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Abstract

Background and Objectives: Separate lines of research indicate sleep quality may impact
recognition of facial expressions in anxious or depressed individuals. This study examined
facial emotion recognition ability in the context of self-perceived sleep quality and anxiety and
depression symptom levels in individuals with and without internalizing psychopathologies.

Methods: Seventy anxious and/or depressed patients and 24 demographically matched healthy
controls completed the Pittsburgh Sleep Quality Index (PSQI), standard measures of anxiety and
depression, and an Emotion Recognition Task comprising negative and positive facial expressions.

Results: Analyses of variance results revealed patients reported worse sleep quality than
controls. Linear mixed-effects models indicated that all participants demonstrated better emotion
recognition abilities in identifying positive versus negative emotions. For reaction time, but not
accuracy, regression results revealed significant individual differences, with worse sleep quality
predicting slower reaction times for positive faces, specifically for happiness.

Limitations: The use of a subjective measure of sleep quality and a specific behavioral paradigm
for emotion recognition may impact the generalizability of the findings.

Conclusions: Associations between task performance and emotional valence of facial
expression implies that poor sleep quality, beyond internalizing symptom severity, may disrupt
emotion processing.
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1. Introduction

The ability to recognize facial expressions accurately and efficiently plays a critical role

in everyday social behavior and interactions. For instance, emotion recognition is related

to social adjustment, with lower accuracy corresponding with decreased social competency
and peer interactions (Leppanen and Hietanen, 2001). The speed in which individuals
recognize and process emotions has also been linked to proficiency in social interpretations
and reciprocity (Sonneville et al., 2002). Therefore, emotion recognition difficulties may
result in adverse interpersonal consequences, which could impact psychological well-being
(Carton et al., 1999; Persad and Polivy, 1993). A factor that is expected to play a role

in emotion recognition is sleep. For example, sleep deprivation studies involving healthy
individuals or convenience samples (Killgore et al., 2017; Maccari et al., 2014; Sack et al.,
2019; van der Helm et al., 2010) show insufficient sleep impairs emotion recognition ability
and increases the time to identify the expression of a face in general (Cote et al., 2014;
Pallesen et al., 2004). Also, studies of insomnia disorder in individuals free from psychiatric
illness show links between symptoms of insomnia and reduced emotion recognition ability
(e.g., lower accuracy, slower response time, compromised ratings of emotion intensity) (de
Almondes et al., 2020; Kyle et al., 2014; Zhang et al., 2019).

Yet, despite interactions between sleep and emotion recognition, findings have been
inconsistent with regard to the type of emotion conveyed by a facial expression. For
example, sleep deprivation was shown to reduce accuracy in healthy participants when
identifying subtle displays of happiness and sadness but not surprise, fear, disgust, or anger
(Killgore et al., 2017). In another study where healthy participants rated the emotional
intensity of faces, sleep loss blunted recognition for anger and happiness but not sadness
(van der Helm et al., 2010). In a study of insomnia disorder, patients took longer to identify
displays of happiness, fear, anger, and sadness but only exhibited less accuracy for fear
compared to healthy controls (de Almondes et al., 2020). Comparatively, another study
found no difference in task performance between groups though patients with insomnia
rated facial expressions of sadness and fear as emotionally less intense than controls (Kyle
et al., 2014). Lastly, studies have also reported a lack of associations between emotion
recognition ability and sleep deprivation (Holding et al., 2017) or insomnia (Brand et al.,
2019). Despite mixed findings, the majority of findings suggest sleep loss has the potential
to impair emotion recognition, and insufficient sleep may interact with the valence of facial
expressions (i.e., positive or negative).

Another important factor that contributes to aberrant emotion recognition facility is
psychopathology. Meta-analysis studies (irrespective of sleep considerations) have found
both anxiety and depressive disorders to be linked to reduced accuracy in emotion
recognition performance (Demenescu et al., 2010). Additionally, the socio-emotional signal
of expressions may interact with psychopathology. For example, negative facial expressions
are associated with shorter reaction times in anxiety and depression, indicative of a
‘negativity’ bias (Bar-Haim et al., 2007; Peckham et al., 2010). Even in remission, response
bias is evident as individuals with a history of depression had higher accuracy for negative
faces (i.e., sadness, anger, fear) relative to healthy controls (Anderson et al., 2011). In
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line with negativity bias, a mismatch between the emotional content of expressions and
primary psychiatric illness may also impact task performance. For example, in a study that
manipulated the intensity of emotions presented, depressed individuals required happiness
to be of greater intensity to accurately identify than healthy controls (Joormann and Gotlib,
2006). Findings highlight the impact of psychopathology on emotion recognition. However,
negativity bias in anxiety or depression is of a moderate effect size (Bar-Haim et al., 2007,
Peckham et al., 2010) suggesting other factors may contribute to bias. In light of reports

of sleep-emotion recognition interactions, it stands to reason sleep quality may factor into
aberrant emotion recognition in individuals with psychopathology.

Though problematic sleep is ubiquitous and often studied in individuals without
psychopathology, less is known about sleep-emotion relationships in individuals with
psychopathology. In general, more than one-third of the U.S. population reported sleeping
less than the recommended 7 hours in a 24-hour period (Liu et al., 2016), inclusive of
individuals who are unable or choose not to sleep for a longer duration. In internalizing
psychopathologies, problematic sleep is also highly prevalent (Almeida and Pfaff, 2005;
Mellman, 2006; Raffray et al., 2011). Findings have been mixed in studies of sleep
deprivation, showing a reduction of clinical symptoms in some but the worsening of
symptoms in others (Babson et al., 2010; Roy-Byrne et al., 1986). Moreover, research
beyond lab-based sleep interventions is needed to evaluate the effects of naturalistic sleep on
emotion processing across anxious and depressed patients, given evidence that self-reported
poor sleep exacerbates symptom severity in internalizing conditions (Cox and Olatuniji,
2016; Liu et al., 2007; Zalta et al., 2013). Poor sleep quality may have an additive impact
on emotion recognition performance in anxiety or depression in light of negative bias
tendencies.

Therefore, the objective of the present study was to expand on previous findings. In line with
the literature, we expected individuals with an internalizing psychopathology to report more
problematic sleep in the clinical range compared to healthy controls. Since problematic sleep
is transdiagnostic, we hypothesized levels of poor sleep quality would be similar between
anxious and depressed individuals (Almeida and Pfaff, 2005; Cox and Olatunji, 2016). We
also anticipated that worse sleep would correspond with less accuracy and slower response
times during emotion recognition across participants, regardless of anxiety and depression
severity. Moreover, we hypothesized worse sleep quality would magnify negativity bias.
Therefore, we expected lower accuracy and longer response times for positive faces and
higher accuracy and shorter response times for negative faces across participants but that this
effect would again be driven by patients. Lastly, we explored diagnostic status as anxiety
and depression may have a differential effect on emotion recognition (e.g., Mathews and
MacLeod, 2005; Oehlberg et al., 2012).

2. Materials and Methods

2.1. Participants

The study is based on a secondary analysis of data collected from a treatment outcome
study that was designed in accordance with the Research Domain Criteria (RDoC) initiative
by the National Institute of Mental Health that focused on internalizing psychopathologies.

J Behav Ther Exp Psychiatry. Author manuscript; available in PMC 2023 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chang and Klumpp

Page 4

Participants were recruited from referrals in local outpatient clinics and the community
through sources including flyers, newspapers, and online advertisements. All participants
completed a consent form approved by the local Institutional Review Board. A master’s-
level or a PhD/MD clinician performed the Structured Clinical Interview for DSM-5
Disorders (‘SCID-5"; First et al., 2015) and clinician-administered measures with all
participants. Participants were enrolled if they were 18 to 65 years old, inclusive, and
treatment-seeking patients were required to have at least one DSM-5 anxiety or depressive
disorder.

The study emphasized transdiagnostic features of psychopathology as opposed to a
categorical approach focused on principal diagnosis. Therefore, participants were required
to have a total score of = 23 on the Depression, Anxiety, and Stress Scale (‘DASS-21’;
Lovibond & Lovibond, 1995). The DASS-21 is based on a dimensional, as opposed to a
categorical conception of psychopathology, thus ratings on each subscale (i.e., depression,
anxiety, stress) represent symptoms that range from normal to extremely severe (Lovibond
and Lovibond, 1995). Accordingly, the cut-point of = 23 is indicative of at least moderate
levels of symptom severity, regardless of primary complaint, that both warrants treatment
and captures a range of symptoms associated with internalizing psychopathologies.

Participants were primarily female (7= 60; 63.8%), and the average age was 25.99 +

7.68 years. With regard to diagnosis, treatment-seeking patients met criteria for generalized
anxiety disorder (n7 = 30), social anxiety disorder (= 17), panic disorder (7= 4), post-
traumatic stress disorder (n7= 2), or major depressive disorder (7= 17). Comorbidity was
permitted (see Table 1). To explore possible differences regarding diagnostic status, patients
were assigned to an ‘anxiety disorder’ (AD) group or ‘major depressive disorder’ (MDD)
group. Due to the small number of patients with posttraumatic stress disorder (7= 2),

these patients were assigned to the AD group. Additionally, 24 demographically-matched
healthy controls (HC) completed the same assessments and tasks at the same time points
as patients. Table 2 shows the breakdown by diagnostic groups of participant demographic
characteristics.

Healthy participants could not have current or lifetime history of an Axis | disorder.
Exclusion criteria for all participants included current treatment (medication or
psychotherapy), a major medical or neurological problem, lifetime history of major
psychiatric illness (e.g., bipolar disorder, psychaotic disorder), active suicidal ideation,
cognitive dysfunction (e.g., traumatic brain injury, pervasive developmental disorder), and
current substance abuse or dependence (within the past 6 months). All participants were
monetarily compensated for their time, and all procedures complied with the Helsinki
Declaration.

2.2. Sleep measure

The Pittsburgh Sleep Quality Index (‘PSQI’; Buysse et al., 1989) was used to assess
self-perceived sleep. The PSQI is a 19-item self-report instrument which assesses sleep
quality over a 1-month time period, with validated internal homogeneity, consistency, and
validity (Carpenter and Andrykowski, 1998). It is commonly used as a measure of sleep in
clinical and research settings (Mollayeva et al., 2016). PSQI items contribute to 7 component
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scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleeping medication, and daytime dysfunction. The sum of these
component scores yield a total global score. Global scores range from 0 to 21, with higher
scores representing worse sleep. A PSQI global score > 5 denotes clinically problematic
sleep (Backhaus et al., 2002; Buysse et al., 1989).

2.3. Emotion recognition task

The Emotion Recognition Task (ERT) was drawn from the Cambridge Neuropsychological
Test Automated Battery (‘“CANTAB’; Sahakian & Owen, 1992), which consists of a series
of computerized neuropsychological tests designed to assess a range of cognitive domains.
CANTAB has been shown to have reliable and valid sensitivity to cognitive impairments in
psychiatric populations (Lowe and Rabbitt, 1998). For the ERT, participants were presented
with 6 emotional expressions — happiness, sadness, anger, disgust, surprise, and fear along a
continuum of expression magnitude. Each expression was a computer-morphed image based
on 12 different individual males performing the emotion. More specifically, a composite
face was generated by delineating each of the 12 original images with 172 facial feature
points that allowed both shape and color to be averaged. The composite faces displayed

the 6 emotions, and within each emotion there were 15 different levels of intensity (i.e.,
neutral/ambiguous to full/lunambiguous expressions). Each stimulus (i.e., emotional face of a
given intensity level) was pseudorandomized and presented only once per block.

Each expression was displayed on the screen, one at a time, for 200 milliseconds followed
by a mask to prevent residual processing of the image. Subsequently, participants were
presented with a list of emotion labels (i.e., happiness, sadness, anger, disgust, surprise, and
fear) and instructed to select which emotion the preceding face displayed as quickly and
accurately as possible. A fixation cross appeared on screen between stimuli presentations.
There were 180 trials, separated into two blocks of 90 trials each. Within each block, the
number of trials was distributed equally across the 6 emotions for 15 trials per emotion. The
total duration of the task was approximately 10 minutes.

In the ERT, responses were considered correct if participants matched the emotion with its
corresponding label in each trial. Thus, accuracy was assessed as the percentage of correct
responses, which was determined as the proportion of the number of correct trials divided
by the number of trials displayed for each emotion. Reaction time, in milliseconds (ms), was
based on the time it took to accurately identify the target emotion.

2.4. Anxiety and depression measures

Primary clinician-administered measures were the Hamilton Anxiety Rating Scale
(‘HAMA’; Hamilton, 1959) and the Hamilton Depression Rating Scale (‘HAMD’;
Hamilton, 1960). The HAMA is a 14-item clinician-administered assessment of anxiety,
evaluating worries, trouble sleeping, fears, tension, chest pain, shortness of breath, and
fidgeting over the period of a week. The HAMD is a 21-item clinician-administered
assessment of depression, evaluating feelings of sadness/hopelessness, trouble sleeping, loss
of interest, loss of appetite, and irritability over the period of a week. Greater total scores
indicate higher levels of anxiety or depression, respectively.
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2.5. Analytic approach

Analysis was limited to pre-treatment data. To examine relationships with sleep, as indexed
with PSQI global score, in addition to levels of anxiety and depression, sleep-related
questions in the HAMA and HAMD were removed. To evaluate overall task performance
and determine whether participants exerted adequate effort, we report average accuracy and
average reaction time for accurate trials across all emotional facial expressions across all
participants.

To test the hypothesis of a significant difference in sleep quality between patients and
healthy controls but not between patient groups (AD vs. MDD), a one-way analysis of
variance (ANOVA) was performed. Significant results were followed by Tukey’s Honestly
Significant Difference (HSD) post-hoc test.

Due to mixed findings in prior studies, we did not have hypotheses for specific emotions.
Therefore, to reduce multiple comparisons, we evaluated the emotional valence of

facial expressions when examining potential interactions between sleep quality and task
performance. Specifically, positive valence comprised average accuracy and reaction time
for happiness and surprise, and negative valence, the average accuracy and reaction time
for sadness, anger, disgust, and fear. If results were significant, follow-up analysis was
performed to determine whether a particular emotion(s) explained the finding.

A linear mixed model was performed to address the mixed-effects sampling scheme

arising from participants’ exposure to facial expressions of both emotional valences when
performing the task. Our model consisted of emotional valence and sleep quality (i.e.,

PSQI global score) as fixed effects, while participants were treated as nested random

effects. Specifically, to evaluate task performance, accuracy was submitted to a linear mixed
model, with participants entered as a random intercept and main predictors of emotional
valence, sleep quality, and their interaction term of emotional valence x sleep quality.
Diagnostic groups (i.e., AD, MDD, HC), symptom severity (i.e., HAMA, HAMD) and
demographic characteristics (i.e., age, gender) were entered as covariates. The same analysis
was performed for reaction time (RT) for accurate trials.

Significant results were followed up with simple regression analyses to examine which
emotion(s) explained significant results. For example, in one model the dependent variable
(DV) could consist of accuracy for a particular negative emaotion (e.g., fear). Independent
variables (1Vs) would comprise the PSQI global score, along with any significant
covariates following a backward elimination approach. To determine whether collinearity
was acceptable, variance inflation factor (VIF) was required to be < 4 (Allison, 1999).

All statistical analyses, with reported confidence intervals and effect sizes, were two-tailed
with an alpha level of 0.05 and performed using R (\Version 3.5.2).

3. Results

Across all participants, the average PSQI global score was 8.73 + 4.90; thus, a portion met
criteria for clinically problematic sleep (i.e., PSQI global score > 5). Concerning clinical
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symptom severity, average anxiety level assessed with the HAMA was 11.45 + 7.93, and
average depression level assessed with the HAMD was 7.55 + 5.36. Table 2 shows the
clinical characteristics by diagnostic groups. Concerning overall ERT performance across
participants, accuracy was 71.42 + 5.78% (i.e., > chance or 16.67%, #93) = 91.89, p<.001)
and RT was 1071.99 + 168.00 ms across all emotional facial expressions. See Table 3 for
detailed task performance statistics.

3.1. Sleep by diagnostic group

The one-way ANOVA for PSQI global score revealed a main effect of diagnostic group
(A2,91) =32.24, p<.001, f= .84, 90% CI [.63, 1.02]). Post-hoc comparisons, using the
Tukey HSD test, indicated that the PSQI global score for HC (M = 3.46, SD = 2.08) was
significantly different from AD (M =10.17, SD = 4.34, p<.001, 95% CI [4.49, 8.93],
Hedges’ g=1.75) and MDD patients (M = 11.71, SD =3.80, p<.001, 95% CI [5.38, 11.11],
Hedges’ g = 2.78). However, AD and MDD patients were not significantly different (p =
.318, 95% CI [-0.98, 4.05], Hedges’ g = .36) (see Table 2).

3.2. Sleep and accuracy

The linear mixed model for accuracy revealed a main effect of emotional valence (B =
15.31, 95% CI [10.93, 19.68], £92) = 6.97, p< .001, RZ = .21). Participants were more
accurate in identifying positive faces (M = 83.02%, SD = 6.13%) than negative faces (M

= 65.62%, SD = 8.57%) (see Figure 1). There was no main effect of sleep quality (B =
-0.10, 95% CI [-0.49, 0.28], #86) = —0.54, p= 589, RZ = .002) or emotional valence x
sleep quality interaction (B = 0.24, 95% CI [-0.20, 0.68], £92) = 1.09, p=.278, R =.006).
As for covariates, anxiety (HAMA) was negatively associated with accuracy regardless of
emotional valence (B = —0.36, 95% CI [-0.62, —0.11], £86) = —2.89, p=.005, RZ = .04).
However, results were not significant for diagnostic group (AD p=.312, /Z=.006; MDD
p=.468, RZ=.003), depression (HAMD, p=.339, RZ=.004), age (p = .288, RZ=.006),
or gender (p=.136, /2= .01). We did not perform follow-up analysis due to the absence of
sleep effects of interest.

3.3. Sleep and reaction time

The linear mixed model for RT also revealed a main effect of emotional valence (B =
-266.77, 95% CI [-324.91, -208.63], {92) = -9.11, p< .001, RZ = .16). Participants were
faster in identifying positive faces (M = 946.76 ms, SD = 177.62 ms) than negative faces (M
=1154.79 ms, SD = 186.49 ms) (see Figure 2). There was no main effect of sleep quality (B
=1.11, 95% CI [-9.25, 11.74], #86) = 0.21, p=.836, £Z=.001), but the emotional valence
x sleep quality interaction was significant (B = 6.73, 95% CI [0.91, 12.54], £92) = 2.30, p=
.024, RZ=.01). None of the covariates of diagnostic group (AD p = .954, RZ< .001; MDD
p=.337, RZ=.01), anxiety (HAMA, p=.233, RZ=.009), depression (HAMD, p=.303,
R?<.001), age (p=.182, RZ=.01), or gender (p=.972, RZ< .001) were significant; thus,
covariates were not included in follow-up analyses.

To determine which emotion(s) explained the significant emotional valence x sleep quality
interaction, we first conducted post-hoc regression analyses where RT to negative faces was
the DV and sleep quality (PSQI global score) was the 1V; the result was not significant (72
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=.001, A1, 92) = 0.08, p=.784). However, with RT for positive faces as the DV, the model
was significant (R2= .05, A1, 92) = 4.49, p=.037) as sleep quality (PSQI global score)
significantly predicted RT (B = 7.81, 95% CI [0.49, 15.14], 92) = 2.12, p=.037).

Follow-up analysis with RT for happiness as the DV was significant (RZ= .06, A1, 92) =
5.56, p=.021) as sleep quality (PSQI global score) was a significant predictor (B = 9.96,
95% CI [1.57, 18.34], £92) = 2.36, p=.021) (see Figure 3). The result with RT for surprise
was not significant (RZ=.01, A1, 92) = 1.16, p=.284) as sleep quality (PSQI global score)
was not significant (B = 5.35, 95% CI [-4.50, 15.21], {92) = 1.08, p=.284).

3.4. Post-hoc power analyses

For the one-way ANOVA comparing sleep quality between healthy controls and patient
groups, the statistical power was revealed to be greater than .99 for detecting the large
effect size of = .84 (Cohen, 1988) at alpha = .05. For the main linear mixed models
examining accuracy and reaction time during the ERT, the current study also appeared to
have acceptable power (i.e., > .99 at alpha = .05) due to the higher number of observations
obtained per participant for the ERT. Each participant completed 180 trials of the task, and
this repeated sampling was adequate for the main objective of examining sleep quality on
task performance across all participants.

4. Discussion

The primary goal of our study was to examine the impact of sleep quality on emotion
recognition in individuals with and without internalizing psychopathologies. Overall
performance indicated participants engaged in the task at hand, and as expected, more
patients than healthy controls reported worse sleep quality. Results also revealed main
effects of emotional valence such that all participants were more accurate and had faster
reaction times when identifying positive faces compared to negative faces. Yet, an emotional
valence and sleep quality interaction was observed for task performance based on reaction
time. Post-hoc analysis showed worse sleep quality specifically predicted slower reaction
times for positive faces, particularly for happiness, across participants.

Findings partially support our hypotheses. As expected, more patients than healthy
individuals reported poor sleep quality. This is consistent with research demonstrating that
the presence of psychiatric symptoms is related to more sleep disturbances or that worse
sleep corresponds to higher levels of symptom severity (Alvaro et al., 2013; Chorney et al.,
2008; Gregory et al., 2011). However, it is notable that a portion of healthy participants free
from a history of psychiatric illness (16%) also reported problematic sleep in the clinical
range (Buysse et al., 1989) suggesting poor sleep quality may be dimensional (i.e., cutting
across diagnostic groups).

In contrast to expectations, linear mixed model results revealed a main effect of emotional
valence but no sleep quality effects. Across participants, accuracy was higher and reaction
time faster for positive relative to negative faces. Findings are consistent with prior work,
which has shown positive expressions are more easily identified in comparison to negative
expressions, potentially due to positive emotions being presented in higher frequencies,
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being anatomically simpler, and having lower overlap with other emotions (Biehl et al.,
1997). Moreover, there was an effect of anxiety levels on accuracy, where higher anxiety
symptoms corresponded with less accuracy regardless of valence. Variance in depression
symptoms on the other hand did not explain accuracy and may pertain to the sample, which
mostly comprised patients with a principal anxiety disorder who had less depression than
patients with principal major depressive disorder.

Yet, linear mixed model results revealed a significant emotional valence by sleep

quality interaction for reaction time. Specifically, higher PSQI global scores significantly
predicted slower reaction time for positive but not negative faces when taking anxiety and
depression symptom severity into account. This provides added support to prior studies that
demonstrated strong ties between insufficient sleep and longer duration when recognizing
facial expressions in general (Cote et al., 2014; de Almondes et al., 2016). Results thus
further enhance the overall negative contributions of poor sleep on emotion processing
(Killgore et al., 2017).

Post-hoc regression analysis revealed individual differences in the processing of positive
emotions. Expected task performance results were partially supported as reaction time
effects were observed for positive faces. Specifically, slower reaction time for happiness
was predicted by worse sleep quality. Reaction time for all other positive and negative
faces were not impacted by sleep quality. Generally, previous work has shown a behavioral
advantage in recognizing happy facial expressions more accurately and faster than other
expressions (Calvo and Lundqvist, 2008; Tottenham et al., 2009). However, when taking
sleep into consideration, our findings suggest this effect may be negatively impacted.
Namely, while we also observed a behavioral advantage in recognizing positive facial
expressions, worse sleep quality appeared to reduce this effect. Our findings are somewhat
consistent with studies that demonstrated sleep deprivation impairs the recognition of happy
facial expressions (e.g., reduces accuracy; Killgore et al., 2017; van der Helm et al., 2010).
Altogether, our preliminary findings suggest self-reported poor sleep quality may not be
sufficient to impair accuracy but may increase the time it takes to accurately identify
happiness.

Accuracy and reaction time results do not align with the hypothesized negativity bias, as
lower accuracy and slower reaction time was observed for negative faces in comparison

to positive faces across individuals with and without internalizing psychopathologies. It

is possible that the paradigm was not optimal in detecting negativity bias. In studies of
anxiety and depression, negativity bias is commonly evaluated with tasks that probe the
attention system such as attentional control (e.g., emotional Stroop), orientation to stimuli,
disengagement from stimuli (e.g., dot probe, exogenous cueing task) (Bar-Haim et al.,
2007; Peckham et al., 2010). In contrast, the current study focused on emotion recognition.
Secondly, faces were presented briefly (i.e., 200 ms) and masked. Though anxiety and
depression are associated with negativity bias, it is proposed that relatively long stimulus
durations (e.g., 1,000 ms or more) capture attentional bias in depression (Mathews and
MacLeod, 2005; Mogg and Bradley, 2005). Even though many participants had elevated
levels of anxiety, individuals with major depression and comorbid depression were included,
which may have reduced our ability to detect negativity bias.
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However, in line with the hypothesis that poor sleep quality may contribute to aberrance in
emotion recognition, results showed that worse sleep increased the time it took to accurately
identify happiness. Though we are not able to test this in the current study, it is possible
that the longer the time it takes to recognize an approach-related expression like happy

in real-world situations, the longer it takes to respond, which may impact interpersonal
interactions. Findings have other implications as well. For example, sleep may be involved
in the regulation of emotional assessment as indicated by a study in which the lack of

sleep appeared to bias emotional labeling of stimuli toward negative responses (Fox et al.,
2007). This is also in agreement with another study demonstrating that worse sleep quality
is associated with cognitive bias for emotionally negative stimuli and decreased sustained
attention to non-emotional stimuli (Gobin et al., 2015). Moreover, insufficient sleep may
help explain the comparable negative effects of decreased speed in processing emotional
content. For instance, studies involving reaction time tasks have concluded that increased
reaction times may be a result of impaired attention (e.g., decreased attentional allocation,
rapid loss of attention) during sleep deprivation (McCarthy and Waters, 1997). Although
this relationship was not directly tied to internalizing symptoms in our sample comprised of
mostly patients, findings further highlight the significance of sleep on emotion recognition
ability.

This study is not without important limitations. Partial rather than full support of

our hypotheses, particularly regarding emotion recognition interactions with anxiety and
depression symptom severity, may suggest a lack of sensitivity of this specific behavioral
task in capturing the negativity bias often observed in individuals with internalizing
psychopathologies in other studies (Bar-Haim et al., 2007; Peckham et al., 2010). Due

to the rapid presentation of stimuli during the ERT, participants with poor sleep may have
also been subject to compromised attention when performing the task. Study participants
were also not taking psychotropic medications, which may reduce generalization of findings.
Additionally, sleep was assessed via self-report and studies have reported disagreement
between subjective and objective sleep measurements (Girschik et al., 2013; McCall and
McCall, 2012; O’Brien et al., 2016; Van Den Berg et al., 2008; Van Ravesteyn et al., 2014).
Therefore, findings may not generalize to objectively-defined problematic sleep. Among
other self-report measures, the PSQI has also been shown to be more closely correlated

with psychiatric symptoms (Buysse et al., 2008), which may have affected endorsement on
the questionnaire in our patient sample. Other limitations include the cross-sectional and
correlational nature of our study, which does not allow for inferences that worse sleep leads
to comprised emotion processing skills. Lastly, there was no direct manipulation of sleep, so
outcomes were based on estimates of sleep quality.

4.1 Conclusions

However, despite limitations, findings of the present study have important implications

in our understanding of sleep and emotion processing in clinical populations. Results
support the notion that poor sleep quality is transdiagnostic and dimensional and that it

may negatively impact the processing of positive facial expressions in particular. Since
problematic sleep is pervasive and facial expressions important in guiding our behavior
(Joormann and Gotlib, 2006), our preliminary findings warrant further investigation in larger
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samples to increase our understanding of the role sleep plays in emotion recognition in
individuals with and without internalizing psychopathologies.
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Highlights
Poor sleep quality and anxiety symptoms impact emotion recognition capability
Emotion recognition task performance was better for positive than negative emotions
Anxiety was negatively associated with accuracy during emotion recognition
Compared to healthy controls, anxious or depressed patients reported worse sleep

Worse sleep was associated with slower reaction times for happy expressions
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Figure 1.
Scatterplot depicting relationships between mean accuracy (%) for positive and negative

faces and Pittsburgh Sleep Quality Index (PSQI) global scores.
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Figure 2.

Scatterplot depicting relationships between mean reaction time (ms) for positive and
negative faces and Pittsburgh Sleep Quality Index (PSQI) global scores.
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Scatterplot depicting relationships between mean reaction time (ms) for happiness and

surprise and Pittsburgh Sleep Quality Index (PSQI) global scores.
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