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Sleep, stress, and emotion interact to influence memory consolidation
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Introduction Results Effect of cortisol on the relation between attention

= Although sleep was often thought to be a time of quiescence, recent work has . . . . at encodinda and subseauent emotional memo cont.
demonstrated that active neurobiological processes are at work, consequently affecting COTtISOl and 3|eep InteraCt tO enhance negatlve ObjeCt g q ry ( )

\?Vrglck)éiro;\g: 1p;rocessing and memory upon wake (e.g., Diekelmann & Born 2010; van der Helm & memory Significant Group x
| | . . Cortisol interaction [t
It has separately been demonstrated that emotional processing and memory can be Significant Group 40)=2.04. B =2.99
) J p
affected by stress, and that stress can affect sleep quality. S Wak
= Stress leads to increases in negative affect and decreases in positive affect (van Eck, ( egp V_S' d e) X
Nicolson, & Berkhof, 1998), and also results in enhanced memory for negative stimuli (e.g., Cortisol interaction [t
Payne et al., 2007). (41) = 2.23, 8 =2.92,
Bof[h acute and chronic stress lead to reductions ip sleep eﬁigiency anq sIeep time (e.g., p = .031]: Cortisol was
Astill et al., 2013; Petersen et al., 2013), often perpetuating a negative cycle in which a stronger predictor of

individuals then feel greater stress. emotional Mmemo
The present research brings these literatures together, showing that sleep, stress, and " : ﬂ:y
emotion interact to influence one important dimension of cognitive functioning: periormance in the
memory consolidation (Bennion et al., 2013). Sleep group than in the

- Wake group.
Public Health Relevance

= Approximately one third of American adults get less than 6 hours of sleep per night (CDC, Strong relation between
2012). This deprivation often increases under times of stress, either because individuals cortisol levels and

cannot sleep or because they sacrifice sleep in attempt to increase productivity in other memory for negative
domains. Understanding how sleep affects cognitive functioning, as in the present study, . : between looking time
. . . . objects in the Sleep . . 02
helps shed light on the possible negative consequences of healthy sleep going awry. oub but not the VWake 0 and negative object Standardized pre-encoding cortisol level (ug/dL)
The present research addresses an important public health question because only by 9 P e '.0'5 0 0'.5 1_ ' 2 &5 memory in the Sleep
investigating the interactions between sleep, stress, and emotion is it possible to fully group. Standardized pre-encoding cortisol level (ug/dL) group but not the Wake

understand PTSD, mood, and anxiety disorders, which are characterized by sleep
: group.
disturbances and elevated stress.
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Marginally significant
relation between
standardized levels of
cortisol and the link

(hits minus false alarms)
Difference in looking time as a function of memory
(subsequent hits minus misses for negative objects)

Proportion of successfully recognized negative objects

Eliminating potential confounds associated with
time of day

Method = To ensure these differences were due to sleep, rather than time of day, similar
etno multiple regression analyses were run for the Circadian-AM and PM groups.

Conclusions

No Group (AM vs. PM) by Cortisol interaction [¢(37) = 1.42, 8 = .33, p = .17]: Time = These results show that optimal memory is achieved when cortisol is mildly

orior to encoding each was old or new. Sleep and Wake of day did not influence the effects of cortisol on emotional memory. elevated during an emotional event, and when sleep occurs during
oarticipants underwent fMRI during consolidation. This also suggests that the beneficial effect of cortisol on

Encoding: 88 subjects (18-30 years otrieval - _ emotional memory shown in prior studies, nearly all of which spanned at

ld, M =21.0 ded 124 it : :
:cénes Wh”e)u?,g‘;?gﬁmg eygiggsi“:ge Cortisol enhances Measured arousal at encoding Later Recognition Memory Test least a 24-hour delay, may be dependent on sleep occurring during the
, ' via salivary cortisol sample consolidation interval.

3 sec each 2 NS - the relation
x Y between Iooking @ ) This consolidation benefit may arise because cortisol intensifies the link
"Approach” or "Back eSS | (new object) ] i ' i, between time spent looking at images during encoding and subsequent
away” judgment to [__\= time at encoding  .aqured attention at memory for those images, as long as sleep occurs during the delay. In
bk a%t.'ve g . (b0|dk 5 and subsequent encoding: Calculated other words, elevated cortisol may ‘tag’ attended information as important
Sneoding ackground) emotional proportion of time with gaze to remember during encoding, enabling sleep-based processes to optimally

Neutral or _ on the object Sample ooy consolidate salient information in a selective manner.
negative memory fO"OWIﬂQ response:

obisct on neutral it ow backaround) ™ - “old” Given that many disorders (e.g., mood and anxiety disorders, PTSD) are
J ] ( J ) sleep greater than G Correct Sample response: “new” characterized by problems with sleep, stress, and emotional processing,

background

_ _ _ B wake N response: Correct response: “old” the evidence that these factors interact highlights a need for a more

Study-Test Delay & Time of Encoding/Retrieval by Condition —— “old” “Miss” nuanced understanding of their effects, and points toward sleep deprivation

See rlght for W Nl “Hit” ) : :
WAKE (N = 17) SLEEP (N = 25) CIRCADIAN-AM caleulation of the V—l : ! as an often-overlooked contributor to mental disorders.
Day 1 Day 2 (N = 23) Dependent Variable: o = \

Encoding Retrieval Encoding > 20-min Proportion of time spent

‘ (after sleep) | |delay > Retrieval fggi&g ijﬂﬁgaet:r\]/foding ICalcl:(ulated differe:ce in
ooking time as a function
12-hr delay 12-hr delayT CIRCADIAN-PM as a function of Manipulated consolidation: of memory (proportion of ACknOWIedgements
l (overnight) (N = 23) subsequent memory SLEEP group: optimized consolidation time spent looking at Supported by a grant from the National Science Foundation (BCS-0963581) to EAK and JDP.
_ _ (hits minus misses) WAKE group: suboptimal subsequent hits minus The authors thank Katherine Mickley Steinmetz for her helpful discussion and contribution to
Encoding = 20-min consolidation misses) all aspects of the project, and Halle Zucker, John Morris, and Maite Balda for their help running
delay - Retrieval participants. Please address correspondence to Kelly Bennion (kelly.bennion@bc.edu).

Cortisol procedure: Measured Retrieval: Shown objects and
cortisol (a stress hormone) via oral swab backgrounds separately and asked whether
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