SOCIALIZING, PERSONALITY AND THE EFFECTS OF SLEEP DEPRIVATION

Socializing by Day May Affect Performance by Night: Vulnerability to Sleep
Deprivation is Differentially Mediated by Social Exposure in Extraverts vs
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Study Objectives: To examine the effects of socially enriched versus socially impoverished environments on performance and alertness decline
during sleep deprivation in extraverts versus introverts.

Design: Participants (n = 29 men, n = 19 women) were assigned to socially enriched (n = 24; 13 introverts, 11 extraverts) or socially impoverished
(n=24; 12 introverts, 12 extraverts) conditions (activities matched) for 12 hours (1000-2200) on Day 1 followed by 22 hours of sleep deprivation
(2200-2000; 36 h awake total), monitored by actigraphy. The median split of volunteers’ Eysenck Extraversion scores was used for extravert/intro-
vert categorization. The Psychomotor Vigilance Task (PVT), modified Maintenance of Wakefulness Test (MWT), and Stanford Sleepiness Scale
(SSS) were administered every 2 hours throughout. PVT speed, transformed lapses, modified MWT sleep-onset latency, and SSS were analyzed
using mixed-model analyses of variance, with covariates of age and total actigraphic activity during enrichment or impoverishment.

Setting: Residential sleep/performance testing facility.

Participants: Forty-eight healthy adults (aged 18-39).

Interventions: Twelve hours of socially enriched or isolated environments in extraverts and introverts prior to sleep deprivation.

Results: Social experience interacted with personality type to affect alertness and vigilance. Social enrichment, as compared with social impover-
ishment, was associated with more PVT lapses at 04:00 overall. Similarly, following social enrichment, PVT speed was significantly slower among
extraverts than among introverts during sleep deprivation, but no personality-group differences emerged following social impoverishment. MWT
sleep latency and SSS subjective sleepiness did not show significant personality or social-condition effects during sleep deprivation.
Conclusions: The effect of social exposure on vulnerability or resiliency to sleep deprivation was modulated by introversion and extraversion.
Extraverts exposed to social environments were more vulnerable to subsequent sleep deprivation than were introverts.
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WAKING EXPERIENCE HAS SIGNIFICANT EFFECTS ON
SUBSEQUENT SLEEP NEED AND SLEEP ARCHITEC-
TURE. ANIMAL RESEARCH HAS SHOWN THAT SLOW
wave sleep (SWS) activity is affected by the quality of waking
experience.! For example, rats exposed to social defeat dur-
ing waking show subsequent increases in SWS.> Emerging
evidence suggests that changes in sleep that occur following
waking experiences are likely related to cortical plasticity and
consolidation of memories.* For many species, particularly
humans, social interactions are among the most frequently oc-
curring and cognitively complex experiences during normal
waking. In humans, social experiences are associated with re-
cruitment of prefrontal brain regions.* According to Krueger
and colleagues, enriched experiences during waking are asso-
ciated with greater localized fatigue within the specific neu-
ronal assemblies involved in navigating such experiences,>’
leading to waking activity-dependent sleep regulation. Recent
research with Drosophila has shown that sleep need is signifi-
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cantly increased as a function of social experience.® Indeed,
fruit flies housed in socially isolated conditions show signifi-
cantly lower sleep requirements than do those living together
in groups, despite similar levels of physical activity.® More-
over, the sleep need of the flies in that study increased mono-
tonically in conjunction with the size of the social group to
which they were exposed. Recent findings in Drosophila have
also shown that, in addition to increasing sleep need, greater
levels of social experience lead to increased numbers of synap-
tic terminals within clock neurons in the brain.’ The number of
these synaptic terminals is sustained during sleep deprivation
but is decreased with sleep, suggesting that the process of sleep
itself may downscale superfluous synaptic connections formed
as a function of waking experience.”!® Despite a growing lit-
erature on the effects of social experience on sleep propensity
in animals, to our knowledge no study has yet examined the
effect of social stimulation on sleep functions in humans. If
the findings with Drosophila generalize to humans, it would
be expected that high levels of social stimulation during wak-
ing would be associated with a more rapid increase in the need
for sleep, manifested as greater difficulty sustaining alertness
beyond the normal waking period.

However, even if waking social experience is found to have
an effect on subsequent sleep need, it is likely that this effect
would interact with trait-like differences in the biologic need
for sleep, the individual vulnerability to sleep deprivation, or
both.""'* Considerable evidence suggests that some individuals
have great difficulty resisting the effects of sleep deprivation,
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whereas others seem to have a trait-like resistance to sleep loss
that permits them to sustain alertness and performance (on spe-
cific tasks) under conditions of considerably reduced sleep.'
Some of this trait-like vulnerability may be rooted in genet-
ic differences.”” Recent findings suggest that differences in a
variable-number tandem-repeat polymorphism of the Period3
(PER3) clock gene may contribute to differences in vulnerabili-
ty to sleep deprivation on cognitive tasks.'® Individuals who are
homozygous for the 5-repeat allele (PER3°) show greater de-
clines in executive functioning during early morning hours fol-
lowing sleep deprivation than do individuals with the PER3**
allele.!” Furthermore, individuals with the vulnerable 5-repeat
genotype show significant declines in activation of prefrontal
cortical regions (which mediate executive functions), whereas
those with a resistant genotype sustain activation in these re-
gions.'® These findings are consistent with an earlier functional
neuroimaging study showing that individuals with greater
baseline activation of the prefrontal cortex are more resistant to
sleep loss.! Thus, prefrontal activation appears to be higher at
rested baseline in individuals who are resistant to sleep loss and
appears to show sustained activation in more resistant individu-
als during periods of extended wakefulness.

Recent work from our laboratory has been focused on de-
termining the extent to which stable behavioral indicators of
baseline cortical arousal and prefrontal functioning are associ-
ated with resistance to sleep loss.'?' In particular, we have
examined whether stable personality traits previously shown to
be associated with cortical arousal are predictive of declines in
vigilance during sleep deprivation.?! A longstanding theory of
personality suggests that the trait of introversion-extraversion
is related to cortical arousal.” Eysenck’s theory posits that the
relatively greater social gregariousness and sensation-seeking
behaviors common among extraverts are due, at least in part, to
lower levels of tonic arousal of the reticulo-thalamic-cortical
activation system.”® Because of their generally lower levels
of basal cortical arousal, extraverts therefore seek out social
contact and stimulation in their environment to increase their
brain arousal to optimal levels. Introverts, on the other hand,
are believed to have relatively higher tonic cortical arousal
and, therefore, tend to avoid social stimulation to prevent their
level of arousal from exceeding optimal levels. Some support
for Eysenck’s theory has come from functional neuroimag-
ing studies showing that higher introversion scores correlate
with greater activation of the prefrontal cortex and anterior
thalamus in rested individuals.?* Based on Eysenck’s theory,
we previously demonstrated that higher scores on a test of in-
troversion are correlated with greater resistance to sleep de-
privation.?! Previous research has also shown that extraverts
typically show greater cognitive and psychomotor impairment
than do introverts during sleep deprivation.?

In our previous study on the relationship between personal-
ity traits and resistance to sleep loss, we hypothesized that our
findings were due to relatively higher levels of basal cortical
arousal among introverts. However, it was also possible that
the previous findings were simply a function of the higher level
of social stimulation and sensational experiences of extraverts
during sleep deprivation. It was hypothesized that a higher level
of social stimulation may have led to more rapid fatiguing of
brain regions—particularly those regions known to mediate
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high-level social, attention, and executive processes.’’ Pres-
ently, it is not known how social exposure affects the ability to
resist the adverse effects of sleep loss on alertness in humans,
nor is it known whether the effects of social exposure during
sleep deprivation differ between introverts and extraverts.

In the present study, the effects of high versus low social ex-
perience during 36 hours of continuous wakefulness was com-
pared in introverts and extraverts, with particular emphasis on
measures reflecting behavioral resilience to sleep loss. Based
on prior animal work on the effects of social exposure on sleep
need and our own work on the effects of introversion-extraver-
sion on resistance to sleep loss, the following was hypothesized
(see Figure 1 also): (1) individuals exposed to a period of social
impoverishment prior to total sleep deprivation would be more
effective at sustaining performance and alertness relative to
volunteers exposed to an equal period of social enrichment, (2)
individuals high in introversion would be more effective at sus-
taining performance and alertness during total sleep deprivation
than would individuals high in extraversion, and (3) the trait of
introversion-extraversion would interact with the enrichment
of the social environment such that extraverts would be more
adversely affected by the enrichment level than would be intro-
verts. Specifically, extraverts would show greater deficits in the
ability to resist sleep loss when exposed to socially enriched
environments than would introverts.

METHODS

Participants

Civilian and active-duty military men and women 18 to
39 years of age were recruited via flyers posted at local col-
leges, universities, and military installations. After providing
informed consent, participants completed questionnaires to de-
termine eligibility based on physical state, psychological state,
sleep habits, and chronotype. To reduce intersubject variability
in nighttime sleep, participants were excluded if they reported
any of the following for the preceding month: (1) habitual day-
time napping (> 1 nap per week) in conjunction with other-
wise normal nightly sleep amounts (8 or more h), (2) average
nighttime lights-out times earlier than 21:00 Sunday through
Thursday, (3) average morning wake-up times later than 09:00
Monday through Friday, or (4) travel across more than 3 time
zones within the last month. Additional exclusion criteria in-
cluded cardiovascular disease; hypertension or high blood
pressure; resting pulse greater than 95 bpm; past or present
neurologic, psychiatric, or sleep disorder; present or past use
of over-the-counter substances with purported psychoactive
properties (e.g., ginko, St. John’s wort); asthma or other reac-
tive airways diseases; prior history of cancer; allergies; regular
nicotine use (or addiction) within the last 1 year; current heavy
alcohol use; current use of other illicit drugs (to include but not
limited to benzodiazepines, amphetamines, cocaine, and mari-
juana); known liver disease or liver abnormalities; self-report-
ed history of caffeine use of more than 400 mg (8 caffeinated
sodas or 3-4 cups of coffee) per day on average; score of 41
or more on either scale of the State Trait Anxiety Inventory?;
score of 13 or more on the Beck Depression Inventory?”2;
score less than 31 or greater than 69 on the Horne-Ostberg
Morningness-Eveningness Questionnaire®; and pregnancy.
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To ensure adequate sampling of introverts
and extraverts, a 2-step screening and as-
signment procedure was conducted. First, all
participants were prescreened using the NEO
Personality Inventory Revised (NEO-PI-R)*
at their initial screening visit. To be eligible for
the study, participants had to score below 45
(i.e., introverted) or above 55 (i.e., extravert-
ed) on the Introversion/Extraversion scale of
the NEO-PI-R. These values represent cutoffs
of 0.5 standard deviations below or above the
mean normative scores for each individual’s
age group. Thus, to be initially included in the
study, participants had to score in the top or
bottom 31% of the normative distribution of
introversion or extraversion.

Though the NEO-PI-R was used for screen-
ing purposes (because it has standardized
norms and cutoffs for Extravert and Introvert
categorization), final assignment to the In-
troverted or Extraverted group was made on
the day of arrival for the study. We used the
Eysenck Personality Questionnaire-Revised?'
for this classification to be consistent with the
Eysenck personality theory on which the study
hypotheses were based.>* Studies have shown
substantial to high correlations between instru-
ments for extraversion.’>3 Participants were
administered the EPQ-R at approximately
19:00 on the arrival night. A median split was
performed on the Extraversion scale scores to
classify volunteers as introverts (score < 16; n
= 25) or extraverts (score > 15, n = 23).

Upon arrival, volunteers were randomly as-
signed to either the Socially Enriched (SE) or
Socially Impoverished (SI) waking condition
(described below) (n = 24 per group). Thirteen
introverts (mean age [SD] =25.2 [6.9], 9 men)
and 11 extraverts (mean age [SD] = 24.4 [6.2],
5 men) were assigned to the SE group; 12 in-
troverts (mean age [SD] = 24.1 [6.0], 7 men)
and 12 extraverts (mean age [SD]=25.0[5.3],
8 men) were assigned to the SI group. Waking
conditions were heterogeneous for personality
type (i.e., groups consisted of extraverts and
introverts combined). Two introverts assigned
to the SI condition dropped out during the
impoverishment (i.e., social isolation) phase
due to anxiety and headache, respectively,
and were replaced by 2 subsequently recruited
volunteers. Data from the withdrawn subjects
were not included in any analyses.

Testing Facilities

During testing and sleep periods, each
subject was housed individually in a private,
sound-attenuated, 8" x 10" room that included
a bed and computer workstation. Ambient tem-
perature was approximately 23°C, and lighting
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Figure 1—Theoretical predictions of the effects of sleep deprivation following a period of either
Social Impoverishment or Social Enrichment for introverts (black dashed lines) and extraverts
(gray solid lines), based on the theory of optimal levels of stimulation and arousal by Eysenck
(1967, 1981). The theory suggests that cortical arousal is related to performance in the form of
an inverted U-shaped function, with optimal levels of performance associated with moderate
levels of arousal. Eysenck also proposed that at resting baseline, Introverts tend to be more
cortically aroused than Extraverts. Based on this model we hypothesize that a) at rested
baseling, Introverts and Extraverts will show similar levels of objective performance, despite
hypothesized lower levels of arousal in Extraverts. Further, it is expected that sleep deprivation
will lead to reductions in general cortical arousal, which will be observed as greater declines
in objective performance among Extraverts than Introverts. However, we further hypothesize
that the level of social exposure and the personality of the individual will modulate the effect of
sleep deprivation on performance. Social Enrichment is expected to produce greater cognitive
demands on subjects such that differences between Introverts and Extraverts will be b) negligible
under conditions of Social Impoverishment, but will be c) highly significant under conditions of
Social Enrichment.
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Figure 2—Schematic of the general study design and procedures. Hours awake is on the top x-axis and clock time is on the bottom x-axis. Allocated time in
bed is indicated by black shading on Baseline and Recovery nights. Gray shading indicates the social exposure period from 10:00 to 22:00 on Day 1. PVT,
modified MWT and SSS testing occurred hourly throughout (PVT and SSS alternated every 2 hrs with MWT administration).

was approximately 500 lux (with lights off during sleep peri-
ods). Background white noise was 60 dB at all times. Outside of
the 12-hour SI period, when not engaged in testing or sleep, par-
ticipants remained in a common living area to play games, eat,
read, or watch television and movies. Participants were moni-
tored continuously by at least 1 laboratory technician; during the
12-hour SE period, 4 technicians were present at all times. All
volunteers were instructed by the principal investigator at the
beginning of the study that discussion of how they were feeling
(i.e., “sleepy”) or of testing or study procedures was not allowed
and would be grounds for dismissal from the study.

Study Design and Procedure

A schematic of the study design and procedures is shown
in Figure 2. As shown in the figure, following 1 night of base-
line sleep of 8 hours time in bed from 23:00 to 07:00, volun-
teers began hourly testing (alternating Psychomotor Vigilance
Test [PVT] and Maintenance of Wakefulness Test [MWT] each
hour, so that each was administered every 2 h) on Day 1. Social
exposure was manipulated on Day 1 between 10:00 and 22:00
(SE or SI), and volunteers remained awake for a total of 36
hours ending on Day 2. (All volunteers were kept in the sleep-
suite lounge area and monitored by a technician at all times
during the sleep-deprivation period to ensure that they stayed
awake.) Volunteers were given 11 hours of time in bed for re-
covery sleep. Testing occurred following the recovery night,
but these test results are not included in the present paper. Fur-
ther protocol details follow below. Study participants’ condi-
tions during testing were identical between conditions (i.e., at
their desk alone in their bedrooms) across all study phases.

Social-Experience Conditions

Prior to arriving for the in-laboratory portion of the study, all
volunteers participating in the same session were randomized
or “blocked” together (i.c., assigned the same social-exposure
condition). Members of the SE group were exposed to a 12-
hour block (10:00-22:00) of controlled and structured group
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social activities beginning at 10:00 after awakening at 07:00
following a baseline night of 8 hours of time in bed. These ac-
tivities included a preestablished series of interactive card and
board games, group discussions, movies, and group projects,
such as puzzles, along with hourly alertness and cognitive per-
formance testing. SE volunteers were run in groups of no fewer
than 2 and no more than 4 at a time and interacted socially with
an additional 4 research technicians who kept them socially and
interpersonally engaged for the entire 12-hour period. Tech-
nicians were instructed to continuously engage volunteers in
social interaction, including casual and dyadic conversation,
social banter, and eye contact throughout the 12-hour period.
Volunteers in the SI group were exposed to a 12-hour block
(10:00-22:00) of nearly identical activities matched for general
physical activity level and cognitive load, but these activities
were completed in relative isolation. SI volunteers were run in
groups of 1 to 4 at a time, but, during the 12-hour experimental
block, volunteers remained generally isolated in their private
rooms and completed the same activities as the SE group (card
games, movies, puzzle and game books, computerized tests)
in the absence of other people. Instructions were presented to
them verbally; requests for bathroom breaks, meals, or other
necessary requests were made by pressing a call button, and
only minimal interpersonal contact, as necessary, occurred dur-
ing these times. No contact was permitted among the volunteers
during the 12-hour block, and technicians were instructed to
interact minimally with the volunteers. Except for the social-
experience randomization, both groups were otherwise treated
identically throughout the study. Technicians were blind to the
specific hypotheses of the study.

MEASURES

The EPQ-R

This self-report questionnaire measures 3 dimensions of per-
sonality, including extraversion.’! The scale includes 100 items,
and administration time is approximately 25 minutes.
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Actigraphy

Wrist movements were recorded using wrist actigraphy (Ac-
tiwatch; Mini-Mitter, a Phillips Respironics Co., Bend, OR).
Data were scored for total activity (sum of activity counts) dur-
ing the social-experience period (SE or SI, 10:00-22:00).

Polysomnography

Polysomnographic measurements included electroencepha-
logram (C3 and C4), electrooculogram (outer canthus of each
eye), and electromyogram (mental/submental). Contralateral
mastoid leads served as references for all unipolar measure-
ments (electroencephalography and electrooculography).
Polysomnography data were scored by a trained research tech-
nician in accordance with Rechtschaffen and Kales criteria®
using Alice 4 Sleepware software (Respironics, Inc., Mur-
raysville, PA). Dependent measures for nighttime sleep pe-
riods (defined as lights out to lights on) included minutes of
individual stages (wake, 1, 2, SWS, and rapid eye movement)
and total sleep time (sum of minutes spent in all sleep stages).

The PVT

A 5-minute version of the PVT was administered on a hand-
held device.** Participants performed the PVT beginning at
08:00 on Day 1 and every 2 hours thereafter during all wak-
ing periods (practice on the PVT occurred on the previous eve-
ning). PVT was analyzed for speed (1/reaction time x1000)
and transformed lapses (reaction times > 500 msec, square root
transform [SQR(Lapses)+SQR(Lapses+1)]).

Modified MWT

For the modified MWT, participants were escorted to their
individual darkened sound-attenuated bedrooms and allowed to
lie down on their beds. They were instructed to close their eyes
and to try to remain awake. Polysomnography was monitored
online. Participants were awakened after 3 consecutive epochs
of stage 1 sleep or at the onset of stage 2 sleep. If participants
did not fall asleep after 20 minutes, the test was terminated.
The dependent measure for the MWT was latency to the first
30-second epoch of sleep. The modified MWT was adminis-
tered every 2 hours during waking beginning at 09:20 on Day 1.

The SSS

Participants selected which of 7 statements best described
their current state of alertness, ranging from “l—feeling active
and vital; alert; wide awake” to “7—almost in reverie; sleep onset
soon; losing struggle to remain awake” for the SSS. The depen-
dent variable was the self-rated sleepiness score on a scale of 1
to 7. The SSS was administered every 2 hours during waking
beginning at 08:00 on Day 1 (immediately prior to the PVT).

Analyses

Nighttime sleep

Nighttime polysomnography data was analyzed using a mixed-
model analysis of variance (ANOVA) in SPSS Version 12.0 for
PC (SPSS Inc., Chicago, IL). The model included fixed effects
for Personality (Extraverts or Introverts), Social Condition (SE
or SI), and Night (2 levels: Baseline and Recovery). Significant
interactions were followed by posthoc t tests (Bonferroni correc-
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tion). Greenhouse-Geisser corrections were applied to repeated-
measures effects. Statistical significance was P < 0.05.

Waking activity; actigraphy

Waking total actigraphic activity during the SE or SI con-
ditions was examined using mixed-model ANOVA with fixed
effects for Personality (Introvert vs Extravert) and Social Con-
dition (SE vs SI) from 10:00 to 22:00 during the social expo-
sure. Total actigraphic activity was used as a covariate in all
statistical analyses.

Performance and sleepiness

Social exposure: Two-way mixed-model ANOVA was per-
formed with EPQ Personality type (2 levels; median split, In-
trovert vs Extravert) x Social-Exposure condition (SE vs SI) as
between-subjects factor and Social Exposure testing sessions
(6 sessions over 12 hours during Social Exposure) as within-
subjects factors for PVT, MWT, and SSS values occurring be-
tween 10:00 and 22:00 during the social exposure, with total
actigraphic activity during this period and age as covariates.
Significant main effects and interactions were assessed using
posthoc t tests (Bonferroni corrected) to determine which ses-
sions and/or personality types were significantly different. This
analysis was done to determine if there were any differences
between Personality (Extraverts/Introverts) and Social Condi-
tions (SE or SI) prior to the sleep-deprivation period and during
the social-exposure manipulation.

Sleep deprivation: To examine if individuals exposed to
SI environments across subsequent sleep deprivation were
more effective at sustaining performance and alertness relative
to volunteers exposed to SE environments and if the trait of
introversion-extraversion interacted with social environment,
a 2-way mixed-model ANOVA was performed with EPQ Per-
sonality type (2 levels; median split, Introvert vs Extravert) x
Social-Exposure condition (SE vs SI), with mean PVT trans-
formed lapses and speed, modified MWT sleep latency, and
SSS as dependent variables. Total actigraphic activity during
the SE and SI conditions and age were included as covariates
for all analyses. Significant main effects and interactions were
assessed using posthoc t tests (Bonferroni corrected) to deter-
mine which sessions and/or personality types were significantly
different.

RESULTS

Nighttime Sleep, Polysomnography

Table 1 lists mean minutes of each polysomnography sleep
variable as a function of Personality, Social Condition, and Day
(Baseline or Recovery). The number of minutes of TST, Stage
2 sleep, and rapid eye movement sleep significantly increased
from Baseline to Recovery (TST, F1,29: 2383.85, P < 0.001,
mean + SEM Baseline = 439 + 3, Recovery = 631 £ 3;
Stage 2 sleep, F, ,=359.09, P < 0.001, mean + SEM Base-
line = 230 + 6, Recovery = 333 + 6; rapid eye movement sleep,
F1,35: 50.83, P < 0.001, mean £ SEM Baseline = 91 + 5, Re-
covery = 137 + 5) and the minutes of Wake significantly de-
creased from Baseline to Recovery (Fm =4.82, P =0.036,
mean = SEM Baseline = 33 + 3, Recovery = 25 + 3). When col-
lapsed across Baseline and Recovery nights, Stage 1 sleep was
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Table 1—Minutes of sleep during each sleep stage, TST, and wake for socially enriched extraverts, socially
enriched introverts, socially impoverished extraverts, and socially impoverished introverts during baseline and

recovery nights
Socially Enriched Socially Impoverished
Extravert Introvert Extravert Introvert
Variable Baseline Recovery Baseline Recovery Baseline Recovery Baseline Recovery

(i.e., longer sleep latency) at 21:00
than were volunteers in the SE con-
dition (P = 0.028), and volunteers in
the SI condition were significantly
more alert at 21:00, compared
with at 11:00, 13:00, and 15:00 (P
=0.045, P =0.010, and P = 0.003,

Data are presented as mean £ SEM with sleep-stage values as percentages of total sleep time (TST) in
parentheses; SWS refers to slow-wave sleep; REM, rapid eye movement sleep.

TST 438+7 623+6 434+6 63017 436+7 636+6 448+6 63516 respectively). Posthoc analyses for

Sleep stage the main effect of Session did not

’ 406 405  37+5 416  34+6 265  31+5 285 reveal any significant differences
(9.1) (6.4) (8.5) (6.5) (7.8) (4.1) (6.9) (4.4) between sessions.

) 236+13 321£12 224+11 349+12 23412 337+£12 226+11 328+ 11 Finally, there were also signifi-

(53.9)  (51.5) (51.6)  (55.4) (53.7)  (53.0) (50.5)  (51.7) cant differences between Person-

SWS 86+£24 127420 91420 112422 86+21 172420 88+20 190+20 ality type and Social Condition at

(196)  (204) 210)  (17.8) (19.7)  (27.0) (196)  (29.9) certain testing sessions for SSS

REM 84+12 137410 89+10 127+11 88+11 134+10 104+10 15110 subjective sleepiness during social

(192) (220 (20.5)  (20.2) (202)  (21.1) (232)  (238) exposure (significant (P < 0.05)

Wake 33+7 3246  41+5 24+6 276 21+6  29+6 21%5 interactions of Social Condition

(75  (51) 95 (38 62 (33 65 (33 x Session and Personality x Ses-

sion), with extraverts reporting
that they felt sleepier than did in-
troverts at 14:00 (nonsignificant

greater overall for volunteers in the SE condition than for vol-
unteers in the ST condition (F1,4z =4.56,P=0.039, mean £ SEM
SE =39 + 17, SI = 29 + 18) but did not differ as a function of
the experimental manipulation. SWS was significantly greater
in the SI versus the SE conditions on the Recovery night (condi-
tion X night, Fl’%: 4.6, P=0.038, mean £ SEM SE =120 £ 15,
SI = 181 + 14). No other sleep or wake variable showed any
main effects or interactions with social condition or personality.

Waking Activity, Actigraphy

Total actigraphic activity (sum of activity counts) during the
SE and SI period (10:00-22:00) significantly differed between
Social Conditions (F = 10.73, P = 0.002), with volunteers
in the SE condition showing greater total activity (mean + SD
113,568 +43,922), compared with the SI condition (mean = SD
= 81,646 + 19,011. Total actigraphic activity did not differ be-
tween introverts and extraverts (P > 0.05).

Performance and Sleepiness

Social exposure

Results of mixed-model ANOVAs for PVT, modified MWT,
and SSS testing sessions occurring between 10:00 and 22:00
are presented in Table 2. As reported in Table 2 and shown in
Figure 3, there were no PVT performance differences between
introverts and extraverts or between SE and SI conditions dur-
ing social exposure. During the social-exposure period overall
(with personality groups and conditions combined), PVT speed
was slower at 14:00 and 18:00 than at 10:00 (main effect of
session, P =0.002).

During social exposure, introverts showed greater alertness
than did extraverts on the modified MWT (main effect of Per-
sonality, P = 0.003). In addition, as revealed by the significant
Social Condition % Session interaction (P = 0.005), and illustrat-
ed in Figure 3c, volunteers in the SI condition were more alert
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trend, P = 0.052). Also, volunteers
in the SI condition reported feeling
sleepier at 12:00 (P = 0.021), illustrated in Figure 3d.

Sleep deprivation

Mixed-model ANOVA results with Personality (extraver-
sion/introversion) and Social Condition as between-subjects
factors and with PVT lapses (transformed), PVT speed, modi-
fied MWT sleep latency, and SSS as the dependent variables
are presented in Table 3. As shown in Figure 4a, PVT speed
deteriorated across the night of sleep deprivation and was
worse for extraverts in the SE condition than for extraverts in
the SI condition, specifically at 04:00, 06:00, and 12:00. Those
in the SE condition showed more PVT lapses (transformed),
compared to those in the SI condition at 04:00 (Figure 4b).
There were no significant main effects of Social Condition
or Personality Type, nor were there significant interactions
(P values > 0.05) involving these variables on MWT sleep
latency (Figure 4c) and subjective sleepiness (SSS) (Figure
4d). There was a main effect of Session, revealing that sleep
latency decreased and subjective sleepiness increased as time
awake accrued (with some reversal following the 08:00 test-
ing session for SSS).

DISCUSSION

The effects of waking social experience on vulnerability or
resiliency to 1 night of sleep deprivation were mediated by in-
dividual differences in introversion and extraversion. Specifi-
cally, extraverts exposed to SE environments showed greater
vulnerability to subsequent sleep deprivation (as measured by
PVT speed performance) than did extraverts exposed to an
identical but SI environment. The ability of introverts to resist
sleep loss, on the other hand, was relatively unaffected by the
social environment. Although the hypothesized main effects of
social condition and personality were not confirmed, the sig-
nificant interaction between these 2 factors tends to confirm our
primary hypothesis that social experience does significantly af-
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fect the ability to resist subsequent sleep deprivation but that
this effect is mediated by individual differences in introversion-
extraversion, a personality trait that is believed to reflect gen-
eral cerebral arousal level.?>

It is possible that the greater responsiveness of extraverts
to SE reflects use-dependent fatigue of local neuronal as-

Table 2—Mixed-model ANOVA results for PVT speed, PVT lapses
(transformed), modified MWT sleep latency, and SSS scores during
social exposure
Num Den F P
Psychomotor Vigilance Test, speed df df value value
Intercept 1 41 116.61 0.000
Personality 1 41 037 0.547
Social Condition 1 41 0.09 0.767
Session? 5 148 3.97 0.002
Personality x Social Condition 1 41 197 0.168
Personality x Session 5 148 0.79 0.556
Social Condition x Session 5 148 0.62 0.685
Personality x Social Condition x Session 5 148 1.38 0.235
Total Activity 1 41 1.02 0319
Age 1 41 0.00 0978
Psychomotor Vigilance Test, lapses (transformed)
Intercept 1 41 1245 0.001
Personality 1 41 011 0741
Social Condition 1 41 076 0.389
Session 5 153 117 0.325
Personality x Social Condition 1 41 013 0.725
Personality x Session 5 153 2.08 0.071
Social Condition x Session 5 153 090 0485
Personality x Social Condition x Session 5 153  1.40 0.227
Total Activity 1 41 119 0.282
Age 1 41 074 039
Sleep latency on the modified Maintenance of Wakefulness Test
Intercept 1 41 951 0.004
Personality? 1 42 8.80 0.005
Social Condition 1 42 0.00 0.983
Session? 5 168 292 0.015
Personality x Social Condition 1 42 0.01 0.929
Personality x Session 5 168 085 0.517
Social Condition x Session? 5 168 262 0.026
Personality x Social Condition x Session 5 168  0.97 0.440
Total Activity 1 41 266 0.111
Age 1 42 0.19 0.666
Sleepiness according to the Stanford Sleepiness Scale
Intercept 1 50 21.81 0.000
Personality 1 50 012 0.729
Social Condition 1 50 112 0.294
Session 5 1M1 139 0.233
Personality x Social Condition 1 50 141 0.239
Personality x Session? 5 11 287 0.018
Social Condition x Session? 5 11 4.02 0.002
Personality x Social Condition x Session 5 111 0.84 0.522
Total Activity 1 50 024 0625
Age 1 50 0.77 0.383
ANOVA refers to analysis of variance; PVT, Psychomotor Vigilance Test;
MWT, Maintenance of Wakefulness Test; SSS, Stanford Sleepiness
Scale; den df, degrees of freedom of the denominator; nom df, degrees
of freedom of the numerator.
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Figure 3—Mean (SE) scores for a) PVT speed, b) PVT lapses
(transformed), c) MWT sleep latency, and d) SSS during social exposure.
Plus signs indicate significant differences between Enriched versus
Impoverished conditions.

SLEEP, Vol. 33, No. 11, 2010

1481

Socializing by Day May Affect Performance by Night—Rupp et al



Introverts, Enriched —m- Extraverts, Enriched
—&— Introverts, Impoverished —m— Extraverts, Impoverished

S 50|
—
ox
= 40
g T
[}
o
)
£
o 30
w
7]
x
g * * *
o 20 T T T T, T T T,
= 2200 0000 0200 0400 0600 0800 1000 1200 1400 1600 1800
Time
b)

[SQR(Lapses)+SQR(Lapses+1)])

Mean (+SE) PVT Lapses (transformed)

+
0071 520070000"020070400" 06000800 1000 112001400 16001800
Time
c) 200
15.0 |

(minutes)
T

Mean (+SE) MWT sleep onset latency

5.0+
00 \ \ \ T \ \ \
2300 0100 0300 0500 0700 0900 1100 1300 1500 1700
Time
5.0

d)

o~
o
|

Mean (+SE) SSS score
T

2200 0000 0200 0400 0600 0800' 1000 1200 1400 1600 1800
Time
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(transformed), c) MWT sleep latency, and d) SSS during sleep deprivation.
Asterisks indicate significant differences from post-hoc analyses between
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indicate significant differences between Enriched versus Impoverished
conditions overall.

semblies.>” SE experiences are hypothesized to place greater
demands upon brain networks involved in social processing,
self-reflection, and executive function, including the prefron-
tal cortex and other cerebral midline structures.”>*7*! All things
being equal, SE exposure would be expected to bring about a
general decline in subsequent performance relative to SI condi-

Table 3—Mixed-model ANOVA results for PVT speed, PVT lapses
(transformed), modified MWT sleep latency, and SSS scores during sleep
deprivation
Num Den F P
Psychomotor Vigilance Test, speed df df value value
Intercept 1 41 72.00 0.000
Personality 1 42 028 0.602
Social Condition 1 41 125 0.271
Session? 10 279 11.50 0.000
Personality x Social Condition? 1 42 462 0.038
Personality x Session 10 279 064 0.783
Social Condition x Session 10 279 150 0.139
Personality x Social Condition x Session* 10 279  2.53 0.006
Total Activity 1 41 152 0224
Age 1 4 007 0791
Psychomotor Vigilance Test, lapses (transformed)
Intercept 1 42 7.00 0.012
Personality 1 42 079 0.380
Social Condition 1 42 166 0.205
Session? 10 285 8.18 0.000
Personality x Social Condition 1 42 0.75 0.391
Personality x Session 10 285 0.87 0.566
Social Condition x Session? 10 285 2.02 0.032
Personality x Social Condition x Session 10 285 1.34 0.208
Total Activity 1 42 098 0.328
Age 1 42 040 0532
Sleep latency on the modified Maintenance of Wakefulness Test
Intercept 1 41 1112 0.002
Personality 1 41 089 0.350
Social Condition 1 41 063 0433
Session? 10 247 21.67 0.000
Personality x Social Condition 1 41 045 0.506
Personality x Session 10 247 0.56 0.849
Social Condition x Session 10 247 0.74 0.687
Personality x Social Condition x Session 10 247  0.69 0.731
Total Activity 1 41 582 0.99%
Age 1 41 133 0.256
Sleepiness according to the Stanford Sleepiness Scale
Intercept 1 42 28.70 0.000
Personality 1 43 095 0.335
Social Condition 1 42 021 0.650
Session? 10 204 11.88 0.000
Personality x Social Condition 1 43 0.00 0.985
Personality x Session 10 204 1.48 0.149
Social Condition x Session 10 204 0.64 0.783
Personality x Social ConditionxSession 10 204 0.82 0615
Total Activity 1 42 0.07 0790
Age 1 42 206 0.159
ANOVA refers to analysis of variance; PVT, Psychomotor Vigilance Test;
MWT, Maintenance of Wakefulness Test; SSS, Stanford Sleepiness
Scale; den df, degrees of freedom of the denominator; nom df, degrees
of freedom of the numerator.
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tions. However, all things may not be equal—as it is well estab-
lished that there are significant differences among individuals
in their vulnerability to sleep deprivation'*!* that may be related
to baseline levels of brain activation.!' According to Eysenck’s
Introversion-Extraversion theory,”>* some individuals have
consistently lower baseline levels of cerebral arousal than do
others, a trait that tends to be associated with greater extraver-
sion. Thus, the finding in the present study that social exposure
had the greatest effect on extraverts fits well with predictions
from Eysenck’s Introversion-Extraversion model and theories
of use-dependent fatigue on brain function.

Although differences between social-exposure conditions
manifested during subsequent sleep deprivation, differences
in PVT performance were not evident during the daytime
social-experience manipulation, suggesting that these ef-
fects are only unmasked following prolonged wakefulness.
In addition, volunteers in the SI condition reported feeling
sleepier on subjective scales but showed significantly greater
alertness on the MWT in the evening, compared to the SE
group during the social exposure. Thus, although people may
report anecdotally that talking and socializing helps them to
stay awake, our data suggest that social interaction may im-
prove subjective ratings of sleepiness but that this difference
does not necessarily translate to improved performance or
improved alertness on objective measures. One implication
of these findings is that in occupational or “real-world” set-
tings, individuals may underestimate their levels of sleepiness
when operating in social situations, potentially placing them
at risk for alertness-related accidents (e.g., gauging sleepiness
level and risk while driving). Also noteworthy was the finding
that introverts in this study were significantly more alert than
extraverts during the daytime social-exposure period (based
on modified sleep-latency scores). This greater level of alert-
ness occurred prior to the period of extended wakefulness and,
therefore, provides further support to Eysenck’s Introversion-
Extraversion theory** and the longstanding body of work
suggesting that introverts have a higher level of basal arousal,
activation, and alertness than do extraverts.*>*-* There were
no significant differences in measured sleep parameters be-
tween extraverts and introverts on the baseline night, so these
differences in alertness could not be attributed to sleep on the
preceding night. Of note, 2 volunteers assigned to the SI con-
dition dropped out of the study due to anxiety; it is possible
that anxiety (as a condition-related mild stress) could have led
to higher arousal states and sustained performance. However,
measures of salivary cortisol were taken throughout the study
(as markers of stress), and no differences were found between
social conditions or personality typeslnterestingly, subjects
exposed to the SI condition demonstrated more SWS on the
recovery night than did subjects exposed to the SE condition.
This finding of less SWS during the recovery night after the
SE condition was unexpected, as SWS (reflecting sleep ho-
meostasis and thus sleep need) would be expected to be in-
creased under the circumstances. It is unclear why this was so,
but 1 possibility could involve the role of SWS in learning and
memory."" Specifically, it is possible that the SE condition
may have provided greater levels of distraction that reduced
initial encoding and depth of processing of the tasks in which
subjects were engaged (i.e., multitasking). Consistent with
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this possibility, McCarley and colleagues found that simply
engaging in conversation can significantly reduce encoding of
visual-scene information.>' This and several other studies sup-
port the likelihood that dual-task processes may impair mem-
ory encoding.’> Subjects in the SI condition may have been
less distracted by social stimuli and had greater opportunity to
more deeply process and encode aspects of the tasks, leading
to a greater need for SWS during recovery. At this point, this
is purely speculation, but the question of how social exposure
(or lack thereof) might interact with homeostatic sleep pro-
cesses warrants further investigation.

Although we did not formulate hypotheses regarding time-
of-day effects, it was noted that performance differences of
extraverts following the SE versus the SI conditions were es-
pecially pronounced in the early morning hours, near the circa-
dian trough of alertness. This suggests that circadian timing and
influences on alertness may be an important factor influencing
the position of individuals within the “optimal arousal” distri-
bution (illustrated in Figure 1). The circadian dip in alertness in
the early morning hours might serve as a tipping point by fur-
ther exacerbating arousal degradation caused by sleep depriva-
tion and previous social exposure. These findings are consistent
with a number of studies suggesting a modest but significant
relationship between evening chronotypes and the trait of extra-
version.* Thus, extraverts, who tend to show greater evening-
type preferences, may also experience the impairing effects of
social exposure more dramatically during the early morning
hours than do introverts, who tend to show greater tendencies
toward “morningness.”

Overall, the present results might also be interpreted more
generally to suggest that waking experiences, along with their
interaction with individual characteristics, influence vulnerabil-
ity to subsequent sleep loss. Recent evidence suggests that wak-
ing experiences may impact subsequent sleep.’®>” Specifically,
the synaptic homeostasis theory states that a function of sleep is
to downscale synapses that are strengthened by waking experi-
ences in order to maintain energy and space in the brain.’ These
findings have been extended in a study of Drosophila in which
the influence of daytime activities on subsequent sleep was in-
vestigated.” Although the cited literature pertains specifically
to waking experience affecting subsequent sleep, such findings
might be extrapolated as follows: with sleep deprivation, there
is no opportunity for synaptic downscaling. Because increased
social experiences during waking promote increased synaptic
strengthening,’ such experiences may result in faster fatigue in
associated cortical columns, with an increased need for sleep
manifested as relatively greater performance vulnerability.

In interpreting the present findings, it may be important to
note that general physical activity level (as measured by ac-
tigraphy) significantly differed between SE and SI conditions
(but not personality type) despite our efforts to match activities
and activity level between conditions. A limitation of actigra-
phy, however, is that it does not reflect overall activity level,
but wrist activity level only. In the SE environment containing
continuous verbal exchanges, gesticulation accompanies verbal
expression as part of nonverbal communication; wrist-actig-
raphy measurement may thus be biased, depending on social-
exposure condition. Total activity was, however, included as a
covariate for all statistical analyses to control for any effects
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of physical activity. Although total activity did not account for
significant variance in any of the analyses, future studies would
benefit from more rigorous controls for activity level. Another
potential limitation of the study is that, although volunteers
were continuously monitored by a technician to ensure wake-
fulness during sleep deprivation, they were not continuously
electroencephalographically recorded.

Another point to consider is that the duration of continuous
wakefulness in the present study was 36 hours. Our previ-
ous work showed differences between introverts and extra-
verts within the first 26 hours of extended wakefulness,?!
but differences did not remain significant by the second or
third day of sleep deprivation (perhaps due to ceiling effects).
Because social experience was not manipulated, it remains
unknown if the effect of social experience on vulnerabil-
ity to the effects of sleep loss is modulated by personality
during longer periods of total sleep deprivation (e.g., 48-72
h). Likewise, it is not known whether performance during
chronic partial sleep restriction might similarly be affected
by levels of extraversion, social exposure, or both. Results
from our recent sleep-restriction study showed that greater
extraversion was associated with greater decrements in PVT
speed across 7 nights of sleep restricted to 3 hours per night.>
However, because investigation of personality was not the
primary purpose of that study, the range of personality scores
was limited, with the majority of participants scoring toward
the extraverted end of the scale. Further studies of effects of
personality on resilience during chronic sleep restriction will
need to be performed.

These findings may have some direct design implications
for sleep-loss studies in which volunteers are housed together
and allowed to interact when not engaged in testing. In most
sleep-deprivation or sleep-restriction studies, no attempt is
made to control or measure the degree of social exposure of
participants. Consequently, some inconsistencies among previ-
ous study outcomes may be partly explained by differences in
social exposure and the interaction of social exposure with the
personality traits of the volunteers. Our data suggest that hous-
ing conditions and personality differences may significantly
contribute to observed performance effects during sleep loss
and may warrant assessment and reporting in future sleep-de-
privation studies.

In summary, results of the present study demonstrate that
the effects of waking social experience interact with individ-
ual personality traits to influence vulnerability to subsequent
sleep deprivation. SE impaired psychomotor vigilance perfor-
mance (speed) during sleep deprivation for extraverts but not
for introverts, and this effect was most prominent during the
early morning (or late night) hours. These data have practical
relevance for occupational shift work and military operational
assignments (i.e., potential performance consequences of team
vs independent work) and theoretical implications for under-
standing individual-difference factors influencing vulnerability
or resiliency to sleep loss.
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