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SUMMARY
Sleep loss is associated with affective disturbances and disorders;
however, there is limited understanding of specific mechanisms under-
lying these links, especially in adolescence. The current study tested the
effects of sleep restriction versus idealized sleep on adolescents’
emotional experience, reactivity and regulation (specifically cognitive
reappraisal). Following 1 week of sleep monitoring, healthy adolescents
(n = 42; ages 13–17 years) were randomized to 1 night of sleep
restriction (4 h) or idealized sleep (9.5 h). The following day, adolescents
provided self-reports of affect and anxiety and completed a laboratory-
based task to assess: (1) emotional reactivity in response to positive,
negative, and neutral images from the International Affective Picture Sys-
tem (IAPS); and (2) ability to use cognitive reappraisal to decrease
negative emotional responses. Large effects were observed for the
adverse impact of sleep restriction on positive affect and anxiety as well
as a medium-sized effect for negative affect, compared to the idealized
sleep condition. Subjective reactivity to positive and neutral images did
not differ between the groups, but a moderate effect was detected for
reactivity to negative images whereby sleep-restricted teens reported
greater reactivity. Across both sleep conditions, use of cognitive
reappraisal down-regulated negative emotion effectively; however, sleep
restriction did not impact upon adolescents’ ability to use this strategy.
These findings add to a growing body of literature demonstrating the
deleterious effects of sleep restriction on aspects of emotion and
highlight directions for future research in adolescents.

INTRODUCTION

Inadequate or disrupted sleep serves as a unique risk factor
for the development of a range of psychiatric illnesses across
the lifespan, including anxiety and mood disorders (e.g.
Alfano and Gamble, 2009; Gregory et al., 2005). While the
precise mechanisms underlying these relationships remain
unclear, results from various literatures (e.g. sleep medicine,
affective neuroscience) converge to suggest maladaptive
emotional changes lie at the root. For example, poor sleep is
linked with greater negative and fewer positive emotions,
altered reactivity in response to emotionally salient informa-
tion/events and greater difficulty modifying one’s emotional
responses (see Palmer and Alfano, 2016). Sleep-dependent

emotional changes are linked further with altered neurobio-
logical activity in brain regions that govern both sleep and
emotional processing (Walker and van der Helm, 2009).
This rapidly emerging literature is also characterized by

some limitations that impede understanding of precise mech-
anisms connecting inadequate sleep and psychopathology.
First, a majority of research to date has utilized cross-
sectional designs that cannot, by their nature, explicate
causal mechanisms. An additional, more challenging issue
concerns the conflation of emotional terms and processes.
Measurement of ‘emotion regulation’, for example, focuses
commonly upon emotional experience rather than actual self-
regulatory processes (Palmer and Alfano, 2016). Further-
more, as experimental studies have primarily included adult

ª 2016 European Sleep Research Society516

J Sleep Res. (2017) 26, 516–525 Sleep restriction and emotional experience



samples, the extent to which available findings can be
generalized to younger ages, especially in light of develop-
mental differences in sleep, emotional reactivity (Lang et al.,
2008), and emotion regulation (Garnefski et al., 2002) is
limited.
Adolescence is a period of both increased sleep problems

and emotional risk. Problematic alterations in sleep–wake
patterns (Carskadon, 1990) combined with heightened levels
of emotional arousal typify this developmental stage (Silk
et al., 2003; Spear, 2000; Steinberg, 2005). Sleep loss may
add a layer of vulnerability to this precarious mix. Indeed,
preliminary evidence suggests that youth are as susceptible,
if not more so, to the emotional consequences of sleep loss
as adults. In a study comparing adolescents (aged 11–
15 years) and adults (aged 30–60 years), interviews were
conducted and analysed twice for vocal expressions of
emotion: after 1 night of no more than 6.5 h sleep and again
after a second night of only 2 h sleep (McGlinchey et al.,
2011). Based on computerized analyses, adolescents
expressed fewer positive emotion words during interviews
and evidenced greater reduction in positive emotion words
from the first to the second interview. This research group
also compared worry among early adolescents (aged 10–13),
mid-adolescents (13–16) and adults (ages 30–60) using the
same sleep restriction protocol as well as a rested condition
(Talbot et al., 2010). Although adults generated the greatest
number of worries overall, only early adolescents appraised
their worst worry as significantly more threatening when
sleep restricted compared to when rested.
Research in adults also demonstrates extended periods of

wakefulness to influence neurobiological functioning in ways
that limit emotion regulatory capabilities (Yoo et al., 2007).
The fact that the prefrontal cortex, responsible for regulating
emotional responses, does not reach full maturity until the
early 20s (Giedd, 2004) underscores further a need to focus
on the teenage years. Unfortunately, examinations have been
limited to subjective reports or have not included explicit
instruction to regulate emotional responses. For example,
both adolescents (aged 14–17) and their parents reported
problems with emotion regulation during a week of sleep
restriction (6.5 h in bed for 5 nights) compared to healthy
sleep (10 h in bed) (Baum et al., 2014). Similar reports were
provided by parents of 8- to 12-year-olds who delayed
bedtime by 1 h for 4 nights (Vriend et al., 2013). Most
recently, 12- to 15-year-olds assigned to 2 nights of sleep
restriction (6 and 2 h in bed, respectively) or 2 nights of sleep
extension (10 h in bed each night) were evaluated the next
day while discussing a contentious topic with a friend
(McMakin et al., 2016). Sleep-restricted but not sleep-
extended teens demonstrated greater negative affect during
discussions according to blind observers. However, in the
absence of explicit instruction, the extent to which teens
attempted to actively modify their emotions can not be known.
The present study aimed to extend current research in

several ways. Using a between-subjects experimental
design, we examined the effects of 1 night of sleep restriction

(4 h) relative to idealized sleep (9.5 h) on various aspects of
emotional functioning among a sample of healthy adoles-
cents. Youth provided self-reports of emotion and completed
a laboratory-based assessment of emotional reactivity and
emotion regulation using images from the International
Affective Picture System (IAPS; Lang et al., 2008). We
chose to use IAPS images given the popularity of this method
in adult-based studies (e.g. Gujar et al., 2011; Schwarz et al.,
2013; Tempesta et al., 2010). Further, given a broader lack of
understanding regarding the precise types of regulatory
strategies impacted by sleep, participants were instructed to
use cognitive reappraisal (e.g. reinterpreting a situation to
make it more positive) to down-regulate their emotional
responses to negative images, which has been shown to be
effective in previous research (Carthy et al., 2010; Gross,
2002; McRae et al., 2012). We hypothesized that sleep
restriction, relative to idealized sleep, would result in: (1)
lower self-reported positive affect and higher self-reported
negative affect and state anxiety; (2) greater emotional
reactivity in response to negative images; and (3) impaired
cognitive reappraisal ability.

METHOD

Participants

A total of 42 adolescents between the ages of 13 and
17 years [mean = 14.83, standard deviation (SD) = 1.36]
completed the study. The final sample was approximately
half female (57%; n = 24) and racially/ethnically diverse
(57.1% Caucasian, 23.8% African American, 14.3% Asian
and 4.8% of mixed race; 16.7% Hispanic, 83.3% non-
Hispanic). Participants were required to be enrolled in a
mainstream classroom and speak fluent English. Exclusion
criteria included: (1) a current psychiatric disorder or signif-
icant emotional/behavioural problems; (2) lifetime history of
major depressive disorder; (3) any suicidal thoughts, beha-
viours or previous attempts; (4) diagnosis or suspicion of a
sleep disorder; (5) a chronic medical condition potentially
affecting sleep (e.g. atopic dermatitis, pain-related syn-
dromes); and (6) the use of any medication or supplement
potentially impacting upon mood or sleep. A total of 67
adolescents consented to participate; nine were excluded
due to presence of psychopathology, significant sleep prob-
lems and/or sleep disorders. Of the 58 adolescents who were
eligible, data from 16 adolescents were excluded due to non-
adherence to sleep manipulation condition (n = 9), non-
compliance with actigraphy watch (n = 5) or voluntary
dropout from study protocol (n = 2).

Procedure

This study was approved by the Institutional Review Board of
the University of Houston. A timeline of study participation is
provided in Fig. 1. Participants were recruited via community
flyers posted at high schools, local medical clinics and on
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online community forums. Educational outreach at local health
fairs and student events also took place, and telephone calls
were made to appropriate families whose contact information
was included in local school directories. Interested participants
first contacted the study coordinator and completed a brief
telephone screen to determine if basic eligibility criteria were
met. Eligible teenagers were invited to complete a diagnostic
assessment at the University of Houston.
At the initial appointment, adolescents and a parent

provided written informed assent and consent after study
procedures were explained in detail. The adolescent and
their parent then completed a comprehensive diagnostic
assessment to determine eligibility, which included
semistructured interviews and self-report questionnaires. All
diagnostic evaluations were conducted by clinical psychology
doctoral students and research assistants under the super-
vision of a licensed clinical psychologist (CAA). Eligible
participants were instructed to wear a wrist actigraph and
keep a sleep diary for 7 nights. For the first 6 days,
participants were asked to sleep a minimum of 7 h each
night in order to be eligible to complete the study. This cutoff
was chosen based on research and polling data (e.g.
Johnson et al., 2007; National Sleep Foundation, 2006)
revealing that most teens received fewer than the recom-
mended 8–10 h of nightly sleep (Hirshkowitz et al., 2015).
Participants were contacted by a study investigator on

night 7 (either a Friday or Saturday) and were assigned
randomly (stratified by age and sex) to one of two conditions
for that evening (at home): restricted sleep (going to bed 2 h
later than their usual bedtime and sleeping for 4 consecutive
hours) or idealized sleep (going to bed at their typical bedtime
and sleeping for 9.5 consecutive hours). As an example, for a
teen assigned to the restricted sleep condition whose typical
bedtime was 23:00 hours during the baseline week, pre-
scribed bedtime would be 01:00 hours and wake time would
be 05:00 hours. For the same teen assigned to the idealized
sleep condition, bedtime would be 23:00 hours and wake
time would be 08:30 hours.
Actigraphy was used to confirm compliance both during the

baseline week of sleep as well as sleep manipulation.
Participants were considered non-adherent to their assigned
sleep condition if they deviated from their prescribed total
sleep time (TST; measured as total min of actual sleep) by

more than 2 h or if their bedtime was different to what was
specified for their respective condition based on actigraphy.
Sleep diaries were completed in conjunction with actigraphy
and used to clarify any discrepancies between subjective
reports and objective sleep data.

Actigraphy

Micro Motionlogger Sleep Watches (Ambulatory Monitoring,
Inc., Ardsley, NY, USA) were used to measure sleep during
the baseline week and experimental night. The watch is an
accelerometer-based sleep monitor that records movement
continuously for up to 1 month. Data were collected in 1-min
epochs (sensitivity of 0.05 g in a frequency range of 2–3 Hz)
using the zero crossing mode and scored using the Sadeh
algorithm (Sadeh et al., 1994).

Interviews

Kiddie Schedule for Affective Disorders and Schizophrenia
for School-Age Children—Present and Lifetime Version (K-
SADS-PL; Kaufman et al., 1997)

The K-SADS-PL is a semi-structured diagnostic interview
that assesses a broad range of anxiety, mood and external-
izing disorders in children and adolescents, according to the
4th edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV-TR; American Psychiatric Association,
2000). A positive diagnosis for any disorder based on either
adolescent or parent report served as an exclusionary
criterion for this study.

BEARS Sleep Screen (Owens and Dalzell, 2005)

The BEARS is a clinician-administered brief screen for sleep
disorders in youth that asks about sleep problems in five
domains: B = Bedtime problems, E = Excessive daytime
sleepiness, A = Awakenings during the night, R = Regularity
and duration of sleep, and S = Snoring. Endorsement of any
of these sleep problems was followed-up with further ques-
tions including specific diagnostic criteria to assess for the
presence of a sleep disorder, which was an exclusionary
criterion for the study.

Visit 1
-Consent/

Assent
-Measures
-Clinical 

Interviews

Nights 1-6
-Actigraphy
-Sleep Diary

Baseline week of sleep

Visit 2 (12:00PM)
-Measures

- Emotion Reactivity and 
Regulation Task

Night 7
-Actigraphy
-Sleep Diary

SLEEP CONDITION:
Restricted OR Idealized

Figure 1. Diagram of study timeline.
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Adolescent-report questionnaires

Adolescents completed self-report questionnaires both at the
initial assessment (baseline) as well as the day following the
sleep manipulation (prior to the emotion reactivity and
regulation task).

Positive and Negative Affect Schedule for Children
(PANAS-C; Laurent et al., 1999)

The PANAS-C is a self-report measure of the experience of
positive and negative affect in youth. There are a total of 27
emotions: 12 positive (e.g. happy) and 15 negative (e.g.
upset). For each emotion, adolescents were asked to provide
a rating using a five-point Likert scale (1 = ‘very slightly or not
at all’ to 5 = ‘extremely’) based on how they feel ‘right now’. A
total score was computed for positive affect (a = 0.91–0.92)
and negative affect (a = 0.67–0.84), with higher scores
indicating increased experience of each type of affect.

State-Trait Anxiety Inventory for Children (STAIC;
Spielberger and Edwards, 1973)

The STAIC consists of two 20-item scales that assess how
they currently (state anxiety; A-state) and generally feel (trait
anxiety; A-trait). Items were totaled for each subscale, with
higher scores indicating higher levels of anxiety. Reliability in
the current study was acceptable for both state (a = 0.72–
0.74) and trait anxiety items (a = 0.75).

Epworth Sleepiness Scale (ESS; Johns, 1991)

The ESS is a self-report questionnaire to assess general level
of daytime sleepiness. Adolescents are asked to indicate their
‘chance of dozing’ in eight different scenarios, such as ‘sitting
and reading’or ‘watchingTV’onascaleof 0–3,with 0 indicating
‘would never doze’ and 3 indicating ‘high chance of dozing’.

Emotion reactivity and regulation task

The day following the overnight sleep manipulation,
adolescents completed a behavioural task during the

laboratory-based assessment to assess their emotion reactiv-
ity and regulation based partly on previous cognitive reap-
praisal studies (Carthy et al., 2010; McRae et al., 2012;
Ochsner et al., 2004). Participants viewed 40 images from
the International Affective Picture System (IAPS; Lang et al.,
2008), followed by affective ratings. The imageswere selected
to range in valence (eight positive, eight neutral and 24
negative) based on published normative valences (Lang et al.,
2008). Half the negative images were randomized to a ‘view’
condition and the other half to a ‘reappraise’ condition.

Task procedure

The task lasted 16 min and consisted of 40 trials (one for
each image). Fig. 2 provides a visual depiction of the
administration timeline for each trial. Prior to the task,
research staff taught participants how to use the cognitive
reappraisal strategy using a standard script. Specific exam-
ples of reappraisal tactics provided include (1) distancing
oneself from the picture (e.g. ‘It’s not real’, ‘It’s just a movie’,
‘It’s just photo-shopped’), (2) thinking that things would get
better over time (e.g. ‘He will feel better soon’) and (3) thinking
of a more positive explanation (e.g. ‘Maybe she is just tired
rather than sad’). Participants were asked to use any or all
the example tactics presented or any other type of reap-
praisal tactic not presented. Prior to the actual task, partic-
ipants completed a few practice trials in which they received
feedback. During the presentation of the reappraisal images,
participants were required to state out loud their reappraisal
statements, which were recorded verbatim by the research
staff.

Affective rating form

Participants provided ratings of emotional valence and
intensity/arousal in response to each image using the Self-
Assessment Manikin (SAM; Bradley and Lang, 1994), which
has been used extensively in previous studies using IAPS
images. Both dimensions (valence and intensity/arousal) are
rated on a nine-point scale ranging from 1 (negative valence
or low intensity/arousal) to 9 (positive valence or high
intensity/arousal).

Note: Blank screen served as transition slide to the next trial.

2 s8 s10 s4 s

Instruction Affect RatingsImage
Presentation Blank Screen

Figure 2. Timeline for trials in the emotion reactivity and regulation task.
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Variables derived

Several variable scores were created based on affective
ratings and reappraisal statements provided by adolescents
(see Table 1). We note that reappraisal statements were also
coded into categories based on specific reappraisal tactics
used; however, due to limited variability in type of tactics
used we did not include this information in this study.

RESULTS

Preliminary analyses

The sleep manipulation groups did not differ significantly
regarding any of the demographic (age, gender, ethnicity) or
baseline (sleepiness, positive or negative affect, state or trait
anxiety, sleep duration for the baseline week) variables.
Descriptive and statistical information is presented in Table 2.

Sleep manipulation check

Total sleep time on the experimental night and subjective
report of sleepiness the following day were compared
between groups as a manipulation check. TST in minutes
for the restricted sleep group (mean = 246.43, SD = 51.44)
was significantly lower than in the idealized sleep group
(mean = 524.68, SD = 68.64; t(39) = �14.74, g2 = 0.85,
P < 0.001). Controlling for baseline sleepiness, the restricted

sleep group [marginal mean = 11.94, standard error
(SE) = 0.92] reported significantly greater sleepiness than
the idealized sleep group (marginal mean = 6.26, SE = 0.92)
after the experimental night (F(1,39) = 18.89, g2 = 0.33,
P < 0.001) per the ESS.

Effects of sleep manipulation on emotional experience,
reactivity and regulation

A series of general linear models (GLMs) were conducted to
compare means of dependent variables; sleep condition was
entered as the between-subjects factor. Multivariate models
were used when possible to account for the number of
comparisons. Significant multivariate effects were followed-
up with univariate tests. Benchmarks as per Richardson
(2011) were used to interpret findings that had medium to
large effect sizes at the univariate level.

Emotional experience

A multivariate GLM with the following post-experimental
(time 2) dependent variables was conducted: PANAS-C
positive affect (PA), PANAS-C negative affect (NA), STAIC
A-state and STAIC A-trait. Baseline (time 1) reports of
these variables were included as covariates. The overall
multivariate effect was significant (F(4,33) = 9.32, g2 = 0.53,
P < 0.0010). Follow-up univariate analyses revealed that
participants in the restricted sleep condition reported

Table 1 Variables derived from emotion reactivity and regulation task

Variable Description Computation

Emotional reactivity*
Positive images Reactivity to positive images Average of the valence ratings across all positive view images
Valence
Intensity/arousal

Average of the intensity/arousal ratings across all positive view
images

Neutral images Reactivity to neutral images Average of the valence ratings across all neutral view images
Valence
Intensity/arousal

Average of the intensity/arousal ratings across all neutral view
images

Negative images Reactivity to negative images Average of the valence ratings across all negative view images
Valence
Intensity/arousal

Average of the intensity/arousal ratings across all negative view
images

Reappraisal
Reappraisal efficacy Effectiveness of cognitive reappraisal

(reduction in negative emotion produced
by use of reappraisals)

Subtraction of the mean valence rating for the negative view
images from the mean valence rating for the negative
reappraise images (higher score = greater reduction in
negative emotion or greater reappraisal efficacy)

Reappraisal statements† Participants’ ability to generate reappraisal
statements

Positive words Proportion of positive emotional words used Average of the proportion of positive emotional words used
across all reappraisal statements

Negative words Proportion of negative emotional words used Average of the proportion of negative emotional words used
across all reappraisal statements

Detail Total Number of words used in each
statement

Average of the total number of words used in each statement
across all reappraisal statements

*For valence ratings, higher scores indicated more positive valence. For intensity/arousal ratings, higher scores indicated greater intensity/
arousal.
†Content of the statements was assessed using Linguistic Inquiry and Word Count software (LIWC; Pennebaker et al., 2007).
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significantly less positive affect, higher state anxiety and
higher trait anxiety relative to those in the idealized group,
based on large effects. Additionally, a medium-sized effect
was detected for negative affect whereby the restricted sleep
group reported greater negative affect than did the idealized
sleep group. However, this result was not statistically
significant (P = 0.11). Univariate statistics and marginal
means are presented in Table 3.

Emotional reactivity

In six separate GLM analyses, the average valence and inten-
sity/arousal ratings for each viewed image type (positive view,
neutral view and negative view) were compared between
groups. Univariate analyses were chosen over multivariate
analyses, as positive and neutral images were included as
exploratory variables (i.e. we had no specific hypotheses
regarding responses to these images). Results are summa-
rized in Table 4. A medium-sized effect was detected

whereby the restricted sleep group provided greater nega-
tive valence ratings for negative images than did the
idealized sleep group, although the result failed to reach
statistical significance (P = 0.06). Levels of intensity/arousal
in response to negative images did not differ significantly by
group. Additionally, neither valence nor intensity/arousal
ratings for positive or neutral images differed significantly
by group.

Emotion regulation

Finally, a multivariate GLM was conducted to examine group
differences in cognitive reappraisal. In this analysis there
were four dependent variables: reappraisal efficacy and the
three reappraisal statement variables: positive words, nega-
tive words and detail. The overall multivariate effect was not
significant (F(4,37) = 0.48, g2 = 0.05, P = 0.75), suggesting
that groups did not differ in their ability to generate
reappraisal statements or efficacy in down-regulating

Table 2 Descriptive means for baseline (visit 1) and demographic variables for the full sample and two sleep conditions

Variable
(mean/SD)

Full sample
(N = 42)

Restricted sleep
group (n = 21)

Idealized sleep
group (n = 21) Statistic P

Baseline
Sleepiness 7.53 (3.75) 7.83 (4.23) 7.24 (3.28) t(40) = 0.51 0.62
Positive affect 42.34 (8.06) 43.05 (6.12) 41.62 (9.72) t(40) = 0.57 0.57
Negative affect 19.92 (5.40) 19.97 (4.76) 19.86 (6.09) t(40) = 0.07 0.95
State anxiety 28.33 (3.18) 28.00 (3.05) 28.67 (3.35) t(40) = �0.67 0.50
Trait anxiety 27.29 (4.05) 27.26 (3.38) 27.32 (4.71) t(40) = �0.05 0.96
Total sleep time 447.78 (56.52) 447.92 (63.77) 447.64 (49.45) t(39) = 0.02 0.99
Demographic
Age 14.83 (1.36) 14.95 (1.43) 14.71 (1.31) t(40) = 0.56 0.58
Gender v2(1) = 0.39 0.53
Ethnicity/Race v2(4) = 4.86 0.30

Sleepiness per the ESS (Epworth Sleepiness Scale); positive and negative affect per the PANAS-C (Positive and Negative Affect Schedule
for Children); State and Trait Anxiety per the STAIC (State-Trait Anxiety Inventory for Children). Total sleep time = average total sleep
minutes according to actigraphy, which ranged from 322.17 to 552.83 min across the entire sample.
SD, standard deviation.

Table 3 Post-sleep manipulation (visit 2) marginal means of restricted and idealized sleep groups from general linear model analyses (with
baseline positive and negative affect, and state and trait anxiety scores included as covariates) for the full sample and two sleep conditions

Variable
(mean/SE)

Full sample
(N = 42)

Restricted sleep
group (n = 21)

Idealized sleep
group (n = 21) F(1,36) g2

p (90% CI) P

Affect
Positive affect 33.03 (1.15) 29.24 (1.64) 36.82 (1.64) 10.68 0.23 (0.05, 0.40) 0.002
Negative affect 16.77 (0.35) 17.36 (0.50) 16.19 (0.50) 2.69 0.07 (<0.01, 0.22) 0.11
Anxiety
State anxiety 29.32 (0.40) 31.65 (0.57) 26.98 (0.57) 33.24 0.48 (0.27, 0.61) <0.001
Trait anxiety 29.56 (0.39) 30.62 (0.55) 28.50 (0.55) 7.49 0.17 (0.03, 0.34) 0.01

Multivariate effect was significant. Univariate statistics presented in table. Positive and Negative Affect per the PANAS-C (Positive and
Negative Affect Schedule for Children); State and Trait Anxiety per the STAIC (State-Trait Anxiety Inventory for Children).
SE, standard error; CI, confidence interval.
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negative emotions with this strategy. Further, cognitive
reappraisal reduced negative valence ratings effectively in
both groups [as indicated by the reappraisal efficacy means’
95% confidence intervals (CI) not including 0 for either group;
restricted group CI = 0.34, 1.24; idealized group CI = 0.41,
1.31]; see Table 5.

DISCUSSION

Based on a limited understanding of the specific aspects of
emotion processing impacted adversely by sleep, we exam-
ined how 1 night of partial sleep restriction influences
emotional experience, reactivity and regulation in adoles-
cents using a sleep restriction protocol. In line with hypothe-
ses, sleep restriction resulted in significant decreases in
positive affect based on a large effect. This finding is
consistent with self-reported outcomes from sleep deprivation
research in both adolescent and adult samples (e.g. Franzen
et al., 2008; McGlinchey et al., 2011; Talbot et al., 2010), as
well as sleep-based neurobiological changes in brain regions
associated with motivation and reward (Gujar et al., 2011;
Motomura et al., 2013). Thus, affective impairments resulting
from inadequate sleep may, in part, be a function of hedonic

deficits (i.e. impaired ability to experience pleasure from
activities normally considered enjoyable). Because adoles-
cents have been found to experience greater levels of
anhedonia than adults (e.g. Spear, 2000), chronic sleep loss
may pose a heighted affective risk during the teenage years.
Sleep restriction also produced an increase in negative

affect. Although this result was not statistically significant, a
medium effect size was detected. This finding is consistent
with results from some studies among adolescents (Dagys
et al., 2012; McMakin et al., 2016; Talbot et al., 2010) but
not others (Baum et al., 2014; McGlinchey et al., 2011).
Evidence for negative affective changes following sleep loss
is similarly equivocal in adult samples (e.g. Dinges et al.,
1997; Franzen et al., 2008; Zohar et al., 2005). To some
extent, discrepancies across studies may relate to contex-
tual factors and/or the salience of emotional cues used (e.g.
peer interactions with a friend were used in the study by
McMakin et al., 2016), highlighting a need for future exper-
imental research to utilize more personally relevant stimuli. It
should also be noted, however, that we found a relatively
restricted range of negative affect items (i.e., a floor effect) in
the current study, which may have been driven by the use of
a healthy sample of adolescents or the specific measure
used.
As hypothesized, and consistent with previous studies,

sleep restriction produced significant increases in anxiety
based on large effects (Baum et al., 2014; Dinges et al.,
1997; Talbot et al., 2010). Although specific mechanisms
remain speculative, increased anxiety levels following peri-
ods of sleep loss may be brought about via an imbalance of
physiological processes (i.e. increased allostatic load; McE-
wen and Karatsoreos, 2015). Among other negative effects,
sleep deprivation increases sympathetic tone, blood pres-
sure, proinflammatory cytokines and evening cortisol levels
(see McEwen and Karatsoreos, 2015). While acute periods of
sleep loss might produce transient increases in anxiety, sleep
loss during the longer term could result in sustained neuro-
hormonal and structural changes characteristic of various

Table 4 Descriptive means for emotional reactivity variables for the full sample and two sleep conditions and comparisons between sleep
groups

Variable (mean/SD)
Full sample
(N = 42)

Restricted sleep
group (n = 21)

Idealized sleep
group (n = 21) F(1,40) g2

p (90% CI) P

Valence
Negative images 3.06 (0.76) 2.84 (0.69) 3.27 (0.77) 3.72 0.09 (<0.01, 0.24) 0.06
Neutral images 5.10 (0.38) 5.05 (0.32) 5.16 (0.44) 0.91 0.02 (<0.01, 0.14) 0.35
Positive images 7.59 (0.84) 7.51 (0.68) 7.67 (0.98) 0.35 0.01 (<0.01, 0.10) 0.56
Intensity/arousal
Negative images 4.58 (1.69) 4.27 (1.81) 4.89 (1.54) 1.41 0.03 (<0.01, 0.16) 0.24
Neutral images 1.99 (1.22) 1.76 (0.85) 2.22 (1.49) 1.50 0.04 (<0.01, 0.16) 0.23
Positive images 4.83 (2.06) 4.51 (1.87) 5.15 (2.24) 1.00 0.02 (<0.01, 0.14) 0.32

Higher valence rating = more positive valence; Higher intensity/arousal rating = greater intensity/arousal. Means for negative images
presented here were based on negative view images only.
SD, standard deviation; CI, confidence interval.

Table 5 Descriptive statistics for reappraisal variables for the full
sample and two sleep conditions

Variable
(mean/SD)

Full sample
(N = 42)

Restricted sleep
group (n = 21)

Idealized sleep
group (n = 21)

Reappraisal
efficacy

0.82 (1.01) 0.79 (0.99) 0.86 (1.05)

Positive words 2.87 (2.28) 3.07 (2.55) 2.66 (2.02)
Negative words 2.76 (1.94) 3.07 (1.93) 2.44 (1.95)
Detail 10.07 (3.47) 10.37 (3.67) 9.76 (3.32)

Multivariate statistic was not significant. Higher reappraisal efficacy
score = greater reduction in negative emotion, or greater reap-
praisal efficacy.
SD, standard deviation.
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forms of psychopathology, including anxiety disorders (McE-
wen, 2006). Anxiety might therefore be considered an
important target for sleep-based interventions.
Sleep restriction did not produce alterations in emotional

reactivity in our study, with the exception of a moderate
(albeit non-significant) increase in negative valence ratings
for negative images. Although somewhat surprising, our
results align with some prior studies in adults as well as in
children (e.g. Franzen et al., 2009; Leotta et al., 1997;
Schwarz et al., 2013). The literature is highly mixed,
nonetheless, and the diverse array of sleep manipulation
protocols used across studies is noteworthy. Additionally,
some studies have assessed subjective emotional reactivity
following a period of delay or a second (rather than the
initial) presentation of an emotional image (e.g. Franzen
et al., 2009; Schwarz et al., 2013), which could result in
dampened ratings of emotion. In the current study, partic-
ipants provided ratings of valence and arousal immediately
upon viewing images for the first time, which would seem
to provide a better test of reactivity. The role of develop-
ment should also be considered. Higher levels of emotional
reactivity generally and in response to negative information
specifically are evident during the adolescent years, shad-
owing underlying changes in neural regions associated with
emotion and reward (Spear, 2000). Heightened reactivity to
negative images under conditions of acute sleep restriction
fits with these developmental changes, and suggests
that chronically inadequate sleep may pose an elevated
risk for affective disorders through alterations in emotional
reactivity.
In both sleep conditions, use of cognitive reappraisal was

effective in down-regulating negative emotion but, contrary
to our hypothesis, sleep restriction did not interfere with
teens’ ability to use this regulatory strategy. Findings in
adults show cognitive reappraisal ability to increase in
association with sleep quality (Mauss et al., 2013) but this
is the first study, to our knowledge, that examined real-time
use of this strategy following sleep restriction. Although our
finding is inconsistent with subjective reports among sleep-
restricted adolescents (Baum et al., 2014), our study
focused upon one particular strategy, rather than emotion
regulation broadly. However, because cognitive abilities
required for reappraisal (e.g. attention, working memory;
Ochsner et al., 2004) are depleted by sleep loss (Steenari
et al., 2003), and sleep deprivation is known to impair top–
down prefrontal control abilities (Yoo et al., 2007), the
results are unexpected. It is possible that 1 night of partial
sleep restriction is insufficient to impact reappraisal ability
in a healthy sample of adolescents. Selected IAPS
images also may not have been evocative enough to elicit
difficult-to-manage emotions, especially considering the
more graphic images in movies and video games to which
teenagers are exposed regularly. We also note that teaching
participants how to use cognitive reappraisal immediately
before the task may have served to minimize group
differences. At the same time, adolescents have been found

to use cognitive reappraisal less often than adults (Garnefski
et al., 2002).
Other limitations should also be considered. As the current

sample consisted exclusively of healthy adolescents, findings
cannot be generalized to clinical samples, which may show
differential responses to sleep restriction (e.g. see Giedke
and Schw€arzler, 2002). Only 1 night of partial sleep restriction
was used, and some degree of deviation from prescribed
sleep duration on the experimental night was allowed (i.e. up
to 2 h). As such, the magnitude of some experimental effects
may have been reduced inadvertently. We sought to recruit a
representative sample of teens and therefore required only
7 h sleep per night (minimum) during the baseline week.
Although the National Sleep Foundation recommends 8–10 h
of sleep for this age range (Hirshkowitz et al., 2015),
evidence that most teens sleep less than this is substantial
(e.g. National Sleep Foundation, 2006). Indeed, youth in both
groups slept for 7.5 h per night on average during the
baseline week. However, this too might be viewed as a
limitation of our study, as participants in both groups
evidenced an accumulated sleep debt prior to the manipu-
lation. This may have decreased some of the effects
observed in this study. Lastly, our study did not include
psychophysiological assessment of emotional reactivity or
regulation, and subjective reports have been shown to differ
from objective measures of these constructs (e.g. Franzen
et al., 2009; Gross, 2002).

CONCLUSION

Results suggest that just one night of modest sleep loss has
large adverse effects on positive affect and anxiety and, to a
lesser extent, negative affect and reactivity to negative
emotional stimuli in adolescents. Public health campaigns/
initiatives for teens should therefore include quality sleep
among a range of other recommended healthy behaviours.
Findings add to a growing body of research exploring the
impact of inadequate sleep on various aspects of emotional
functioning in adolescents. Experimental research utilizing
contextually and developmentally relevant emotional cues is
needed to elucidate the precise mechanisms by which sleep
loss elevates affective risk during the adolescent years,
including the use and effectiveness of distinct emotion
regulatory strategies.
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