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Abstract

Sleep deprivation commonly impairs affective regulation and causes worse mood.
However, the majority of previous research concerns young adults. Because suscep-
tibility to sleep deprivation and emotion regulation change distinctively across adult
age, we tested here the hypothesis that the effect of sleep deprivation on mood is
stronger in young than in older adults. In an experimental design, young (18—
30 years) and older adults (60-72 years) participated in either a sleep control
(young, n = 63; older, n = 47) or a total sleep deprivation condition (young, n = 61;
older, n = 47). Sleepiness, mood and common symptoms of sleep deprivation were
measured using established questionnaires and ratings. Sleep-deprived participants
felt more sleepy, stressed and cold, and reported lower vigour and positive affect,
regardless of age. All the other outcome measures (negative affect, depression, con-
fusion, tension, anger, fatigue, total mood disturbance, hunger, cognitive attenuation,
irritability) showed a weaker response to sleep deprivation in the older group, as
indicated by age*sleep deprivation interactions (ps < 0.05). The results show that
older adults are emotionally less affected by sleep deprivation than young adults.
This tolerance was mainly related to an attenuated increase in negative mood. This
could possibly be related to the well-known positivity effect, which suggests that
older adults prioritize regulating their emotions to optimize well-being. The results
also highlight that caution is warranted when generalizing results from sleep depri-

vation studies across the adult lifespan.
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young adults can be generalized to the later part of the lifespan. In

Good sleep is not only essential for physical health and cognitive
performance, but also plays a critical role in emotional functioning,
as highlighted by several studies during the past years (Goldstein &
Walker, 2014). So far though, hardly any research has investigated
whether the affective consequences of sleep deprivation observed in

general, well-being and positive affect increase and negative emo-
tions decline with older age (Carstensen, lIsaacowitz, & Charles,
1999; Reed & Carstensen, 2012), which seems somewhat paradoxi-
cal considering the challenges inherent to older age, such as deterio-

rating health. A main reason appears to be that older compared with
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young adults prioritize positive over negative information (Reed,
Chan, & Mikels, 2014). However, it is so far unknown whether this
positivity effect is also reflected by less mood deterioration when
undergoing sleep loss.

Sleep deprivation increases negative mood (Kahn, Sheppes, &
Sadeh, 2013) and impairs emotion regulation (Goldstein & Walker,
2014) and socio-emotional functioning (Beattie, Kyle, Espie, & Biello,
2015), which is likely to have adverse consequences for everyday
life. An early meta-analysis by Pilcher and Huffcut suggests that the
effect of sleep deprivation on mood is even larger than the effect on
cognitive performance (1996). However, the vast majority of
research has been conducted in young adults. Prior studies suggest
that older adults are less affected by sleep deprivation in terms of
perceived sleepiness (Duffy, Willson, Wang, & Czeisler, 2009) and
cognitive performance decrements (Duffy et al., 2009; Philip et al.,
2004), yet knowledge on the affective consequences of sleep depri-
vation in older adults is very scarce. To our knowledge, only one
prior study (Birchler-Pedross et al., 2009) included a more general
mood measure. The results showed that older adults’ well-being was
more impaired than young adults’ by sleep deprivation. However,
this study was limited by a small sample size and the lack of estab-
lished outcome measures that differentiate between negative and
positive dimensions of affect. Using an empathy for pain paradigm,
our recent findings indicate that the effect of partial sleep depriva-
tion in older adults is opposite to that in younger adults (Tamm et
al., 2017). This study focused specifically on empathy, and not on
more general aspects of emotion, but nevertheless further under-
scores the need to study sleep manipulations in different age groups.
Thus, it is an open challenge to investigate how total sleep depriva-
tion affects positive and negative dimensions of affect in older com-
pared with young adults. Subjective measures are increasingly
considered important outcomes, as, for instance, hedonic well-being
is not only bidirectionally linked with health but may even prospec-
tively predict health outcomes in older age (Steptoe, Deaton, &
Stone, 2015).

Older adults may be emotionally protected from sleep loss
because they better tolerate sleep deprivation as shown with cogni-
tive functioning (Duffy et al., 2009; Philip et al., 2004), and because
of a shift in emotion regulation strategies in later life. The majority
of studies indicate that sleep deprivation has a less adverse impact
on cognition in older adults, but the mechanisms driving the age
differences are still poorly understand (Scullin & Bliwise, 2015).
Potential reasons that have been discussed are that older adults
may already be impaired at baseline as a result of generally sleeping
more poorly than young adults (i.e. flooring effect), or alternatively
may have a lower need for sleep (Scullin & Bliwise, 2015). More-
over, changes in circadian regulation such as an attenuated ampli-
tude could contribute to the observed age differences (Schmidt,
Peigneux, & Cajochen, 2012). With respect to age-dependent
effects of sleep deprivation on mood, general changes in emotion
regulation across the adult lifespan may also need to be considered.
According to the socioemotional selectivity theory (Carstensen et
al, 1999), one of the most prominent lifespan theories, young

adults perceive their time horizon as more open ended and priori-
tize future-oriented goals such as knowledge gain. On the other
hand, because of perceiving their remaining lifetime as more limited,
older adults focus on maximizing positive affective states and mini-
mizing negative ones in order to achieve emotional gratification
(Reed & Carstensen, 2012; Reed et al., 2014). This positivity effect
in older age has been confirmed in several experiments, and a
recent meta-analysis concluded that the support for the positivity
effect is indeed stable (Reed et al., 2014). Moreover, brain imaging
findings confirm that young and older adults process emotional
stimuli differentially (Mather, 2012). There is also support for the
persistence of the positivity effect in everyday life: older adults are
more likely to interpret ambiguous situations positively than young
adults are (Juang & Knight, 2016), and recall more daily positive
experiences (English & Carstensen, 2014). Yet, it is unclear whether
the positivity effect in older age withstands more severe challenges.
Only recently, Everaerd, Klumpers, Oude Voshaar, Fernandez, and
Tendolkar (2017) reported that the typically attenuated response to
negative stimuli in older adults is less pronounced when individuals
are also challenged by a stress task, compared with when they are
in a more relaxed state. Of note, putative psychological and biologi-
cal explanations of age differences in mood and affective regulation
in response to sleep deprivation may in fact be very closely con-
nected with each other, as recent advances in affective neuro-
science suggest that emotions are strongly related to and likely
rooted in bodily changes such as altered metabolism and energy
regulation (Barrett, Quigley, & Hamilton, 2016).

Against the backdrop of the lower susceptibility to sleep depriva-
tion shown in prior studies and the changes in emotion regulation
strategies in older adults, the aim of this study was to test the
hypothesis that sleep deprivation has a less strong effect on mood
in older adults compared with young adults.

2 | MATERIALS AND METHODS

21 | Sample

The final sample consisted of 218 participants. Background informa-
tion for the sample is displayed in Table 1. Participants were
recruited via newspapers, online platforms and posters. They filled in
online forms assessing demographic variables, health and sleep
habits. Inclusion criteria were being 18-30 or 60-72 years old, being
fluent in Swedish and living in the greater Stockholm area. Individu-
als who reported current severe somatic disease, psychiatric or neu-
rological disorders or intake of relevant medication, daily use of
nicotine, drinking more than four cups of caffeinated drinks/day or
inability to abstain from caffeine were excluded. Participants were
screened for sleep disorders and current stress (see for more details
Schwarz et al. (2018)). Participants who fulfilled the inclusion criteria
were invited to an initial meeting approximately 1 week before the
test session. Participants were economically compensated and gave
written informed consent. The study was approved by the Regional
Ethical Review Board in Stockholm.
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2.2 | Design

This study is part of a larger project (Schwarz et al., 2018). Stratified by
age and gender, participants were randomized to either one night of
normal sleep or sleep deprivation for one night, as well as session start
time. There was no significant difference between conditions regarding
the allocation to session start at 13.00 or 16.00 hours (X23 =0.81,
p = 0.847). Moreover, half of the participants were allocated to a stress
condition, during which they participated in a psychosocial challenge in
the latter part of the test session. Participants were blinded for the
stress condition, and all measures that were used in the current analysis
were collected before the psychosocial challenge. Therefore, data were
aggregated across stress and no-stress conditions.

Participants were asked to keep their regular sleep-wake sched-
ule during the week before the test session. Participants completed
sleep diaries and wore actigraphs (Actiwatch 4, CamNtech) for
3 days prior to the test session. Moreover, they were instructed to
refrain from caffeine, alcohol, napping and physical training on the
day before and the day of the test session.

Participants assigned to the sleep deprivation condition arrived
at the laboratory at 22:00 hours the day before and stayed until the
test session. During the night, they rated stress and sleepiness
hourly, and completed a 30-min cognitive test battery every other
hour. The majority of the time, they were free to engage in low-de-
manding leisure activities. After the test session, sleep-deprived par-
ticipants were offered a taxi ride home for safety reasons.

Participants in the normal sleep condition slept at home in order to
avoid the laboratory environment negatively affecting their sleep, and
were asked to sleep for at least 7 hr and to wake up at 08:00 hours at
the latest. They arrived in time for their test session at the laboratory.

Daytime test sessions started at either 13.00 or 16.00 hours and
took place in a different building to the night-time sleep deprivation.

Upon arrival at the laboratory, participants gave a saliva sample,

TABLE 1 Sample characteristics (mean [standard deviation])

Young adults (18-30 years)

were set up with a heart rate monitor and performed a short gait
analysis test. Following this, they filled in a range of questionnaires
on their mood and well-being (the outcome of interest in the current
study), which are described below. Scales were administered at
approximately 13.20 or 16.20 hours in the following order: CHICa,
Profile of Mood States, Positive and Negative Affect Schedule,

Karolinska Sleepiness Scale (KSS) and subjective stress rating.

2.3 | Outcome measures

Subjective sleepiness was measured using the KSS (Akerstedt &
Gillberg, 1990). Participants were instructed to rate their sleepiness
during the past 5 min.

Participants also rated their subjective stress levels using a sin-
gle-item question with ordinal anchored response alternatives rang-
ing from 1 = very relaxed to 9 = extremely stressed. Participants
were instructed to rate their stress levels during the past 5 min. The
stress scale has not yet been formally validated, but our recent
results suggest that it is a sensitive measure when participants are
exposed to an acute stress paradigm (Schwarz et al., 2018).

The Positive and Negative Affect Schedule (PANAS) was used to
assess positive and negative affect (Watson, Clark, & Tellegen,
1988). Participants were instructed to rate how they felt right now.

The Profile of Mood States (POMS) (McNair, Lorr, & Dropple-
man, 1992) is a well-established rating scale containing 65 items that
assesses transient mood states. It comprises six subscales: tension,
depression, anger, fatigue, confusion and vigour. The overall score of
‘total mood disturbance’ is an aggregate measure calculated from the
six subscales, with vigour subtracted from the sum of the other sub-
scales. In the current study, the participants were instructed to rate
how they felt right now.

The CHICa scale is a 24-item rating scale (ratings from O to 3)

that measures subjective consequences of sleep loss on four

Older adults (60-72 years)

Normal night's sleep

Total, n (male) 63 (36)

Age (years) 23.08 (3.37)
BMI (kg/m?) 22.33 (2.46)
Insomnia severity index 3.56 (2.35)
Epworth Sleepiness Scale 5.40 (2.84)

07:35 (00:56)
23:58 (00:51)
07:34 (00:50)
07:44 (01:01)
00:23 (01:12)
08:07 (01:08)
32/31

Duration of sleep period 1 night before (hh:mm, A)?
Sleep start 1 night before (hh:mm, A)?

Sleep end 1 night before (hh:mm, A)?

Duration of sleep period 2-3 nights before (hh:mm, A)°
Sleep start 2-3 nights before (hh:mm, A)°

Sleep end 2-3 nights before (hh:mm, A)°

Start time 13.00/16.00

an = 6 missing; °n = 15 missing.
A, Actigraphy; BMI, body mass index.

Sleep deprivation Normal night's sleep Sleep deprivation

61 (37) 47 (16) 7 (16)
23.52 (3.1) 66.30 (3.30) 67.26 (3.24)
22.93 (2.41) 23.54 (2.26) 23.28 (2.32)

3.08 (2.44) 3.79 (2.84) 4.19 (2.42)
5.13 (2.94) 5.91 (3.37) 5.77 (3.20)

() 08:06 (01:04) ()

() 23:08 (01:00) ()

() 07:15 (00:39) ()
07:49 (00:53) 07:43 (00:51) 07:54 (00:45)
00:12 (00:53) 23:41 (00:55) 23:13 (00:47)
08:02 (00:56) 07:25 (00:40) 07:07 (00:55)
30/31 25/22 27/20
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subscales covering thermoregulation (cold), disrupted appetite (hun-
ger), affective problems (irritability) and cognitive functioning (cogni-
tive attenuation) (Oginska, Mojsa-Kaja, Fafrowicz, & Marek, 2014).
We calculated the average score for each subscale. In the present
context, the irritability scale is of primary interest, but for complete-
ness all subscales are reported. Because the questionnaire was trans-
lated to Swedish for the purpose of this study, we calculated
Cronbach's alpha, showing a good internal consistency for all sub-
scales (cold o = 0.88, hunger a = 0.87, irritability a = 0.87, cognitive

attenuation o = 0.90).

2.4 | Statistical analysis

To investigate whether the effect of sleep deprivation on mood is
age dependent, data were analyzed using a 2 x 2 ANOVA with age
and sleep deprivation as between-subject factors. The significance
level was set at p < 0.05 (two sided).

Inferential analysis was complemented by omega squared as the
effect size measure for interaction effects, which was calculated
using the formula (Lakens, 2013):

0)2 _ dfeffect X (Mseffect - Mserror)
sstotai + MSerror

Bias-corrected and accelerated confidence intervals for effect sizes
were calculated using bootstrapping with 1000 samples (stratified
selection for condition). According to Cohen (1988, cited after Kim
(2016)), small effect sizes are defined as 0.01 < ®? < 0.06, medium
effect sizes as 0.06 < w2 < 0.15 and large effect sizes as ®? > 0.15.

We only report effect sizes for interaction effects, as this is the
main scope of the present paper. Moreover, in the presence of sig-
nificant interactions, main effects cannot always be interpreted in a
meaningful way.

2.5 | Supplementary analysis

Older adults compared with younger adults are more prone to be morn-
ing types (Roenneberg et al., 2007), which in turn has been associated
with more positive affect (Biss & Hasher, 2012). Thus, diurnal type
could be a mediator of putative age differences. Therefore, we con-
ducted a supplementary analysis using diurnal preference (measured
using the Diurnal Type Scale (Torsvall & Akerstedt, 1980)) as covariate.
Results, which by and large did not affect the conclusions of the main

analysis, are presented as Supporting Information, Table S1.

3 | RESULTS

We investigated the age-dependent effects of sleep deprivation
across a wide range of mood measures. Descriptive values are dis-
played in Figure 1; results of the 2 x 2 ANOVA are presented in
Table 2. For some outcome measures, values of two participants
were missing because of technical error, as denoted in Table 2.
Effect sizes for the sleep by age interaction are presented in Fig-

ure 2.

3.1 | Subjective sleepiness and stress

The age by sleep deprivation interactions were not significant for
sleepiness and stress. Sleep deprivation resulted in increased sleepi-
ness and more subjective stress see (Figure 1). Older adults were
more stressed than younger adults, but showed no difference with

respect to sleepiness.

3.2 | Positive and Negative Affect Schedule
(PANAS)

For PANAS positive affect, we observed significant main effects of
age and sleep deprivation; positive affect was lower in young adults
and after sleep deprivation.

For PANAS negative affect, the age by sleep deprivation interac-
tion and the main effect for age were significant. According to fol-
low-up t tests, the effect of sleep deprivation was not significant in
either age group. After a normal night's sleep no age differences
were seen but after sleep deprivation young adults reported more
negative affect than older adults (normal night's sleep, t;107 = 0.03,
p = 0.973; sleep deprivation, t1o5 = 2.56, p = 0.012).

3.3 | Profile of Mood States (POMS)

Significant age by sleep deprivation interactions occurred for total
mood disturbance and for all subscales but vigour, indicating that
the effect of sleep deprivation was age dependent. Moreover, main
effects for age and sleep were significant for all POMS subscales
and total mood disturbance.

Follow-up t tests for the interactions showed that in the young
group, sleep deprivation was related to changes in all subscales and
total mood disturbance (ps < 0.01). In the older participants, confu-
sion, fatigue and total mood disturbance were significantly increased
after sleep deprivation (ps < 0.001), but the changes were smaller
compared with the young adults. Depression, tension and anger did
not significantly differ between sleep-deprived and rested older
adults.

Vigour was higher in older compared with young participants,
and lower in the sleep deprivation condition.

In the non-sleep deprived participants, depression, confusion,
tension, anger and total mood disturbance were not significantly dif-
ferent in young and older adults (all ps > 0.05), but vigour was
higher in older compared with young participants (t197 = —2.1,
p = 0.038) and fatigue lower (t107 = 2.85, p = 0.005).

34 | CHICa

Age by sleep deprivation interactions were significant for the CHICa
subscales hunger, irritability and cognitive attenuation. Sleep depriva-
tion was associated with an increase in irritability in young
(t120 = —=3.75, p < 0.001) but not older participants (tg, = —1.13,
p = 0.261). Hunger and cognitive problems were higher after sleep

deprivation in both young and older adults, but the effect of sleep
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KSS Subjective sleepiness

Subjective stress
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FIGURE 1 Descriptive data for the outcome measures (Mean + Standard Error of the Mean) in the four conditions. KSS, Karolinska
Sleepiness Scale; PANAS, positive and negative affect schedule; POMS, profile of mood states

deprivation was smaller for the older adults (hunger (young),
tio0 = —6.14, p < 0.001; hunger (older) tgy, = —2.91, p = 0.004; cog-
nitive attenuation (young), t1o9 = —10.92, p < 0.001; cognitive atten-
uation (older), tg, = =5.16, p < 0.001).

Both young (t1o0 = =7.77, p < 0.001) and older participants
(too = —6.33, p < 0.001) felt significantly colder in the sleep depriva-
tion than in the normal night's sleep condition.

In the normal sleep condition, young and older adults did not differ
regarding irritability (t107 = 1.31, p = 0.194), hunger (t107 = 0.73,
p = 0.464) and cognitive attenuation (t197 = 1.17, p = 0.243), but
young participants felt significantly more cold (t107 = 2.17,p = 0.033).

4 | DISCUSSION

The aim of the present study was to investigate whether the effect of
sleep deprivation differs between young and older adults. The sleep-
deprived group showed more sleepiness, subjective stress and feeling

cold, and less vigour and positive affect, regardless of age. All the other
outcome measures (negative affect, depression, confusion, tension,
anger, fatigue, total mood disturbance, hunger, cognitive attenuation
and irritability) showed a weaker response in the older group. Thus,
the present results suggest that older adults are not only less vulnera-
ble to sleep deprivation in terms of cognitive performance, as high-
lighted by previous studies (Duffy et al., 2009; Philip et al., 2004), but
also in terms of being more resilient to mood deterioration.

The increased sleepiness levels confirm that the sleep deprivation
protocol was successful, as sleepiness is a sensitive indicator of sleep
deprivation (Akerstedt, Anund, Axelsson, & Kecklund, 2014). No age
differences occurred with respect to rated sleepiness. Previous
results on age differences in sleepiness after prolonged wakefulness
are variable (Duffy et al., 2009; Philip et al., 2004; Sagaspe et al.,
2012). The increased subjective stress levels after sleep deprivation
are in line with previous research (Franzen et al., 2011; Wright et al,,
2015).
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TABLE 2 Results from age by sleep deprivation ANOVA

Age Sleep deprivation Age x Sleep deprivation
F df p F df p F df p
KSS 1.84 1,214 0.176 164.42 1,214 <0.001 1.2 1,214 0.274
Subjective stress 9.33 1,214 0.003 19.78 1,214 <0.001 0.1 1,214 0.748
Positive and negative affect schedule®
Positive affect 44.44 1,212 <0.001 73.46 1,212 <0.001 1.9 1,212 0.170
Negative affect 4.59 1,212 0.033 0.26 1,212 0.609 4.43 1,212 0.037
Profile of mood states®
Depression 11.72 1,212 0.001 8.19 1,212 0.005 7.88 1,212 0.005
Vigour 14.41 1,212 <0.001 89.85 1,212 <0.001 0.75 1,212 0.389
Confusion 23.51 1,212 <0.001 67.06 1,212 <0.001 13.31 1,212 <0.001
Tension 9.87 1,212 0.002 6.61 1,212 0.011 4.53 1,212 0.035
Anger 8.68 1,212 0.004 4.43 1,212 0.037 8.06 1,212 0.005
Fatigue 55.52 1,212 <0.001 173.28 1,212 <0.001 20.75 1,212 <0.001
Total mood disturbance 34.93 1,212 <0.001 78.56 1,212 <0.001 14.62 1,212 <0.001
CHICa?
Cold 12.69 1,212 <0.001 96.12 1,212 <0.001 1.00 1,212 0.319
Hunger 10.02 1,212 0.002 39.87 1,212 <0.001 6.18 1,212 0.014
Irritability 11.52 1,212 0.001 11.89 1,212 0.001 4.05 1,212 0.046
Cognitive attenuation 20.71 1,212 <0.001 122.79 1,212 <0.001 11.03 1,212 0.001

®n = 2 missing. KSS, Karolinska Sleepiness Scale.

e age*sleep deprivation (p < .05) e age*sleep deprivation (p ns) ‘

FIGURE 2 Effect size w? for age by sleep deprivation
interactions with bias-corrected and accelerated 95% confidence
intervals. Horizontal lines indicate cut-offs for small (0.01) and
medium effect sizes (0.06), respectively. PANAS, positive and
negative affect schedule; POMS, profile of mood states; Total Mood
D, total mood disturbance

Sleep deprivation had pronounced effects on mood and other
symptoms of sleep loss. Using the PANAS scale, we found that posi-
tive affect was lower both in young and older adults who partici-
pated in the sleep deprivation condition. Moreover, negative affect
was lower after sleep deprivation in older adults compared with the
young group. The results in the young group parallel previous
research that showed an effect of sleep deprivation on positive but

not on negative affect on the PANAS scale (Franzen, Siegle, &
Buysse, 2008).

The changes in the other mood measures, foremost in the young
group (i.e. the decrease in vigour, and the increases in depression,
confusion, tension, anger, fatigue, total mood disturbance and irri-
tability), are in accordance with several previous studies that
reported higher fatigue (Drake et al., 2001; Scott, Mcnaughton, &
Polman, 2006), anxiety (Pires, Bezerra, Tufik, & Andersen, 2016),
depressive symptoms (Paterson et al., 2011; Scott et al., 2006) and
confusion (Drake et al, 2001), as well as reduced vigour (Drake
et al., 2001; Scott et al., 2006), happiness (Paterson et al., 2011) and
activation (Paterson et al., 2011) after sleep deprivation. In the pre-
sent study, participants also felt more hungry and cold after sleep
deprivation, which could be interpreted in line with the increased
appetite (Knutson, Spiegel, Penev, & Van Cauter, 2007) and altered
thermoregulation (Romeijn et al., 2012) described previously.

Consistent with our hypothesis, older adults were less affected
by sleep loss for the majority of outcome measures. They had a
slightly lower negative affect in the sleep deprivation condition than
young adults, and the increases in confusion, fatigue, total mood dis-
turbance, hunger and cognitive attenuation in response to sleep
deprivation were mitigated. Moreover, ratings of depression, tension,
anger and irritability were not significantly changed by sleep depriva-
tion. Thus, sleep deprivation had a distinctively different effect on
mood in young and older adults, despite sleepiness being similar in
both age groups.

Examining the overall pattern of the variables in more detail, it
seems that the effect of sleep deprivation differed between young
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and older adults exclusively on the scales that are targeting the neg-
ative affect dimension (i.e. PANAS negative affect, POMS depres-
sion, confusion, anger, tension and fatigue, CHICa irritation and
cognitive attenuation). On the other hand, the scales related to posi-
tive affect (i.e. PANAS positive affect, POMS vigour) and scales that
target other common subjective consequences of sleep loss (sleepi-
ness, stress and cold) show a similar pattern in young and older indi-
viduals. It may seem surprising that we found an interaction effect
for fatigue, but not for KSS. Yet it is worth noting that the POMS
fatigue scale contains negatively valenced items (i.e. worn out, list-
less, fatigued, exhausted, sluggish, weary, bushed). KSS, on the other
hand, assesses sleepiness without directly implying a negative
valence. This may be an important difference between the two mea-
sures.

The current results indicate that older adults are showing a similar
decline in positive affect after sleep deprivation to young adults, but
they seem superior at regulating negative affect. This is particularly
interesting as negative items on mood scales cannot merely be consid-
ered antonyms of positive items (Steptoe et al., 2015). Both the nega-
tive and the positive dimension of affect carry unique information that
is essential for assessing hedonic well-being (Steptoe et al., 2015). One
emotion regulation strategy commonly used by older adults is to shift
attention away from and selectively ignore stimuli and situations that
are likely to elicit a negative mood (see review by Mather, 2012). Thus,
a key component of the positivity effect in older age is a bias towards
attending less to negative information, rather than merely focusing on
positive information. Assuming that in a sleep deprivation protocol
participants are likely to be exposed to a situation that elicits negative
rather than positive feelings, it seems logical that we found the interac-
tion effect mainly on scales targeting negative affect.

The current results are at odds with one small previous study
that found that older persons’ (n = 16) well-being was more impaired
by sleep deprivation than that of young adults (n = 16) (Birchler-Ped-
ross et al., 2009). Yet it is difficult to directly compare results, as in
that study well-being was calculated as an integrative measure that
combined different aspects (visual analogue scales for mood, tension
and physical comfort) and it is unclear whether, for instance, older
adults may have suffered mostly from lower comfort in the constant
routine situation. However, our results fit overall very well with
studies on cognition that demonstrate that older adults outperform
young adults in cognitive tasks after sleep deprivation (Duffy et al.,
2009; Philip et al., 2004). Because cognition and emotion are closely
intertwined and affect each other (for review see, for example,
Okon-Singer, Hendler, Pessoa, and Shackman, 2015), it would be
interesting to investigate in future studies whether the individuals
that show less impairment regarding their affect are also the ones
who are less susceptible regarding cognitive performance, in particu-
lar with respect to an ageing perspective. Beyond the impact on cog-
nition, positive affect and well-being are considered protective
factors for health and longevity (Chida & Steptoe, 2008; Steptoe &
Wardle, 2011). Thus, a less strong affective response to challenges
such as sleep loss could contribute to maintaining better health in
older age.
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Here we primarily interpret the current findings in relation to a posi-
tivity effect as a function of adult ageing, as suggested by the
socioemotional selectivity theory (Carstensen et al., 1999). However,
the effect of sleep deprivation on mood may not only be attributable
to emotion regulation strategies but could in part also originate from
biologically driven processes. Sleep duration and structure change
across adult ageing (Schwarz et al., 2017), the circadian amplitude is
reduced (Duffy, Zitting, & Chinoy, 2015), and homeostatic sleep
pressure after curtailed sleep is lower in older age, which may indi-
cate a reduced need for sleep (Akerstedt et al., 2018). In the current
sample, sleep deprivation had a similar effect on the activity of base-
line stress systems (cortisol and alpha amylase) in the two age
groups (Schwarz et al., 2018) but other relevant aspects related to
sleep-wake regulation may still have been impacted differentially in
the young and older participants. Therefore, it is important to
include more biological measures that better address whether differ-
ences in sleep drive (e.g. the homeostatic slow wave sleep response
to sleep deprivation) are linked to any age-dependent effects. More-
over, given that physiological changes and energy regulation may be
also at the core of an affective experience (Barrett et al., 2016), it
would be interesting to directly link the physiological consequences
of sleep deprivation to the affective experience.

We here use self-ratings of affective status, and thus cannot fully
exclude any effects of reporting bias. On the other hand, self-re-
ported well-being (e.g. mood rating) is related to health in older age
(Steptoe et al., 2015), which underscores the value of self-report
data. As with most studies on ageing, we cannot distinguish between
cohort effects and true effects of ageing because of the between-
subject design. Moreover, participants slept at their home in the nor-
mal night's sleep condition and arrived at the laboratory in time for
the test session, whereas sleep-deprived individuals stayed in the
laboratory from the evening before. However, the same procedure
was used for young and older adults, and the results in young adults
correspond very well with previous studies. It would also have been
interesting to include further age groups, such as adolescence and
midlife, to elucidate whether the effect of sleep deprivation on mood
is linear or curvilinear across age.

This is a selected sample of healthy participants, so it is unclear
how the results generalize to the general population. Because it has
been proposed that older adults focus more on emotional control
than younger adults (Lawton, Kleban, Rajagopal, & Dean, 1992), it is,
for instance, possible that older individuals vulnerable to sleep loss
would not sign up for a sleep deprivation study. We here address
only the response to sleep deprivation for one night. However, in
daily life many individuals experience chronic sleep restriction rather
than short-term total sleep deprivation. Therefore, it remains an
important challenge to address whether similar age-dependent
effects on mood occur when participants experience longer-term
sleep curtailment, both inside and outside the laboratory. Lastly,
because circadian aspects, in combination with homeostatic aspects,

may impact on mood (Boivin etal, 1997), it is important to
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investigate in future studies whether the age-dependent effect of
sleep deprivation varies across the day/circadian phase. A strength of
the current study is the relatively large dataset, as well as the use of
established questionnaires that address both the positive and nega-

tive dimension of affect.

4.2 | Overall conclusion

Overall, the results of the current study show that young partici-
pants are emotionally more affected by sleep deprivation than older
adults, especially regarding negative aspects of mood. This could
possibly be related to the well-known positivity effect in older age
(Reed & Carstensen, 2012), which suggests that older adults priori-
tize regulating their emotions to optimize well-being and therefore
strategically shift attention away from stimuli and situations that
may elicit negative affect, and may also do this during sleep depriva-
tion. The results also highlight that caution is warranted when gener-
alizing results from sleep deprivation studies across the adult
lifespan.
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