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Study Objectives: There is deepening understanding of the effects of sleep on emotional information processing. Emotion information processing
is a key aspect of social competence, which undergoes important maturational and developmental changes in adolescence; however, most research
in this area has focused on adults. Our aim was to test the links between sleep and emotion information processing during early adolescence.
Design: Sleep and facial information processing were assessed objectively during 3 assessment waves, separated by 1-year lags.

Setting: Data were obtained in natural environments—sleep was assessed in home settings, and facial information processing was as-
sessed at school.

Participants: 94 healthy children (53 girls, 41 boys), aged 10 years at Time 1.

Interventions: N/A

Measurements and Results: Facial information processing was tested under neutral (gender identification) and emotional (emotional expres-
sion identification) conditions. Sleep was assessed in home settings using actigraphy for 7 nights at each assessment wave. Waking > 5 min was
considered a night awakening. Using multilevel modeling, elevated night awakenings and decreased sleep efficiency significantly predicted poor
performance only in the emotional information processing condition (e.g., b =-1.79, SD = 0.52, confidence interval: lower boundary = -2.82, upper
boundary = -0.076, t,,.c ., = -3.42, P = 0.001).

Conclusions: Poor sleep quality is associated with compromised emotional information processing during early adolescence, a sensitive period

in socio-emotional development.
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INTRODUCTION

The onset of puberty, marking the transition from child-
hood into adolescence, is a period of increased psychoso-
cial challenges as well as increased risk for the development
of psychopathology.'”* This age period also heralds a set of
unique neuromaturational changes, such as changes in brain
structure and reorganization of neurological circuitry, that in-
fluence and interact with normative cognitive, affective, and
social development.* The onset of puberty is associated pri-
marily with affective changes, manifested by increased stress
responsiveness and emotional reactivity,” and has its impact
in early adolescence. In contrast, the development of the
cognitive control needed to manage these intensifying affec-
tive experiences (and the neural systems that underpin them,
such as prefrontal and limbic regions and their interconnec-
tions) continue to undergo important developmental changes
throughout mid to late adolescence, and do not appear to
reach full maturity until well into adulthood.’* On one hand,
this combination (early affective changes at puberty and the
slow gradual emergence of reliable cognitive control) creates
a period of lability and vulnerability. On the other hand, this
convergence also creates unique opportunities—early adoles-
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cence is a crucial time for learning and developing social and
emotional skills.

From this perspective, it is important to consider how sleep
may impact these affective vulnerabilities and opportunities
during this developmental window. Sleep regulation also un-
dergoes important maturational changes in adolescence, name-
ly, delayed retiring and waking times, shortened sleep duration,
increased sleepiness, longer weekend sleep periods, and ar-
chitectural changes in sleep structure.”® When considering the
two-process model of sleep regulation,’ the abovementioned
processes represent changes in both process S (the homeostatic
sleep-wake balance) and process C (the endogenous clock-like
circadian rhythm). Delayed sleep phase in adolescence has
been related both to a delay in sleep phase within the circadian
rhythm (process C) and to the attenuation of Process S, mean-
ing that as adolescents mature, more wakefulness time can be
tolerated before sleepiness increases.'’ The delayed sleep phase
begins around the time of puberty onset,*!° and its effect on de-
velopment requires further study.® Inadequate sleep can result
in mood deterioration, decreased arousal, and negative affect.!
Because affect regulation plays an important role in psychoso-
cial development in adolescence, it is not surprising that sleep
deprivation in this age period has been implicated as increasing
risk for psychopathology.®

More generally, there is growing evidence that emotional
regulation and sleep/arousal regulation are closely intertwined.
The psychophysiological systems that govern sleep overlap sig-
nificantly with those involved in emotion.'"** This is exemplified
in the robust interrelationships between emotional disorders and
sleep complaints in adults,'*!* children, and adolescents.'>'® Simi-
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larly, sleep deprivation and poor sleep have detrimental effects on
mood among adults, children, and adolescents.'"'*** In addition,
tasks that simultaneously challenge cognitive and emotional pro-
cessing appear to be specifically sensitive to sleep deprivation.®!!

Despite the high prevalence of sleep problems throughout
childhood and adolescence (between 18% and 25% of adoles-
cents exhibit insomnia symptoms or fragmented sleep??®) and
the close connection between sleep and emotion regulation,
there have been few longitudinal studies focusing on the effect
of sleep on emotional processing in early adolescence. Even in
adults, surprisingly limited research attention has been given to
exploring the specific effects of insufficient sleep on emotional
processing, regulation, and perception.'>*

Evidence has accumulated in research on adults suggesting
that a sleep period helps in consolidating emotional, rather than
neutral, memories.””' In these studies, subjects that had been
given a chance to sleep (whether at night or using a nap para-
digm) after learning had better recognition for previously learned
emotional (but not neutral) stimuli. Moreover, even within emo-
tional scenes (e.g., image of a dead body on a sidewalk), sleep
enhanced memory of only the emotional objects, and not the
neutral backgrounds.® In line with these findings, Wagner and
colleagues demonstrated that the speed of recognizing emotional
facial expressions presented prior to sleep was also significantly
improved following sleep.** Similar findings on emotional mem-
ory consolidation were also found in children.* Twenty healthy
children, aged 10-13 years, exhibited improved memory follow-
ing sleep only for emotional declarative memory, and not for pro-
cedural memory. An enhancing effect of sleep for non-emotional
declarative memory evinced a nonsignificant trend, but was not
nearly as robust as for emotional stimuli.

All of these findings on adults and children, indicating an in-
crease in memory consolidation of emotional stimuli following
sleep, suggest that sleep deprived individuals or individuals suf-
fering from poor sleep should be expected to show decreased
ability to successfully recall emotional information. However,
there is scant empirical evidence in direct support of this. In a re-
cent study by Atienza and Cantero, sleep deprivation did not have
a differential effect on emotional versus neutral image recollec-
tion, and in fact, there was a nonsignificant tendency for emo-
tional stimuli to be more resistant to sleep deprivation effects.*

In addition to research on memory, a few recent studies on
adults have shown the effect of sleep on the perception and pro-
cessing of emotional stimuli. Sagaspe et al.** demonstrated that
emotional information may be more sensitive to sleep depriva-
tion effects than neutral information. Recently, Tempesta et al.
explored whether sleep deprived individuals judged affective and
neutral stimuli differently than controls.* They found that sleep
deprived subjects rated neutral stimuli more negatively, even
when controlling for negative mood induced by sleep deprivation.
In studies of affective neural systems, Yoo et al. demonstrated, uti-
lizing functional MRI (fMRI), greater amygdala response to aver-
sive stimuli following sleep deprivation.’” Similarly, Franzen and
colleagues found increased affective reactivity to negative stimuli
among sleep deprived individuals, using pupillary responses.*®
These studies all suggest that sleep deprivation impairs emotional
information processing or causes such processing to be negatively
biased. In contrast, Wagner et al. demonstrated a reversed effect
in measures of subjective ratings of negative stimuli.** Specifi-
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cally, late-night sleep, compared to wakefulness, was followed by
increased negativity of the rated stimuli.

A few studies on sleep and emotional information processing
have focused on facial expression recognition. For example, a
recent study by van der Helm and colleagues examined social-
affective cognition and showed that sleep deprivation impaired
facial emotional expression recognition in women.*’ In men,
the same effect was evident only as a trend. Another study,
conducted by Pallesen et al., showed a decrease in speed and
accuracy of facial emotion recognition following sleep depriva-
tion,*! but this study did not compare emotion recognition with
neutral stimuli. Similarly, Killgore et al. demonstrated a detri-
mental effect of sleep deprivation in self-reports on the capacity
to understand emotions both in oneself and in others.*

These studies, conducted on adults, suggest that facial ex-
pression recognition is impaired following poor or insufficient
sleep. Accurate recognition of facial emotions and expressions
is an important aspect of social cognition and social skills,**
and appears to be related to psychopathology and adjustment
both in adults***° and in children.*”>* Moreover, childhood and
adolescence are important periods for learning and developing
these skills. To the best of our knowledge, despite the impor-
tance of emotional facial recognition abilities in childhood and
adolescence, there are no published studies examining the effect
of sleep on face emotion recognition in these age groups. While
some might point to the need for experimental evidence (us-
ing sleep deprivation paradigms with a great deal of researcher
control) to examine these issues, there is also a need for field
studies in natural conditions with high ecological validity.

In this study, we attempted to address key gaps in the litera-
ture by examining sleep variations in natural environment while
utilizing objective assessment measures for both sleep and face-
emotion recognition. Our primary aim was to explore the effect
of poor sleep quality on face processing over time during this
key developmental window of early adolescence. Based on our
conceptual model of sleep, emotion, and cognition we predicted
that simultaneously challenging both cognitive and emotional
processing would be specifically sensitive to sleep depriva-
tion.*!" That is, we hypothesized that emotional face processing,
when compared to neutral face processing, would be more vul-
nerable to the malevolent effects of impaired sleep.

METHODS

Participants and Procedure

Participants were 94 children (53 girls, 41 boys; age:
M=10.52, 8D =0.32, range = 9.92-11.33), who completed the
first assessment wave (Time 1). Eighty-two children completed
Time 2, which was conducted approximately one year later (46
girls, 36 boys; age: M = 11.54, SD = 0.33); of the Time 2 com-
pleters, 71 also completed Time 3, which was approximately
one year subsequent to Time 2 assessment (39 girls, 32 boys;
age: M=12.51, SD =0.31).

As part of a larger study on neurobehavioral functioning and
sleep during the transition to puberty, these 94 children were
recruited from regular classes of 4 different elementary schools
in the Tel-Aviv area (see a previous publication on the links
between sleep and puberty in this sample for more details’").
The study adhered to appropriate ethical standards and was ap-
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proved by Tel-Aviv University’s Institutional Review Board and
by the Israel Ministry of Education. All children and their par-
ents signed informed consent. Each child and parent completed
a packet of questionnaires and received an actigraph and a sleep
diary for a week of monitoring. Once at each assessment wave,
during the week of sleep monitoring, the children completed a
computerized task that included a face information processing
component at school. Data were collected throughout the school
year, which included regular clock time and daylight saving time
periods. According to parental reports, none of the children suf-
fered from any chronic medical or psychiatric problems.

Measures

Face emotion and face gender processing were measured
once at each assessment wave using the Balloons task.>? This
is a computerized neurobehavioral functioning task asking
subjects to “pop” balloons ascending from the bottom of the
screen. Varying speed and increasing stages of difficulty permit
using the same measure across a wide age range, as well as
introducing increasing task demands within each assessment.
Two types of information processing functions were utilized in
this study: face gender processing and face emotion processing.
A face is attached to each balloon, and the subject is required
to mouse-click according to gender (e.g., only girls) or emotion
(e.g., only happy faces). For each of these task conditions, 4
scores are produced: (1) Hit percent—the percentage of correct
balloons clicked out of all balloons clicked. (2) Success—the
proportion of successfully completed levels. (3) Omissions—
the number of correct balloons that were not clicked. (4) Y
(speed)— the average position of the correct balloons on the
y-axis when clicked. A high value indicates a quick response.

In an earlier validation study of the Balloons task, performed
on an independent cross-sectional sample of 134 subjects, aged
7 to 13 years, test-retest correlations showed that all of these
measures are reliable (r range: 0.37-0.78, P < 0.001), across a
1-week span.*? In addition, all of these measures were sensitive
to age, such that older children performed better (¥} ,, = 7.83,
P <0.001). This reflects a significant maturational component.*
Notably, Rosenberg-Kima and Sadeh reported that both the
face-gender and the face-emotion tasks were correlated with
child behavioral and emotional symptoms, while controlling
for age and sex (= 0.26, P < 0.005, and r =-0.16, ns, for face-
gender speed and success, respectively; and » = 0.14, ns, and
r=-0.18, P <0.05, for face-emotion speed and success, respec-
tively). They were uncorrelated with socioeconomic measures
and with academic performance reported by teachers.>

In this study, we explored stability over 1- and 2-year periods.
Test-retest correlations for the face-gender task of the Balloons,
for Times 1-2, 2-3, and 1-3 were: » = 0.14, 0.30, 0.30, P = ns,
0.01, 0.01, for hit percent, »=0.08, 0.27, 0.31, P <ns, 0.05, 0.01,
for success, »=-0.04, -0.05, 0.35, P <ns, ns, 0.01, for omissions,
and r = 0.39, 0.52, 0.44, P < 0.001 for Y, respectively. Test-re-
test correlations for the face-emotion task of the Balloons were:
r=0.46,0.46,0.16, P<0.001, 0.001, s, for hit percent, » = 0.28,
0.37, 0.34, P < 0.01 for success, » = -0.03, 0.04, 0.03, ns, for
omissions, and »=0.49, 0.44, 0.47, P <0.001 for Y, respectively.

Sleep quality was assessed at each assessment wave via acti-
graphic measurement. Actigraphy has been established as a valid
and reliable method of objective sleep pattern assessment in var-
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ious ages.>*** Sleep diary data were used to detect and remove
possible artifacts from actigraphic data. The children were given
miniature actigraphs (Mini Motionlogger, Ambulatory Monitor-
ing, Inc) and were instructed to wear these on their non-domi-
nant wrist in the evening when preparing for sleep and remove
them in the morning. The actigraph was set to collect data in
1-min epochs at amplifier setting 18, which is the standard mode
for sleep-wake scoring. Actigraphic raw data were translated to
sleep measures using the actigraphic scoring analysis program
(ASA) for an IBM-compatible PC. These sleep measures have
been validated against polysomnography with agreement rates
for minute-by-minute sleep-wake identification > 90%.%*

Actigraphic sleep measures used in this study included: (1)
sleep efficiency: percent of true sleep time from total sleep pe-
riod (SEF), and (2) number of night wakings lasting > 5 min
(NW). The sleep diary included information on sleep schedule
and subjective sleep quality (i.e., sleep onset time, rise time,
number of night wakings and their duration). The sleep diary
data were utilized in correcting any potential artifacts of the ac-
tigraphic data. Test-retest correlations for these sleep measures
for Times 1-2, 2-3, and 1-3 were: » = 0.70, 0.61, 0.60, and r =
0.68, 0.67, 0.58, for NW and SEF, respectively. All of these cor-
relations were statistically significant at P < 0.001.

Demographic data were gathered once (at Time 1), via child
and parent self-report, including data regarding age at first as-
sessment, sex, physical and mental health, parents’ age, educa-
tion, and work load, and family size, status, and birth order.
In addition, children reported puberty levels using the Sexual
Maturation Scale, which is based on line drawings of Tanner
stages of pubertal development.” The developmental aspects
of sleep and the links between sleep and pubertal development
have been the focus of an earlier publication based on this sam-
ple.’! We averaged the pubic hair scale and the genitals/breast
development scale to receive a continuous global puberty score.
This score was used in analyses, to control for puberty and to
explore potential developmental interactions.

Data Analyses

The longitudinal design of the study produced a multilevel,
or hierarchical, data structure, in which level-1 data measured
at 3 time-points were nested within level-2 units (i.e., individu-
als). We employed multilevel (hierarchical) linear modeling
(MLM/HLM) through SPSS MIXED MODELS (version 17)
to perform the analyses. Each of the 4 balloons scores were
predicted by time (assessment wave, centered to Time 1), task
type (dummy coding: 0 gender, 1 emotion), sex (effects cod-
ing: -1 for girls, 1 for boys), age at first assessment, puberty, a
sleep measure, and a sleep by task interaction term. Multicol-
linearity is problematic in multilevel models even more than in
regular linear regression.* Thus, we entered night wakings and
sleep efficiency separately into different models. Continuous
variables (age, puberty, and sleep) were centered. All predictors
were entered as fixed effects; and time, task, puberty, and sleep
were entered as random effects as well. We used REML esti-
mation and diagonal type covariance structure. Our rationale
for using diagonal type covariance structure followed results of
intercept-only models,>® suggesting that most of the variance in
our Balloons outcomes stemmed from within-subject variance
rather than between-subject variance.
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P < 0.001, *P < 0.01, *P < 0.05, TP < 0.10. Omis, omissions; succ, success. Y, speed (a high value indicates a quick response). Means and standard
deviations for sleep variables are presented at the bottom of the table. Means and standard deviations for Balloons variables are presented at the right side

Table 1—Correlations, means, and standard deviations of main study measures
Night wakings
Time 1 2 3
Gender, hit % 1 -0.14 -0.19f -0.15
2 -0.04 0.11 -0.00
3 -0.11 -0.04 0.217
Gender ,succ. 1 0.12 -0.18 -0.09
2 -0.03 0.14 0.01
3 0.1 -0.01 0.09
Gender, omis. 1 -0.01 -0.06 -0.06
2 0.15 0.05 0.1
3 -0.04 -0.01 -0.01
Gender, Y 1 0.06 0.12 -0.00
2 0.01 -0.07 -0.17
3 0.10 -0.01 -0.15
Emotion, hit % 1 -0.17 -0.16 -0.08
2 -0.11 -0.19* -0.06
3 -0.21f -0.28* -0.211
Emotion, succ. 1 -0.31* -0.24* -0.26*
2 -0.09 -0.211 -0.07
3 -0.26* -0.29* -0.21t
Emotion, omis. 1 0.38*** 0.24* 0.10
2 -0.02 0.00 -0.04
3 0.10 -0.04 0.08
Emotion, Y 1 -0.06 -0.12 -0.14
2 -0.05 -0.06 -0.12
3 0.10 0.06 -0.11
M 1.64 1.57 1.57
SD 1.18 1.23 1.01
of the table.

Sleep efficiency M sSD
1 2 3

0.12 0.17 0.15 83.79 9.70
0.01 -0.06 -0.04 87.18 8.47
0.10 0.02 -0.24* 88.44 6.54
0.08 0.13 0.09 0.67 0.30
-0.04 -0.10 -0.04 0.74 0.25
0.06 -0.01 -0.14 0.82 0.28
0.03 0.08 0.10 6.94 8.19
-0.06 -0.03 -0.04 8.43 23.03
0.05 -0.03 -0.03 4.39 6.91
-0.03 -0.16 0.01 351.94 28.12
0.06 0.06 0.19 350.20 23.75
-0.07 0.03 0.211 361.53 27.10
0.15 0.13 0.05 90.38 7.44
0.10 0.11 0.01 91.69 8.59
0.14 0.20° 0.16 93.90 5.37
0.27** 0.19 0.20° 0.65 0.26
0.05 0.13 0.00 0.67 0.25
0.16 0.21 0.08 0.73 0.24
-0.31* -0.27* -0.15 40.45 15.59
0.01 -0.01 0.06 36.14 11.85
-0.04 0.01 0.03 34.69 1347
0.08 0.09 0.19 343.58 2548
0.06 0.05 0.15 352.59 22.38
-0.05 -0.06 0.17 360.05 2543

93.68 93.67 93.40
4.02 4.21 3.58

First we were interested in general developmental trends for
each of the balloons measures. Next, we explored the interac-
tion between sleep and task, in order to explore differential ef-
fects of sleep on face-emotion vs. face-gender information.

RESULTS

Missing data stemming from dropout in this study are most
likely “ignorable non-response,” which does not bias results in
multilevel models.””*® However, to the extent that it might not
be, we performed analyses suggested by Hedeker and Gibbons®
and recommended by Atkins,”” in which a dichotomous vari-
able representing dropouts versus completers was added to the
model, and its interactions with variables of interest were test-
ed. None of these effects were statistically significant, meaning
that missing data were unlikely to have affected results.

Table 1 presents correlations between sleep measures (NW,
SEF) and Balloons measures for all assessments waves. The
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table also includes means and standard deviations for each of
these measures. As can be seen in the table, sleep scores were
correlated mainly with face-emotion processing measures,
rather than face-gender processing measures. Night wakings
ranged from a minimum of 0.17, 0.10, and 0.00, to a maximum
0f 5.00, 5.17, and 4.14, at times 1, 2, and 3, respectively. Sleep
efficiency ranged from §1.66, 82.45, and 82.96, to 98.97, 99.00,
and 99.15, respectively.

Before exploring the effects of sleep on facial information
processing, we sought to examine general developmental trends
in the Balloons measures during the period of the study.

Developmental Trends in Information Processing

Tables 2, 3, 4, and 5 depict models for hit percent, success,
omissions, and Y, respectively. For each table, the upper section
represents the model when night wakings were the sleep vari-
able, and the bottom section represents the model when sleep
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Table 2—Models predicting hit percent for number of night wakings (NW) and sleep efficiency (SEF)
NW -2 log likelihood: 3151.96 Parameters: 19
Estimates of fixed effects for hit percent
Parameter estimate std. error df t P lower b. upper b.
Intercept 85.07 0.72 532.61 118.92 0.00 83.66 86.47
Time 1.33 0.51 607.58 2.63 0.01 0.34 2.33
Task 5.62 0.57 350.03 9.81 0.00 4.49 6.74
Sex 0.92 0.41 1506.80 224 0.03 0.11 1.72
Age -0.98 1.29 1401.03 -0.76 ns -3.51 1.54
Puberty 0.85 0.50 1002.16 1.70 ns -0.13 1.83
Night waking 0.45 0.47 406.42 0.95 ns -0.48 1.38
Waking*task -1.79 0.52 416.94 -3.42 0.00 -2.82 -0.76
SEF -2 log likelihood: 3146.47 Parameters: 19
Estimates of fixed effects for hit percent
Intercept 84.94 0.81 251.01 105.35 0.00 83.35 86.53
Time 1.46 0.54 286.58 2.72 0.01 0.41 252
Task 5.70 0.62 140.00 9.23 0.00 4.48 6.92
Sex 0.87 0.50 85.26 1.75 ns -0.12 1.85
Age -0.50 1.54 92.08 -0.32 ns -3.57 257
Puberty 0.77 0.56 205.83 1.37 ns -0.34 1.87
Slp. Efficiency -0.15 0.15 128.19 -1.04 ns -0.44 0.14
efficiency*task 0.41 0.16 211.84 2.56 0.01 0.09 0.73
Table 3—Models predicting success for number of night wakings (NW) and sleep efficiency (SEF)
NW -2 log likelihood: 74.88 Parameters: 19
Estimates of fixed effects for success
Parameter estimate std. error df t P lower b. upper b.
Intercept 0.71 0.03 183.27 271.77 0.00 0.66 0.77
Time 0.03 0.02 211.19 1.70 ns -0.01 0.07
Task -0.06 0.02 148.56 -2.70 0.01 0.1 -0.02
Sex 0.03 0.02 81.87 1.85 ns -0.00 0.06
Age -0.04 0.05 88.52 -0.79 ns -0.14 0.06
Puberty 0.03 0.02 193.03 1.45 ns -0.01 0.07
Night waking 0.01 0.02 138.46 0.33 ns -0.03 0.04
Waking*task -0.06 0.02 249.61 -3.10 0.00 -0.10 -0.02
SEF -2 log likelihood: 85.61 Parameters: 19
Estimates of fixed effects for success
Intercept 0.71 0.03 188.53 27.23 0.00 0.66 0.76
Time 0.04 0.02 207.20 1.91 ns -0.00 0.08
Task -0.06 0.02 146.05 -2.58 0.01 0.1 -0.01
Sex 0.03 0.02 87.18 1.65 ns -0.01 0.06
Age -0.04 0.05 92.92 -0.69 ns -0.14 0.07
Puberty 0.03 0.02 203.78 1.34 ns -0.01 0.06
Slp. Efficiency -0.00 0.01 123.04 -0.21 ns -0.01 0.01
efficiency*task 0.01 0.01 249.29 2.35 0.02 0.00 0.03
efficiency was the sleep variable. Statistics reported in this sec- omissions, and Y (b = 1.33, SD = 0.51, Lsorss) = 2-63, P <0.01;

tion represent the models in which night wakings were the sleep
variable. Similar effects emerged in the sleep efficiency mod-
els, unless stated otherwise. As can be seen in the tables, time
had a statistically significant effect when predicting hit percent,
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=-1.37, 8D = 0.69, 1, = -1.99, P < 0.05; and b = 8.57,
SD=2.02,1,,,,=425,P<0.001, respectively), suggesting an
improvement over time beyond age, sex, puberty levels or task

type. Task type had a statistically significant effect when pre-
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Table 4—Models predicting omissions for number of night wakings (NW) and sleep efficiency (SEF)
NW -2 log likelihood: 3582.27 Parameters: 19
Estimates of fixed effects for omissions
Parameter estimate std. error df t P lower b. upper b.
Intercept 6.84 0.89 148.79 172 0.00 5.09 8.59
Time -1.37 0.69 209.14 -1.99 0.05 2.73 -0.01
Task 31.39 1.03 107.56 30.60 0.00 29.36 33.42
Sex 0.01 0.54 85.29 0.02 ns -1.07 1.09
Age 1.10 1.71 95.57 0.64 ns -2.29 4.49
Puberty 0.41 0.70 161.61 -0.58 ns -1.78 0.97
Night waking -0.13 0.52 157.26 -0.25 ns -1.16 0.90
Waking*task 2.36 0.92 191.17 2.58 0.01 0.55 417
SEF -2 log likelihood: 3591.19 Parameters: 19
Estimates of fixed effects for omissions
Intercept 6.89 0.88 148.35 7.79 0.00 5.14 8.64
Time -1.42 0.69 208.57 -2.07 0.04 -2.78 -0.06
Task 31.30 1.03 107.00 30.48 0.00 29.27 33.34
Sex 0.03 0.55 85.17 0.05 ns -1.06 1.11
Age 1.02 1.71 94.85 0.59 ns -2.38 4.41
Puberty -0.35 0.70 160.18 -0.51 ns -1.73 1.02
Slp. Efficiency -0.01 0.15 156.70 -0.07 ns -0.31 0.29
efficiency*task -0.42 0.26 179.78 -1.61 ns -0.94 0.10
Table 5—Models predicting Y (speed) for number of night wakings (NW) and sleep efficiency (SEF)
NW -2 log likelihood: 4087.59 Parameters: 19
Estimates of fixed effects for Y
Parameter estimate std. error df t P lower b. upper b.
Intercept 344.54 2.54 161.29 135.80 0.00 339.53 349.55
Time 8.57 2.02 175.84 4.25 0.00 459 12.55
Task 243 1.51 103.19 -1.61 ns -5.42 0.56
Sex -11.12 1.95 84.24 -5.71 0.00 -15.00 -1.25
Age 1.21 6.01 85.69 0.20 ns -10.73 13.15
Puberty -2.55 2.03 24427 -1.26 ns -6.54 1.44
Night waking 0.59 1.63 79.71 0.36 ns -2.66 3.83
Waking*task -0.84 1.36 166.38.28 -0.62 ns -3.53 1.85
SEF -2 log likelihood: 4094.43 Parameters: 19
Estimates of fixed effects for Y
Intercept 344.92 253 161.80 136.27 0.00 339.92 349.92
Time 8.33 2.01 170.79 4.14 0.00 4.36 12.30
Task -240 1.52 215.23 -1.58 ns -5.40 0.60
Sex -11.37 1.95 85.34 -5.83 0.00 -15.25 749
Age 0.93 6.01 86.06 0.16 ns -11.01 12.88
Puberty -2.39 2.03 241.30 -1.18 ns -6.38 1.61
Slp. Efficiency -0.22 0.44 59.85 -0.49 ns -1.10 0.67
efficiency*task 0.17 0.39 232.00 0.42 ns -0.61 0.94

dicting hit percent, success, and omissions (b =5.62, SD=0.57,
Lasoos = 9-81, P<0.001; 5 =-0.062, SD = 0.023, £, ;¢ = -2.70,
P<0.01; and b =31.39, SD = 1.03, 1, . = 30.60, P < 0.001,
respectively), according to which gender processing had elevat-

ed success and fewer omissions, but emotion processing had a
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higher hit percent. Sex had a statistically significant effect when
predicting Y (b =-11.12, SD = 1.95, ¢, ,, = -5.71, P < 0.001),
according to which girls perform faster. In addition, only when
using night-wakings in the model (and not sleep efficiency), sex

had a statistically significant effect when predicting hit percent
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Figure 1—Effect of night wakings (A, B) and sleep efficiency (C, D) on hit percent (A, C) and success (B, D), for face-emotion versus face-gender conditions.
High versus low sleep scores are based on 1 standard deviation above and below the sample mean, respectively. Significant differences between conditions
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(b=0.92,8D =0.41, 15 o, = 2.24, P < 0.05), with boys hav-
ing higher hit percents. Puberty did not show any statistically
significant effects.

Sleep Effects

As can be seen in the top parts of Tables 2 through 5, when
using night wakings as the sleep variable, the sleep by task inter-
action was statistically significant in 3 of the models (b =-1.79,
SD = 0.52, Luroon = -3.42, P = 0.001, for hit percent, Table 2;
-0.063, SD =0.02, Lowen = -3.10, P <0.01, for success, Ta-
ble 3; and b=2.36,SD =0.92, Liorin = 2.58,P=0.01, for omis-
sions, Table 4). Probes revealed that for each of these measures,
sleep was a statistically significant predictor when the task was

face-emotion processing (b =-1.18, SD = 0.44, ¢ -2.71,

(119.82)
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P <0.01; 6 =-0.06, SD = 0.02, ¢,,,,,, = -3.60, P <0.001, and
b=2.20,8D=0..81, Losany = 2.71, P <0.01, respectively), but
was nonsignificant when the task was face-gender processing
(b =0.45, 8D = 0.47, 1404, = 0.95, ns; b =0.01, SD = 0.02,
Lissae — 0-33, ns; and b =-0.13, SD = 0.52, ¢, , o = -0.25, ns,
respectively). The effects of night wakings on hit percent and
success are illustrated in Figures 1A and 1B (respectively).
These illustrations demonstrate that face-emotion information
processing levels change as a function of night waking scores,
while face-gender information processing is not significantly
affected by differing night waking scores.

As can be seen in the bottom parts of Tables 2 through 5,
when using sleep efficiency as the sleep variable, the sleep by

task interaction was statistically significant in two of the models
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(b=0.41,8SD=0.16, Lonssy = 2.56, P=10.01, for hit percent, Ta-
ble 2; and 5= 0.01, SD = 0.01, Logoz0) = 2.35, P <0.05, for suc-
cess, Table 3). Probes revealed that for each of these measures,
sleep was a statistically significant predictor when the task was
face-emotion processing (b = 0.25, SD = 0.13, Lopas = 2-01,
P <0.05; and b = 0.01, SD = 0.00, ¢,,,,, = 2.69, P < 0.01,
respectively), but was nonsignificant when the task was face-
gender processing (b =-0.15, SD =0.15, L) = -1.04, ns; and
b=0.00,SD=0.01, Linson = -0.21, ns, respectively). The effects
of sleep efficiency on hit percent and success are illustrated in
Figures 1C and 1D (respectively). Again, these illustrations
show that face-emotion information processing levels change
as a function of sleep efficiency scores, while face-gender in-
formation processing is not significantly affected by differing

sleep efficiency scores.

DISCUSSION

Over the past decade there has been growing evidence sup-
porting the view of adolescence as a period of biobehavioral
challenges that create vulnerabilities as well as opportunities.>%
The onset of puberty typically brings about a dramatic set of
physical, cognitive, and psychosocial changes. These changes
include rapid brain, hormonal, sexual, and physical develop-
ment, increasingly complex social interactions and the develop-
ment of romantic interest, new fears and anxieties, coupled with
increased self-consciousness, enhanced risk-seeking behaviors,
and other novel experiences which bring about emotional tur-
moil and stress, as well as positive experiences and learning.>5!
As described in the introduction, the affective and social chang-
es at the onset of puberty, combined with dramatic changes
in sleep patterns, highlight the importance of considering the
interactions between sleep and emotion processes during this
developmental window—particularly given the evidence for
bi-directional effects between sleep and emotion processing.®!

This study is the first to directly assess the links between
sleep and neutral versus emotional face information process-
ing using a longitudinal design and objective measures during
this sensitive age period of the transition into adolescence. Our
main findings support the primary research hypothesis: children
with elevated night wakings and decreased sleep efficiency ex-
hibited lower performance in a face-emotion information pro-
cessing task over time. Neutral facial information processing
(face-gender) was not predicted by sleep over time. These find-
ings were evident only in the accuracy measures of the Balloons
task (hit percent, success, and omissions), and did not emerge
in regard to speed of performance (represented by the Y mea-
sure). These findings are compatible with the pattern of results
shown in Table 1, in which sleep variables were mainly corre-
lated with the face-emotion task, and not with the face-gender
task. The results of this study fit well with previous literature
which found that sleep plays an important role in emotional,
but not neutral, information processing.”’#>**3¢ Moreover, this
study extends these results from adulthood to childhood and
early adolescence, and does so within the context of a longitu-
dinal design and while controlling for a host of potentially in-
tervening variables, namely, puberty levels and within-sample
variation in age and gender.

As noted above, our results were obtained only with accu-
racy, and not speed, outcome measures. Possibly, poor sleep
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quality affects a subset of cognitive functions, such as those
requiring more complex integration of cognitive and affective
processes that require precision, and perhaps greater attentional
control, rather than more automatic functioning, as manifested
in reaction time. Such a pattern is consistent with previous lit-
erature, suggesting that sleep deprivation and impairment may
primarily affect complex tasks such as those that require rapid
integration of cognitive and affective processing.! It is also
noteworthy that mean sleep efficiency and night waking scores
suggested that overall, this sample of early adolescents slept
reasonably well. This was to be expected, as this was a non-
clinical sample. Nevertheless, this highlights the importance
of our results: even minor sleep disruptions, in a non-clinical
sample, are associated with decreased emotional information
processing abilities. This underscores the importance of good
sleep in normal development during adolescence.

Interpreting causality in our design must be done with cau-
tion. On one hand, it is important to acknowledge that issues
of cause and effect cannot be determined when sleep is not
manipulated experimentally. On the other hand, the longitu-
dinal design of this study, indicating that sleep and emotional
processing co-vary over time, is compatible with a directional
assumption whereby poor sleep appears to bring about poor
emotional processing. The results are consistent with the idea
that sufficient good sleep is needed for proper functioning of
neural systems that underpin key aspects of social-affective
processes such as those needed to quickly and accurately rec-
ognize specific affective facial expressions.

These results are provocative and potentially of clinical sig-
nificance, not only because they extend the previous evidence
for the well-established link between emotional and sleep
problems, but also because they point to the risk for negative
spirals—in which emotional and behavioral problems worsen
sleep difficulties, and these, in turn, may intensify emotional
impediments. As mentioned in the introduction, this devel-
opmental window is also a key time for social and emotional
learning. Focusing specifically on face recognition, functional
magnetic resonance imaging (fMRI) evidence has recently ac-
cumulated suggesting that such skills still undergo significant
maturational changes in early adolescence.’ Thus, the high rates
of youth obtaining insufficient or poor sleep may not only be
compromising opportunities for this kind of learning, but also
youth who are already struggling with social and emotional
difficulties may further compromise their functioning because
of these effects.*’”-*® For example, in delicate social situations,
that require sensitivity to a friend’s feelings getting hurt, a
good sleeper might be more attuned to the friend’s subtle facial
changes than the poor sleeper, and thus exercise a more ap-
propriate response. Early adolescence is a time when youth are
striving to achieve social success and status in ways that can
have high-stakes consequences.

These findings also point to a testable hypothesis regarding
an opportunity for early intervention: Increasing/improving
sleep in high-risk youth and/or youth already struggling with
social and emotional difficulties may help to buffer or improve
the developmental trajectory. Clinical implications of this study
point to the significance of addressing sleep quality in troubled
children and adolescents as an avenue for research into early
intervention strategies for high-risk youth.
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Our results also have methodological implications for future
research. Since most of the Balloons measures show improve-
ments over time, as cognitive abilities develop, this suggests
that the Balloons task is sensitive to such maturational changes
during the transition to adolescence. These findings extend our
earlier report on the sensitivity of this test to maturation in pre-
adolescence school years, in a cross-sectional sample of 7- to
13-year-olds.”> Another main effect was found for task type
(face-gender versus face-emotion), exhibiting elevated perfor-
mance for face-gender in 2 of the measures, but elevated per-
formance for face-emotion for one additional measure. Thus,
increased difficulty of the face-emotion task cannot be regarded
as an alternative explanation to our sleep-related findings. An-
other main effect emerged for sex. While girls performed the
Balloons tasks faster, boys had higher hit percents. This result
replicates earlier findings reported on the Balloons task.* It is
also worthwhile to mention that our results regarding a specific
effect of sleep on face-emotion, but not face-gender, process-
ing, supports the validity of this relatively new neurobehavioral
functioning task as a measure enabling objective comparison
between emotional and neutral stimuli.

Some limitations of the study should be noted. First, our
sample of children consisted mainly of families with a medium
to high socioeconomic status, and thus caution should be taken
in generalizing these results. Second, 23 children dropped out
of the study between Times 1 and 3, which might have caused a
bias in results; however, this is unlikely based on missing data
analyses. Finally, although the longitudinal design and use of
multilevel modeling go beyond a cross sectional correlation
and reveal an effect of sleep on emotional processing over time,
utilizing within-subject variance, still, our study is a correla-
tional one and therefore causality cannot be ascertained.

In conclusion, our study provides initial evidence for an
effect of sleep on emotional information processing in child-
hood and adolescence, using objective measures for both sleep
quality and face information processing, and comparing neutral
and emotional stimuli over three years. Future research should
examine the potential utility of addressing sleep problems to
improve compromised social skills related to emotion informa-
tion processing.
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