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ScienceDirect
New directions in sleep and memory research: the role
of autonomic activity

Lauren N Whitehurst1, Pin-Chun Chen2, Mohsen Naji3 and
Sara C Mednick2
Over the last 100 years there has been a proliferation of
research into the mechanisms of sleep that support cognition.
Majority of these studies point to electroencephalographic
features during sleep that are linked to plasticity and support
valuable cognitive skills, like long-term memory. Importantly,
sleep is both a central and an autonomic phenomenon with
dynamic shifts occurring in both the brain and the body at sleep
onset and throughout a sleep period. Prior work has
demonstrated that autonomic inputs during wake modulate
cognition. In this Review, we outline a new research direction
that links brain-body interactions during sleep to cognitive
ability and enhancement and posit that autonomic-central
interactions are likely a distinct predictor of sleep-dependent
plasticity.
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Introduction
One of the primary functions of sleep is to support
cognition; however, the precise mechanisms are not fully
understood. The majority of studies examining this question have focused on brain activity of the central nervous
system, identifying specific, electrophysiological signatures of non-rapid eye movement (NREM) sleep, for
example, sleep spindles (12!15 Hz) and slow oscillations
(SOs, 0.5!1 Hz), that are linked to sleep-related plasticity
(see Ref. [1] for a review). Given that the transition from
wake to sleep induces dramatic changes to both the
www.sciencedirect.com

central and autonomic nervous systems, a newer approach
investigates whether autonomic features may also contribute to cognition. Building on previous examinations of
the role of autonomic activity during wake for cognition
[2,72,3], findings from this nascent field include that
distinct autonomic profiles at each stage of sleep appear
to influence long-term memory [5"] and that the coupling
of central and autonomic activity during sleep also contributes to cognition [6"]. This emergent line of research
examining brain-body communication suggests that autonomic activity may be linked with sleep brain activity,
and that this interaction is likely a distinct predictor of
plasticity, cognitive ability and enhancement. In this brief
opinion, we summarize the current state of the field and
suggest experimental future directions.
ANS activity during wake mediates cognitive function

The autonomic nervous system is typically known for its
role in regulating involuntary bodily functions, namely
breathing, heart rate and digestion, and as such, is less
recognized for its role in influencing cognitive processing.
Yet, seminal work in rodents by James McGaugh and
others elucidated the role of ANS activity during wake on
different stages of memory formation [7]. These studies
demonstrated that altering the peripheral hormone milieu
can have a functional impact on acquisition of new
information and consolidation of long-term memories
[8–11]. Furthermore, vagalectomy studies established
that the main artery of influence of ANS activity on
cognitive processes is the vagus nerve [12–15], which
communicates peripheral information to the brainstem.
From the brainstem, vagal afferents project to higherorder, cognitive areas such as hippocampus, amygdala,
and prefrontal cortex (PFC). Additionally, descending
projections from the PFC to the brainstem and hypothalamic structures allow for bi-directional communication
between the central nervous system and the autonomic
nervous system through the vagus nerve [7,2] (Figure 1).
As such, prominent models of ANS and cognition have
focused on modulations of vagal cardiac activity during
waking states to understand it’s relation to cognition.
In humans, a well-established method to non-invasively
examine autonomic activity is heart rate variability
(HRV), which measures systematic variation in the
beat-to-beat interval [16]. Two main oscillatory components are typically extracted from a spectral analysis of the
cardiac signal [17]; one in the low frequency range
Current Opinion in Behavioral Sciences 2020, 33:17–24
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Dialogue between cardiac autonomic centers and higher-order
cognition in the central nervous system. Bidirectional innervations
between peripheral organs, including the heart, and the central
nervous system, beginning at the brainstem, tie memory-related areas
in the brain to heart rate and heart rate variability. In this figure, lines
denote bidirectional connections and arrows denote mono-directional
projections. Note that for clarity, not all areas involved are reported in
the current figure. Reprinted from Ref. [5].

research approaches specifically focused on the role of
waking autonomic activity on PFC related tasks, which
while informative, neglected the potential importance of
the natural predominance and variation in vagal activity
that occurs during sleep.
A brief overview of sleep

The brain and body undergo large physiological changes
across wake, NREM and REM. NREM sleep comprises
Stages 2 and 3 and is characterized by a gradual slowing of
the electroencephalagram (EEG) signal, including
increases in slow wave activity (0!1 Hz) interspersed
with bursts of electrical activity in the 12!16 Hz sigma
range, also known as sleep spindles. REM sleep, in
contrast, is associated with faster, theta activity
(4–7 Hz) and phasic bursts of rapid eye movements visible in the electrooculogram (EOG; [26]). Sleep exerts
considerable influence over the two branches of the ANS
(i.e. sympathetic and parasympathetic nervous systems)
and vice-versa with changes in the ANS modulating sleep
onset and the transition between sleep stages [27].
Figure 2 shows the power spectrum changes in the RR
signal across wake and sleep stages. Sleep onset is partially triggered by a reduction in heart rate and an increase
in parasympathetic, HF HRV activity. During NREM
sleep, compared to wake and REM, heart rate decreases
still and this is coupled with a reduction in overall cardiac
activity (total HRV), with a relative dominance of parasympathetic activity (measured in normalized units HF
HRV = HF/LF + HF). In REM sleep, both greater total
ANS activity and higher relative parasympathetic tone is
present, compared with wake and NREM sleep
Figure 2
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(i.e. LF: 0/04–0.15 Hz), partially related to blood pressure
and vasomotor tone, and the other in the high frequency
range (i.e. HF: 0.15–0.40 Hz), indicative of vagally mediated respiration [18]. HRV during wake has been shown
to predict performance on a wide range of cognitive tasks
that rely on PFC activity [2]. For example, compared to
individuals with low resting HF HRV during wake, high
HF HRV individuals perform better on both working
memory (n-back task: [19]; operation-span task: [20"]) and
cognitive inhibition (i.e. Stroop task; [21]). Additionally,
reducing HF HRV, via aerobic de-training, comes at
significant cost to executive functioning [21]. More
recently, studies have demonstrated that directly stimulating the vagus nerve can increase HF HRV [22],
improve verbal memory [23,24], and accelerate extinction
learning [25]. These findings align with the neurovisceral
integration model which posits the bidirectional communication between the central and autonomic nervous
systems, indexed with heart rate variability, is a critical
predictor of adaptive cognitive success [2]. Until recently,
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RR power spectrum changes across wake and sleep stages.
Reprinted from Ref. [4"]).
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[28,29,30",31,32"]). In the following sections, we will
examine the separate and combined influence of ECG
and EEG activity during sleep on cognitive function.
Sleep supports memory formation

Individual sleep stages, electrophysiological features and
combinations of features have been consistently shown to
play an important role in the maintenance and the formation of long-term memories. Long-term memory formation is supported by dialogue between the hippocampus
and the neocortex during offline NREM sleep, with
cortical slow oscillations and thalamic sleep spindles
reflecting this cortical-subcortical communication [1].
As such, improvement in hippocampal-dependent memory performance is often found to correlate with the
amount of slow wave and spindle activity [33–37]. Additionally, both NREM and REM sleep have been shown to
benefit non-hippocampal-dependent, perceptual memories [38–40] and boost implicit associative processing
[5,41]. Furthermore, emotional memory processing
engages both time in REM sleep [42,43] and REM theta
frequency [44], as well as NREM sleep features [45–49].
Importantly, along with these distinct EEG features,
recent work has implicated peripheral autonomic features
in long-term memory processing.
Heart rate variability during sleep enhances long-term
memory

Whitehurst et al. [5] investigated whether parasympathetic activity during sleep facilitates improvement in
long-term memory using the remote association task

(RAT), in which distinct memory manipulations (implicit
versus explicit) of the RAT task have been shown to rely
on REM sleep [41]. In this study, we probed the relative
impact of EEG and HRV variables on performance gains.
We found autonomic variables during sleep (HF HRV in
SWS and REM sleep) accounted for significantly more of
the performance increases (73% of explained variance)
than the sleep variables alone (46% of explained variance), with HF HRV during REM sleep emerging as the
strongest predictor. Additionally, HF HRV during a quiet
rest session was not associated with memory improvement. These findings suggest a stronger relation between
ANS activity during both NREM and REM sleep and
long-term memory than ANS activity during wake and
traditional CNS-based sleep features.
Autonomic and Central Events (ACE) are coupled during
sleep and predict explicit memory

Prior research has hinted at a possible coordination
between central and autonomic activity. During wake,
volitional effort correlates both with increases in hippocampal activity and heart rate [50]; and phase-locking
between central hippocampal theta and autonomic Rwaves has been shown in guinea pigs during wake, SWS
and REM sleep [51]. During Stage 2 sleep, K-complexes
are closely linked to increases and then decreases in heart
rate [52]. Figure 3 shows that auditory-evoked k-complexes coincide with marked increases in heart rate.
Additionally, ECG activity has been shown to modulate
sleep spindle phase [53,54"], and HF HRV has been
correlated with slow wave activity in the brain [53].

Figure 3
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Heart and brain features are linked during sleep. Tone-triggered K-complexes are temporally coupled with a rapid increase and then decrease in
heart rate activity. Reprinted from [71"].
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The obvious next question is whether these examples of
coordination between the ANS and CNS might contribute to memory formation. In order to examine momentto-moment fluctuations between EEG and ECG, Naji
et al. [4"] eschewed classic HRV analysis that averages
ECG related variables in 3–5 min epochs and ignores
heart rate changes/events that occur in short time scales
(e.g. quick decreases in heart rate <5 s). Instead, we
adopted a high temporal precision time-domain analysis
approach to the cardiac signal, which allowed for the
identification of bursts in heart rate (HR) that lasted
4!5 s and predominated (#1 per minute) in non-rapideye-movement sleep (NREM) (Figure 4a). Using the
peak of these HR bursts as the event marker, we examined EEG and ECG within the five second epoch before
the peak (pre-burst), and five second epoch after the peak
(post-burst). In the pre-burst epoch, we discovered an
increase in SWA (Figure 4b) and spindle activity
(Figure 4c), as well as density of slow oscillations
(0.5!1 Hz). In addition, in the post-burst epoch, there
was a surge in vagal activity, assessed by HF HRV during
Stage 2 sleep, which was correlated with increased SWA.
We labeled these features of EEG/ECG coupling, Autonomic/Central Events (ACEs). Using a regression

framework, we assessed the contribution of ACE versus
non-ACE activity (EEG periods outside the ACE window)
to memory improvement after a sleep period (recall
improvement in face-name associations) and found that
ACE events (pre-burst: SWA and sigma, post-burst: HF
HRV) predicted performance improvement better than
either the central events or the autonomic events alone.
Correlations between performance improvement and
ACE-Slow Oscillations (Figure 4d) and ACE-Spindle
(Figure 4e) are shown. These findings introduce a novel
example of heart/brain coupling that significantly impacts
memory consolidation. Further research is needed to
understand the neural dynamics supporting this autonomic-central coupling as well as its precise role in
cognition.

Autonomic central coupling predicts perception

Coordination between autonomic and central events during sleep may also contribute to basic perception. Work
by Park et al. [55] has shown that spontaneous fluctuations
in neural responses during wake, measured via magnetoencephalography (MEG), can lock to heartbeats (heartbeat evoked potentials or HEP) and predict visual
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Autonomic-Central Events (ACE) predict long-term memory performance. (a) Grand average of HR bursts. (b–c) Average delta and sigma
amplitude in 5-s bins (with the grand average of amplitude overlaid). Asterisks represent significant differences between amplitudes with and
without HR burst (baseline, p < 0.001). Error bars represent standard error of the mean. (d–e) Impact of ACE coupling on memory consolidation.
Scatter plots for relationships between the recall improvement in the declarative memory performance and ACE-related difference scores of SO
density (3D) and sigma power (3E). Performance (i.e. less forgetting) was positively correlated with increased ACE activity. Adapted from Ref. [4"].
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detection. In addition, basic visual processing could be
predicted by enhanced HEP responses before stimulus
onset. Further, the slowing of post-decisional heart rate
has been shown to correlate with the amplitude of prestimulus PFC activity [55]. Although HEP is not well
understood, these results emphasize the significance of
real-time heart-brain interactions for visual detection. In
other work, coupling between an autonomic measure
(spontaneous pupillary fluctuations) and off-task resting
state activity (in regions associated with sympathetic
activity) was found to be correlated with trait-level attention [56]. More recently, increasing temporal alignment of
EEG-vigilance states and autonomic signals (HR and skin
conductance) during resting state corresponded to stronger cortical inhibition [57"]. These findings suggest that
adaptive autonomic shifts in response to salient environmental cues may be supported by intrinsic coordination
between autonomic-central brain activities.
Building on these ideas, we investigated the impact of offtask heart-brain interactions during sleep on the speed of
visual processing [6"]. For each autonomic/central event
(ACE), we calculated individual differences in the delay
interval between the peak of the SO and the peak of the
HR burst (i.e. SO-HR timing), during a daytime nap.
Next, we found that temporal processing speed, measured by the duration of a target-to-mask interval, was
highly correlated with SO-HR timing (i.e. shorter SO-HR
timing correlated with faster perceptual processing) during the nap. These results suggest that the timing
between coupled autonomic and central events during
sleep may be used to assess temporal processing speed
within an individual and contribute to a growing literature
on the importance of heart-brain coupling for a wide range
of cognitive processes. An important question is whether
this timing phenomenon is global and transversal, thus
pervading all cognitive functions, or rather domainspecific and thus not mandatorily reflected in all domains.
One potentially insightful research direction to address
this question would be to examine age-related changes in
SO-HR timing. Given the classical global slowing hypothesis of aging [58], as well as specific findings of deterioration in temporal processing in auditory [59] and visual [60]
function, the correlative finding of decreased SO-HR
timing in older adults would be consistent with considering this measuring as a global biomarker.

further extend the impact of the autonomic system on
cognitive function and marry this literature with a rapidly
growing sleep and cognition field. To this point, much
research is still needed. For example, to date studies have
only examined measures of parasympathetic/vagal activity during sleep and have ignored the sympathetic nervous system. This is mainly because sympathetic
responses are more methodologically cumbersome to
collect during sleep. Yet, importantly, previous work
has demonstrated that the relationship between the sympathetic and parasympathetic system is not unidimensional but intricate and multifaceted [61], which suggests
that the relative complexities between these two systems
are important in explaining behavioral outcomes. As such,
in future examinations, it will be important to model both
vagal and sympathetic fluctuations during sleep to fully
understand the influence of autonomic activity on cognitive function. Additionally, distinct subfields of cognitive
science could especially benefit from considering autonomic inputs. Specifically, both autonomic activity [62]
and sleep [63] have long been implicated in emotional
processing; however, the role of autonomic fluctuations
across sleep has yet to be considered. Future experimental investigations detailing shifts in autonomic activity
during emotional experiences and across sleep stages may
provide increased insight into the processing and maintenance of affective experiences. Furthermore, given the
pursuit of non-invasive methods to boost SWA and subsequent memory performance, it will be interesting to
explore the extent to which these methods simultaneously enhance parasympathetic activity during NREM
sleep, as well as ACE coupling. So far, only one such
analysis has been undertaken with positive results,
whereby acoustic stimulation phase-locked to Slow
Waves enhanced SWA and led to a concomitant increased
parasympathetic activity (%HF HRV) [64"]. It remains to
be seen whether boosting HRV and SWA with stimulation will also enhance memory improvement, over and
above natural sleep. Lastly, both autonomic [65,66] and
sleep dysregulation [67–69,70"] have been separately
implicated in age-related and pathological cognitive
decline. Yet, few practical treatment options have
emerged from either area alone. Identifying autonomiccentral biomarkers during sleep and using state and trait
classifiers to predict cognitive trajectories may facilitate
novel insights into cognitive aging and provide new
targets to combat neurodegenerative disease.

Concluding remarks and future directions

We have described how large scale neural activity and
cognitive processing can be shaped by brain-body interactions. We reviewed recent studies showing that autonomic and central events are coupled during sleep and
that they both distinctly and jointly predict higher-order
cognitive processing. Throughout, we placed these findings in the context of a long-standing literature supporting
the role of autonomic activity for cognition. We add that
in considering these relationships during sleep, we can
www.sciencedirect.com
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cardiovascular regulation. Pflügers Archiv-Eur J Physiol 2012,
463:161-168.

50. Norton KN, Luchyshyn TA, Shoemaker JK: Evidence for a medial
prefrontal cortex–hippocampal axis associated with heart rate
control in conscious humans. Brain Res 2013:104-105.

32. Whitehurst LN, Naji M, Mednick SC: Comparing the cardiac
"
autonomic activity profile of daytime naps and nighttime
sleep. Neurobiol Sleep Circadian Rhythms 2018, 5:52-57
This study compared the HRV profiles between nocturnal sleep and a
daytime nap using a within-subject design, and showed no differences in
the LFHF ratio or normalized HF power between the nap and the night,
which suggest that longer daytime naps, with both SWS and REM, may
provide similar cardiovascular benefits as nocturnal sleep.

51. Pedemonte M, Goldstein-Daruech N, Velluti RA: Temporal
correlations between heart rate, medullary units and
hippocampal theta rhythm in anesthetized, sleeping and
awake guinea pigs. Auton Neurosci: Basic Clin 2003, 107:99-104.

33. Gais S, Mölle M, Helms K, Born J: Learning-dependent
increases in sleep spindle density. J Neurosci 2002, 22:68306834.

53. Brandenberger G, Ehrhart J, Piquard F, Simon C: Inverse
coupling between ultradian oscillations in delta wave activity
and heart rate variability during sleep. Clin Neurophysiol 2001,
112:992-996.

34. Holz J, Piosczyk H, Feige B, Spiegelhalder K, Baglioni C,
Riemann D, Nissen C: EEG sigma and slow-wave activity
during NREM sleep correlate with overnight declarative
and procedural memory consolidation. J Sleep Res 2012,
21:612-619.
35. Marshall L, Born J: The contribution of sleep to hippocampusdependent memory consolidation. Trends Cogn Sci 2007,
11:442-450.
36. Mednick SC, McDevitt EA, Walsh JK, Wamsley E, Paulus M,
Kanady JC, Drummond SP: The critical role of sleep spindles in
hippocampal-dependent memory: a pharmacology study. J
Neurosci 2013, 33:4494-4504.
37. Tamminen J, Ralph MAL, Lewis PA: The role of sleep spindles
and slow-wave activity in integrating new information in
semantic memory. J Neurosci 2013, 33:15376-15381.
38. Gais S, Plihal W, Wagner U, Born J: Early sleep triggers memory
for early visual discrimination skills. Nat Neurosci 2000, 3:13351339.
39. Mednick S, Nakayama K, Stickgold R: Sleep-dependent
learning: a nap is as good as a night. Nat Neurosci 2003, 6:697.
40. McDevitt EA, Duggan KA, Mednick SC: REM sleep rescues
learning from interference. Neurobiol of Learn Mem 2015,
122:51-62.
41. Cai DJ, Mednick SA, Harrison EM, Kanady JC, Mednick SC: REM,
not incubation, improves creativity by priming associative
networks. Proc Natl Acad Sci U S A 2009, 106:10130-10134.
42. Baran B, Pace-Schott EF, Ericson C, Spencer RM: Processing of
emotional reactivity and emotional memory over sleep. J
Neurosci 2012, 32:1035-1042.
43. Wagner U, Gais S, Born J: Emotional memory formation is
enhanced across sleep intervals with high amounts of rapid
eye movement sleep. Learn Mem 2001, 8:112-119.
44. Nishida M, Pearsall J, Buckner RL, Walker MP: REM sleep,
prefrontal theta, and the consolidation of human emotional
memory. Cereb Cortex 2008, 19:1158-1166.
45. Cairney SA, Durrant SJ, Power R, Lewis PA: Complementary
roles of slow-wave sleep and rapid eye movement sleep in
emotional memory consolidation. Cereb Cortex 2014, 25:15651575.
46. Cairney SA, Durrant SJ, Hulleman J, Lewis PA: Targeted memory
reactivation during slow wave sleepfacilitates emotional
memory consolidation. Sleep 2014, 37:701-707.
47. Girardeau G, Inema I, Buzsaki G: Reactivations of emotional
memory in the hippocampus-amygdala system during sleep.
Nat Neurosci 2017, 20:1634-1642.
www.sciencedirect.com

49. Kaestner EJ, Wixted JT, Mednick SC: Pharmacologically
increasing sleep spindles enhances recognition for negative
and high-arousal memories. J Cogn Neurosci 2013, 25:15971610.

52. de Zambotti M, Willoughby AR, Franzen PL, Clark DB, Baker FC,
Colrain IM: K-complexes: interaction between the central and
autonomic nervous systems during sleep. Sleep 2016, 39:11291137 http://dx.doi.org/10.5665/sleep.5770.

54. Lecci S, Fernandez ML, Weber FD, Cardis R, Chatton JY, Born J
"
et al.: Coordinated infraslow neural and cardiac oscillations
mark fragility and offline periods in mammalian sleep. Sci Adv
2017, 3:1-14 e1602026
The authors investigated the coupling of neural and cardiac activity in
both human and mice. They found periodic elevations (0.02-Hz) in spindle
band power during NREM sleep, which preceded rapid declines in heart
rate. In humans, the strength of the 0.02-Hz oscillation predicted memory
recall after sleep in a declarative memory task. These findings suggest
CNS-ANS coupling in mice and human play an role in memory
consolidation.
55. Park HD, Correia S, Ducorps A, Tallon-Baudry C: Spontaneous
fluctuations in neural responses to heartbeats predict visual
detection. Nat Neurosci 2014, 17:612.
56. Breeden AL, Siegle GJ, Norr ME, Gordon EM, Vaidya CJ: Coupling
between spontaneous pupillary fluctuations and brain activity
relates to inattentiveness. Eur J Neurosci 2017, 45:260-266.
57. Ulke C, Huang J, Schwabedal JT, Surova G, Mergl R, Hensch T:
Coupling and dynamics of cortical and autonomic signals are
"
linked to central inhibition during the wake-sleep transition.
Sci Rep 2017, 7:11804
The authors investigated how cortical and autonomic dynamics are linked to
the attentive process. They recorded EEG and ECG on healthy adults during
a 2-hour resting-state oddball experiment and analyzed event-related
potentials N1 and P2, reflecting excitatory and inhibitory processes, respectively. They showed that increasing alignment of cortical and autonomic
signals and longer periods of vigilance fluctuations corresponded to a larger
and earlier P2, which support the hypothesis of a link between corticoautonomic coupling and dynamics and central inhibition.
58. Salthouse TA: The processing-speed theory of adult age
differences in cognition. Psychol Rev 1996, 103:403-428.
59. Mendelson JR1, Ricketts C: Age-related temporal processing
speed deterioration in auditory cortex. Hear Res 2001, 158:8494.
60. Andersen GJ, Ni R, Bower JD, Watanabe T: Perceptual learning,
aging, and improved visual performance in early stages of
visual processing. J Vis 2010, 10:4.
61. Bernston G, Cacciopo J, Quigley K: Autonomic cardiac control.
I. Estimation and validation from pharmacological blockades.
Psychophysiology 1994, 31:572-585.
62. Kreibig SD: Autonomic nervous system activity in emotion:
a review. Biol Psychol 2010, 84:394-421.
63. Payne JD, Kensinger EA: Sleep’s role in the consolidation of
emotional episodic memories. Curr Direct Psychol Sci 2010,
19:290-295.
64. Grimaldi D, Papalambros NA, Reid KJ, Abbott SM, Malkani RG,
"
Gendy M, Iwanaszko M, Braun RI, Sanchez DJ, Paller KA, Zee PC:
Current Opinion in Behavioral Sciences 2020, 33:17–24

24 Understanding memory: which level of analysis?

Strengthening sleep-autonomic interaction via acoustic
enhancement of slow oscillations. Sleep 2019, 42 http://dx.doi.
org/10.1093/sleep/zsz036 pii: zsz036
The authors explored the impact of 50 ms burst of pink noise phaselocked to slow oscillations on SWA, and changes in overnight cortisol,
blood pressure, heart rate, and HRV. Along with the typical increases in
SWA previously reported, they also noted a significantly greater amount
of HF HRV % in the stim versus sham conditions. No changes to HR, BP,
or cortisol were noted. These results are an intriguing first step in marrying
autonomic sleep and memory research with recent techniques to boost
SWA and memory, and more research is needed in this promising
domain.

69. Winer JR, Mander BA: Waking up to the importance of sleep in
the pathogenesis of Alzheimer disease. JAMA Neurol 2018,
75:654-656.

65. Ahmed RM, Iodice V, Daveson N, Kiernan MC, Piguet O,
Hodges JR: Autonomic dysregulation in frontotemporal
dementia. J Neurol Neurosurg Psychiatry 2015, 86:1048-1049.

67. Bliwise DL: Sleep in normal aging and dementia. Sleep: J Sleep
Res Sleep Med 1993, 16:40-81.

71. de Zambotti M, Trinder J, Silvani A, Colrain IM, Baker FC: Dynamic
"
coupling between the central and autonomic nervous systems
during sleep: a review. Neurosci Biobehav Rev 2018, 90:84-103
http://dx.doi.org/10.1016/j.neubiorev.2018.03.027
This review summarizes research using novel analytic methods that reveal a
dynamic ‘CNS-ANS coupling’. Both correlational data and experimental
manipulations studies suggest a precise temporal sequence of corticalcardiac activity. This review provides insights and implications on future
work into sleep and cardiovascular interactions during health and disease,
in which coupling could be adversely impacted.

68. Lim MM, Gerstner JR, Holtzman DM: The sleep–wake cycle and
Alzheimer’s disease: what do we know? Neurodegener Dis
Manage 2014, 4:351-362.

72. Thayer JF, Lane RD: Claude Bernard and the heart–brain
connection: further elaboration of a model of neurovisceral
integration. Neurosci Biobehav Rev 2009, 33:81-88.

66. Chu CC, Tranel D, Damasio AR, Van Hoesen GW: The autonomicrelated cortex: pathology in Alzheimer’s disease. Cereb Cortex
1997, 7:86-95.

Current Opinion in Behavioral Sciences 2020, 33:17–24

70. Mander BA, Winer JR, Walker MP: Sleep and human aging.
"
Neuron 2017, 94:19-36
Aging is associated with a reduced ability to initiate and maintain sleep.
This review describes canonical changes in human sleep quantity and
quality in cognitively normal older adults, explores the underlying neurobiological mechanisms that may account for these human sleep alterations, and considers the functional consequences of age-related sleep
disruption, focusing on memory impairment as an exemplar.

www.sciencedirect.com

