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ABSTRACT

Objectives: Sleep deprivation (SD) has detrimental effects on cognition. Emotional
processing, a critical component of social cognition, is also affected by SD. However,
current research on how SD affects emotion recognition and the specific emotion
recognition that declines with SD is inconsistent. The present study meta-analyzed
results of studies examining emotion category recognition changes in SD compared
with controls.

Methods: PubMed, Web of Science, Embase, PsychINFO, MEDLINE, and China National
Knowledge Infrastructure databases were searched. Studies on the impact of acute
SD or insomnia on emotional recognition and participants aged 18 years or older were
included in this review. The JBI Critical Appraisal Checklist and GRADE approach were
used to assess the quality of the studies and evidence.

Results: Twelve studies with 414 SD and 399 control participants were included in this
meta-analysis. The SD group performed poorer on facial sadness (MD = -4.35; 95%
CI, -7.99 to -0.71) and happiness (MD = -1.75; 95% CI, -3.25 to -0.26) recognition
than the control group (normal sleep condition). The reaction time of the SD group
was significantly longer than that of the control group for all emotional categories.
The intensity rating of facial emotions showed no difference between the two groups.

Conclusions: Sleep deprivation slows individuals’ reactions in facial emotion recognition
tasks and weakens their ability to recognize sadness and happiness. Future studies
should identify the effects of SD, SD duration, and recovery time on different types of
emotion recognition.
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INTRODUCTION

Sleep deprivation (SD) is a condition in which a person
is unable to obtain enough sleep. The National Sleep
Foundation recommends that adults sleep 7-9 hours
every night. However, the American Thoracic Society
reported that approximately 35% of adults sleep less than
seven hours during a typical 24 hours (Bandyopadhyay
& Sigua, 2019). Sleep deprivation can be divided into
i) acute SD, referring to wake periods that last beyond
16-18 hours (usually lasting one or two days) (Cirelli
et al,, 2023) and ii) chronic SD, an insufficient sleep
syndrome defined by the American Academy of Sleep
Medicine as curtailed sleep that persists for three months
or longer (Sateia, 2014) or chronic sleep deficiency or
insufficient sleep, manifested as sleep fragmentation
or other disruptions caused by ongoing SD or poor
sleep (Suni, 2022). The causes of SD are complex, and
the common reasons for SD in adults are poor sleeping
habits, circadian rhythm disturbances, sleep disorders,
and other medicinal or dietary factors (Bandyopadhyay
& Sigua, 2019). Sleep deprivation alters prefrontal and
parietal cortical activity (Krause et al., 2017), which are
also involved in emotional processing (Goel et al., 2009).
Hence, SD-induced disturbances in cortical activity may
lead to specific alterations in individuals’ cognitive and
emotional behaviors (Krause et al., 2017).

The effects of SD on emotions are manifold. First,
insufficient sleep may affect accurate recognition of
sensory (facial, visual, or auditory) stimuli. Forexample, the
accuracy of the facial emotion identification task during
a night of partial sleep restriction can be significantly
reduced (Nasrini et al., 2020). Decreased activity in the
superior parietal lobule and right intraparietal sulcus
may be related to SD-induced visuospatial perception,
memory, and reasoning impairments (Javaheripour et
al., 2019). Second, SD can alter subjective emotional
experiences, increasing irritability and affective volatility
(Horne, 1985), and has a moderate effect on increasing
negative emotions and a large effect on decreasing
positive emotions (Tomaso, Johnson & Nelson, 2021).
Third, SD changes how individuals understand emotions,
impairing emotional regulation (Palmer & Alfano, 2017)
and cognitive control (such as attention and memory)
of emotions (Alhola & Polo-Kantola, 2007; Almondes,
Junior & Alves, 2016; Tempesta et al., 2018). This result
may amplify the negative emotional consequences of
disruptive daytime events while blunting the positive
benefits associated with rewarding or goal-enhancing
activities (Zohar et al., 2005). Finally, sleep conditions
are closely related to psychological health (Li et al.,
2016). Inadequate sleep is a common factor influencing
psychiatric disorders such as anxiety and mood disorders
(Palmer & Alfano, 2017). For example, Pires et al’s
(2016) review found that SD significantly increased an
individual’s anxiety state.

The effect of sleep disturbances on facial emotional
recognition—which is a component of emotional response
that includes emotion category identification and reaction
time (RT)—has been investigated in many studies (Kyle et
al., 2014; Nasrini et al., 2020; van der Helm, Gujar & Walker,
2010). Lack of sleep significantly influences an individual’s
reaction to different emotions, which may impair their
ability to accurately discriminate between threat and
safety signals (Palmer & Alfano, 2017; Tempesta et al,,
2018). Sleep deprivation may impair the viscerosensory
regions of the anterior insula, anterior cingulate cortices,
and subcortical amygdala activity (Goldstein-Piekarski
et al,, 2015; Krause et al., 2017). For example, sleep loss
leads to a generalized, nonspecific increase in amygdala
activity in response to aversive and neutral emotional
visual stimuli, resulting in a shift of the dynamic spectrum
of emotion recognition in facial cues to the direction of
negative emotion (Krause et al., 2017).

Although many studies have investigated the
influence of SD on facial emotion recognition, the results
of different emotion categories vary. In terms of facial
emotion recognition accuracy, Kyle et al. (2014) showed
no difference in the accuracy of recognizing emotions in
participants with or without insomnia, which is similar
to Brand et al. (2018). However, several studies have
shown that the accuracy of recognizing happiness and
sadness differed between participants with and without
SD (Crénlein et al., 2016; Killgore, 2017). Regarding RT
of facial emotion recognition, Cote’s study showed a
significant difference between the SD and control groups,
but null results were found in other studies (Holding et
al.,, 2017; Almondes et al., 2020). Ratings of emotional
intensity also vary among different emotions between
the SD and control groups (Akram, 2020; Kyle et al.,
2014; van der Helm et al., 2010). Almondes et al. (2016)
summarized the relationship between SD and emotion
recognition and the method of facial recognition tasks of
the included studies and showed that SD led participants
take longer to respond and have lower accuracy in
emotion recognition. However, the effect size of the
decline in specific emotional category recognition in
individuals with SD has never been evaluated through a
meta-analysis. Therefore, the purpose of this study is to
identify the effect of SD on emotion recognition regarding
three aspects (accuracy of recognition, RT, and intensity
of emotion recognition) and to determine its effect size.

METHOD

RESEARCH STRATEGY

This systematic review was conducted according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) (Mjp et al, 2021). The
registration number in PROSPERO is CRD42021284929.
A systematic literature search was performed on
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PubMed, Web of Science, Embase, PsychINFO, MEDLINE,
and China National Knowledge Infrastructure for
English and Chinese languages within their complete
timespans until November 2022. Search terms included
(‘Sleep Disorders, Intrinsic’) OR (‘Sleep Initiation and
Maintenance Disorders’) OR (Dyssomnias) OR (insomnia*
OR hyposomnia OR ‘sleep disorders’ OR sleepless OR
anypnia OR agrypnia OR somnipathy OR ‘sleep depriv*’))
AND (‘emotional function” OR ‘emotional accuracy’
OR ‘emotion recognition” OR ‘emotion perception’ OR
‘emotion identification’” OR ‘emotion discrimination’
OR ‘emotion differentiation” OR ‘emotion integration’
OR ‘emotional processing’ OR ‘affective function’” OR
‘affect recognition” OR ‘affect perception’” OR ‘affect
discrimination” OR ‘affect identification’” OR ‘affect
integration’ OR ‘affective processing’ OR ‘facial emotion
recognition’). The reference lists of the retrieved articles
were also manually searched. All identified studies were
collated and uploaded into EndNote X7, and duplicates
were checked and removed.

STUDY ELIGIBILITY

Articles were screened according to the followinginclusion
criteria: (1) participants aged 18 years or older; (2)
acute SD or diagnosed with insomnia using professional
diagnostic tools such as the International Classification
of Sleep Disorders, the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition, or other sleep criteria
(total sleep time [TST]; sleep onset latency [SOL]; wake
after sleep onset [WASO]; sleep efficiency [SE]) monitored
by professional equipment considered insomnia; (3)
control group: normal sleep condition; (4) at least one
emotional recognition task; and (5) sufficient information
to calculate mean differences. Articles were excluded if
they were (1) animal studies; (2) reviews, meta-analyses,
editorials, or conference abstracts; and (3) data from
the same participants reported in previous articles.
Two independent reviewers (Li MY and Ma CF) screened
titles and abstracts to assess eligibility according to the
inclusion and exclusion criteria.

DATA EXTRACTION

Two authors (Li MY and Ma CF) independently assessed
the eligibility of the records. The third author (Wu C)
resolved disagreements between the two authors. The
studies’ basic characteristics (i.e., first author’s name,
publication time, country of study, sample size, age,
sex, emotional recognition task content, and relevant
data), means, standard deviations, and sample sizes
were extracted for both the SD and control groups.
The corresponding author was contacted if the data
in the text or tables were incomplete. If there were
no responses, the data were measured or estimated
according to the figures (mean and standard deviation
or standard error) in articles by two researchers to ensure
the consistency of the measures. The data of different

types of stimuli material (such as Cote’s study (2014)
contains full or morphed faces) were calculated as an
average value.

QUALITY APPRAISAL OF SELECTED STUDIES
We used the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBICAC for Q-Es) to assess the
methodological quality of the studies (Moola et al,
2020; Tufanaru et al,, 2020). The appraisal process was
conducted by two independent reviewers (Li MY and Li
RY) who had completed evidence-based nursing training,
and any differences in opinion were discussed with a
third researcher (Wu C).

STATISTICAL ANALYSIS

Meta-analysis was performed using Review Manager
software. (Review Manager (RevMan) [computer
program] Version 5.4. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration). The effect size
was summarized as the mean difference (MD) and
95% confidence interval (95% CI). Heterogeneity of the
included studies was estimated using I? statistics (Higgins
et al., 2003). The fixed-effects model was used when I?
was < 50%, indicating low heterogeneity. The random-
effects model was used when 12 was > 50% (moderate
heterogeneity) and I? > 75% (high heterogeneity). Leave-
one-out sensitivity analyses and meta-regression were
conducted to detect sources of heterogeneity. Contour-
enhanced funnel plots and Egger’s tests were used to
examine the possibility of publication bias.

RESULTS

STUDY SELECTION

Atotal of 1181 studies were identified. After removing 274
duplicate articles and excluding 871 articles by screening
for titles and abstracts, 36 full texts were read, and 24
articles were further excluded for not meeting the inclusion
criteria (see Figure 1). Finally, 12 studies were included in
the systematic review and meta-analysis. Figure 1 shows
the details of the study selection process. The 12 studies
included 414 participants in the SD group and 399 in the
control group. All participants’ mean age (reported in 10
studies) ranged from 19.7 to 51.6 years. Table 1 presents
the characteristics of the included studies.

QUALITY ASSESSMENT

We used the JBICAC for Q-Es to assess the quality of
the studies. Three studies (Cote et al., 2014; Stenson et
al.,, 2021; van der Helm et al., 2010) were assessed as
Grade A, and nine studies (Akram, 2020; Almondes et
al., 2020; Cronlein et al., 2016; Holding et al., 2017; Huck
et al,, 2008; Killgore, 2017; Kyle et al., 2014; Maccari et
al., 2014; Sack, Broer, & Anders, 2018) were assessed as
Grade B (Table 2).



Li et al. International Review of Social Psychology DOI: 10.5334/irsp.679

Records identified through Records identified through
g data base searching (n = 1174) other sources (n= 7)
5 |
s
=
§ Duplicated removed (n = 274)
v
Title/Abstract screening (n = 907)
0
=z Records excluded by title and
3 abstracts screening (n= 871)
3
Records screened (n = 36)
Full text articles excluded with reasons (n = 24):
< ® Didn’t report result of emotional recognition
task (n =2)
£ ® No emotional Identification task (n = 3)
E ® No facial emotional recognition task (n= 2)
g ® Only deprive nap (n =1)
® (Cross-sectional study (n=1)
® Trial(n=1)
® Conference abstract or review (n = 14)
A 4
Full text assessed for eligibility (n= 12)
=
D
=
=
9
= v
Atrticles included (n =12)

Figure 1 Flow chart of study selection.

EMOTION RECOGNITION ACCURACY

Ten studies (Almondes et al., 2020; Cote et al., 2014,
Cronlein et al.,, 2016; Holding et al,, 2017; Huck et al.,
2008;Killgore, 2017; Kyle etal.,2014; Maccarietal., 2014;
Sack et al., 2018; Stenson et al., 2021) evaluated the
accuracy of emotion category recognition. The results of
the fixed-effects model showed no significant difference
in accuracy across emotion categories between the SD
and control groups (MD = -2.35, 95% CI, -6.08 to 1.38,
12 = 0%; Figure 2A). Eight studies (Cote et al., 2014;
Cronlein et al.,, 2016; Holding et al., 2017; Killgore, 2017,
Kyle et al,, 2014; Maccari et al., 2014; Almondes et al.,
2020; Stenson et al.,, 2021) evaluated positive emotions
(happiness, joy, pleasure, and pride). The results showed
no difference in positive emotion recognition between
SD and control participants (MD = -2.23; 95% CI, -5.41

to 0.96; 12 = 0%, Figure 2B). Nine studies evaluated
negative emotions (fear, sadness, disgust, and anger)
(Cote et al,, 2014; Cronlein et al,, 2016; Holding et al.,
2017; Killgore, 2017; Kyle et al., 2014; Maccari et al,,
2014; Almondes et al., 2020; Sack et al., 2018; Stenson
et al, 2021). The results of the fixed-effects model
showed no significant difference in recognition accuracy
between the SD and control groups across the negative
emotion categories (MD = -2.29, 95% CI, -6.51 to 1.93,
12 = 0%; Figure 2C). The results for overall, positive, and
negative accuracy remained insignificant after the
leave-one-out sensitivity analyses. Seven studies (Cote
et al,, 2014; Cronlein et al., 2016; Holding et al., 2017;
Killgore, 2017; Kyle et al., 2014; Almondes et al., 2020;
Sack et al., 2018) reported a single emotion category
recognition task. All the seven studies evaluated anger
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STUDY 1 2 3 4 5 6 7 8 9 GRADE
Almondes et al. (2020) Y Y u Y N Y Y Y Y B
Holding et al. (2019) Y Y Y Y N Y Y Y Y B
Kyle et al. (2014) Y Y Y Y N Y Y Y Y B
Maccari et al. (2014) Y NA NA N Y Y Y Y Y B
Cronlein et al. (2016) Y Y Y Y N Y Y N Y B
Akram et al. (2020) Y Y Y Y N Y Y Y Y B
van der Helm et al. (2010) Y Y Y Y N Y Y Y Y A
Killgore et al. (2017) Y NA NA N Y Y Y N Y B
Sack et al. (2018) Y Y Y Y N Y Y Y Y B
Stenson et al. (2021) Y Y Y Y Y Y Y Y Y A
Cote et al. (2014) Y Y Y Y Y Y Y Y Y A
Huck et al. (2008) Y NA NA N Y Y Y Y Y B

Table 2 Quality Assessment of Selected Studies.
Capital letters:
Y: Yes; N: No; U: Unclear; NA: Not applicable.

A: All of the items were assessed as “Yes”; B: part of the items was not assessed as “Yes”; C: none of the items were assessed as “Yes.”

D. Accuracy Anger

E. Accuracy Fear

A. Accuracy SD group Cgroup Mean Difference Mean Difference
Study or Subar SD_To D _Tot i cl %
Cote KA 2014 8091 2879 24 8463 2712 25 57% -372(19.39,11.95) T
CronleinT 2016 78275 3238 25 845 3123 24 44% -622[24.04,1159)

deAlmondesKM2020 8261 6407 11 8841 713 15 05% »ssnlﬁam 46.50)

Holding BC 2017 4238 4837 90 4319 4787 91  74% -0.81(1483,1321) —
HuckNO 2008 87.22 1425 14 8554 1585 14 111% 168(-943 1284) I
Killgore W 2017 9166 27.22 54 9196 2301 54 154%  -030(981,921) -
Kyle SD 2014 9102 1165 15 9372 7.07 16 207%  -270(954.414) -
Maccari L 2014 7067 1364 18 7633 1512 18 157% -566(1507,375) —=T
Sack 2018 5512 667 40 5472 6656 50 18% 040(27.31,2811) — T
Stenson AR 2021 9075 2581 40 935 2236 20 87% -275[15.0,9.90) -
Total (95% CI) 331 327 100.0%  -2.35[:6.08,1.38] 4
Heterogeneity: Tau®= 0.00; Chi*=1.48, df= 9 (P = 1.00); F= 0%

Testfor overall effect: Z=1.24 (P = 0.22)

-100 -50
Favours [experimental] Favours [control]

100

B. Accuracy-Positive g, .., Cgroup Mean Difference Mean Difference
r n T Mean Total Weight 1V, Fixe % Cl 1V, Fixe 1
Cote KA 2014 9075 1837 24 905 612 25 17.0%  0.25[7.48,7.98)
CronleinT 2016 8855 225 25 9345 2295 24 63% -4.90[17.63,7.83] .
deAmondesKM2020 9363 5276 11 9363 5545 15 06% 0.00[-41.95,4195)
Holding BC 2019 645 48 90 67 465 91 5.4% -250116.27,11.27] —
Killgore W 2017 9333 2219 54 0423 166 54 186%  -0.84(8.23,655) — T
Kyle SD 2014 977 1073 15 99 874 16 213% -1.30[822,562) T
Maccari L 2014 76 1073 18 81 873 18 249% -500(11.39,139] —
Stenson AR 2021 91 274 40 935 2236 20  60% -250(15.47,1047] ——
Total (95% CI) 263 100.0%  -2.23[-5.41,0.96] -
Heterogeneity: Chi*= 1.51, df=7 (P= nas)xa 0% % = 5 %
Tostiocoviall sfect 2= 1.37 @ =0.17) Favours [experimental] Favours [control]
C. Accuracy-Negative
$Dgroup Cgroup Mean Difference Mean Difference
tudy or Subgroup Mean SD_Total Mean D_Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Cote KA 2014 7121 2041 24 7621 1122 25 207% -5.00(14.27,4.27) =
CronleinT 2016 7325 3927 25 8003 3952 24 3.7% -6.78(28.86,1629) —_—
deAmondesKM2020 803 7462 11 8394 666 15 06% -3.64[59.14,51.86]
Holding BC 2017 5125 4875 90 5225 4925 91 87% -1.00(15.28,13.28) — T
Killgore W 2017 8993 3226 54 8968 2043 54 131% 025(11.40,11.90) —
Kyle SD 2014 8433 155 15 8843 1133 16 193% -410[13.71,551) —T
Maceari L 2014 731247 18 72 162 18 200% 1.00(8.44,10.44) -1
Sack 2018 511 667 40 5473 6657 50 23% 0.38(27.33,28.09) —
Stenson AR 2021 %05 205 40 635 ;w2 1% -3.00 (1534, 0.34) —_—
Total (95% CI) 37 313 100.0% -2.29[-6.51,1.93] <
Heterogeneily: Ch=1.35, df= 8 (P = 0.99); F= 0% Y

std. Mean Difference

Sogroup

Coroup Std. Mean Difference

ro an e otal Wel IV, Rando
comKAznu 7512 1553 20 1637 1041 P ~009[n65 om .
Crénlein T 2016 806 357 25 952 714 24 91%  -026 . I
deAlmondeskM2020 8454 7236 11 741 668 15 48% 015 [ ) —
Holding BC 2017 71 46 90 68 47 91 340% 0060 23 n 36) T
Killgore W 2017 854 4703 54 836 4408 54 203%  004[034, =1

Kyle SD 2014 803 151 15 813 152 16 58%  -006[077,064) T
Sack2018 425 6917 40 4328 7402 50 167%  -0.01 [-n.nA 041 —

Total (95% C) 259 275 1000%  -0.00(0.17,0.47) <
Heterogeneity: Tau*= 0.00; Chi*= 1.29, df= 6 (P = 0.97); = 0%

Testfor overall effect Z= 0.00 (P = 1.00)

SDoroup Coroun

Yo N 50 25 25
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Figure 2 Forest plot of comparison of emotion recognition accuracy.

and sadness; six studies evaluated happiness (Cote
et al,, 2014; Cronlein et al., 2016; Holding et al., 2017,
Killgore, 2017; Kyle et al., 2014; Almondes et al., 2020);
five studies evaluated fear (Cote et al.,, 2014; Killgore,
2017; Kyle et al., 2014; Almondes et al., 2020; Sack et al.,
2018); three studies evaluated disgust (Cronlein et al,,
2016; Holding et al., 2017); and two studies evaluated
anxiety (Cronlein et al., 2016; Killgore, 2017; Holding et
al.,, 2017) and surprise (Cronlein et al., 2016; Killgore,
2017). As seen in Figure 2 D-G, there was no difference
in fear and anger recognition accuracy between the SD

and control groups (anger: MD =-0.00; 95% CI, -0.17 to
0.17; 12 = 0%; fear: MD = -1.65; 95% (I, -6.46 to 3.16;
12 = 0%), whereas the SD group performed poorer than
the control group in recognizing sadness and happiness
(sadness: MD = -4.35; 95% (I, -7.99 to -0.71; I? = 0%;
happiness: MD = -1.75; 95% CI, -3.25 to -0.26; I? = 0%).
The statistical significance of anger, fear, and sadness did
not change after the leave-one-out sensitivity analyses,
but happiness became statistically insignificant when
Killgore et al.’s (2017) study was removed (MD = -1.68;
95% (I, -5.06 to 1.70; I? = 0%).
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One study (Sack et al.,, 2018) analyzed the effect of
stimulus length on accuracy. The results showed that
the length of the video had a significant effect on total
accuracy (F = 8.8, p < 0.001), the total accuracy being
higher with the longer stimulus (8-10s) than with the
shorter stimulus (2-4s). There was also an interaction
effect between sleep condition and stimulus length; the
total accuracy was significantly higher in the SD group
when using the 8-10s stimulus but the difference was not
significant when using the 2-4s stimulus (control group,
2-4 s videos, T = — 0.02, p > 0.200; 8-10 s videos, T =
2.5, p = 0.008). When recognizing the same length facial
emotional video among single category emotions (anger,
disqust, fear, and sadness), the difference was also not
significant between the different sleep conditions.

Subgroup analyses based on the type of negative
emotion recognition task (static and dynamic emotion)

showed that the difference in accuracy between the SD
group and control group was neither significant in static
nor dynamic emotions (static: MD=-2.51, 95% (I, -6.99
to 1.96, I?= 0%; dynamic: MD = 0.50, 95% CI, -24.02 to
25.01, I?= 0%), and there was no significant subgroup
difference.

EMOTION REACTION TIME

Six studies (Almondes et al., 2020; Cote et al, 2014;
Holding et al., 2017; Maccari et al., 2014; Sack et al.,
2018; Stenson et al.,, 2021) reported RT for recognizing
emotions, and one study (Sack et al., 2018) reported only
the average RT across emotion recognition. The results
of a fixed-effects model showed that the SD group
required longer RT for recognizing emotions than the
control group (MD = 70.18, 95% (I, 24.40 to 115.97, I*=
0%; Figure 3A). Five studies evaluated positive emotions

Test for overall effect Z= 2.13 (P=0.03)
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Figure 3 Forest plot of comparison of emotion reaction time.
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(Almondes et al., 2020; Cote et al., 2014; Holding et al.,
2017; Maccari et al., 2014; Stenson et al.,, 2021), and six
studies evaluated negative emotions (Almondes et al.,
2020; Cote et al., 2014; Holding et al., 2017; Maccari et
al., 2014; Sack et al., 2018; Stenson et al., 2021). The SD
group reacted significantly longer to positive (MD = 62.35;
95% (I, 5.08 to 119.61; I2 = 0%; Figure 3B) and negative
emotions (MD = 68.16; 95% CI, 14.38 to 121.94; I? = 0%;
Figure 3C) than the control group. Sensitivity analyses
revealed that the effect size became not significant for
the total (MD =45.26; 95% (I, -10.12 to 100.64), positive
(MD = 52.57; 95% CI, -15.57 to 119.77), and negative
(MD = 55.27; 95% CI, -3.95 to 114.49) emotion RT when
excluding Cote et al.’s (2014) study.

Four studies (Almondes et al., 2020; Cote et al., 2014;
Holding et al., 2017; Sack et al., 2018) reported RT for
single emotion recognition. As seen in Figure 3 D-F, the
RT of anger (MD = 116.98, 95% CI, 25.78 to 208.18; I> =
0%), fear (MD = 95.14, 95% CI, 0.74 to 189.54; 1> = 0%);),
and sadness (MD = 161.88, 95% CI, 61.82 to 261.94; I?
= 0%) of the SD group was significantly longer than that
of the control group. Sensitivity analyses revealed that
the effect became insignificant for those three single
emotions when excluding Cote et al’s (2014) study
(anger: MD = 45.26, 95% CI, -282.51 to 427.59; fear:
MD = 55.27, 95% CI, -428.50 to 642.52; sadness: MD =
-75.22,95% (I, -574.99 to 424.56).

EMOTIONAL INTENSITY

Four studies (Akram, 2020; Kyle et al., 2014; Stenson
et al,, 2021; van der Helm et al,, 2010) reported the
results of recognition of emotional intensity. One study

(Akram, 2020) reported the intensity recognition of
neutral emotions, and the other three studies reported
the intensity rating of anger (Kyle et al., 2014; Stenson
et al,, 2021; van der Helm et al., 2010), fear (Kyle et al.,
2014), happiness (Akram, 2020; Kyle et al., 2014; van
der Helm et al., 2010), and sadness (Akram, 2020; Kyle
et al., 2014; van der Helm et al.,, 2010). No significant
difference was observed between the two groups in
intensity rating across emotion categories (0.11; 95% CI,
-0.15 t0 0.36, I? = 0%; Figure 4A). The difference was not
significant in positive intensity rating (SMD = -0.05; 95%
CI, -0.41 to 0.31, 12 = 23%, Figure 4B). The difference in
negative intensity was also not significant between the
two groups (SMD =-0.06; 95% CI, -0.42 to 0.30, I> = 0%,
Figure 4C).

Evidence suggests a sex difference in insomnia and
depression, with female participants being particularly
sensitive to the interaction of mood disorders and sleep
abnormalities (Salk, Hyde & Abramson, 2017; Suh, Cho
& Zhang, 2018). A study by van der Helm et al. (2010)
explored gender differences in the effect of SD on
emotional intensity ratings and found that the intensity
rating of female participants in the SD group was
significantly lower in the recognition of anger emotions
(MD = -0.22; 95% (I, -0.40 to -0.04), and there were
no differences in male participants (anger: MD = -0.04;
95% (I, -0.45 to 0.37). Intensity ratings of happiness
and sadness were not significant in either female or male
participants (happiness: female: MD = 0.15; 95% CI, -0.09
t00.39, male:MD=-0.18;95% CI, -0.51 t0 0.15; sadness:
female: MD = -0.03; 95% CI, -0.26 to 0.20, male: MD =
-0.10; 95% CI, -0.54 to 0.34).
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Figure & Forest plot of comparison of emotional intensity.
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META REGRESSION

The number of label choices may influence the
participant’s accuracy in reacting to emotions; hence,
we added this variable to the meta-regression model.
The number of label choices did not significantly
influence the meta-analysis results (SE = 0.87, 95%CI:
[-1.17, 2.24], p > 0.1). Meta-regression showed that the
number of label choices did not significantly influence
the results of RT (SE = 24.43, 95%CI: [-32.75, 62.99],
p>0.1).

PUBLICATION BIAS

Visual inspection of the funnel plot showed near
symmetry (Figure 5A) for the total emotional recognition
accuracy. Egger’s test identified no significant publication
bias (t = -0.07, 95%Cl: -2.22 to 1.98, p = 0.95). The
contour-enhanced funnel plots of RT and intensity
rating showed that almost all studies lay in the regions
of p > 0.1, and the distribution of studies was almost

symmetrical (Figure 5B, C), indicating a low possibility of
publication bias.

SUMMARY OF FINDINGS

Table 3 shows the findings of primary outcomes assessed
according to the GRADE approach (Guyatt et al., 2011). We
summarized seven primary outcomes according to the
Cochrane guidelines of Completing Summary of Findings
tables and grading the certainty of evidence (Higgins &
Thomas, 2022). All the outcomes started with low quality
because the studies were not randomized control studies,
and no outcomes upgrade the certainty of the evidence
owing to not finding a large effect, dose-response, or
plausible confounding. Hence, dll the study outcomes
were identified as ‘low quality’ (see Table 3 for details).
However, the quality assessment results showed that all
the included studies had a sound methodological quality
using the JBICAC for quasi-experimental studies (Table 2),
which proved the reliability of the evidence to some extent.

A. Accuracy

C. Intensity

s

0

Standard Error

15

»

»

Mean Difference

Mean Difference
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Figure 5 Funnel plot of the emotion recognition accuracy, emotion reaction time, and emotional intensity.

OUTCOMES PARTICIPANTS (n) INTERVENTION VS. COMPARATOR MEAN QUALITY OF
DIFFERENCE (95% CI) EVIDENCE

SD GROUP CONTROL GROUP

Total Accuracy acute SD: 280 normal sleep: 327 -2.35% [-6.08, 1.38] lower across the emotion Y Y=)=)
insomnia: 51 (10 studies) category accuracy

Positive emotional acute SD: 226 normal sleep: 263 2.23% [-5.41, 0.96] lower in positive emotion DPOO

accuracy insomnia: 51 (10 studies) accuracy

Negative emotional acute SD: 266 normal sleep: 313 2.32% [-6.55, 1.90] lower in negative emotion DO

accuracy insomnia: 51 (9 studies) accuracy

Total RT acute SD: 202 normal sleep: 208 reacting 70.18ms [24.40, 115.97] longer across the Y Y=T=)
insomnia: 11 (6 studies) emotion categories

Positive emotional RT acute SD: 162 normal sleep: 158 reacting 62.35ms [5.08, 119.61] longer in positive Y Y=T=)
insomnia: 11 (5 studies) emotions

Negative emotional RT  acute SD: 202 normal sleep: 208 reacting 68.16ms [14.38, 121.94] longer in negative dDOO
insomnia: 11 (6 studies) emotions

Intensity acute SD: 57 normal sleep: 112 rating 0.11% [-0.15 to 0.36] lower across emotions [V Y=T=)
insomnia: 78 (4 studies)

Table 3 Summary of Findings.

Abbreviation: SD, sleep deprivation.
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DISCUSSION

The present meta-analysis included 12 studies to
examine and compare the accuracy and RT of emotion
recognition between the SD and normal sleep groups.
Overall, the SD group performed more poorly (i.e., with
lower accuracy) on recognizing the sadness emotion,
but not on other emotional-category recognition. The SD
group’s RT was significantly longer than that of the normal
sleep condition across positive and negative emotions.
Sleep deprivation did not affect the recognition of facial
emotion intensity. The findings indicated that acute SD
may not impair the recognition of positive emotions and
most negative emotions, except for sadness, but leads to
longer processing times for negative emotions.

The results of accuracy and RT proved that SD impairs
the perception of emotional expressions (reflected
in impaired emotional recognition accuracy) and the
speed of processing emotions (reflected in longer RT).
We found that SD had a significant effect only on the
recognition accuracy of sadness. This may be because,
compared to fear and anger, sad faces are relatively
less salient or important for one’s survival and well-
being. As sadness is characterized by low arousal and
negative valence, individuals may need more effort or
control over processing when cognitive resources are
affected by challenges such as SD. The dorsolateral
prefrontal cortex (PFC) is an important brain area
involved in distinguishing facial emotions (Yoo et al.,
2007a), which is also sensitive to sleep loss (Takeuchi
et al., 2018). Sleep deprivation could impair prefrontal
connections with subcortical and temporoparietal areas.
These connections are important for visual cognition
and emotional perception such as the process of facial
recognition and perception (Motomura et al, 2014).
Another possible neurobiological explanation is that
sadness emotions may be processed differently because
they are associated with lower autonomic and central
nervous system arousal. Sadness recognition may,
therefore, be particularly vulnerable during SD because
arousal of these systems is profoundly impacted during
long-term wakefulness (Cote et al., 2014).

Overall, in the emotional classification task, the
response time of the SD participants was longer than
that of the control group participants. Specifically,
SD participants took longer to recognize negative
emotions than the control group, but the difference
was not significant for recognizing positive emotions.
In this study, participants took longer to recognize
negative emotions than positive emotions. This
suggests that SD causes individuals to spend more time
identifying emotions, especially negative ones. From
the perspective of attention, extended SD can cause
attentional impairments. Chee et al. (2011) showed that
SD can lead to reductions in functional MRI signals in
the dorsolateral PFC and intraparietal sulcus, which are

related to impaired executive function and attention.
Sleep deprivation can decrease task-related activity in
the frontal and parietal regions and diminish activity
in and connectivity with the extrastriate visual cortex
during attention tasks. This may result in deficiencies
in attending to specific stimuli. From the perspective of
neurobiological mechanisms of RT differences in positive
and negative emotions, participants react differently
to positive and negative emotions in the amygdala,
orbitofrontal cortex, and medial prefrontal cortex.
Impairment in the amygdala has a broad adverse
impact on recognizing negative valence emotions
(including anger, fear, and disqust) (Gallagher & Chiba,
1996), and individual impairment in the orbitofrontal
cortex could decrease their ability to recognize fear
(Adolphs, 2002). Disrupting processing within the medial
prefrontal cortex would make participants spend longer
recognizing angry faces (Harmer et al.,, 2001). Hence,
PFC impairment and its connections with other brain
regions (including the amygdala) decreases caused by
SD may be why the SD group takes longer to respond to
negative emotions.

Regarding emotional intensity, we did not find a
significant difference between SD groups and control
groups, and the effects of different studies cross zero
(Cross emotion: -0.15 to 0.36; Positive emotion: -0.41
to 0.31; Negative emotion: -0.42 to 0.30). The results of
our meta-analyses did not corroborate (total effect of
intensity not significant) the brain mechanism observed
in a previous study, which indicates that SD may lead
to reduced connectivity with medial and orbito-frontal
areas, which would decrease the threshold of emotional
reactivity across different affects (Yoo et al., 2007b).
However, the results show a tendency in the total
effect that the recognition of intensity of SD groups
was lower than control groups (Figure 5), verifying the
previous mechanism to some extent. Moreover, there
may be differences in emotion processing between
experimental and real-life environments. Some studies
asked participants to complete the selection and rating
of each emotional stimulation quickly (Maccari et al.,
2014; Stenson et al,, 2021), which is different from real
social conditions where people always have enough
time to ponder the outside world’s emotional stimuli.
Moreover, sex differences may exist in the recognition
of emotional intensity as seen in one study: female
participants in the SD group recognized less intensity of
anger compared to the control group, but this difference
was not significant in male participants (van der Helm
et al, 2010). The possible neurobiological mechanism
was that women showed greater homeostatic sleep
sensitivity and drive than men, such that small changes
in sleep conditions could trigger a stronger sleep rebound
in female than male participants. This sensitivity may
explain the consistent effect imposed by sleep loss in
female participants (van der Helm et al., 2010). However,
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the mechanisms underlying sex differences in emotional
reactivity to different categories of emotions need to be
further explored.

LIMITATIONS AND IMPLICATIONS

Three types of SD have been identified in previous studies:
acute SD (referring to wake periods that last one or two
days) (Cirelli et al., 2023), chronic SD (curtailed sleep
that persists for three months or longer) (Sateia, 2014),
and chronic sleep deficiency or insufficient sleep (sleep
fragmentation or other disruptions caused by ongoing
SD or poor sleep) (Suni, 2022). In this review, chronic
SD was defined as insomnia symptoms that continued
for more than one month, and acute SD was defined as
continuously depriving sleep for 20 hours at least. Other
SD conditions, such as sleep apnea, rapid eye movement
SD (such as nap deprivation), sleep restriction, and
medicine- or caffeine-caused SD, were not included in this
review (Gujar, McDonald, Nishida & Walker, 2011; Huck
et al., 2008; Smith et al., 2021). The impact of different
types of SD on emotional recognition should be clarified
in future studies. Moreover, in those studies of acute
passive SD, we extracted only one-day (almost 24 hours)
SD data, and a few studies (Huck et al., 2008) reported
longer SD times and recovery effects. Therefore, the time
effect and resilience of SD on emotional recognition were
not examined in this review, which could be a future
research direction.

There are also some implications for the development
of theories and clinics. Regarding the Gross model of
emotional regulation, the process of emotion regulation
including situation selection, attentional deployment,
cognitive change, and response modulation (McRae
& Gross, 2020), Palmer and Alfano (2017) found that
sleep loss could influence emotional regulation through
the process of attentional deployment for that SD
impaired the efficacy of distraction which may decrease
individuals’ ability of emotion regulation. This study
further found that SD could impair individuals’ attention
to negative emotions, leading them to take a longer time
to recognize negative emotions. This means that it would
harder to distract individuals with sleep loss from negative
emotions, which may deteriorate their mood. Hence,
developing and using distraction strategies may be an
efficient intervention for solving emotional problems in
patients with SD. These distraction strategies have been
confirmed to be effective in patients with depression and
anxiety (Efinger, Thuillard & Dan-Glauser, 2019; Smoski,
LaBar & Steffens, 2014).

CONCLUSION

Sleep deprivation slows an individual’s reaction to
negative emotions and weakens the ability to recognize

sadness accurately. The effects of SD on single emotion
category recognition are not consistent owing to the
diverse SD conditions and emotional recognition tasks.
It affects individuals’ emotional states by impairing
their ability to distract themselves from negative
emotions.
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