation to the mental health and developmental fields.
Indeed, we highlighted the impact of experiencing common
and recent troubling events on oneiric negative emotions and
the monthly occurrence of nightmares. The recurrence of
nightmares can induce waking-life distress during the following
day (3). However, some evidence suggests that lucid dreaming
techniques might serve as a potential intervention to reduce
nightmares’ occurrence (88), representing a promising avenue
for future studies aiming to treat nightmare disorders. We
also validated emerging evidence suggesting a decline of the
disturbing character of dream experiences accompanying the
advancement in age. We propose that such decline could depict
the well-detailed changes in the processing of emotion-related
stimuli across the human lifespan. Future studies are thus needed
to further explore the potential implications of these findings
for psychological adaptation in the context of adverse life events
and development.
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Most women in the perinatal period face sleep issues, which can affect their mental

health. Only a few studies have focused on sleep trajectories and depressive symptoms

of women during the perinatal period in China. This study aims to explore the

development trajectory of sleep quality by classifying pregnant women according to

the changes in their sleep quality during pregnancy and postpartum and investigate the

correlation between different sleep quality trajectory groups and depressive symptoms.

The Pittsburgh Sleep Quality Index (PSQI) was used to assess the sleep quality, and

the Edinburgh Postnatal Depression Scale (EPDS) was used to assess the symptoms of

depression. Participants (n= 412) completed the assessment of sleep quality, depressive

symptoms, and some sociodemographic and obstetric data at 36 weeks of gestation,

1 week after delivery, and 6 weeks after delivery. The group-based trajectory model

(GBTM) was used to complete the trajectory classification, and logistic regression was

used to analyze the predictive factors of postpartum depressive symptoms. Four different

sleep quality trajectories were determined: “stable-good,” “worsening,” “improving,”

and “stable-poor” groups. The results demonstrate that poor sleep trajectories, social

support and parenting experience during the perinatal period are related to postpartum

depression. Screening for prenatal sleep problems is crucial for identifying the onset of

perinatal depressive symptoms.

Keywords: depression, social support, perinatal, sleep quality trajectory, parenting experience

INTRODUCTION

Perinatal depression is characterized by the occurrence of depressive episodes during pregnancy
and the perinatal period with its international prevalence rates ranging from 8 to 36% (1). This
disorder is related to many adverse outcomes for women’s maternal and physical health. It can
interfere with normal maternal–infant relationships and may adversely affect child development
(2). However, the specific cause of depression is yet to be determined, especially during the perinatal
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period. Many risk factors, such as stressful life events in the
past 12 months, lack of family support during pregnancy, and
low socioeconomic status, among others affect the occurrence of
perinatal depression (3, 4).

Countless changes are introduced during the perinatal period.
An important but often overlooked change is the increased risk
of sleep disorders. In total, 66–94% of pregnant women reported
sleep disturbances, resulting mainly from significant changes
in their physiology and psychology during pregnancy (5, 6).
Most studies demonstrate that decline in sleep quality and night
awakenings occur during the third trimester (7–9) and after
delivery (10, 11). Sleep gradually worsens with the progression
of pregnancy (11–13), usually lasting until the postpartum period
and reaching its peak within 1month after delivery (14). Previous
studies show that sleep disturbance may be a risk factor for
postpartum depression (13, 15). Dørheim et al. conducted a study
on 2,816 women in the 32nd week of pregnancy and found
that depressive symptoms were closely related to insomnia in
the third trimester of pregnancy (16). Likewise, Skouteris et al.
supports the view that sleep disturbance is related to an increase
in depressive symptoms during pregnancy (17). Besides this, Park
et al. also conducted objective and subjective assessments of sleep
quality from the third trimester to the postpartum period. They
used the General Sleep Disturbance Scale to evaluate subjective
sleep quality and the Edinburgh Postnatal Depression Scale to
evaluate depression and found that sleep quality was highly
correlated with depressive symptoms (18). The hypothalamic–
pituitary–adrenal (HPA) axis may explain the potential biological
mechanism between sleep quality and depression. The HPA axis
is a physiological system that can be activated by stress, which
leads to the release of corticotropin (ACTH) from the pituitary
gland and cortisol from the adrenal glands. In general, cortisol
levels have a significant circadian rhythm in humans with higher
levels in the morning and lower levels in the evening (19).
People with poor sleep quality can activate the responsiveness
of the HPA axis to physical and psychosocial stressors. The
HPA axis is also related to depression (20). Researchers have
found significantly increased plasma corticosterone levels in the
classic depressionmodel of rodents (21). Thus, an abnormal HPA
axis may participate in the manifestation of sleep disturbance
and depression. Moreover, psychosocial factors can also impart
variability in this association between sleep disturbance and
depression. The postpartum period is a special period for new
mothers when they may not be able to adapt to the role
change for a while. They may find it difficult to take care
of the newborn. Difficult infant temperaments are recognized
as important stressors for mothers throughout the postpartum
period (22), and these can impair the sleep quality experienced
by mothers. Mothers with insufficient sleep may feel more
pessimistic, thus underestimating their social support status
(23). Furthermore, sleep quality affects women’s ability to cope
with motherhood and future expectations, both practically and
emotionally (24, 25). Goyal et al. found that prolonged nighttime
wakefulness (>2 h) is associated with more severe depressive
symptoms (26).

When investigating sleep quality in the perinatal period,
many studies focus on changes in the average sleep quality over

time in the perinatal period (27, 28), ignoring the fact that
not all pregnant women experience the same pattern of sleep
changes during the perinatal period. Although sleep disorders
are correlated with the appearance of new depressive symptoms
during pregnancy (17), it seems inappropriate to use a fixed
sleep pattern to explain perinatal depression due to individual
differences. Therefore, it is of great significance to study the
sleep quality trajectory, which is used to distinguish different
subgroups of sleep quality. Some previous studies explore the
correlation between sleep quality trajectories and postpartum
depression. Because of differences in grouping standards and
statistical methods, the trajectories of sleep vary in different
previous studies. For example, Tomfohr et al. chose four-time
nodes tomeasure sleep quality and found that subgroups having a
considerable decline in sleep quality from early to late pregnancy
as well as poor sleep quality throughout pregnancy were more
likely to experience depression in the postpartum period (29).
This study ignores the time note of 6 weeks following delivery
because it is a time when postpartum depression was of high
incidence (30). Wang et al. chose more time nodes to evaluate
sleep quality and found that poor sleep quality increased mood
disorders at 36 months postpartum (31), but it ignored some
psychosocial stressors. Because psychosocial stressors are risk
factors that can affect sleep and perinatal depression, they should
not be ignored when studying sleep quality trajectories and
depressive symptoms.

In Asia, there are currently just a few studies on monitoring
sleep trajectories during the perinatal period. Exploring sleep
trajectories will help in better understanding the relationship
between sleep and perinatal depression and provide timely
and targeted interventions for more personalized treatment.
Therefore, the objectives of this study are to (1) investigate the
sleep trajectory of the Asian population during the perinatal
period, (2) explore the differences in social and psychological
factors among the trajectory groups, and (3) study the
relationship between sleep trajectory and maternal depressive
symptoms. Women with the greatest increase in sleep problems
were assumed to be the most likely to experience high-level
depressive symptoms during the postpartum period.

METHODS

This study is a longitudinal investigation of all pregnant
women who underwent an obstetric examination and will
give birth in the First Affiliated Hospital of Wenzhou
Medical University. Participants will be enrolled in the third
trimester of pregnancy, and the investigator will only further
screen women for eligibility after obtaining oral consent.
We employed a structured neuropsychiatric interview, the
Mini International Neuropsychiatric Interview, to evaluate the
presence of psychiatric disorders (32). The inclusion criteria
are (1) 18–40 years old, (2) 28 weeks of pregnancy or more,
(3) regular check-ups in the research hospital, (4) elementary
school and higher education, (5) no sleep problems before
pregnancy, and (6) voluntarily signed informed consent. Women
with severe pregnancy complications or any mental/cognitive
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problems, including pregnant women with a history of prenatal
depression, other mental illnesses, and intellectual disability, that
would prevent them from completing the survey were excluded
from this study.

Procedure
The pregnant women who agreed to participate in the study
underwent obstetric examination and data collection at three
time points: T1 (gestational week 36), T2 (within 1 week
postpartum) and T3 (6 weeks postpartum). Two psychiatrists
trained three graduate students who major in psychiatry
before the research. The graduate students were taught to
fully comprehend the specific meaning of each item in each
scale and know how to respond to the issues raised by
participants and guide them in completing the whole experiment.
Once the participant fills out the informed consent form, the
researchers will help the participant complete the survey. This
study was approved by the Ethics Committee of Wenzhou
Medical University.

This study is part of a larger longitudinal study of maternal
mental health being conducted at the First Affiliated Hospital of
Wenzhou Medical University. From December 2017 to January
2019, a total of 988 people completed enrollment with 667
completing the first follow-up and 412 people completing the
second follow-up, hence making the final sample of this study
to 412 women. There was a 42% completion rate among the 988
initially enrolled participants.

Measures
Participants completed the Pittsburgh Sleep Quality Index
(PSQI) and Edinburgh Postpartum Depression Scale (EPDS) at
three time points (T1, T2, and T3). Furthermore, a self-edited
demographic questionnaire survey was conducted at T1, and the
Social Support Rating Scale (SSRS) and postpartum data update
were completed at T2. The initial follow-up was conducted in
the ward. The researchers contacted the participants before the
second follow-up to confirm the review date, and the participants
completed the second follow-up in the obstetric clinic.

Self-Edited Census Form
Under the supervision of a well-trained evaluator, pregnant
women filled out a social demographic survey, including age,
gestational age, BMI, years of education, race, place of residence,
marital status, family monthly income, currently smoking and
drinking, long-term exercise habits, and the number of existing
children. In addition, following delivery, updated obstetric data,
such as planned pregnancy, postpartum complications, delivery
methods, etc., were also incorporated in the survey.

Evaluation of Sleep Quality
The PSQI (33) was used to evaluate the preceding month’s sleep
quality, and it has a maximum total score of 21 points. In total,
19 individual items generate seven component scores (range 0–
3 with higher scores indicating worse sleep): subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleeping medication, and daytime
dysfunction. This scale has good internal consistency, test–retest

reliability, and validity (34). A score of >5 indicates clinically
significant sleep disruption (35).

Evaluation of Depressive Symptoms
The EPDS (36) is a frequently used depression assessment
scale in Western countries. It is believed to be effective during
pregnancy and postpartum in multiple countries (37–40). The
EPDS investigates 10 items: mood, pleasure, guilt, anxiety, fear,
insomnia, ability to cope, sadness, crying, and self-injury. Each
item is divided into 0–3 points in accordance with the severity
of the relevant symptom, and the total score ranges from 0 to
30 points. The scale has good reliability and validity among
populations in Mainland China (41). A total score of >9 was
classified as depression in this experiment (42).

Social Support Assessment
The SSRS is used to evaluate the social support of pregnant
women. The Chinese version of SSRS was first developed by Xiao
in 1986 (43). It comprises objective support, subjective support,
and availability. The total score ranges from 12 to 66 points.
The higher the score, the higher the level of social support. The
scale has been developed and widely used in China and has high
reliability and validity.

Statistical Analysis
GBTM (44) was used to identify sleep quality trajectories
from late pregnancy to 6 weeks postpartum. Such models
use a semiparametric approach to identify a set of curves
(the trajectories) that capture the main features of the data
with each curve representing a different trajectory group.
Unlike traditional growth curve models that assume a single
average population growth trajectory, GBMT does not assume
a unique potential growth trajectory and considers within-
population heterogeneity. The polynomial equation modeling
was used to model the relationship between time (perinatal)
and outcome (sleep quality) to best define the trajectory. To
obtain information that maximizes relevant heterogeneity while
maintaining parsimony, the number of subgroups was selected
by the following criteria: (1) the absolute value of Bayesian
information criterion (BIC) was minimal, (2) the number of
people in each group was not <5% of the sample, (3) it was
clinically interpretable, and (4) the increased trajectory showed
essential features in the data.

Continuous variables were expressed as mean ± standard
deviation (SD), whereas categorical data were described by
numbers (percentages). The normally distributed data were
analyzed by one-way analysis of variance, whereas non-
parametric data are analyzed by Kruskal–Wallis test statistics.
Categorical data were evaluated by the chi-square test. Multiple
comparisons among the four groups were performed after the
significance test to better understand the difference between the
baseline variables. After establishing the meaningfulness of the
Kruskal–Wallis test, the least significant difference (LSD)method
is used for pairwise comparison. After making corrections, the
chi-square segmentationmethod is used for pairwise comparison
after establishing the meaningfulness of the chi-square test.
Finally, multivariate logistic regression was used to determine
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TABLE 1 | Socio-demographics and clinical characteristics between the groups

of responders and non-responders.

Variables Responders

(N = 412)

Non-

responders

(N = 576)

P

Age, years 28.5 (4.09) 29.1 (4.26) 0.021*

BMI, kg/m2 25.3 (2.89) 25.3 (3.05) 0.763

Education, years 13.5 (2.59) 13.2 (2.97) 0.493

Gestational week 36.10 (34.50,

37.20)

36.00 (34.50,

37.10)

0.484

Currently married, % 409 (99.3) 565 (98.1) 0.121

Currently drinking, % 18 (4.4) 32 (5.6) 0.401

Currently smoking, % 3 (0.7) 12 (2.1) 0.086

Residence, % 0.108

Town 141 (34.2) 226 (39.2)

Countryside 271 (65.8) 350 (60.8)

Monthly household income, % 0.001**

<5,000 (RMB) 81 (19.7) 143 (24.8)

5,000–10,000 (RMB) 201 (48.8) 213 (37.0)

>10,000 (RMB) 130 (31.6) 220 (38.2)

Long-term exercise habits 0.199

No 355 (86.2) 479 (83.2)

Yes 57 (13.8) 97 (16.8)

Have children 0.060

0 231 (56.1) 297 (51.6)

1 171 (41.5) 213 (47.4)

≥2 10 (2.4) 6 (1.0)

EPDS (T1) 7.6 (3.74) 7.9 (3.96) 0.204

PSQI (T1) 6.4 (3.28) 6.6 (3.42) 0.222

EPDS, Edinburgh Postpartum Depression Scale; PSQI, Pittsburgh Sleep Quality Index.

*p < 0.05, **p < 0.01, ***p < 0.001.

the independent effects of the sleep quality trajectory group on
depression. All results were analyzed using IBM SPSS Statistics
22.0 and Stata 14.1, and p < 0.05 on both sides was considered
statistically significant.

RESULTS

Characteristics of the Study Population
The study included 988 pregnant women, of whom 412
completed all assessments. Those who completed all assessments
were regarded as responders (n = 412), and those who did
not complete all assessments were regarded as non-responders
(n = 576). Table 1 shows that there is no significant difference
in T1 sleep status and depression between pregnant women who
withdrew from follow-up during the T2 and T3 time periods and
those who completed all three evaluations (both ps > 0.05).

Identification of Perinatal Sleep Quality
Trajectories
The main objective of the trajectory analysis model is to
determine the appropriate number of subgroups and the shape
of each subgroup. To determine the best one, the model was

first determined based on only one trajectory. It was found
that obtaining the trajectory twice was more appropriate (BIC
= −3,258.14). Then, models of two (BIC = −3,163.27), three
(BIC=−3,147.67), four (BIC=−3,144.12), and five trajectories
(BIC = −3,139.26) were estimated. Although the BIC is the
smallest in a model of five trajectories, one of the groups has nine
people (2.18% < 5%). Finally, four groups are selected as the best
fit model.

Characteristics of the Trajectory Groups
Figure 1 shows the identified four trajectories to reflect the
changes in sleep quality. The first group is the “stable-good”
group. The sleep quality of patients in this group fluctuates a
little, and the PSQI scores are all below six points. The second
group was defined as the “worsening” group. The PSQI value of
women in this group continued to rise, reaching a peak at 6 weeks
postpartum. The third group is the “improving” group. Women
in this group suffer from poor sleep during the third trimester,
which continues to deteriorate, but the score drops 1 week after
delivery and is close to normal at 6 weeks after delivery. The
fourth group is defined as the “stable-poor” group, and the PSQI
score has always been at a high level.

Table 2 and Supplementary Table 1 show the differences in
baseline characteristics of the sleep trajectory groups. Other
demographic data did not differ across sleep trajectory groups
(P > 0.05) except for years of education (P = 0.003). After
pairwise comparison and correction (LSD method), the number
of years of education in the “stable-poor” group was lower than in
the “stable-good” group (P = 0.006). Compared with the “stable-
good” group, the EPDS scores of the other three trajectory groups
were higher with statistically significant differences (P < 0.001),
but there was no difference among the other three trajectory
groups after pairwise comparison.

Table 3 shows the updated obstetric data following delivery.
SSRS, EEPDS, planned pregnancy, delivery method, feeding
method, and expectations of the baby’s gender were statistically
different among the four sleep trajectory groups (all p < 0.05).
After pairwise comparison (Supplementary Table 2), the social
support scores of the “improving” and the “stable-poor” groups
were lower than that of the “stable-good” group (p < 0.05). The
degree of compliance with the baby’s gender expectations was
lower in the “worsening” group (p < 0.0071). The incidence
of cesarean section was higher in the “improving” group (p <

0.0071).

Predictors of Membership in Postpartum
Depression
Finally, multivariate logistic regression was used to check
whether sleep trajectories are associated with an increased risk
of postpartum depression symptoms (Table 4). At the same
time, variables including age, BMI, years of education, monthly
family income, currently drinking, parenting experience, and
social support (SSRS) that may cause postpartum depression
were added into the model. The results show that the “stable-
good” group was the reference group in the comparison of
the sleep track group. Compared with the “stable-good” group,
there was no significant difference in the “improving” group.
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FIGURE 1 | Latent trajectories of four groups about sleep quality.

The “worsening” and “stable-poor” groups had higher incidence
of postpartum depression symptoms (AOR is 2.56 and 3.57,
respectively). For every one-point increase in the social support
scale score, the probability of postpartum depression decreased
by 12% (P < 0.001). Besides this, pregnant women with childcare
experience had a lower risk of depression than those without
childcare experience (AOR= 0.49).

DISCUSSION

This longitudinal study of sleep quality trajectory during the
perinatal period among Chinese women demonstrated four
distinct trajectories based on the GBTM. From the third
trimester to 6 weeks postpartum, four different sleep trajectories
were found: “stable-good” (group 1), “worsening” (group 2),
“improving” (group 3), and “stable-poor” (group 4). Importantly,
trajectories of sleep quality were also found to be associated
with depressive symptoms. Even after controlling for relevant
demographic factors and childbirth-related covariates, the track
group with the worst sleep quality in the third trimester was most
likely to have high-level depressive symptoms in the postpartum
period. Besides this, the time points of detection we chose were
reasonable, and this study highlights the role of social and
psychological factors among different sleep quality trajectory
groups on depressive symptoms in the postpartum period.

Most of the previous studies on sleep quality and perinatal
depression are based on cross-sectional sleep quality to predict
depression. However, this study found that the trajectory of
perinatal sleep is not static, meaning that certain limitations
are present in predicting postpartum depression based on sleep
quality at a time point. A significant correlation was found
between sleep trajectory groups (the “worsening” and “stable-
poor” group) and postpartum depression in this study. It is
believed that longitudinal sleep trajectories may be a better
predictor of postpartum depression. Although there are relatively
few studies on the perinatal sleep trajectory group, this study’s

findings are consistent with the previous ones (29, 31, 45–
47). In the past, there was also some longitudinal evidence
of an association between pregnant women’s sleep quality
during pregnancy and postpartum depression (48, 49), but there
were fewer studies in the perinatal trajectory group and poor
sleep quality/shortened sleep time/insomnia during the perinatal
period. Women with poor sleep trajectories are more likely to
suffer from depression (29, 31, 45, 50), and this is also reflected
in the women with cesarean section (47).

At present, the relationship between sleep and perinatal
depression is not very clear. As we all know, the perinatal period
is a special stage marked by great physical and mental changes.
Therefore, it is believed that the relationship between them may
be attributed to a combination of social, psychological, and
physiological factors. Most previous sociodemographic studies
find that multiple factors, such as age, income, education,
and social support, were involved in the relationship between
sleep and postpartum depression (51). In addition, the related
neurotransmitters (estrogen, progesterone) that regulate sleep
quality were also involved in the regulation of emotions.
Therefore, the sharp drop in estrogen and progesterone
levels after childbirth aggravate sleep disturbances in women,
leading to postpartum depression (52, 53). Sustained sleep
time shortening/sleep deprivation in postpartum women was
related to the increase of systemic inflammation. Severe
systemic inflammation itself was associated with postpartum
depression (54).

This study’s results show that, except for years of education

and prenatal EPDS scores, there were no significant differences

among the sleep trajectory groups in other sociodemographic
factors during the baseline period. The number of years

of education in the “stable-good” group was found to be

significantly higher than that of the “stable-poor” group. It is

well-documented that people with low years of education have
more frequent sleep problems (55, 56). The “stable-good” group
were found to have the lowest depressive symptoms at baseline,
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TABLE 2 | Differences in baseline characteristics among sleep trajectory groups.

Variable Group 1

N = 198

Group 2

N = 76

Group 3

N = 72

Group 4

N = 66

P

Age, years 28.04 (3.96) 28.62 (3.99) 29.31 (4.13) 28.85 (4.46) 0.114

BMI, kg/m2 24.96 (3.18) 25.49 (3.08) 25.60 (3.26) 25.09 (2.98) 0.738

Education, years 13.84 (2.50) 13.18 (2.46) 13.08 (3.21) 12.85 (2.45) 0.003**

Currently married, % 197 (99.5) 75 (98.7) 72 (100.0) 65 (98.5) 0.587

Currently drinking, % 6 (3.0) 2 (2.6) 4 (5.6) 6 (9.1) 0.160

Currently smoking, % 1 (0.5) 1 (1.3) 1 (1.4) 0 (0.0) 0.529

Residence, % 0.877

Town 66 (33.3) 27 (35.5) 23 (31.9) 25 (37.9)

Countryside 132 (66.7) 49 (64.5) 49 (68.1) 41 (62.1)

Monthly household income, % 0.426

<5,000 (RMB) 39 (19.7) 15 (19.7) 15 (20.8) 13 (19.7)

5,000–10,000 (RMB) 97 (49.0) 42 (55.3) 36 (50.0) 25 (37.9)

>10,000 (RMB) 62 (31.3) 19 (25.0) 21 (29.2) 28 (42.4)

Long-term exercise habits 0.717

No 172 (86.9) 66 (86.8) 59 (81.9) 58 (87.9)

Yes 26 (13.1) 10 (13.2) 13 (18.1) 8 (12.1)

Have children now 0.739

0 109 (35.1) 45 (59.2) 45 (62.5) 31 (47.0)

1 84 (42.4) 28 (36.8) 27 (37.5) 33 (50.0)

≥2 5 (2.5) 3 (3.9) 1 (0.0) 2 (3.0)

EPDS (T1) 6.22 (3.01) 7.84 (3.67) 9.07 (3.45) 9.85 (4.40) <0.001***

PSQI (T1) 4.34 (1.79) 5.63 (1.90) 8.13 (1.92) 11.39 (2.76) <0.001***

Group 1, the stable-good group; Group 2, the worsening group; Group 3, the improving group; Group 4, the stable-poor group. EPDS, Edinburgh Postpartum Depression Scale; PSQI,

Pittsburgh Sleep Quality Index.

*p < 0.05, **p < 0.01, ***p < 0.001.

the “stable-poor” group had the highest level of depression,
and the other two groups were in the middle. This result is
consistent with previous results stating that the trajectory of poor
sleep quality was associated with higher depressive symptoms at
baseline (29, 31).

In terms of postpartum, there are also significant differences
among the trajectory groups. Among them, the “stable-good”
group has the best social support, whereas the “stable-poor”
group has the worst social support, meaning that pregnant
women with low social support are more likely to face
sleep problems (29). At the same time, this research also
concludes that social support is negatively correlated with
postpartum depression, further confirming that social support
may be a sociological factor related to perinatal sleep and
postpartum depression. Compared with the “stable-good” group,
the “worsening” group has lower expectations for the baby’s
gender. This trajectory group is one of the important factors
for the continuous worsening of sleep of pregnant and lying-
in women. Finally, the incidence of cesarean section in the
“improving” group is higher, and it is believed that its possible
mechanism is that there are more cesarean sections in this
trajectory group within 1 week after delivery, and wound pain
has a certain impact on sleep. As the wound improves, the impact
of cesarean section decreases and sleep improves gradually. It is
worth mentioning that there is a negative correlation between
parenting experience and postpartum depression, which may be

related to the important life event of childbirth. The transition
from a woman to being a “mother” is a complex process that may
lead to psychological disorders or psychopathological conditions,
such as postpartum depression. Previous studies show that
the risk of postpartum depression for primiparous women
is greater than multiparas women (57, 58), which indicates
that women with parenting experience may have a lower
risk of postpartum depression than those without parenting
experience. Providing parenting support for new mothers may
help reduce their suffering, and some studies also support our
view (59, 60). In the future, parenting-related education for
primipara should be valued, which may reduce the incidence of
postpartum depression.

This study has some limitations. First, it has a small sample
size for all assessments and a higher rate of loss to follow-
up. Second, the assessment of sleep quality comes from a
subjective scale. Although PSQI is an effective measurement
method, objective (such as activity recording) sleepmeasurement
methods are more important. In addition, the measurement and
evaluation points are too few, and future research should focus on
the entire perinatal period and the period even before pregnancy.
It should also be noted that significant differences are present
between responders (completed three assessments) and non-
responders. Respondents were younger and had a lower family
monthly income ratio, but there was no statistically significant
difference in the evaluation scores of prenatal sleep and childbirth
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TABLE 3 | Comparison among the sleep trajectory groups after delivery.

Variable Group 1

N = 198

Group 2

N = 76

Group 3

N = 72

Group 4

N = 66

P

EPDS (T2) 5.45 (2.85) 7.17 (3.49) 7.32 (3.43) 8.30 (4.55) <0.001***

SSRS (T2) 30.52 (3.79) 29.00 (4.41) 28.38 (4.18) 28.02 (4.80) <0.001***

Planned pregnancy 0.038*

Yes 133 (67.2) 40 (52.6) 37 (51.4) 42 (63.6)

No 65 (32.8) 36 (47.4) 35 (48.6) 24 (36.4)

Postpartum complications 0.489

No 184 (92.9) 71 (93.4) 63 (87.5) 60 (90.9)

Yes 14 (7.1) 5 (6.6) 9 (12.5) 6 (9.1)

Full-term birth 0.840

No 3 (1.5) 2 (2.6) 2 (2.8) 2 (3.0)

Yes 195 (98.5) 74 (97.4) 70 (97.2) 64 (97.0)

Delivery method 0.011*

Vaginal delivery 156 (78.8) 52 (68.4) 43 (59.7) 44 (66.7)

Cesarean section 42 (21.2) 24 (31.6) 29 (40.3) 22 (33.3)

Dystocia 0.597

No 192 (97.0) 73 (96.1) 68 (94.4) 65 (98.5)

Yes 6 (3.0) 3 (3.9) 4 (5.6) 1 (01.5)

Fetal sex habits 0.172

Boy 107 (54.0) 39 (51.3) 37 (52.1) 26 (39.4)

Girl 91 (46.0) 36 (47.4) 34 (47.9) 40 (60.6)

Boy and girl 0 (0.0) 1 (1.3) 0 (0.0) 0 (0.0)

Gender expectations 0.020*

Satisfaction 187 (94.4) 63 (82.9) 63 (87.5) 57 (86.4)

Dissatisfied 11 (5.6) 13 (17.1) 9 (12.5) 9 (13.6)

Feeding method 0.823

Breastfeeding 184 (92.9) 72 (94.7) 66 (91.7) 60 (90.9)

Non-breastfeeding 14 (7.1) 4 (5.3) 6 (8.3) 6 (9.1)

Parenting experience 0.505

Yes 92 (46.5) 32 (42.1) 30 (41.7) 35 (53.0)

No 106 (53.5) 44 (57.9) 42 (58.3) 31 (47.0)

Group 1, the stable-good group; Group 2, the worsening group; Group 3, the improving group; Group 4, the stable-poor group; EPDS, Edinburgh Postpartum Depression Scale; SSRS,

The Social Support Rating Scale.

*p < 0.05, **p < 0.01, ***p < 0.001.

TABLE 4 | Multivariate logistic regression for risks of postpartum depression symptoms.

Variables Unadjusted model Adjusted model

OR (95%CI) P-value AOR (95%CI) P-value

Group

Stable-good 1 (Reference) 1 (Reference)

Worsening 2.88 (1.40–5.95) 0.004** 2.56 (1.20–5.48) 0.015*

Improving 2.00 (0.91–4.39) 0.084 1.54 (0.67–3.54) 0.311

Stable-poor 4.35 (2.13–8.88) <0.001*** 3.57 (1.64–7.76) 0.001**

SSRS 0.86 (0.81–0.92) <0.001*** 0.88 (0.82–0.94) <0.001***

Parenting experience

No 1 (Reference) 1 (Reference)

Yes 0.52 (0.30–0.91) 0.021* 0.49 (0.25–0.96) 0.038*

AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio; SSRS, Social Support Rating Scale; Group, perinatal sleep quality trajectory groups.

Adjusted for age, BMI, education, currently drinking, Monthly household income, SSRS, parenting experience.

*p < 0.05, **p < 0.01, ***p < 0.001.
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depression symptoms between the two groups. Finally, future
efforts will focus on expanding the sample size and reducing the
loss to follow-up rate.

CONCLUSION

This study clarified the four trajectories of perinatal sleep
and the correlation between sleep trajectories and postpartum
depression. The results demonstrate that the “stable-poor”
sleep trajectory group had a higher incidence of postpartum
depression. Higher social support and parenting experience
are protective factors for postpartum depression. As an
extension of this research, it is possible to detect perinatal
sleep disturbances as early as possible. In future studies,
multiple sleep assessments during the perinatal period can
be used as a screening and early intervention tool for
stopping the occurrence of postpartum depression and adverse
pregnancy outcomes.
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Objective: To identify COVID-19 work-related stressors and experiences associated
with sleep difficulties in HCW, and to assess the role of depression and traumatic stress
in this association.

Methods: A cross-sectional study of HCW using self-report questionnaires, during
the first peak of the pandemic in Israel (April 2020), conducted in a large tertiary
medical center in Israel. Study population included 189 physicians and nurses working
in designated COVID-19 wards and a comparison group of 643 HCW. Mean age of the
total sample was 41.7 ± 11.1, 67% were female, 42.1% physicians, with overall mean
number of years of professional experience 14.2 ± 20. The exposure was working
in COVID-19 wards and related specific stressors and negative experiences. Primary
outcome measurement was the Insomnia Severity Index (ISI). Secondary outcomes
included the Primary Care-Post Traumatic Stress Disorder Screen (PC-PTSD-5); the
Patient Health Questionnaire-9 (PHQ-9) for depression; the anxiety module of the
Patient-Reported Outcomes Measurement Information System (PROMIS); Pandemic-
Related Stress Factors (PRSF) and witnessing patient suffering and death.

Results: Compared with non-COVID-19 HCW, COVID-19 HCW were more likely to
be male (41.3% vs. 30.7%) and younger (36.91 ± 8.81 vs. 43.14 ± 11.35 years).
COVID-19 HCW reported higher prevalence of sleep difficulties: 63% vs. 50.7% in the
non-COVID group (OR 1.62, 95% CI 1.15–2.29, p = 0.006), mostly difficulty maintaining
sleep: 26.5% vs. 18.5% (OR 1.65, 95% CI 1.11–2.44, p = 0.012). Negative COVID-19
work-related experiences, specifically witnessing patient physical suffering and death,
partially explained the association. Although past psychological problems and current
depression and PTSD were associated with difficulty maintaining sleep, the main
association remained robust also after controlling for those conditions in the full model.

Conclusion and Relevance: COVID-19 frontline HCW were more likely to report sleep
difficulties, mainly difficulty maintaining sleep, as compared with non-COVID-19 HCW
working at the same hospital. Negative patient-care related experiences likely mediated
the increased probability for those difficulties. Future research is needed to elucidate the
long-term trajectories of sleep difficulties among HCW during large scale outbreaks, and
to identify risk factors for their persistence.

Keywords: sleep, sleep difficulties, COVID-19, health care workers (HCW), COVID-19 outbreak, sleep disorders,
health care staff, stress
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INTRODUCTION

The COVID-19 pandemic continues to challenge health care
workers, as a new COVID variants keep emerging. Working at
the frontline of this global pandemic is highly stressful and can
significantly impact various aspects of daily life, including sleep
quality and quantity (1). Recently, studies from several countries
have shown high prevalence of insomnia and of sleep difficulties
among hospital medical staff involved in the pandemic, especially
among female staff and those with psychological symptoms and
with lower educational attainment (2–6).

The association between stressful workplace experiences and
poor sleep quality, independent of home-related stress, was
previously reported (7). Sleep difficulties were found to be
associated with poorer cognitive performance (8, 9), increased
numbers of occupational accidents and injuries (10, 11) and
car crashes (12, 13). Impaired cognitive and motor skills were
found among hospital residents, even with acute, short-standing
sleep loss (14). Sleep deprivation was found to negatively impacts
surgeons’ technical skills, with obvious implications for patient
safety (15), and in the longer term, it was associated with
neurological dysfunction and even death (16). In addition, sleep
deprivation was found to predict a wide variety of mental
disorders (17), including increased risk for stress (18), depression
(19), suicidality (20, 21), and also psychotic experiences (22).
Furthermore, during stressful events, short sleep was associated
with diminished coping with stress (23), increased susceptibility
for posttraumatic stress disorder (PTSD) (24–27), as well as for
anxiety and hypomania (28).

Although previous research on frontline COVID-19 health
care workers (HCW) found high prevalence of sleep difficulties,
detailed data on the nature of those difficulties and on associated
risk factors are still limited. Furthermore, it is unclear whether
sleep difficulties are an independent outcome among COVID-19
HCW or merely a manifestation of other mental health outcomes,
such as depression and PTSD. We set to compare the frequency
of sleep difficulties among COVID-19 and non-COVID-19 HCW
during the first peak of the pandemic in Israel, to identify factors
associated with those difficulties, and to investigate whether they
occur independent of PTSD and depression. We aim to explore
the association between factors related to work at COVID-19
wards and reported sleep difficulties. More specifically, we ask
whether negative experiences that are more prevalent among
COVID-19 HCW play a role as intermediates in that association.

MATERIALS AND METHODS

We conducted a single-center, cross-sectional study among
physicians and nurses working at the Sheba Medical Center, a
large tertiary medical center in central Israel. The study was
conducted between April 19–23, 2020. During this period the
total number of confirmed COVID-19 cases in Israel peaked from
13,319 (April 19) to 14,511 (April 23).

This study followed the standards and ethics of the American
Association for Public Opinion Research reporting guidelines
(29) and the Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) reporting guidelines (30).
The protocol was approved by the Institutional Review Board of
the Sheba Medical Center. Participation in the study was solely
voluntary. All participants signed an electronic consent form. The
data collected did not include personal identifiers (e.g., name,
home address, phone number or email).

Participants
As part of the preparation for the surge in COVID-19 confirmed
cases in Israel, specialized COVID-19 care wards were set up
and isolated from other care areas in the hospital. Designated
teams were allocated for COVID-19 containment wards, as well
as two intensive care units, a designated emergency department,
five inpatient wards and a psychiatry ward were assembled for
the expected COVID-19 patients, totaling almost 400 specialized
beds. We aimed at oversampling HCW working in COVID-19
wards (31). A total of 189 HCW from designated COVID-19
departments and 643 non-designated COVID-19 ward HCW
(comparison group) responded to the survey, a total of 828 HCW.
Sample flow across COVID-19 and non-COVID-19 teams is
presented in Supplementary Figure 1.

Study Measures
The participants completed a self-administered anonymous
questionnaire digitally through a secured digital platform
(Qualtrics). The questionnaire included information on current
ward (COVID-19 containment wards or regular wards),
sociodemographic characteristics, general and mental health
items, and a question about having to go into quarantine (yes/no).

Sleep difficulties were measured with the validated Hebrew
version of the Insomnia Severity Index (ISI) (32, 33). Response
options of the ISI questions were collapsed into dichotomous
values (yes/no) for each of the three ISI items.

The prevalence of having at least one form of sleep difficulty
was significantly higher among COVID-19 vs. non-COVID-19
HCW (63% and 50.7%, respectively, p = 0.004). Specifically,
COVID-19 HCW were more likely to experience difficulty
maintaining sleep (26.5% and 18.5%, respectively, p = 0.02) as
presented in Figure 1.

Traumatic stress during the past month was assessed with the
validated Hebrew version of the Primary Care PTSD Screen for
DSM-5 (PC-PTSD-5) (34). The PC-PTSD-5 has a score range of
0-5, and we set a cutoff of 3 to define traumatic stress symptoms
(35). Participants were asked to respond about their traumatic
symptoms specifically in relation to the COVID-19 pandemic.

Depression was assessed with the Hebrew version of the well-
validated Patient Health Questionnaire-9 (PHQ-9) (36). The
PHQ-9 has a score range of 0–27, and a score of ≥10 was used
to identify probable depression in the current study (37).

Anxiety among HCW was assessed by means of the 8-item
Hebrew version of the National institution of Mental Health
(NIMH) Patient-Reported Outcomes Measurement Information
System (PROMIS) anxiety module (38–41). PROMIS has
an established coding system validated by the NIMH, with
standardized “T” scores ranging between 36.3–82.7 (“PROMIS R©

Scoring Manuals.,” n.d.). The cutoff point for probable anxiety
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TABLE 1 | Sociodemographic and clinical characteristics of the sample.

Characteristic Total sample (n = 828) COVID-19 team (n = 189) non-COVID-19 team (n = 639) P-value†

Age, Mean (SD), y 41.7 (11.1) 36.9 (8.8) 43.1 (11.3) <0.0001
n(%) n (%) n (%)

Sex, female 557 (67.0%) 111 (58.7%) 443 (69.3%) 0.006
Physician/nurse 349/479 (42.1/57.9) 73/116 (38.6/61.4) 276/363 (43.2/56.8) 0.264
Quarantined 139 (16.7) 41 (21.7) 78 (15.3) 0.038

Having medical conditions 225 (26.7) 47 (25.0) 178 (27.9) 0.439
Past psychological problems 297 (35.2) 82 (43.6) 215 (33.6) 0.012
Marital status <0.0001

Single 157 (18.9) 59 (31.2) 98 (15.3)

Married 584 (70.6) 114 (60.3) 470 (73.5)
Divorced 61 (7.3) 11 (5.8) 50 (7.8)
Other 26 (3.1) 5 (2.6) 21 (3.2)
Living alone 122 (14.8) 44 (23.7) 78 (12.8) <0.0001

Religion <0.0001

Jewish 687 (82.7) 131 (69.7) 556 (86.5)

Muslim 69 (8.3) 36 (19.1) 33 (5.1)

Christian 6 (0.7) 2 (1.1) 4 (0.6)

Atheist 56 (6.7) 17 (9.0) 39 (6.1)

Other 13 (1.6) 2 (1.1) 11 (1.7)

Professional experience, mean (SD), years 14.2 (20) 9.9 (9.4) 15.4 (12.3) <0.0001

ISI items

- Any sleep difficulties 445 (52.8) 119 (63.0) 326 (50.7) 0.004

-Difficulties falling asleep 280 (33.2) 73 (38.6) 207 (32.2) 0.11

-Maintaining sleep 169 (20.0) 50 (26.5) 119 (18.5) 0.02

-Early morning awakening 149 (17.7) 40 (21.2) 109 (17.0) 0.19

PC-PTSD-5, No. of symptoms, median (IQR) 1 (0–2) 0 (0–1)

-0 symptoms 459 (55.4) 88 (46.6) 371 (57.7) 0.004

-1–2 symptoms 253 (30.5) 67 (35.5) 186 (28.9)

-3–5 symptoms 115 (13.8) 32 (16.9) 83 (12.9)

PHQ-9, mean (SD) 6.6 (4.9) 5.4 (5.0) 0.079

-PHQ-9 ≥10 169 (20.4) 47 (25.0) 113 (17.7) 0.025

PROMIS Anxiety, mean (SD) 58.2 (7.8) 57.9 (7.8) 0.427

-PROMIS ≥62.3 277 (33.4) 70 (37.0) 207 (32.2) 0.234

Pandemic-related stress factors (endorsing "often" or "always")

Anxiety about being infected 165 (19.9) 34 (18.1) 131 (20.4) 0.350

Anxiety about infecting family 403 (48.6) 102 (53.9) 301 (47.1) 0.014

Lack of knowledge about infectiveness and virulence 149 (17.3) 37 (19.6) 112 (17.5) 0.700

Lack of knowledge about prevention and protection 120 (14.4) 28 (14.8) 92 (14.4) 0.126

Financial concerns 267 (32.2) 59 (31.7) 208 (32.6) 0.387

Negative experiences

High exposure to physical suffering of patients (often\always) 637 (76.9) 154 (81.5) 483 (75.6) 0.004

High exposure to mental suffering of patients (often\always) 650 (78.5) 140 (74.9) 510 (80.0) 0.442

Negative self-perceived health (fair\poor) 79 (9.5) 17 (9.0) 62 (9.8) 0.191

Witnessing patient death 274 (33.0) 95 (50.2) 179 (24.7) <0.001

-None 572 (69.0) 92 (48.7) 480 (74.7) <0.001

-1 123 (14.8) 34 (18.0) 89 (13.8)

-≥2 131 (15.8) 61 (32.2) 70 (10.9)

COVID-19, coronavirus disease 2019; ISI, Insomnia Severity Index; PC-PTSD-5, Primary Care-Post Traumatic Stress Disorder Screen for DSM-5; PHQ-9, Patient Health
Questionnaire-9; PROMIS, the anxiety module of the Patient-Reported Outcomes Measurement Information System.
†PC-PTSD-5, Pandemic-related stress factors and negative experiences were tested with Mann–Whitney U test for independent samples. PHQ-9 and PROMIS Anxiety
were tested with ANCOVA adjusted for age, sex and physician\nurse. Above\below cutoff proportions of PHQ-9 and PROMIS Anxiety were tested with Z-test for
2-populations proportions.
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FIGURE 1 | Distribution of sleep difficulties by study group.

was set at T ≥62.3, considered as equivalent to the GAD-7
standard cutoff score for moderate anxiety (=10) (40).

Pandemic-related stress factors (PRSF) were measured with
an inventory compiled from questions which were proved to be
pertinent in research carried out during the SARS and N1H1
pandemics (42–44). A 4-point Likert-type scale was used for
scoring the items (from 0 = never to 3 = always). Questions
concerning negative experiences included exposure to patients’
physical and mental suffering, the number of patient deaths
witnessed over the past month (none, one, more than one) (45),
and the self-perceived physical health question from the 12-
item Medical Outcomes Study (MOS) Short-Form Health Status
Survey (SF-12) (Hebrew version) (poor, fair, good, very good,
excellent) (46).

Statistical Analysis
Descriptive statistics were used to describe the sample. We used
chi-square tests to compare sociodemographic characteristics,
sleep difficulties, prevalence of specific traumatic stress
symptoms, probable depression (PHQ-9 score ≥10), probable
PTSD (PC-PTSD-5 score ≥3) and probable anxiety (PROMIS
score ≥62.3) between COVID-19 and non-COVID-19 HCW.
T-tests were used to compare PHQ-9 and PROMIS anxiety
module mean scores between study teams. We recoded ordinal
variables with multiple categories (e.g., PRSF items, exposure to
patient suffering) as categorical, with 1 and 0 representing high
and low categories, respectively. Missing values in the PROMIS
Anxiety module and the PHQ-9 questionnaire were imputed
by the group mean score (47). Logistic regression was used to
compare the likelihood of sleep difficulties among COVID-19
and non-COVID-19 wards. Multiple logistic models were used
to assess potential mediators and confounders. Adjusted ORs
and 95% CIs were computed, with non-COVID-19 team as the
reference group.

Next, we conducted a three-step hierarchical logistic
regression, to explore the role of potential confounders and
mediators in the association between working at COVID-19

wards and sleep difficulties. Covariates were included based on
the following criteria: (1) basic sociodemographic characteristics
(age, sex, profession and professional experience); (2) theoretical
and empirical framework developed based on research carried
out during previous and current pandemics (witnessing patient
suffering and death, and past psychological problems); and (3)
variables that did not have considerable effect on the association
between study group and sleep difficulties (PRSF and financial
concerns) were not included in the hierarchical model. As
model fitting via logistic regression is sensitive to collinearities
among independent variables, we decontaminated the strongly
correlated witnessing patient physical suffering and witnessing
patient death variables from common variance by regressing
them out of each other and including their standardized residuals
in the final model (48). This method does not affect model’s
predictability, and therefore R2 remains unchanged compared
with the non-residualized model but reduces multicollinearity
and extracts the unique variance explained by each predictor,
resulting in purified more powerful coefficients.

A three-step hierarchical logistic regression was used to
test whether probable depression and PTSD, either alone or
combined, accounted for the increased likelihood of sleep
difficulties among COVID-19 HCW. Alpha was set at 0.05, and all
tests were 2-tailed. Statistical analyses were conducted with IBM
SPSS V25 software.

RESULTS

The analytic sample included a total of 828 HCW (42.1%
physician, 57.9% nurses), of whom 189 worked in the COVID-19
wards (42.3% of total COVID-19 team members in the hospital)
and 639 in the non-COVID-19 wards (20.1% of total non-
COVID-19 teams). Detailed description of the study sample are
reported elsewhere (49). The main characteristics and work-
related experiences of the study groups are presented in Table 1.

COVID-19 HCW were more likely to experience any sleep
difficulties (OR 1.62, 95% CI 1.15–2.29, p = 0.006). Difficulty
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TABLE 2 | Crude and adjusted odds ratios for sleep difficulties among COVID-19 vs. non- COVID-19 teams.

Difficulty falling asleep Difficulty maintaining sleep Early morning awakening Any sleep difficulties

COVID 19
team

Non-COVID-
19

team

COVID 19
team

Non-
COVID-19

team

COVID 19
team

Non-
COVID-19

team

COVID 19
team

Non-
COVID-19

team

Unadjusted

OR (CI 95%) 1.35
(0.95–1.92)

1.00 1.65
(1.11–2.44)

1.00 1.28
(0.84–1.96)

1.00 1.62
(1.15–2.29)

1.00

P 0.089 0.012 0.249 0.006

Adjusted models

Model 1 aOR (CI 95%) 1.17
(0.81–1.70)

1.00 1.56
(1.04–2.35)

1.00 1.20
(0.77–1.87)

1.00 1.52
(1.06–2.19)

1.00

P 0.378 0.030 0.410 0.022

Model 2 aOR (CI 95%) 1.16
(0.80–1.68)

1.00 1.59
(1.05–2.40)

1.00 1.25
(0.80–1.96)

1.00 1.56
(1.08–2.26)

1.00

P 0.419 0.026 0.322 0.017

Model 3 aOR (CI 95%) 1.21
(0.84–1.75)

1.00 1.59
(1.06–2.40)

1.00 1.21
(0.77–1.89)

1.00 1.58
(1.10–2.27)

1.00

P 0.289 0.024 0.391 0.013

Model 4 aOR (CI 95%) 1.17
(0.80–1.72)

1.00 1.46
(0.96–2.23)

1.00 1.16
(0.73–1.85)

1.00 1.54
(1.05–2.25)

1.00

P 0.398 0.075 0.504 0.025

Model 5 aOR (CI 95%) 1.15
(0.78–1.70)

1.00 1.49
(0.97–2.29)

1.00 1.21
(0.75–1.93)

1.00 1.56
(1.06–2.29)

1.00

P 0.786 0.067 0.422 0.024

Model 1: Adjusted for age, sex, profession and years in profession.
Model 2: Adjusted for age, sex, profession, years in profession and PRSF*.
Model 3: Adjusted for age, sex, profession, years in profession and financial concerns.
Model 4: Adjusted for age, sex, profession, years in profession and negative experiences.
Model 5: Adjusted for age, sex, profession, years in profession, PRSF*, financial concerns and negative experiences.
*PRSF items include: anxiety about being infected; anxiety about infecting family; lack of knowledge about infectiveness and virulence; lack of knowledge about
prevention and protection.
CI, confidence interval; OR, odds ratio; COVID-19, coronavirus disease 2019; aOR, adjusted odds ratio; PRSF, Pandemic-Related Stress Factors.

TABLE 3 | Factors associated with likelihood of difficulty maintaining sleep in COVID-19 and non-COVID-19 teams.

Step I Step II Step III

Variable OR (95% CI) P OR (95% CI) P OR (95% CI) P

COVID-19 team 1.59 (1.06, 2.38) 0.024 1.43 (0.94, 2.19) 0.093 1.35 (0.89, 2.06) 0.162
Age (older) 0.86 (0.56, 1.31) 0.477 0.91 (0.59, 1.41) 0.678 0.89 (0.58, 1.39) 0.627
Sex (female) 0.93 (0.62, 1.39) 0.711 0.98 (0.65, 1.48) 0.925 0.91 (0.60, 1.39) 0.678
Physician/nurse (physician) 0.67 (0.45, 1.00) 0.050 0.69 (0.46, 1.03) 0.066 0.66 (0.44, 0.99) 0.049
Professional experience (longer) 0.89 (0.58, 1.36) 0.578 0.95 (0.62, 1.46) 0.824 0.96 (0.62, 1.48) 0.841
Witnessing patient physical suffering – 1.40 (1.15, 1.71) 0.001 1.37 (1.12, 1.67) 0.002
Witnessing patient death – 1.24 (1.04, 1.48) 0.017 1.23 (1.03, 1.47) 0.022
Past psychological problems – – – 1.68 (1.17, 2.43) 0.005

Non-COVID-19 is the reference group (OR = 1.00).
Age and professional experience were computed as standardized residualized from each other, due to co-linearity.
CI, confidence interval; COVID-19, coronavirus disease 2019; OR, odds ratio.
The bold figures are highlighted for significant p-values (< 0.05).

maintaining sleep emerged as the strongest and most significant
finding (OR 1.65, 95% CI 1.11–2.44, p = 0.012). These
associations persisted in the multivariate models that adjusted
for age, sex, and profession (model 1), and for PRSF items
(anxiety about being infected, anxiety about infecting family,
lack of knowledge about infectiveness and virulence, and lack
of knowledge about prevention and protection) (model 2). The

effect of financial concerns on the associations was negligible. The
association between working in COVID-19 wards and difficulty
maintaining sleep was attenuated when negative experiences were
added to the model as shown in Table 2.

Next, we focused on exploring the association between
difficulty maintaining sleep and variables selected according to
the aforementioned criteria, using three-step hierarchical logistic
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TABLE 4 | The association between difficulty maintaining sleep and PTSD and depression in COVID-19 and non-COVID- 19 healthcare workers.

Difficulty maintaining sleep

Step I Step IIa depression Step IIb PTSD Step III depression and PTSD

Variable OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

COVID-19 team 1.57 (1.05, 2.36) 0.027 1.53 (1.01, 2.32) 0.044 1.61 (1.07, 2.43) 0.023 1.57 (1.03, 2.39) 0.035
Age (older) 0.86 (0.56, 1.32) 0.496 1.09 (0.70, 1.71) 0.700 1.02 (0.66, 1.58) 0.928 1.18 (0.75, 1.85) 0.480
Sex (female) 0.93 (0.62, 1.39) 0.726 0.87 (0.57, 1.31) 0.502 0.88 (0.58, 1.33) 0.556 0.85 (0.56, 1.30) 0.457
Physician/nurse (physician) 0.66 (0.44, 0.98) 0.042 0.73 (0.48, 1.11) 0.137 0.71 (0.47, 1.07) 0.099 0.75 (0.49, 1.13) 0.169
Professional experience (longer) 0.89 (0.58, 1.37) 0.606 1.10 (0.70, 1.71) 0.684 1.05 (0.68, 1.62) 0.833 1.17 (0.75, 1.84) 0.480
Depression – – 3.36 (2.23, 5.04) <0.001 – – 2.68 (1.72, 4.19) <0.001
PTSD – – – – 3.12 (1.98, 4.91) <0.001 2.03 (1.23, 3.35) 0.006

Non-COVID-19 is the reference group (OR = 1.00).
Age and professional experience were computed as standardized residualized from each other, due to collinearity.
CI, confidence interval; COVID-19, coronavirus disease 2019; OR, odds ratio.
The bold figures are highlighted for significant p-values (< 0.05).

regression model, presented in Table 3. We found that the main
effect of work in COVID-19 ward on difficulty maintaining sleep
was considerably attenuated after adjusting for witnessing patient
physical suffering and death were added to the model. Adding
self-reported past psychological problems to the model, which
was found to be associated with difficulty maintaining sleep,
further attenuated the association in the full model (OR 1.35, 95%
CI 0.89–2.06, p = 0.162).

Lastly, although difficulty maintaining sleep was associated
with both probable depression and PTSD (OR 3.36 and 3.12,
respectively), those conditions did not account for the increased
likelihood of difficulty maintaining sleep among COVID-19
HCW as shown in Table 4.

DISCUSSION

The main finding that emerged from our data was that COVID-
19 HCW experienced higher prevalence of sleep difficulties,
specifically difficulty maintaining sleep, compared with non-
COVID-19 HCW in a large tertiary medical center in central
Israel, during the first peak of COVID-19 pandemic. Although
sleep difficulties among frontline HCW were previously reported
in the current and previous pandemics (2, 3, 50–57), there are
no published data on the role of mediating factors that might
explain the association between work in COVID-19 wards and
sleep difficulties.

We found that negative experiences, most notably witnessing
physical suffering by the patient and patient death, accounted
partially for the association between working in COVID-19 ward
and difficulty maintaining sleep. The role of those two negative
experiences as intermediates persisted also after adjusting
for the potential confounding effect of past psychological
problems. The mediation effect was unique for those negative
experiences and was not found for other variables related
to the pandemic, such as PRSF and financial concerns. It is
plausible that witnessing patient suffering and death induced
distressing dreams (nightmares), which interrupted REM sleep
(58). Interestingly, the association between working in COVID-
19 ward and difficulty maintaining sleep in our sample could

not be attributed to current probable depression or PTSD,
despite the fact that sleep difficulties are common symptoms
in both disorders.

A plausible contributor to the increase in sleep difficulties
among frontline HCW during the pandemic is workplace
violence, shown in other studies to have increased during the
pandemic (59–61).

The main strength of our study is that both study group and
comparison group (COVID-19 team and non-COVID-19 team,
respectably) were sampled from the same underlying cohort
of physicians and nurses, sharing occupational, organizational
and hospital leadership features. Additional strengths of our
study include: (1) the ’real-time’ nature of our data, as it were
collected during the first peak of the pandemic in Israel, and not
retrospectively, thus reducing the likelihood of recall bias; (2)
availability of objective information on study group allocation;
(3) study outcomes were measured by means of well-validated
instruments; and (4) a very low proportion of missing data.

Our findings have several potential implications for the
frontline workforce during a pandemic. First, screening for sleep
difficulties among COVID-19 HCW, especially those exposed to
negative experiences, could prompt targeted early intervention,
especially in light of reported beneficial impact of fatigue training
for improving personnel and patient safety, and reducing stress
and burnout among HCW (62). Second, achieving trauma-
induced sleep disorder normalization was shown to reduced risk
of PTSD (63, 64), frequently reported among COVID-19 HCW
(41, 65, 66). Additionally, integrating occupational mental health
programs at healthcare settings, was shown to help alleviating
pandemic-related sleep difficulties (67).

Limitations
Our study has several limitations. First, conclusion about
directionality is limited by the cross-sectional study design.
However, it is unlikely that assignment of HCW to COVID-19
wards was conditioned on history of sleep difficulties. Second,
the higher prevalence of sleep difficulties among the COVID-
19 HCW might be partially explained by the higher workload
in COVID-19 wards, especially considering the reduced work
volume in the non-COVID-19 wards during that time. Third, the
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study was conducted in a single medical center in Israel during
the first wave of the pandemic, and therefore the generalizability
of our findings might be limited. Fourth, non-responders had
slightly different sociodemographic characteristics. Fifth, data
were collected by means of self-report questionnaires rather than
clinical interviews.

CONCLUSION

We found that COVID-19 frontline HCW were more likely to
report sleep difficulties, mainly difficulty maintaining sleep, as
compared with HCW working in regular wards at the same
hospital, and that negative patient-care related experiences likely
mediated the increased likelihood for those difficulties. Future
research is needed to elucidate the long-term trajectories of
sleep difficulties among HCW caring for COVID-19 patients,
and to identify antecedents and risk factors for persistence of
those difficulties.
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Background and Objective: Several patients with pre-operative anxiety and insomnia

refuse to take sleeping pills because of the side effects of sleeping pills. This study aimed

to evaluate the applicability of intranasal dexmedetomidine (DEX) in the treatment of

pre-operative anxiety and insomnia.

Methods: A total of 72 patients with insomnia and anxiety were randomly divided into

two groups of intranasal DEX (n = 36) and intranasal normal saline (NS, n = 36). The

primary outcomes included patients’ time to fall asleep, total sleep time, insomnia severity

index (ISI) after treatment, and satisfaction with the treatment effect. The secondary

outcomes were mean arterial pressure (MAP), oxygen saturation (SPO2), heart rate (HR),

Narcotrend index (NI) in the first 2 h of treatment, and the incidence of adverse events

within 12 h after treatment.

Results: The time to fall asleep (22.08 ± 3.95min) and total sleep time

(400.06 ± 28.84min) in the DEX group were significantly different from those in the NS

group [time to fall asleep, 89.31 ± 54.56min; total sleep time (295.19 ± 73.51min;

P < 0.001)]. ISI after treatment in the DEX group was lower than that in the NS group

(P < 0.001). Satisfaction with the treatment effect was better in the DEX group than that

in the NS group (P < 0.001). The general vital signs in the two groups were stable during

the treatment. The drowsiness rate in the NS group was higher than that in the DEX

group (P < 0.001).

Conclusion: Intranasal DEX can significantly improve pre-operative anxiety and

insomnia.

Clinical Trial Registration: This study was registered on Chinese Clinical Trial Registry

(http://www.chictr.org.cn/searchproj.aspx, ChiCTR2100044747).

Keywords: intranasal dexmedetomidine, pre-operative anxiety and insomnia, Narcotrend index, insomnia severity

index, dexmedetomidine

86

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2022.816893
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2022.816893&domain=pdf&date_stamp=2022-05-30
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:zgx8778@163.com
https://doi.org/10.3389/fpsyt.2022.816893
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.816893/full
http://www.chictr.org.cn/searchproj.aspx


Zeng et al. Intranasal Dexmedetomidine for Insomnia

INTRODUCTION

Insomnia refers to a subjective experience of patients who are
not satisfied with the time or quality of sleep, influencing their
social functions. It is mainly characterized by dissatisfaction with
sleep quantity or quality, associated with difficulty falling asleep,
frequent nighttime awakenings with difficulty returning to sleep,
and/or awakening earlier in the morning than desired (1–3). A
recent study showed that the incidence of insomnia among the
general population in China is 12.1–18.5% (4). Multiple factors
are associated with sleep disorders in hospitalized patients,
including ambient environmental noise, the underlying acute
illness, pain, anxiety, depression, delirium, etc. (5). The incidence
of pre-operative insomnia is 37–38.2% (6, 7). Such a high
incidence requires clinicians’ additional attention to provide
more efficacious treatments for patients with insomnia.

A growing body of evidence demonstrated that there is an
association between pre-operative insomnia and short-term and
long-term adverse post-operative consequences. Insomnia can

damage immune function (8), and it is related to a high blood
pressure (BP) and other cardiovascular risk factors (9, 10), a poor

blood sugar control (11, 12), cognitive impairment (13, 14), and

mental health (15). In addition, pre-operative insomnia causes
patients’ poor medical experience, while increases the incidence
of disease complications (16, 17).

Improving patients’ pre-operative sleep quality may
accompany by positive consequences and improve safety in
the perioperative period. To date, benzodiazepine and non-
benzodiazepine hypnotics were commonly used to improve
patients’ pre-operative sleep quality, which were mainly
administered orally and intravenously. Oral administration
of sleeping pills may improve short-term sleep outcomes in
adults with insomnia, whereas sleeping pills may cause cognitive
and behavioral abnormalities (18). Intravenous injection is
often accompanied by pain, and the drug dose is difficult to
titrate (19). Additionally, some patients were worried about
the addiction and side effects of sleeping pills, and resisted
taking sleeping pills may assist them to sleep easier. Different
from other sedatives acting on GABA, dexmedetomidine
(DEX) is a highly selective α2-adrenergic receptor (α2-AR)
agonist that is associated with sedative and analgesic sparing
effects, as well as reduced delirium and agitation. Intranasal
DEX eliminates patients’ need to an open vein on the night
before surgery. DEX is absorbed by the central nervous system
through the capillaries of the nasal cavity and promotion of
endogenous sleep pathways, leading to produce sedative and
hypnotic effects. Although no previous study has investigated
the effectiveness of intranasal DEX for adult patients with
insomnia, there is a report of a case of successful long-term
home use of intranasal DEX for insomnia in pediatric palliative
care of a 10-year-old women with dystrophic epidermolysis
bullosa and severe sleep disorders, where treatment resulted
in an increase in sleep duration from 2 to 3 consecutive hours
to 6–8 consecutive hours (20). Studies suggested that DEX-
induced deep sedation mimics stages 2 and 3 of non-rapid eye
movement (NREM) sleep (21, 22). In particular, it does not cause
respiratory depression (23).

Hence, the present study aimed to evaluate the feasibility
of administration of intranasal DEX in the treatment of pre-
operative anxiety and insomnia.

MATERIALS AND METHODS

Ethics Approval
The present study was approved by the Scientific Research Ethics
Committee of the First Affiliated Hospital of Gannan Medical
University (LLSC-2020102701), and registered on Chinese
Clinical Trial Registry (ChiCTR2100044747). The study protocol
was conducted in accordance with the Declaration of Helsinki.
All participants were informed about the objectives of the study
by investigators. All participants provided written informed
consent before enrollment.

Participants
The research was conducted in the First Affiliated Hospital of
Gannan Medical University (Ganzhou, China) between April
and October 2021. The following inclusion criteria were used: 1.
Patients with American Association of Anesthesiologists (ASA)
grade I II; 2. Patients with Hamilton Anxiety Rating Scale
(HAMA) score ≥ 7 points; 3. Patients with insomnia severity
index (ISI) score ≤7 points (one week before hospitalization),
and ISI >7 points (after hospitalization); 4. Patients with blood
oxygen saturation > 95%; 5. Patients who aged 18-60 years
old, regardless of gender; 6. Patients with body mass index
(BMI) <30 kg/m2; 7. Patients who participated in completing the
questionnaire; 8. Patients with insomnia and were unwilling to
use benzodiazepines.

The exclusion criteria were as follows: 1. Patients who were
diagnosed or suspected of having sleep apnea syndrome; 2.
Patients with alcohol or drug addiction; 3. Patients who have used
antidepressants or psychiatric drugs 1 week before enrollment;
4. Patients who were allergic to DEX or other drugs used in
this study; 5. Patients with abnormal liver or kidney function; 6.
Pregnant or breastfeeding women.

Assessment of Insomnia and Anxiety
Insomnia is defined as chronic dissatisfaction with sleep quantity
or quality. Therefore, self-assessment of insomnia severity is
important for more effective treatment of insomnia. In insomnia
studies, the ISI and the Pittsburgh Sleep Quality Index (PSQI)
are recommended measures for overall sleep and insomnia
symptoms (24). The majority of ISI-related studies concentrated
directly on patients’ subjective feelings in association with
insomnia symptoms. The PSQI was originally designed to assess
general sleep quality over a period of 1 month (25). The Chinese
version of ISI successfully distinguished insomnia patients from
healthy participants with sensitivity and specificity >0.9 (26).
A study conducted in Canada, Hong Kong, and Taiwan further
supported the structural validity and cross-cultural comparability
of ISI (27). Chen et al. (26) evaluated whether ISI and PSQI were
effective outcome indicators of cognitive behavioral therapy for
insomnia, suggesting that ISI might be a more reliable scoring
scale. Therefore, ISI was used to evaluate the severity of insomnia
in the present study. There were 7 items, and each item scored
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0–4 points, with a total score of 28 points. A score of more than 8
points was considered as a sleep disorder.

The HAMA includes 14 interview items, with a 5-point scale
ranging from 0 (non-existent) to 4 (very severe). Higher scores
of HAMA indicate more severe symptoms of anxiety. An overall
score of 8 points or higher indicates anxiety.

Narcotrend Index (NI)
The gold standard for sleep stage detection is the sleep multi-
channel monitor, however, patients need to be transferred from
an adapted ward to a new environment for evaluation. The
Observer’s Assessment of Alertness/Sedation Scale (OAA/S) can
be used to assess patients’ sleep status that may interrupt
patients’ sleep. Narcotrend is an electroencephalogram (EEG)
monitor designed to measure the depth of anesthesia. The NI is
dimensionless, ranging from 0 to 100. The NI could be divided
into six stages [A (awakening) to F (anesthesia with outbreak
suppression)] (Supplementary Table S1). The NI has a strong
correlation with OAA/S, which was supported by Bauerle et al.’s
results (28). The selected index of the experiment is the C-F
stage which means that the patient was asleep. If the depth of
anesthesia does not reach the target state for more than 30min,
the treatment fails.

Methods
Patients were randomly allocated to two groups by a computer-
generated sequence. Sleep assessment was performed in the
participant’s ward on the night before surgery. Bedtime was
adjusted according to the patient’s sleep habits. Normal bedtime
was controlled from 21:00 to 23:00. The NI was used to
monitor the patient’s EEG and depth of sedation at bedtime,
and to simultaneously control the patient’s mean arterial pressure
(MAP), heart rate (HR), and oxygen saturation (SPO2). Patients
were enrolled in the present study without receiving oxygen
through a nasal catheter. Patients administered by the same
unsuspecting anesthesiologist through the nasal cavity with a
preconfigured drug. At present, there is no relevant study on
95% effective dose of intranasal DEX in adults. According to
Li et al.’s study (23), 95% effective dose of intranasal DEX in
children was 2.64 µg/kg. Referring to this dose, we carried out
a pre-experiment via setting up three experimental groups (2.0,
2.5, and 3.0 µg/kg). According to the pre-experiment results, the
experimental dose was determined to be 2.5 µg/kg. The dosage
was divided evenly between the two sides of the nostrils, in which
0.1ml was given to each side of the nostrils, and the two sides
were alternately given. After each round of administration, gently
press on the client’s nose and administer the required dose within
5min. On the next day, the fuzzy number method was utilized
to evaluate the degree of satisfaction with the night’s sleep. The
total score was 10 points, and the final result was 8 points or
more, indicating that the patient was satisfied with the sleep. It
is noteworthy that final score of 6–8 points indicated that the
patient was generally satisfied, and when the final score was <6
points, the patient was not satisfied. Besides, ISI was applied to
evaluate the night’s sleep. Patients, nurses, and investigators were
blinded to the grouping.

Throughout the research process, we collected the following
data: sleep onset latency, total sleep time, ISI and HAMA scores
before treatment, ISI and satisfaction scores after treatment,
MAP, HR, SPO2 at 0min (T0), SPO2 at 10min (T1), SPO2 at
20min (T2), SPO2 at 30min (T3), SPO2 at 1 h (T4), and SPO2

at 2 h (T5) after treatment.

Interventional Conditions
Hypotension was defined as a decrease in MAP >30% from
baseline (before treatment). BP was controlled within 30% of
baseline. If BP is outside the target range, phenylephrine may
increase BP, and nitroglycerin may decrease BP. If the HR drops
below 40 beats/min, atropine may be used, and isoproterenol
may be used when atropine is ineffective. Patients were given
nasal cannula when SPO2 was below 90%. The anesthesiologist
determined the necessity of further medical management.

Adverse Reactions
Adverse reactions, such as respiratory depression, hypotension,
and sinus bradycardia were recorded throughout the
treatment period.

Statistical Analysis
SPSS 21.0 software (IBM, Armonk, NY, USA) and GraphPad
Prism 8.0 software (GraphPad Software Inc., San Diego,
CA, USA) were used to perform the statistical analysis. The
Shapiro–Wilk test was used to assess the distribution of
continuous variables that were presented as mean [standard
deviation (SD)]; categorical variables were expressed as
percentage. Normally distributed data were analyzed
by one-way analysis of variance (ANOVA) or paired t-
test to compare differences between groups; abnormally
distributed data were analyzed using the non-parametric
test to compare differences between groups (the Mann–
White U test for two independent samples). Comparison
of categorical variables between the groups was carried out
using the χ

2 test. A two-sided P < 0.05 was considered
statistically significant.

Sample Size Calculation
A previous study reported that the incidence of pre-operative
insomnia is 37–38.2% (6, 7). They assumed that after intranasal
DEX administration, the incidence of pre-operative insomnia
decreased from 38.2 to 5%, with the statistical power of 90% and
a two-sided significance level of 0.05. Besides, 65 patients were
required to detect a statistical significance. They considered a loss
to follow-up rate of∼10%. A total of 72 patients were enrolled in
the present study.

RESULTS

Among 86 patients who were enrolled, 11 patients refused
participation in the study, and 3 patients were excluded due
to inconsistency with the surgical plan. A total of 72 patients
were finally included and randomly assigned into the DEX
group (n = 36) and intranasal normal saline (NS) group
(n = 36). No patients withdrew from the study. The study flow
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FIGURE 1 | Study flow diagram of participants in the randomized trial. Dex, Intranasal dexmedetomidine group; NS, Intranasal normal saline group.

TABLE 1 | Characteristics of study population.

Characteristic Dex (n = 36) NS (n = 36) P-value

Age (year) 38.11 ± 11.47 40.47 ± 11.17 0.539

Sex (males) 15 (41.7%) 14 (38.9%) 0.810

Height (cm) 164.44 ± 6.87 164.78 ± 7.45 0.648

Standard body weight (Kg/m2 ) 57.92 ± 5.46 58.11 ± 5.90 0.866

Body mass index (Kg/m2) 22.11 ± 2.09 22.23 ± 2.05 0.416

ASA I/II(No) 15/21 13/23 0.515

Baseline heart rate (beats/min) 74.47 ± 8.77 76.58 ± 10.72 0.306

Baseline mean arterlal pressure

(mm Hg)

89.17 ± 6.36 87.25 ± 7.86 0.426

Baseline oxygen saturation 97.75 ± 1.08 97.83 ± 0.94 0.687

Narcotrend index 98.17 ± 0.85 98.17 ± 0.74 0.914

Before hospitalization ISI 4.36 ± 1.42 4.22 ± 1.35 0.981

ISI 13.53 ± 4.14 13.50 ± 4.41 0.860

HAMA 14.11 ± 3.23 13.58 ± 2.59 0.637

Values expressed as mean ± standard devlation or number (percentage).

No differences were found (P < 0.05).

Dex, Intranasal dexmedetomidine group; NS, Intranasal Normal saline group; ISI, Insomnia

severity index; HAMA, Hamilton Anxiety Scale; ASA, American Society of Anesthesiology.

diagram is shown in Figure 1. Demographic data, ASA grade,
standard bodyweight, NI, ISI (before hospitalization), and ISI and
HAMA scores before treatment were similar between the two
groups (Table 1).

TABLE 2 | Comparison of fall asleep time, total sleep time and satisfaction of

patients in two groups (x̄± s).

Dex NS P

Fall asleep time 22.08 ± 3.95 89.31 ± 54.56 <0.001

Total sleep time 400.06 ± 28.84 295.19 ± 73.51 <0.001

satisfaction of patients 8.14 ± 0.87 3.50 ± 1.66 <0.001

Dex, Intranasal dexmedetomidine group; NS, Intranasal Normal saline group.

Primary Outcome Measures
(1) The time to fall asleep (22.08 ± 3.95min) and total
sleep time (400.06 ± 28.84min) in the DEX group were
significantly different from those in the NS group (time to
fall asleep, 89.31 ± 54.56min; total sleep time (295.19 ±7
3.51min; P < 0.001). (2) The overall sleep satisfaction rate
on the night before surgery was significantly different between
the two groups (P < 0.001) (Table 2). (3) The pre-operative
ISI scores were similar in the DEX (13.53 ± 4.14) and NS
(13.50 ± 4.41) groups (P = 0.860). ISI score after treatment
in the DEX group (4.14 ± 1.68) was lower than that in the
NS group (13.78 ± 4.80) (P < 0.001). The ISI score in the
DEX group (4.14 ± 1.68, after treatment) was significantly
lower than that in the DEX group (13.53 ± 4.14, before
treatment; P < 0.001), whereas no significant differences were
found between before and after treatment in the NS group
(P = 0.636) (Figure 2).
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Secondary Outcome Measures
TheMAP,HR, SPO2, andNI are summarized inTable 3. Figure 3
shows the effects of DEX dose over time on MAP, HR, SPO2,
and NI. 1. MAP and HR in the DEX group were significantly
different from those in the NS group from T2 to T5 (P < 0.05)
0.2. The SPO2 after treatment did not significantly differ between
the two groups at T0, T1, T3, and T5 (P > 0.05); at T2 and T4,
the SPO2 in the DEX group (97.17 ± 0.91 at T4, 97.19 ± 0.95
at T5) was significantly lower than that in the NS group (97.67
± 0.86 at T4, 97.61 ± 0.73 at T5; P < 0.05). However, at T2 and
T4, the SPO2 did not fall below 95%, thus, the difference was not
clinically significant. 3. At T2, T3, T4, and T5 after treatment, the

FIGURE 2 | Comparison of ISI scores in two groups at different time points.

BT, Before treatment; AT, After treatment; ISI, Insomnia severity index; Dex,

Intranasal dexmedetomidine group; NS, Intranasal normal saline group. ISI

score comparison of Dex group before and after treatment, P < 0.01 vs. *.

Comparison of ISI score between Dex group and NS group after treatment,

P < 0.01 vs. #.

NI in the DEX group (77.00 ± 28.77 at T2, 35.08 ± 11.73 at T3,
35.31± 5.85 at T4, and 36.08± 5.68 at T5) was significantly lower
than that in the NS group (98.31 ± 0.67 at T2, 94.44 ± 1 3.39 at
T3, 73.19± 2 9.61 at T4, and 51.67± 26.12 at T5; P < 0.05).

Adverse Reactions
In the present study, 8 (25%) patients in the DEX group and
4 (12.5%) patients in the NS group had a HR lower than 50
beats/min (P = 0.200). Besides, 3 (9.38%) patients in the DEX
group and 1 (3.13%) patient in the NS group had systolic blood
pressure lower than 90 mmHg. The MAP of these 4 patients
was not lower than 30% below baseline, therefore, no medication
was used. No respiratory depression was recorded. Drowsiness
was observed in 18 (56.25%) patients in the NS group, while
no drowsiness was found in the DEX group. No patient felt
discomfort after intranasal administration of DEX (Table 4).

DISCUSSION

It was reported that 38.2% of patients mainly suffered from
insomnia due to anxiety on the day before surgery (6). Pre-
operative sleep quality has an important influence on post-
operative recovery of patients, and poor sleep may increase
the incidence of surgical complications (16, 17). Studies have
reported the association of insufficient sleep with the increased
risk of a variety of human diseases, including heart disease,
immune disorders, anxiety, and depression, leading to incurable
neurodegenerative diseases (e.g., Alzheimer’s disease) (9, 10, 15,
29). Poor pre-operative sleep quality has shown to significantly
increase the risk of severe peak pain during exercise after surgery
(30). It also increases the incidence of post-operative hyperalgesia
(17). Leung et al. (13) revealed the relationship between
pre-operative sleep disruption and post-operative delirium.
Therefore, improving pre-operative sleep quality may ameliorate
a patient’s prognosis.

Ellis et al. (31) confirmed that a single session of cognitive
behavioral therapy for insomnia (CBT-I) was effective for

TABLE 3 | Comparison at each time point in two groups (x̄± s).

T0 T1 T2 T3 T4 T5

MAP

Dex 89.17 ± 6.36 83.24 ± 5.98* 78.83 ± 6.22*# 76.59 ± 5.63*# 74.98 ± 5.41*# 76.14 ± 5.05*#

NS 87.29 ± 7.86 85.35 ± 8.67 85.56 ± 9.24 84.31 ± 8.38& 81.82 ± 9.01& 79.95 ± 9.06&

HR

Dex 74.47 ± 8.77 66.75 ± 8.42*# 60.00 ± 8.52*# 57.28 ± 7.59*# 55.86 ± 6.99*# 56.69 ± 6.24*#

NS 76.58 ± 10.72 73.53 ± 11.91 71.72 ± 12.27& 69.92 ± 13.80& 65.50 ± 11.59& 63.08 ± 9.44&

SPO2

Dex 97.75 ± 1.08 97.53 ± 1.32 97.11 ± 0.95* 97.39 ± 1.05 97.17 ± 0.91*# 97.19 ± 0.95#

NS 97.83 ± 0.94 97.53 ± 0.84 97.47 ± 0.94 97.67 ± 1.04 97.67 ± 0.86 97.61 ± 0.73

NI

Dex 98.17 ± 0.85 98.25 ± 0.69 77.00 ± 28.77*# 35.08 ± 11.73*# 35.31 ± 5.85*# 36.08 ± 5.68*#

NS 98.17 ± 0.74 98.28 ± 0.81 98.31 ± 0.67 94.44 ± 13.39 73.19 ± 29.61& 51.67 ± 26.12&

Dex, Intranasal dexmedetomidine group; NS, Intranasal Normal saline group. Compared with the same group at T0 time, P < 0.05 versus *Dex, &NS, Compared with NS group at the

same time point, #P < 0.05.
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FIGURE 3 | Dex, Intranasal dexmedetomidine group; NS, Intranasal normal saline group. Compared with the same group at T0 time, P < 0.05 vs. *Dex, &NS.

Compared with NS group at the same time point, #P < 0.05.

TABLE 4 | Comparison of other adverse reactions in two groups (cases, %).

Respiration depression Hypotension Sinus bradycardia Drowse Nasal discomfort

Dex 0 (0.00%) 3 (9.38%) 8 (25.00%) 0 (0.00%) 0 (0.00%)

NS 0 (0.00%) 1 (3.13%) 4 (12.50%) 18 (56.25%) 0 (0.00%)

P 1.000 0.302 0.200 <0.001 1.000

Dex, Intranasal dexmedetomidine group; NS, Intranasal Normal saline group.

acute phase. However, patients need to receive treatment for
60–70min, which limits the use of CBT-I. Benzodiazepine and
non-benzodiazepine hypnotics can effectively treat insomnia.
However, both have noticeable side effects, including headache,
nausea, vomiting, dyspepsia (unpleasant taste), dizziness,
drowsiness, migraine, etc. (32). DEX exerts its hypnotic effect
by selectively activating presynaptic and postsynaptic central
α-2 adrenergic in locus coeruleus. DEX-induced deep sedation
mimics stages 2 and 3 of NREM sleep (21, 22).

Intranasal DEX spray may have a better sedative effect than
dropping. Xie et al. (33) assessed children’s response to peripheral
venous intubation after intranasal DEX spray or dropping, and
concluded that intranasal DEX spray provided a better sedation.
However, there is currently no special dose for DEX atomization
in China, and additional atomization devices are required for
nasal atomization, causing difficulties in controlling the accuracy
of dose, and higher hygienic conditions are therefore required

for nasal atomization. The present study aimed to investigate
the effects of intranasal DEX administration on sleep quality of
patients with pre-operative insomnia, and no spray was herein
used. A recent study (34) showed a similar bioavailability (about
40%) for both methods of intranasal delivery (drops or mucosal
nebulizer devices). This may be due to the larger mucosal area
of the nasal cavity in adults, which has a larger surface area for
drug absorption in the nose. The safety and efficacy is not affected
by the mode of DEX administration (35). In the future studies,
the advantages and disadvantages of these two methods of drug
delivery will be further compared.

Expectedly, compared with the NS group, the intranasal DEX
improved sleep quality on the night before surgery. Under
the standard bodyweight, administration of DEX (2.5 µg per
kilogram of bodyweight) could quickly eliminate anxiety and
insomnia, and simultaneously improve the total sleep time and
sleep quality.
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Lirola et al. (36) measured the pharmacokinetics of DEX in
adults and found that the onset of clinical sedation was 30–
45min after intranasal administration, in which this onset time
was 22.08± 3.95min in the present study, and the difference may
be related to the dose of DEX. In Lirola et al.’s study, the dose
of intranasal DEX administration was 85 µg, while the dose was
based on standard bodyweight in the current study. Miller et al.’s
(37) findings also confirmed that the time required for intranasal
dextromethorphan administration to reach the lowest effective
plasma concentration could be related to the dextromethorphan
dose. In Akeju et al.’s (38) study, the total sleep time of patients
who received DEX injection was 440.3min, and the total sleep
time of healthy controls was 413.0min. Compared with our
study, the total sleep time of patients who were treated with
intravenous DEX was substantially similar to that of patients
who were treated with intranasal DEX, while the difference in
total sleep time was more significant in the control group. The
reason for this difference is that blank control group included
patients with pre-operative anxiety and insomnia. The ISI score
in the DEX group after treatment was significantly higher than
that in the NS group. Besides, no patient in the DEX group felt
drowsiness. This is because DEX altered arousal states (38), which
is closely related to a natural sleep state, and patients therefore
slept with a higher quality.

DEX agonizes α2-adrenergic receptors in vascular smooth
muscle cells at higher concentrations (39, 40), constricts
peripheral blood vessels, and increases blood pressure. In the
present study, no hypertension requiring treatment was observed
in the DEX group. This could be due to the relatively lower
absorption rate of DEX in the nose and the lower maximum
plasma concentration, which have been previously confirmed by
previous studies. Intranasal dexamethasone is different from the
rapid intravenous infusion, and it does not increase BP (37).

Bradycardia is a common complication of DEX, while it
typically does not cause serious complications (41). In our
study, 8 patients developed bradycardia after receiving intranasal
dexamethasone, whereas none reached the intervention level
with anticholinergic drugs. No patient had a SPO2 below 95% in
the study period. Although the blood oxygen at T2T4 in the DEX
groupwas lower than T0 (P< 0.05), no actual clinical significance
was found.

We asked patients to record any liquid that had flowed into

the oral cavity during the nasal administration. One patient
in the DEX group took more than 30min to fall asleep. This

indicated that the liquid had flowed into the mouth during the

administration period and it was swallowed. A previous study
demonstrated that mean absolute bioavailability after peroral,

buccal, and intramuscular administration of DEX was 16, 82,
and 104%, respectively (42). The failure of this patient to fall
asleep within 30min could be related to a part of the DEX that
was swallowed.

LIMITATIONS

Firstly, the sample size of this study is limited, thus, a
large-scale multi-center clinical study is required to provide

more reliable data to evaluate safety and efficacy of DEX.
Secondly, patients’ sleep statuses were not assessed using a
polysomnography monitor. Third, the dose of DEX required
by adults was noticeable, indicating the necessity of multiple
intranasal administrations. Changing to a higher concentration
of DEX may solve this problem.

CONCLUSIONS

In summary, this study is the first to introduce the potential
treatment of DEX in the treatment of pre-operative
anxiety insomnia. Intranasal DEX can safely and effectively
improve patients’ pre-operative anxiety and insomnia.
Intranasal DEX may be used as a complementary therapy
for insomnia.
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