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A B S T R A C T

Background: It has been theoretically proposed that alteration in sleep physiology may contribute to the development of
biased emotional processing featured in depression. The current study investigated the role of sleep and especially REM
in modulating perception of emotional faces in depressed versus non-depressed individuals using a napping paradigm.
Methods: Forty-six individuals with major depressive disorder and 66 age- and education-matched healthy
controls completed an emotional face perception task before and after random assignment to one of the three
intention-to-treat (ITT) conditions, namely 30-min-nap, 90-min-nap and wake. To delineate the effects of REM,
as-treated (30-min-nap, 90-min-REM-nap, 90-min-noREM-nap and wake) analyses were also conducted.
Results: Repeated measures multivariate analysis of covariance (MANCOVA) showed a significant Time *Group
*Condition interaction on angry faces for both analyses of ITT (p= .017) and AT (p= .027). Pairwise comparison
with Bonferroni corrections revealed a significant increase in the intensity rating of angry faces only after 90-min-
REM-nap in the depressed group. Correlational analyses convergingly showed that the increase of intensity rating
of angry faces was associated with the proportion of REM sleep in the depressed group, p = .035.
Limitations: The observed effect of REM sleep during daytime napping may not represent the effect of nighttime
REM sleep in depression.
Conclusions: We provide the first evidence of the association of daytime sleep, particularly REM sleep, with a
more negative perception of angry faces exclusively in individuals with depression. The differentiated impact of
sleep observed may contribute to the development of altered emotional processing in depression.

1. Introduction

Behavioral and neuroimaging studies revealed that individuals with
depression showed abnormalities in perceiving emotional faces, in-
cluding a mood-congruent processing bias, a negative response bias,
disruptions in the face processing circuitry in viewing sad and angry
expressions, weakened responding to happiness and hyperresponsive-
ness towards negative facial expressions (Lee et al., 2008; Stuhrmann
et al., 2011; Weightman et al., 2014; Bocharov et al., 2017), paralleling
the cognitive and neurobiological models of depression. Accumulating

evidence suggests that sleep disturbances and alterations do not only
predispose, predict, and maintain mood disorders (Baglioni et al., 2011;
Harvey, 2011; Wong et al., 2013; Palagini et al., 2019), but also mod-
ulate the processing of emotional faces (Walker and Van Der Helm,
2009; Goldstein and Walker, 2014). In a similar vein, studies revealed
that people with insomnia rated expressions of sadness and fear less
emotionally intense than those with good sleep (Kyle et al., 2014);
experimental sleep loss led to a more neutral rating for happy and angry
faces (Van Der Helm et al., 2010). While it has been theoretically
proposed that alteration in sleep physiology may contribute to the
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development of biased emotional processing characterizing depression
(Palagini et al., 2012), limited studies have tested this notion.

Alterations in rapid eye movement (REM) sleep observed in de-
pression have been considered as a biological marker of depression.
Nighttime REM abnormalities in depression included shortened REM
sleep latency, extended REM sleep duration and higher REM density
(for review, see Baglioni et al., 2016; Palagini et al., 2013). It has been
shown that REM sleep abnormalities often pre-existed the onset of de-
pression in high-risk populations with a family history of depression
(Giles et al., 1987, 1988, 1989, 1990). REM sleep alterations also persist
during remission (Lustberg and Reynolds, 2000; Tsuno et al., 2005;
Mendlewicz, 2009), and the persistence of REM sleep disturbances is
associated with an increased risk of relapse (Mendlewicz, 2009). Even
more, selective REM sleep deprivation has been shown to immediately
reduce depressive symptoms (Ellman et al., 1991; Vogel, 1975). The
above studies converged to suggest that REM sleep alterations might
have a role in the etiology and maintenance of depression, but the
underlying mechanisms were understudied.

REM sleep is a brain-state, in which the cholinergic systems are
active, whereas aminergic, serotonergic and noradrenergic systems are
heavily inhibited (Marrosu et al., 1995; Torterolo et al., 2016). To-
gether with the intense limbic activity observed specifically during REM
(Pace-Schott and Hobson, 2002), REM sleep physiology has been pro-
posed to provide an optimal medium for emotional brain processes.
Consistent with this postulation, REM sleep depotentiates both amyg-
dala and subjective response to previously encountered negative stimuli
(Van der Helm et al., 2011). Further, dissipation of REM-gamma EEG
activity was found to be associated with a reduction in post-sleep
emotion responsiveness (Van der Helm et al., 2011). An experimental
study also showed that a REM-containing nap regulated the perception
of emotional faces through reversing the amplified intensity rating of
negative expression across wakefulness (Gujar et al., 2011).

One previous study looked into the effects of REM sleep on cognitive
distortions among college students with and without depressive and an-
xiety symptoms, using the “awakenings” paradigm, in which participants
were awakened 10 min into a REM-sleep-episode and then 10 min into a
non-REM(NREM)-sleep episode (McNamara et al., 2010a). After awaken-
ings from REM sleep, depressed/anxious participants gave significantly
less positive and more negative self-appraisal than those awakened from
NREM sleep. This study suggested that REM sleep might contribute to
negative emotional and cognitive processing in depression. However, the
sample in their study was not diagnosed with clinical depression. Besides,
the awakening procedure may potentially induce certain emotional reac-
tions, which in turn may affect the responses to emotional stimuli upon
awakening. In this light, the napping paradigm might be a desirable al-
ternative, as it enables manipulation of sleeping periods in a more nat-
uralistic way and allows a longer, more comprehensive assessment of
emotional processing with better control for some of the influence of
circadian variations upon performance. Seeck-Hirschner et al. (2010)
adopted the napping paradigm in psychiatric samples including depressed
patients and reported post-nap improvement of declarative and procedural
memories, supporting the use of naps as a unique opportunity to advance
our understanding of how sleep is involved in daytime functioning among
depressed individuals. However, their study mainly focused on the nap-
ping effects on the cognitive domains. This present study is the first to
apply the napping paradigm to study the effects of sleep on emotional
perception in clinically depressed individuals.

The current study investigated the role of sleep and specifically REM
sleep physiology in modulating perception of emotional faces in in-
dividuals with depression, as compared to healthy controls using a
napping paradigm. To further delineate the effects of REM vs. NREM
sleep, we adopted two nap durations, 30 min and 90 min, grounded on
the well-documented REM-onset around 33 min of sleep during nap in
individuals with depression (Kupfer et al., 1981; Wiegand et al., 1993;
Peth et al., 2012) and 60 min for healthy people (Nishida et al., 2009;
Lau et al., 2015). Our hypotheses were:

H1. Altered emotional perception in depressed individuals, as in-
dicated by an increase in intensity ratings of negative emotional
faces would be observed in the 90-min-nap condition, in comparison
to the 30-min-nap and Wake conditions only in the depressed group,
but not in the control group.
H2. The duration and percentage of REM sleep during nap would
correlate with the change in intensity ratings of negative emotional
faces in the depressed group only.

2. Methods

2.1. Design and procedure

Study protocols and designs were in line with the Declaration of
Helsinki, and written informed consent was obtained. The study was ap-
proved by the Institutional Review Board of The University of Hong Kong/
Hospital Authority Hong Kong West Cluster and The Joint Chinese
University of Hong Kong – New Territories East Cluster Clinical Research
Ethics Committee. The experimental design consisted of seven days: Day 1
was the initial screening session, in which upon written informed consent,
participants completed the interview on demographics, physical and
mental health, and sleep conditions. Participants came back on Day 6 for
the experimental session and on Day 7 for the debriefing session, while
participants returned the actigraph and the completed sleep diary, which
had been recording their objective and subjective sleep from Day 1 for the
whole study period. Participants were instructed to avoid daytime napping
on the day of the experiment or consumption of any caffeine/alcohol for
the 24 h before the experiments on Day 6. The experimental session on Day
6 started at 1 pm (pre-test) with the computerized emotional perception
task and measurements on mood states. Participants were randomly as-
signed to either the Wake or Nap conditions (30-min-nap or 90-min-nap).
The sleep onset time of the Nap condition was determined from the sleep
onset pattern monitored by polysomnography (PSG), and the length of nap
was individually monitored by researchers according to the assignment of
experimental condition. This napping design provides a unique opportunity
for studying the effects of sleep with different sleep architecture.
Participants assigned to the Wake condition were kept awake in a solitary
environment. For participants of the nap groups, they were given at least
30 min for removal of electrodes and resting upon awakening for the effect
of sleep inertia to dissipate, before they completed the following post-test
assessment. At 5:30 pm, participants in both conditions completed the post-
test measurement on mood states and emotional face perception task.
Participants were asked to continue completing their sleep diary and
wearing the actigraph watch until the debriefing session on Day 7, so as to
monitor any potential effects of the nap on subsequent nighttime sleep.

2.2. Participants

Participants were recruited via mass emails and social media. The
depressed group were additionally recruited from outpatient psychiatric
clinics (referred by psychiatrist co-authors KF Chung and YK Wing) and
community mental wellbeing centers. Advertisements stated that we in-
tended to recruit participants with and without depression. Participants
satisfying the inclusion/exclusion criteria would be allocated to the de-
pressed versus control groups after the health interview on their psy-
chiatric history and assessment with the Structured Clinical Interview for
DSM-IV-TR Disorders (SCID). They were excluded based on the following
criteria: pre-existing diagnosis of sleep disorders other than insomnia,
significant medical illness, history of head injury with loss of conscious-
ness, current or history of manic or hypomanic episodes, or psychotic
disorders, anxiety disorders, eating disorders, or substance abuse.

From the power analysis for a repeated measures Multivariate
Analysis of Variance (MANOVA) with three experimental conditions
and pre- and post-measures for the depressed and control groups, 111
participants were required in this study to achieve a power of 0.8 at
alpha=0.05 with medium to large effect size of f=0.35, based on
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previous napping studies. A total of 194 participants aged 16–60 years
were recruited and completed the whole experiment, but 76 partici-
pants were excluded due to currently remitted depression, subclinical
depressive symptoms, or comorbid anxiety disorders based on the ex-
clusion criteria mentioned above. Another six participants (two from
the depressed group) were removed from the dataset due to mis-
matching of their actual nap duration and the assigned nap condition
(e.g. participants assigned to the 90-min-nap condition had a total sleep
of fewer than 35 min, n=3) and absence of sleep onset (n=3), re-
sulting in a final sample size of 112. Out of 112 participants, 46 met the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM–IV-TR) criteria for Major Depressive Disorder
(MDD) and were classified as the depressed group; 66 participants did
not meet the criteria for any disorders based on the SCID and were
considered as healthy controls. Seventeen depressed participants re-
ported taking antidepressants medication (sertraline, n= 5, fluoxetine,
n =2, paroxetine, n =2, citalopram, n= 1, desvenlafaxine, n=2,
venlafaxine, n =2, mirtazapine, n=3).

2.3. Materials

2.3.1. Psychiatric status
The SCID for DSM-IV-TR Disorders (First et al., 2002) was used in the

initial screening session by clinical psychology trainees and experienced
research assistants under the supervision of a registered clinical psy-
chologist (EYY Lau). The current and lifetime diagnoses of MDD and the
conditions listed in the exclusion criteria were assessed with SCID.

2.3.2. Depression and mood states measures
The Chinese version of the 17-item clinician-rating Hamilton

Depression Scale (HAM-D; Hamilton, 1960; Zheng et al., 1988) and the
Beck Depression Inventory-II (BDI-II; Beck et al., 1996; Chinese
Behavioral Sciences Society, 2000) were used to measure depressive
symptoms and showed fair psychometric properties with Cronbach's
alphas of 0.71 and 0.94, respectively.

For the mood states measurement, the Chinese version of the
Positive and Negative Affect Schedule (PANAS; Watson et al., 1988)
with two 10-item self-report scales to measure both positive and ne-
gative affects was used. In our study sample, Cronbach's alphas are 0.92
and 0.92 for positive and negative affects components respectively,
demonstrating excellent internal consistency.

2.3.3. Sleep characteristics measures
On the experimental day, PSG recording was performed in the Nap

conditions to measure total sleep time (TST), sleep efficiency (SE), sleep
onset latency (SOL), duration of wake after sleep onset (WASO),
duration and percentage of sleep stages (including stage 1, stage 2, slow
wave sleep (SWS) and rapid eye movement (REM) sleep and REM sleep
latency. The recording complied with standardized techniques using
four-channel electroencephalograms (EEG) including C3, F3 and O1
(referenced to A2) and C4 (referenced to A1). Electromyogram (EMG)
and electrooculogram (EOG) activities were also obtained to respec-
tively measure the chin muscles movement and vertical-horizontal eye
movements for scoring of sleep stages. All sleep stages were scored by a
registered sleep technologist in adherence to the recommendations of
the American Academy of Sleep Medicine, AASM (AASM, 2005).

Over the five days prior to the experimental session, participants
were instructed to wear an actigraph (Manufacturer: Ambulatory
Monitoring, Inc.; Model: Micro Motionlogger Sleep Watch, Cat.
#24.000SW) on their non-dominant wrist to monitor their sleep-wake
activities. Sleep variables such as TST, SOL, WASO, and SE were mea-
sured. Sleep variables such as daily bedtimes, sleep times, and wake
times were also reported subjectively in the sleep diary as corroborative
information in scoring the actigraphic data.

To assess participants’ sleep quality and sleep disturbance over the
past month, The Chinese version of Pittsburgh Sleep Quality Index

(PSQI; Buysse et al., 1989; Tsai et al., 2005) was used. This measure-
ment includes seven component scores (subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbance,
sleep medications and daytime dysfunction), and the sum of the com-
ponent scores creates a global score that identifies “poor sleepers” with
a cutoff score higher than five. The global score in our sample de-
monstrated acceptable and comparable reliability to previous studies,
with a Cronbach's alpha of 0.65.

The Chinese version of the Sleep Condition Indicator (SCI;
Wong et al., 2017) uses the DSM-5 criteria to identify individuals at high
risk for insomnia and related impacts on daytime functioning over the
previous month. A lower score indicates greater symptom severity, and a
cutoff score of ≤21 suggests a high risk for insomnia. In our sample, SCI
showed excellent reliability with a Cronbach's alpha of 0.92.

2.3.4. Emotional face perception task
Black and white pictures of faces of a Caucasian male and a

Caucasian female expressing four emotions (happiness, sadness, fear,
anger) were selected from the validated Karolinska Directed Emotional
Faces (KDEF) set (Goeleven et al., 2008). Cultural similarities in facial
expression processing using the KDEF set have been reported (Yan et al.,
2016). Each emotional picture was morphed to the neutral face of the
same individual using a face morph software tool (Morpheus Photo
Morpher), resulting in six separate images of different degrees of in-
tensity for each of the four emotions (e.g. HAPPY 0, 20, 40, 60, 80 &
100). In the familiarization phase, each emotion sequence from neutral
expression (“0”) to fully emotive expression (“100”) was presented in a
separate block, and the blocks were presented in a randomized order.
During the rating phase, the same set of 48 facial expressions of 2 Gen-
ders (Male, Female) * 4 Emotions (HAPPY, SAD, FEARFUL, ANGRY) * 6
Intensity Levels (“0”, “20”, “40”, “60”, “80”, “100”) was randomly pre-
sented to the participants, who were instructed to rate the perceived
emotional intensity of the facial expressions on a horizontal Visual
Analogue Scale (VAS) anchored by two verbal descriptors (i.e., “emo-
tionless” on the left and “happy”/“sad”/“angry”/“fearful” on the right).
Participants can mark any point on the scale to specify their level of
emotional intensity perception on a continuous line between two end-
points. The scores on emotional intensity is obtained by converting the
distance (10 cm) to a range of scores (from 0 to 100).

2.4. Statistical analyses

All statistical analyses were conducted with Statistical Package for
Social Sciences 21.0. The depressed and the control groups were com-
pared on their demographic variables, depressive symptoms and sleep
characteristics using analysis of variance (ANOVA) and chi-square tests.
Given that not all participants assigned to the 90-min-nap group en-
tered REM stage, we used both intention-to-treat (ITT) and as-treated
(AT) analyses to examine the role of sleep, and REM sleep in particular,
in modulating emotional perception among individuals with depression
as compared to healthy controls. Repeated measures multivariate ana-
lysis of covariance (MANCOVA) were conducted with Time (pre-test,
post-test) as within-subject factor, and Group (depressed, control) and
Condition (ITT: Wake, 30-min-nap, 90-min-nap; AT: Wake, 30-min-nap,
90-min-REM-nap, 90-min-noREM-nap) as between-subject factors, and
the use of antidepressants and habitual short sleep duration as covari-
ates. Intensity ratings of different emotions at the six morphed gradients
in the emotional face perception task were the primary dependent
variables. To enhance the rigor of our analyses, post-hoc pairwise
comparisons were carried out using a Bonferroni correction for multiple
comparisons, for consistent pattern of results observed in both ITT and
AT analyses. In addition, for transparency in reporting our findings,
repeated measures MANOVAs were conducted without covariates for
comparisons of findings obtained by MANCOVAs. Furthermore, corre-
lation analyses were conducted to compare the depressed and the
control groups with respect to the associations between REM sleep
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physiology and the change in intensity perception. The statistical
thresholds were set at p < .05.

3. Results

3.1. Sample characteristics

Descriptive statistics for the sample are presented in Table 1. The
age, sex ratio, and years of education did not differ between the de-
pressed and control groups. As expected, compared to the control
group, the depressed group had significantly more depressive symp-
toms as measured by the BDI-II and the HAM-D. The depressed group
also had poorer PSQI sleep quality and more SCI insomnia symptoms.
Depressive symptoms, sleep characteristics and the number of partici-
pants taking antidepressant medication did not differ across the ex-
perimental conditions within the depressed group.

Comparing sleep characteristics measured by actigraphy before and
after the experiment, within-group 2× 2 analysis of variances
(ANOVAs) across different conditions revealed no differences between
the mean TST, SE, SOL, or WASO over the six nights preceding the
experimental day and on the experimental night (p > .05), indicating
that post-experiment nighttime sleep was not affected by the 30-min or
the 90-min naps in both the control and the depressed groups.

In addition, Table 2 shows the sleep characteristics measured with
PSG in the nap conditions. Out of the 37 participants in the 90-min-nap
condition, 23 (62%) achieved REM sleep. No participants in the 30-min-
nap condition obtained REM sleep. There was no significant difference
in REM sleep duration, percentage and latency between the depressed
and control groups and between participants with and without taking
antidepressants (p > .05).

3.2. Napping effects on mood states

Two repeated measures multivariate analyses of covariance
(MANCOVAs) were performed on the positive and negative affective

states with the use of antidepressants and habitual short sleep duration
as covariates. A significant main effect of Time, F(1, 104) = 4.47,
p = .037, ηp2 = 0.047, and Time*Condition interaction for positive
affect were revealed, F(2, 104) = 5.24, p = .007, ηp2 = 0.092). Post-
hoc comparisons showed that positive affect reduced in the Wake
condition (p< .001) from pre- to post-test, while no significant changes
were observed in the 30-min-nap and 90-min-nap conditions. For ne-
gative affect, there were significant main effect of Time, F(1,
104) = 16.59, p< .001, ηp2= 0.138, and Time*Condition interaction,
F(2, 104) = 3.35, p= .039, ηp2= 0.061. Decrease in negative affect in
the Nap and the Wake conditions was found at post-test (all
ps < 0.001). No covariates were found significant (p > .05).

3.3. Effects of nap and depression on perception of emotional faces (Fig. 1)

For ITT analyses, MANCOVAs using intensity ratings of the four
different emotions at the six morphed gradients as dependent variables,
with the use of antidepressants and habitual short sleep duration as
covariates showed that Time*Group*Condition interactions were sig-
nificant for ANGRY 100, F(2, 95)= 4.22, p= .017, ηp2=0.082,
FEARFUL 20, F(2, 99)= 3.45, p= .036, ηp2=0.065, and marginally
significant for SAD 100, F(2, 94)= 3.00, p= .055, ηp2=0.060.

To test the role of REM more specifically in the depressed versus the
control groups, MANCOVAs of AT analyses following up the significant
ITT analyses were conducted. Comparable findings with significant
Time*Group*Condition interactions for ANGRY 100, F(3, 92)= 3.20,
p= .027, ηp2=0.095, and marginally-significant interaction for
FEARFUL 20, F(3, 96)= 2.57, p= .058, ηp2=0.074, but non-sig-
nificant interaction for SAD 100, F(3, 91)= 2.04, p= .114, ηp2=0.063
were found. Pairwise comparisons with Bonferroni adjustment showed
that the depressed group in the 90-min-REM-nap condition showed a
significant increase in intensity perception of ANGRY 100 (p= .010).
The control group in the 30-min-nap condition showed a significant
increase in ANGRY 100 (p= .031). The control group assigned to the
Wake condition showed a significant increase in intensity perception of

Table 1
Participants’ characteristics.

Depressed (n=46) Control (n=66) Chi-squre test ANOVA Main effect
(Group)

Wake
(n=17)

30-min-nap
(n=14)

90-min-nap
(n=15)

Wake
(n=25)

30-min-nap
(n=19)

90-min-nap
(n=22)

χ2 p F p

Age (years) 35.09
(12.21)

34.84
(14.04)

35.20
(12.51)

33.80
(13.48)

32.34
(11.48)

37.22
(13.55)

/ / .56 .813

Sex (% female) 82.35 85.71 86.67 64.00 68.42 72.72 4.55 .473 / /
Years of education 12.82

(3.19)
14.71
(2.95)

15.23
(2.80)

14.50
(4.76)

15.05
(1.93)

14.75
(2.93)

/ / .63 .429

On antidepressant medication
(%)

41.18 28.57 33.33 / / / .56 .756 / /

BDI-II 21.38
(9.01)

27.43
(8.83)

21.85
(10.61)

3.18
(3.61)

5.05
(4.70)

3.18
(4.00)

/ / 186.64 .000a

HAMD 13.12
(4.47)

14.93
(3.32)

15.07
(6.67)

1.56
(1.53)

1.05
(1.61)

1.41
(1.40)

/ / 393.09 .000a

PSQI 9.59
(2.48)

9.23
(3.27)

11.29
(4.14)

6.08
(2.29)

5.05
(2.07)

5.32
(2.36)

/ / 71.05 .000a

SCI 15.88
(4.26)

13.29
(7.09)

15.20
(7.28)

24.44
(5.96)

26.95
(3.31)

26.09
(4.33)

/ / 110.90 .000a

Six-night average (actigraphy)
TST (min) 7.13

(1.30)
7.16
(.95)

7.26
(1.17)

6.82
(1.70)

6.49
(1.94)

5.93
(2.54)

/ / 5.09 .026

SE (%) 77.54
(21.78)

80.43
(10.72)

80.17
(23.22)

81.04
(18.42)

78.46
(27.64)

70.80
(34.75)

/ / .30 .586

SOL (min) 24.45
(11.96)

28.96
(34.28)

21.48
(14.19)

22.97
(13.60)

15.01
(12.02)

14.78
(16.50)

/ / 4.68 .033

Note. Data presented as mean (standard deviation); BDI-II, Beck Depression Inventory-II; HAMD, Hamilton Depression Rating Scale; PSQI, Pittsburgh Sleep Quality
Index; SCI, Sleep Condition Indicator; TST, total sleep time; SE, sleep efficiency; SOL, sleep onset latency; chi-square tests and Group*Condition ANOVAs were used;.

a main effect of Group was significant for BDI, HAMD, PSQI, SCI, TST and SOL. Main effect of Condition was not significant. Interaction effect was also not
significant.
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FEARFUL 20 (p= .029), whereas no significant changes were found in
other conditions.

In addition, a significant Time*Condition interaction was revealed
for SAD 20 for both ITT analyses, F(2, 94)= 3.34, p= .040, ηp2=
0.066 and AT analyses, F(3, 91)= 3.01, p= .034, ηp2=0.090.
Pairwise comparison showed a significant increase in intensity rating of
SAD 20 in the 30-min-nap condition across the two groups (p= .001).
Neither of the covariates were significant in the models (p > .05).

As stated in the statistical analyses, MANOVAs were also conducted
for transparency in reporting findings. The patterns of findings of
MANCOVAs and MANOVAs in ITT analyses were very similar, with the
only difference that the Time*Group*Condition interaction for SAD 100
was found significant with MANOVA, F(2, 96)= 3.45, p= .036,
ηp2=0.067, but was only marginally significant when covariates were
included. Post-hoc pairwise comparison showed that decrease in post-
test SAD 100 intensity rating was observed in the 30-min-nap condition
of the depressed group (p= .039). Statistics of all MANCOVAs and
MANOVAs of ANGRY 100, FEARFUL 20, and SAD 100 using ITT and AT
analyses were presented in supplementary findings for easy compar-
isons (Table S2).

To further test H2, correlation analyses were also conducted to ex-
amine the relationship between the change in intensity perception of
ANGRY 100 and REM sleep physiology among the participants ob-
taining REM sleep in the 90-min-nap condition. In the depressed group,
an increase in intensity perception of ANGRY 100 was correlated with a
larger proportion of REM sleep stage (r=0.33, p= .035), whereas no
significant correlations were found in the control group.

4. Discussion

The present investigation suggests the differential effects of nap and
wakefulness on the perception of emotional faces in individuals with
MDD compared to non-depressed controls. Both ITT and AT analyses
revealed that amplified intensity ratings of fully-expressive angry faces
were found in individuals with depression after the 90-min nap (with
REM for AT analysis), compared to a nap without REM sleep or wake-
fulness, whereas more intensified ratings of fully-expressive angry faces
were observed in healthy controls after the 30-min nap. Furthermore, a
larger increase of intensity rating of angry faces was associated with a
larger proportion of REM sleep within the depressed group. Taken to-
gether, these findings provide partial support to our hypotheses of the
associations between sleep, particularly REM sleep, and emotional per-
ception of negative emotions in individuals with depression.

Previous studies reporting an immediate reduction of depressive
symptoms following selective REM sleep deprivation provided some
support to the role of REM sleep in depressive symptomatology (Vogel,
1975; Ellman et al., 1991), but the underlying mechanisms remain un-
clear. It has been hypothesized that REM sleep in individuals with de-
pression failed in its function to regulate the processing of emotional
information, and might even contribute to the production of neurocog-
nitive distortions in depression (McNamara et al., 2010b; Palagini et al.,
2012). McNamara and colleagues (2010b) explored this contention using
a REM vs NREM sleep-awakening paradigm and found the depressogenic
effect of REM sleep on self-concept in depressed/anxious participants. In
line with their results, our study demonstrated that more intensified
perception of negative emotions was observed in participants obtaining
REM sleep, and the increase of negative intensity ratings was associated
with the proportion of REM sleep only in individuals with clinically di-
agnosed depression. Our results together with McNamara et al. (2010b)’s
support the potential role of REM sleep in affective cognitive distortions
as a core psychopathological feature of depression.

In addition, there might be a potential effect of non-REM nap in
reducing the intensity of perception of sad faces as shown in lowered
intensity for fully-expressive sad faces in the 30-min nap condition for
the depressed group before covariates were included. However, the
effect seemed less robust than the effect of the REM-containing nap in
altering the intensity of perception of angry faces in the depressed
group, as the effect became insignificant in the as-treated analysis. A
larger sample size may be needed to detect the relatively small effect of
non-REM nap on the perception of sad faces.

While we observed negative effects of the 90-min nap on emotional
perception of angry faces in individuals with depression, our results
demonstrated beneficial effects of napping on mood, in terms of main-
taining the positive mood and reducing the negative in both the de-
pressed and non-depressed individuals. Similarly, previous studies re-
ported that the negative impacts of sleep deprivation or poor sleep on the
emotional valence of memories (Tempesta et al., 2015) and evaluation of
emotional stimuli (Tempesta et al., 2010) were not associated with mood
changes. Therefore, our findings are consistent with previous literature in
demonstrating that the evaluation of emotional information is specifi-
cally modulated by sleep and the effect is not ascribed to mood per se.

It has been postulated that negative interpretation biases of emo-
tional facial expression, at least in part, contribute to difficulties with
social interactions observed in individuals with depression
(Weightman et al., 2014). It was argued that inaccurate perception of
the intensity of emotional expressions could diminish reward from
social interaction and intensify social avoidance (Weightman et al.,
2014). Revealing sleep-associated negative perception of emotional
expression specifically in individuals with depression, this study un-
derlines sleep as a core neurophysiological process exerting a potential
influence in the socioaffective-cognitive deficits of depression, and
implies that sleep health should be taken into consideration in clinical
assessment and therapeutic approaches for social dysfunctions in de-
pressive and potentially other affective disorders.

Table 2
Descriptives of polysomnographic sleep variables during nap.

30-min-nap (n=33) 90-min-nap (n=37)

Depressed
(n=14)

Control
(n=19)

Depressed
(n=15)

Control
(n=22)

TST (min) 28.50
(5.03)

27.16
(7.16)

77.67
(13.68)

76.64
(14.81)

SE (%) 72.40
(17.00)

70.00
(21.43)

76.06
(15.37)

76.71
(18.46)

SOL (min) 7.79
(6.12)

6.37
(4.10)

14.47
(14.76)

9.14
(9.84)

WASO (min) 3.07
(5.00)

2.37
(3.32)

9.60
(9.76)

13.27
(14.02)

Stage 1 (min) 4.50
(3.41)

4.47
(3.31)

9.27
(5.97)

9.55
(4.84)

Stage 1 (%) 16.57
(0.12)

18.74
(0.15)

12.33
(0.08)

12.59
(0.07)

Stage 2 (min) 20.07
(5.58)

18.26
(6.27)

40.73
(9.92)

45.55
(13.21)

Stage 2 (%) 71.14
(0.16)

66.84
(0.15)

52.93
(0.14)

60.86
(0.18)

SWS (min) 3.43
(4.35)

3.95
(5.41)

22.73
(15.66)

11.86
(11.66)*

SWS (%) 11.00
(0.14)

13.00
(0.18)

28.13
(0.20)

14.73
(0.14)*

Number of participants
obtaining REM
sleep

/ / 7
(0.24)

16
(0.40)

REM SOL (min), min-
max

/ / 32.67
(36.57),
59-84

45.45
(29.46),
7-74

REM sleep (min), min-
max

/ / 4.33
(6.29),
2-12

8.91
(8.91),
1-31

REM sleep (%), min-
max

/ / 5.07
(0.07),
2-24

10.14
(0.10),
1-5

Note. Data presented as mean (standard deviation); TST, total sleep time; SE,
sleep efficiency; SOL, sleep onset latency; WASO, wake after sleep onset; SWS,
slow wave sleep; REM, rapid-eye-movement sleep.

⁎ Significant group differences with independent t-tests, p < .05.

E.Y.Y. Lau, et al. Journal of Affective Disorders 260 (2020) 687–694

691



Differential findings observed in the two groups suggested that sleep
and wake modulate emotion perception differently in non-depressed
individuals. Indeed, Van der Helm et al., (2011) reported that enhanced
functional connectivity of the frontal-limbic system related to REM
sleep may be a mechanism to support processing of emotions and re-
duced neural and behavioral responses towards emotional experience
in healthy individuals. A previous napping study also revealed that a
90-min nap reversed perception of fearful faces and stabilized percep-
tion of angry faces which were found to be amplified across wakeful-
ness (Gujar et al., 2011). They suggested that REM sleep plays a reg-
ulatory role in emotional perception as the stabilization effect on
intensity rating of negative faces was observed only within individuals
who obtained REM sleep (Gujar et al., 2011). Similarly, we found that
ratings of mildly-expressive fearful faces increased after wakefulness,
but remained stable in the 90-min-nap condition in the non-depressed

controls. While Gujar and colleagues’ study specifically examined the
effect of 90-min nap and wakefulness on emotional perception, our
study was one of the first to reveal the increased ratings of fully-ex-
pressive angry faces and mildly expressive sad faces in both depressed
and non-depressed individuals after a 30-min non-REM nap, suggesting
the potentially different effects of non-REM nap on emotion perception,
compared to REM nap. Taken together, our results in the control group
were consistent with the contention of the regulatory mechanism of
REM sleep. The contrasting effect of sleep on emotional perception
observed in the depressed group as discussed above might suggest an
altered sleep-related regulation in depression. Future studies involving
neuroimaging techniques are warranted to identify the neural pathways
involved during REM sleep in individuals with depression.

It should be noted that we found no significant difference in REM
indicators during daytime nap between the depressed and the control

Fig. 1. Significant three-way interactions showing differential effects of wake versus naps of two durations in the depressed group as compared to controls. *p< .05.
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groups in our sample, while previous studies suggested that individuals
with depression showed a significantly larger amount of REM during
nighttime sleep compared to the healthy controls (Palagini et al., 2012).
One plausible explanation is that the alteration of REM sleep in de-
pression might be concealed by the use of antidepressants in some of
our participants. Yet, statistical analyses indicated that the REM vari-
ables did not differ between individuals with and without taking anti-
depressants. On the other hand, other mental comorbidities were
carefully excluded in our sample. Consistently, a meta-analysis on
polysomnographic characteristics of mental disorders found that major
depression in the absence of comorbidities showed no significant dif-
ference in the amount of REM sleep (Baglioni et al., 2016). Even though
there were no significant differences in the amount of REM sleep be-
tween the depressed and the control groups, our study identified dif-
ferential associations of REM sleep in the processing of emotional faces.

While the use of the napping paradigm allowed us to experimentally
compare the effects of sleep and wakefulness controlling for the influ-
ence of circadian variation, the observed associations of REM sleep
during nap might not represent the effect of nighttime sleep in de-
pression. Another limitation is the relatively small sample size for the
sake of obtaining a more homogeneous sample with clinically diag-
nosed depression without comorbid anxiety disorders and other psy-
chiatric disorders. The power of statistical analyses might be reduced
due to the small sample size and unequal sample sizes across subgroups.
Besides, some participants in the depressed group were taking anti-
depressants. However, the potential impact of different antidepressants
could not be tested, given that the use of antidepressants as a whole was
not a significant covariate of any analyses and there were no differences
in REM variables (duration, percentage and latency) between the de-
pressed individuals with and without taking antidepressants. Further
studies are needed to clarify the potential effect of antidepressants on
the relationship between sleep and emotional perception in individuals
with depression.

In conclusion, our findings indicated that sleep, and REM sleep in
particular, is associated with amplified perception of negative faces in
individuals with depression. The process of sleep and wake in the de-
pressed group appears to play a different role in modulating the per-
ception of emotional faces as compared to that in the healthy controls.
The differentiated associations of sleep observed may contribute to the
development of altered emotional processing in depression.
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