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Abstract

The mid-day nap, sometimes called a siesta, is a ubiquitous occurrence across the lifespan. It is
well established that in addition to reducing sleepiness, mid-day naps offer a variety of benefits:
memory consolidation, preparation for subsequent learning, executive functioning enhancement,
and a boost in emotional stability. These benefits are present even if a sufficient amount of sleep is
obtained during the night prior. However, we present a paradox: in spite of these reported benefits
of naps, frequent napping has also been associated with numerous negative outcomes (eg,
cognitive decline, hypertension, diabetes), particularly in older populations. This association exists
even when statistically controlling for relevant health- and sleep-affecting determinants. An
emerging hypothesis suggests inflammation is a mediator between mid-day naps and poor health
outcomes, yet further research is necessary. Given this, it may be premature to ‘prescribe’ naps as
a health enhancer. Herein, we aggregate findings from several branches of sleep research (eg,
developmental neuroscience, cognitive neuroscience, sleep medicine) to critically examine the
paradoxical role of naps in cognitive and somatic health. This review uncovers gaps in the
literature to guide research opportunities in the field.
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1. Introduction

The mid-day nap, sometimes called a siesta, is ubiquitous. Naps are most frequent in infancy
and into toddlerhood [1]. Young adult naps are less frequent, depending on cultural

expectations, geographic location [2], and employment status [3]. In late life, especially after
retirement, napping again becomes more prevalent [4], either because of age-related changes
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in sleep and circadian rhythmicity or because of psychosocial or psychological changes (eg,
more free time, higher incidence of depression) [5].

The cognitive benefits of a mid-day nap have become more apparent in recent years. Naps
facilitate executive functioning [6,23,24], memory formation [10-18] subsequent learning
[19,20] and emotional processing [21-25]. Yet, paradoxically, there are also a multitude of
studies linking frequent napping with negative outcomes, especially in older populations
[26-29].

Here we review recent research that has unveiled the unique properties of naps and their
functional contribution to cognitive and emotional processing. We first characterize the
physiological architecture of naps. Next, we turn to behavioral studies that provide evidence
of the beneficial functions naps serve. We then review evidence that naps may be detrimental
to health, including evidence that inflammation may be related to naps and health outcomes.
Finally, we discuss the implications of napping and examine whether napping should be
prescribed to enhance health.

1.1 Physiology of naps

1.1.1 Nap architecture—Sleep is not homogenous; rather, it is composed of multiple
physiologically unique stages. Non-rapid eye movement (NREM) stages, which are further
divided into stage 1 (N1), stage 2 (N2), and stage 3 (N3 or slow wave sleep (SWS)), is
associated with low energy expenditure and high neuronal synchronization [30]. Conversely,
rapid eye movement (REM) sleep is associated with high brain activity and energy
expenditure comparable to wake.

Only recently has the physiology of naps in healthy individuals been considered. In infants,
naps are indistinguishable from nocturnal sleep, as both are REM-rich [1] (Figure 1). Later
during early childhood, naps are predominantly composed of NREM sleep with very little
REM [31]. Young adult naps, if of substantial length, will contain both NREM and REM
bouts [32]. Naps of older adults are dominated by lighter NREM stages, a short bout of
SWS, and less often, REM sleep [10].

1.1.2 Homeostatic pressure and circadian rhythmicity govern daytime sleep
characteristics—Sleep is hypothesized to be regulated by two processes: Process S,
which reflects homeostatic “‘sleep pressure,” and Process C, which constitutes circadian (ie,
endogenous) rhythmicity [33]. On a simplified level, process S has been hypothesized to be
the result of extracellular adenosine accumulation [34], which intensifies with the amount of
time spent awake. Process C, on the other hand, has been hypothesized to be the result of
genetically-driven changes in alertness via the suprachiasmatic nucleus of the hypothalamus
[33], in addition to other factors (eg, the REM-on and REM-off switch posited to be in the
tegmentum of the brainstem [35,36]). Process C cycles non-linearly, and troughs of alertness
typically occur during the night and postprandially (ie, after lunch). Sleep pressure
accumulated during a normal day, via Process S, is believed to initiate the onset of NREM
sleep upon sleep onset [17]. Process C modulates REM sleep. Circadian influences, which
affect core temperature and hormonal fluctuations, modulate REM onset, both during the
night and the day.
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The effects of Processes S and C on sleep are important to understanding nap sleep
architecture (ie, sleep staging). Given the influence of sleep pressure on NREM, naps taken
following sleep deprivation or those taken later in the day comprise mostly NREM sleep
[37]. On the other hand, circadian rhythmicity resulting from Process C induces REM-rich
naps early in the day. The post-prandial nap, which occurs during a circadian alertness dip
but also after many hours spent awake, tends to contain both NREM and REM, although this
may vary with age[10].

2. Naps benefit cognitive functions

2.1 Sleepiness and cognition

Following sleep deprivation, sleep restriction, or even a normal night of sleep, sleepiness
increases with time spent awake, while cognitive abilities, such as working memory,
decrease. However, a mid-day nap has been shown to effectively assist with ‘recovery’ of
these faculties by minimizing homeostatic sleep pressure.

2.2.1 Homeostatic sleep pressure—The search for which “sleep factor” contributes to
the rise and dissipation of homeostatic sleep pressure has been lengthy. Much evidence
points to adenosine, a byproduct of cellular energy and metabolism (ie, hydrolysis of
adenosine tri-phosphate [ATP]), and a neuromodulator that orchestrates the release of post-
synaptic neurotransmitters [38], as being a critical sleep factor [34]. In theory, when cerebral
energy (ie, glycogen) is required, glycogenolysis takes place, leaving an adenosine
byproduct. During subsequent NREM sleep, the activity of neurotransmitters that heavily
utilize glycogen during wake is reduced, and synthesis of new glycogen stores can begin.
Accumulated adenosine dissipates to provide energy for glycogen replenishment. Thus, after
a sufficient amount of NREM, homeostatic sleep pressure is reduced, and the process may
begin anew (Figure 2).

However, adenosine does not affect the brain uniformly, as there are several adenosine
receptor types (ie, Al, A2a, A2b and A3) with differing downstream effects [39]. Sleep-
impacting effects of adenosine seem to mainly involve Al and A2a receptors. For example,
blocking Al receptors decreases sleep [40], whereas infusing adenosine to Al receptors
promotes sleep [41]. Further, SWS is induced when A2a receptors in the subarachnoid space
below the basal forebrain are promoted [42]. Additional evidence for both receptor types
playing a role in sleep regulation comes from studies showing caffeine promotes
wakefulness by blocking adenosine’s activation of both A1 and A2a receptors [39]. A2b and
A3 receptors have a relatively low affinity for adenosine and their sleep-promoting effects, if
any, are poorly understood.

Although adenosine has been the focus of many recent studies, it is not the only identified
sleep factor. Several other chemicals, including interleukin-1, tumor necrosis factor-alpha,
GH-releasing factor, and prostaglandin D2, have also been identified as potential sleep
factors and likely contribute to these processes [43,44]. However, work on the relative
contribution of each factor (and potential interactions between factors) remains limited, and
thus is a promising future direction.
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2.2.2 Naps reduce homeostatic sleep drive—Homeostatic drive can be quantified
through EEG delta activity (1-4 Hz, also known as slow wave activity (SWA)). Naps
following sleep deprivation/restriction are architecturally distinct from naps that follow
normal nocturnal sleep such that SWA is elevated. However, SWA and sleep pressure are
reduced by a recovery nap [45]. At times, naps reduce sleep pressure so thoroughly that
subsequent nocturnal sleep can be disturbed, even if occurring hours later. Thus, even a brief
daytime nap may restore the Process S imbalance that has been altered by extended
wakefulness.

If a recovery nap is successful, the negative effects of wakefulness, including sleepiness and
poor cognitive functioning, should be reduced. Indeed, this is the case, as naps reduce both
subjective and objective sleepiness, gauged via questionnaire or psychomotor vigilance test
[46], respectively, after sleep restriction. However, recovery depends on the architecture of
the preceding nap. ‘Ultrashort’ naps minimize homeostatic sleep drive and sleepiness, yet
naps containing SWS increase sleepiness immediately after waking [7]. This phenomenon is
called sleep inertia, and many investigations have attempted to ‘maximize’ sleepiness
reduction by increasing alertness while avoiding sleep inertia. Overall, it seems lighter
stages of sleep benefit alertness immediately after waking, while deeper stages benefit long-
term alertness (Figure 3).

For example, a study investigating the effects of differing nap lengths (5, 10, 20 and 30
minutes) found a 10-minute nap increased immediate alertness to a greater extent than the
other nap durations [7]. Both the 5 and 10 minute naps predominantly contained N2, but
naps longer than 10 minutes were more likely to contain SWS. The authors concluded that a
sustained period of N2 (> 4 minutes) or a 10-minute period of any combination of stages are
sufficient to reduce immediate sleepiness, whereas SWS does the opposite. This notion has
been corroborated by investigations showing decreased sleepiness immediately upon
wakening when naps only contain N1 and N2 [6].

Although SWS may induce inertia immediately after waking, it may provide longer-lasting
benefits than N1 and N2. For example, following the dissipation of sleep inertia, sleepiness
is reduced to the extent that it would have been if a shorter nap without SWS had occurred
[8], and this reduction can be maintained for an extended period of time [6] (Figure 3).

2.2.3 Naps improve executive functioning—In addition to minimizing sleepiness,
napping also promotes executive functioning (eg, working memory). Both reduced
sleepiness and improved cognition rely on adenosine A1 and A, receptors (discussed
below), and therefore it is difficult to separate these mechanisms. That is, one possible
avenue through which cognition is improved following a nap is through reduced sleepiness.
Alertness (ie, reduced sleepiness) plays a large role in cognitive performance [47], and thus
this relationship seems viable. As such, in almost every investigation discussed, both
faculties improve simultaneously [7,8,46,48]. However, the impact of adenosine on
executive functioning may be separate from that governing sleepiness, as A; receptor
agonist injection into the hippocampus, a critical region for encoding, promotes working
memory in rodents [49]. There is also evidence of an interaction of adenosine and dopamine
in brain regions involved in executive functioning (ie, cortico-striatal regions) reviewed in
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[50]. Thus, naps may improve cognition and minimize sleepiness through separate
pathways.

2.3 Memory and emotional regulation

During wake, sensory information, facts, and procedural skills are continually acquired.
After acquisition, certain information should be permanently retained while other
information is discarded to enhance subsequent information capacity. We propose napping
facilitates this process in two ways: (1) by solidifying previously-learned information in
long-term storage (ie, consolidation), and (2) by enhancing subsequent learning capacity.

2.3.1 Naps promote memory consolidation—Sleep is thought to facilitate memory
consolidation [51]. Consolidation is evidenced by enhanced retention of memory traces or
skills compared to an equivalent period spent awake. Many investigations have examined the
effects of sleep-dependent consolidation over a period of nocturnal sleep. Yet a brief nap can
also enhance consolidation beyond waking levels, and specific sleep stages within a nap
provide information of underlying brain processes that facilitate this activity.

2.3.2 SWS and declarative memory consolidation—The encoding of declarative
memory traces relies on the hippocampus [52], and consolidation of such information is also
hippocampal-dependent. There are multiple hypotheses as to how consolidation occurs.
According to the systems level hypothesis, encoding occurs in both the hippocampus and the
neocortex, and during consolidation, memory traces are solidified in the neocortex while the
hippocampal role is reduced [53]. Conversely, the multiple trace theory posits that the
hippocampus is still ‘linked” with the consolidated memory traces, and thus the
hippocampus and neocortex continue to play a role post-consolidation [54,55]. Nevertheless,
in both of these models, SWS has been implicated in facilitating memory consolidation [56].
Notably, the opportunistic hypothesis states consolidation occurs whenever the hippocampus
is ‘quiet’ ie, free from interference), and therefore SWS is the opportune time at which
consolidation occurs [57].

Memory consolidation is promoted when neurons activated in the hippocampus during
encoding are reactivated during subsequent SWS [58], and this reactivation is believed to
facilitate the solidification of information in the neocortex. Additionally, heurotransmitter
fluctuation during SWS is optimal for consolidation [59]. During wake, levels of circulating
neurotransmitters, including acetylcholine, are high, yet acetylcholine drops during SWS.
Incidentally, low acetylcholine is necessary for consolidation to occur. The administration of
physostigmine, which blocks cholinergic inhibition, disrupts sleep-dependent
consolidation[60], but only for declarative memory traces, suggesting neurotransmitter tone
during SWS uniquely supports declarative consolidation. Furthermore, norepinephrine has
been shown to impact declarative memory consolidation [61]. Specifically, norepinephrine
suppression via clonidine administration during early-night SWS disrupted memory
consolidation for the sequential order of learned events in a story, relative to a placebo
group. Of note, suppressing norepinephrine did not block memory consolidation for story
content, and therefore, the authors suggested brain regions (eg, hippocampus and
parahippocampal cortex for temporal order and perirhinal cortex for content) were
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differentially impacted by norepinephrine blunting. Taken together, these investigations
indicate hormonal fluctuations during SWS uniquely and discreetly impact sleep-dependent
memory consolidation.

There is also clear behavioral evidence of the importance of SWS in nap-dependent memory
consolidation. Declarative memory is greatest following a nap containing SWS when
compared to an equivalent period spent awake or a short nap with no SWS. For instance, in a
nap paradigm in which participants learned bi-model paired associates (eg, a picture paired
with a sound clip), participants with naps containing SWS exhibited both greater immediate
and long-term (ie, after one week) memory consolidation effects [11]. Furthermore, these
memories were less prone to subsequent interference, indicating SWS influenced the
stability of these memories.

Additionally, we have shown greater SWA during a nap predicts better subsequent
declarative memory recall and less hippocampal engagement during retrieval, signifying
consolidation had occurred [10]. Notably, in older adults who have reductions in SWA, we
found nap-dependent consolidation of declarative traces is reduced and hippocampal
disengagement from the frontal lobe is not present. Thus, following a nap with less SWA,
declarative memory traces might be at an “earlier” stage of consolidation in older adults,
rendering retrieval poorer. In this population, therefore, SWS within a nap might not be
sufficient for complete declarative consolidation.

Although the amount of SWS during a nap has been found to correlate with consolidation (e,
sleep-dependent increases in memory performance) [12], several investigations have found
that SWS alone is not sufficient for consolidation. For instance, Alger and colleagues [13]
found the amount of time in SWS and the amount of time spent awake between the learning
session and sleep interact to predict consolidation. A longer time spent awake following the
learning session, combined with more SWS, unexpectedly maximized memory performance
for learned neutral images. Further, a separate group found naps containing predominantly
NREM sleep enhanced declarative memory consolidation of three distinct types of
declarative memories (eg, via a paired-associates task, visuo-spatial maze task, and a
complex figure-tracing task), but preferentially enhanced memories that had been encoded
more strongly during the learning session [14]. The authors suggest that individuals who
learn more efficiently during encoding also consolidate more efficiently, thus indicating a
trait-like quality (eg, learning capacity), in addition to a state-like quality (eg, amount of
SWS) influenced consolidation.

2.3.3 N2 and procedural memory consolidation—Motor skill learning has been the
predominant probe of procedural memory consolidation in the field. The consolidation of
procedural memory traces is anatomically distinct from declarative traces, although there
may be overlap [62]. As opposed to declarative learning, which relies on the hippocampus,
procedural learning relies on the bilateral motor cortex, sensorimotor cortex, and cerebellum
[63]. Depending on the type of task (eg, motor sequence learning vs. motor adaptation),
memories are posited to either be encoded through a cortico-striatal loop or through a
cortico-cerebellar loop, respectively [64]. During subsequent sleep, reactivation is present in
the same regions that were active during encoding [65]. Reactivation enhances procedural
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consolidation by reorganizing motor representations into more efficient procedural
memories [63]. Although the hippocampal-neocortical system appears somewhat distinct
from these motor networks, sleep benefits the consolidation of both types of memories
equivalently.

A mid-day nap, particularly a nap rich in N2, has been shown to benefit the consolidation of
skills in the procedural domain. For instance, following encoding of a finger-to-opposition
task, a short nap improved performance while minimizing susceptibility to experimental
interference that occurred after the nap [15], and time spent in N2 correlated with sleep-
dependent gains in motor skill. Similarly, performance on a mirror-tracing task improved
across a nap period, which was predominantly N2 [16]. However, the latter finding regarding
N2 and motor consolidation is not always consistent. Specifically, when participants were
trained on both a declarative task and a mirror-tracing task prior to a nap, only the
declarative memories were consolidated, even though the nap contained a high amount of
N2 (~41% of total nap time) [66]. Similarly, a separate study found a daytime nap promotes
the consolidation of the perceptual, but not the motor element of a motor sequencing task
[67].

Notably, in populations who are traditionally thought to exhibit sleep-dependent reduced
motor consolidation (ie, children and older adults, for exceptions, see [68,69]) a mid-day nap
has a “delayed” effect on motor consolidation. Specifically, in children, we have shown
performance gains 24 hr after skill acquisition are present only when a nap occurs after
initial skill learning [70]. This finding suggests a mid-day nap might stabilize memory traces
and exhibit a delayed benefit after a nocturnal sleep period. We postulate that in the
developing brain, multiple sleep bouts might be necessary for measurable consolidation to
occur. An alternative or perhaps additional explanation is that in this population, both N2
and REM are necessary for motor consolidation. Given that mid-day naps in preschoolers
contain little REM (Figure 1), consolidation may not emerge until after nocturnal sleep,
which is rich in REM.

Likewise, older adults, who also do not exhibit sleep-dependent consolidation of motor
skills, similarly show delayed benefits of a nap [71], suggesting naps play a subtle yet
important role in learning in this population. Unfortunately, sleep staging was not available
in either of the aforementioned studies, limiting interpretations on sleep-stage dependency.

2.3.4 N2 and Other Memory Domains—N2 has been linked with other memory
domains and examining the ‘microstructure’ of nap N2 has yielded further insight into
memory consolidation. Sleep spindles, which reflect firing between the thalamus and the
cortex [72], are critical to N2 memory consolidation. Although originally implicated in
procedural learning, sleep spindles have been linked with the consolidation of a host of
memory types, including emotional and declarative memory. For example, higher spindle
activity in a mid-day nap was linked to enhanced consolidation of an associative task [17]
and was also shown to moderate emotional memory consolidation [73]. In preschool-aged
children, we demonstrated that higher spindle density in habitual nappers was correlated
with enhanced consolidation of a visuo-spatial task [31]. Lastly, a causal examination of
spindle characteristics via pharmacological manipulation of sleep (Ambien, a GABAp

Sleep Med. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mantua and Spencer

Page 8

agonist), increased sleep spindles compared to a placebo, and, in turn, yielded greater
consolidation of declarative memory traces [74].

Given the diverse range of tasks linked with sleep spindles, their presence in naps seems to
promote the general consolidation of knowledge (or general plasticity) rather than being
specific to one type of learning. Further, it is likely that consolidation benefits from N2
characteristics in accordance with other sleep-dependent mechanisms (eg, those underlying
slow oscillations and slow activity) [75].

2.3.5 REM-dependent processes—The role of REM in naps is largely unexplored, as
naps contain little to no REM (Figure 1). However, recent work has demonstrated that REM
plays a unique role in promoting relational memory [18]. When participants were presented
with directly related images (eg, A — B and B — C) and a pair of indirectly rated images (A —
C), REM sleep during a nap was positively correlated with memory for the related images,
but correlated negatively with memory for the direct pairs. The authors concluded that while
NREM sleep promotes veridical learning (ie, consolidation of directly associated images),
REM plays a role in reorganizing and integrating information into existing schemas.

2.4 Naps enhance subsequent learning

Sleep also promotes subsequent encoding (ie, learning). Without sleep (eg, after nocturnal
sleep deprivation), encoding is reduced relative to encoding after a normal night of sleep
[76]. Hippocampal activation during encoding following sleep deprivation is also altered,
and it has been suggested that this hippocampal dysfunction mediates the relationship
between sleep loss and encoding deficits. This notion is in support of the synaptic
homeostasis hypothesis [77], which suggests that sleep, namely SWS, is a state of global
synaptic depotentiation. The synaptic load, potentiated during the day when learning occurs,
is reduced during sleep. In this way, the stronger neuronal connections (eg, those that were
heavily activated during wake) are preserved following sleep, while weaker connections are
removed. The removal of weak traces provides more space and more opportunity for new
encoding. Consequently, without sleep, the brain is not as well prepared for new learning to
occur.

Several investigations utilizing mid-day naps have corroborated this finding (outlined in
Figure 4). In the first, encoding was found to be superior following a nap relative to an
equivalent interval awake [20]. Next, others demonstrated enhanced encoding following a
SWA-boosted nap (via transcranial direct-current stimulation) when compared to a natural
nap [19]. Notably, both investigations showed enhancements for declarative but not
procedural encoding, demonstrating the essential role of SWS in preparing for subsequent
declarative encoding.

2.5 Naps promote emotion processing

There is a bi-directional relationship between sleep and emotion. Poor sleep quality is both
an antecedent to and a consequence of poor mental health [78]. Emotional functioning,
however, is complex and multi-faceted. Therefore, many investigations have probed discreet
aspects of emotion (eg, reactivity), rather than complex processes (eg, regulation) [79]. Of
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these studies, few have probed emotion using a nap paradigm, as REM sleep, which has
been implicated in emotional processing [25,80], is scarce during mid-day naps.

Recently, there have been several investigations assessing whether mid-day naps impact
emotion processing in children. This population is a primary focus given emotional
competency occurs at this age [81] and given that, anecdotally, children who miss a daily
nap are more emotionally dysregulated. We have demonstrated that a nap reduces the
emotional attention bias in preschool aged children relative to wake [21]. Using a “dot
probe” task, which measures emotional reactivity by quantifying the attentional response
bias towards emational compared to neutral stimuli, we found the bias toward emotional
stimuli is only present when children do not nap. Further, greater SWA in the nap predicted a
greater reduction in emotional bias, suggesting a SWS-specific mechanism underlying the
nap-dependent change in emotional reactivity.

Additionally, studies in early childhood have demonstrated that naps improve emotion
responsivity. For example, when presented with an unsolvable puzzle, children (~3 yrs) who
napped used more mature and efficient self-regulation skills than those who were nap
deprived [22]. Similarly, children in the same age range who were denied a nap responded
emotionally-inappropriately to a range of stimuli with differing emotional valences (ie,
displayed less positivity to positive stimuli and more negativity to neutral and negative
stimuli) [23].

A mid-day nap can also impact emotional perception. Over wake, the repeated presentation
of the same emotional stimuli induces emotional habituation. That is, ratings of emotional
stimuli become more neutral (ie, less negative) with each subsequent presentation. However,
we have demonstrated that a nap between presentations preserves emotional valence of
negative stimuli (stimuli originally perceived as negative will remain negative) [24]. Thus, it
is plausible that either sleep disrupts wake-dependent emotional habituation, or alternatively,
that sleep actively promotes the preservation of the emotional valence [80].

On the other hand, others have reported diverging findings of those discussed immediately
above. Specifically, in a group of young adults, those who remained awake between two face
viewing sessions rated negative faces as more negative during the second viewing session
(rather than less negative, as above). Individuals who napped, however, and especially those
who had a nap containing REM, rated the faces as less negative [25]. Differences in findings
between these two investigations may have occurred because of dissimilarities in study
design. Specifically, in the prior study, participants viewed images with varied content (eg,
bloody limbs, needles), while in the latter study, participants viewed and rated only faces.
Therefore, perhaps a mid-day nap has stimulus-specific effects depending on the emotional
content.

Given that naps enhance consolidation while also impacting emotional processing, a
reasonable hypothesis is that these two processes are linked. In other words, might the
synaptic burden that is purportedly decreased during sleep(as discussed in context of the
synaptic homeostasis hypothesis[77]) also decrease emotional burden? If this were so,
depotentiation might enable better emotional regulation during future encounters. However,
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to our knowledge, no work has yet linked these two mechanisms, and our studies that have
investigated both memory and emotional processing have found no correlation between
these factors [80,82].

3. Frequent napping is associated with negative outcomes

3.1 Frequent napping predicts negative health outcomes

In contrast to the benefits of napping described above, frequent habitual napping (“essential
napping™) has been linked with a number of subsequent negative outcomes, including
increased risk for hypertension [83], microvascular disease [26], depression [28], diabetes
[84], osteoporosis [85], functional limitations [86], general medical morbidity [27],
increased mortality [87], and cognitive decline [5]. These associations have predominantly
been identified in older adults but also exist in middle age [26,83] and young adults [89].

Given the unexpected nature of these associations, examining directionality between
napping and poor health is critical. Here, we will specifically focus on the link between
napping and both mortality and cognitive decline.

3.1.1 Essential napping and mortality—Prospective investigation of causality (ie,
random experimental group assignment) between frequent napping and mortality is not
feasible, yet there are several studies that have attempted to disentangle this relationship. It
has been posited that this association may not be due to excess sleep per se, but instead due
to excess bouts of wake. The morning waking period corresponds with an increase in blood
pressure, heart rate, and platelet aggregability [90], potentially due to reactivation of the
sympathetic nervous system that occurs upon awakening [91]. In response to this rise, both
vascular sheer stress and myocardial oxygen demand increase [66], and incidence of
cardiovascular events rises. It is proposed, then, that the afternoon nap provides a second
waking opportunity and thus a second opportunity for cardiovascular events to occur [87].

Supporting this hypothesis, individuals who frequently nap but also have a history of
myocardial infarction (heart attack) do not have an increased risk of mortality [87]. It has
been suggested that these individuals, who are likely regularly taking beta-blockers or
aspirin (which both provide favorable cardiac benefits), may be unknowingly decreasing
their risk of nap-induced cardiac issues [93]. Additionally, as blood pressure and heart rate
decrease linearly with longer sleep periods [94], it is plausible that longer periods of sleep
trigger larger increases in blood pressure/heart rate upon awakening. This hypothesis would
explain why longer naps seem to be particularly dangerous [5,27,85].

Frequent napping and long nocturnal sleep duration have also been linked with a number of
other outcomes that increase the risk for cardiovascular events. Specifically, long-napping
middle-aged adults had an increased risk for metabolic syndrome [95]. Similarly, the
incidence of diabetes, another cardiac event risk factor, is higher in habitual nappers [84].
Therefore, if naps were theoretically causing poor outcomes, they may be affecting the
cardiovascular system indirectly through metabolic syndrome and diabetes. Although
directionality is still unknown between napping and cardiac events, the presence of these
other negative outcomes presents further research opportunities.
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3.1.2 Essential napping and cognitive decline—The link between cognitive decline
and essential napping has been viewed predominantly with the opposite causal directionality
as the link between mortality and napping. That is, rather than naps being a detrimental
factor, they are predicted to be a byproduct of related factors. For instance, it has been
posited that age-related changes in brain integrity lead to sleepiness, which then induces
napping. Brain damage and neurofibrillary tangle deposition brought about by early
cognitive decline, particularly in the brainstem [96], alter cholinergic activity that is
necessary for proper sleep/wake maintenance [97]. Similarly, age-related loss and/or
functional degradation of wake-active cells, including orexinergic, dopaminergic,
cholinergic, histaminergic, noradrenergic, and serotonergic types, is caused by age-related
changes in brain integrity [98]. Therefore, reduction in brain integrity and functioning may
increase sleep propensity and subsequently increase daytime napping.

If a loss in brain integrity contributes to napping, more severe brain degradation should lead
to greater sleepiness. Conversely, individuals who are sleepier should be the most
cognitively impaired. Indeed, healthy older individuals with higher self-reported daytime
sleepiness perform worse on range of cognitive tasks, including tasks that are not alertness-
dependent (eg, spatial orientation tasks rather than reaction time tasks) [99]. Moreover, older
adults reporting daytime sleepiness are twice as likely to be diagnosed with dementia three
years later[100], and demented individuals (those with mild-moderate Alzheimer’s disease)
with higher sleep propensity perform worse on cognitive tests [101]. These results suggest
that sleepiness and napping may be the result of cognitive degradation in older adults, yet
directionality between these factors remains unknown.

3.1.3 The role of nocturnal sleep—Frequent napping may merely be a reflection of
poor nocturnal sleep. If this were the case, poor nocturnal sleep, rather than consequential
frequent napping, could create or exacerbate negative consequences. Certainly, short
nocturnal sleep has been linked to a number of unfavorable health outcomes, including
cognitive decline [102] and mortality [103], and poor sleep quality leads to more subsequent
daytime napping [104]. However, counter to this hypothesis, many studies have statistically
controlled for nocturnal sleep length or have removed individuals with poor sleep from
analyses [26,84,89], and others have found that napping and non-napping older adults do not
differ in terms of nocturnal sleep efficiency [28]. Nevertheless, these studies only take into
account total sleep time and/or sleep efficiency and do not account for sleep architecture (ie,
sleep staging). The quality of a full night of shallow sleep differs markedly from a night with
deep sleep, and thus the possibility remains that poor nocturnal sleep could be a mediating
factor between napping and illness.

3.1.4 Other factors to consider—Other health factors, including daily physical activity
and medication use, may also contribute to napping behavior. Regular physical activity is
crucial for maintaining physical health, and it could be surmised that those who nap more
often are less physically active than those who do not nap. However, multiple studies suggest
that this is not the case: older adults who nap are more likely to engage in exercise than
those who do not nap [29,105]. It has also been proposed that medications increase daytime
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sleepiness, but several investigations examining health-related associations of a mid-day nap
negate this hypothesis by removing or controlling for individuals on medications [28,29].

Sleep disorders must also be considered. Sleep apnea, a disorder in which breathing ceases
periodically during the night [106], has been suggested to mediate essential napping and
negative outcomes [26,83,85]. Sleep apnea prevalence increases dramatically in aged
individuals, and it has been shown to exacerbate a number of disorders [107] and cause or
contribute to cognitive decline [81]. Those with sleep apnea also take naps more frequently
[110], and therefore the link between napping and disease may be driven by underlying
disordered sleep. Given the high rate of undiagnosed sleep apnea in older adults [111], it is
difficult to control for this factor without prospective polysomnography, and thus this factor
warrants further exploration.

3.2 An emerging hypothesis: Naps and inflammatory mediation

Inflammation, the immune response to cell injury or foreign pathogen, might mediate the
relationship between frequent mid-day napping and poor subsequent health outcomes. Sleep
is a known regulator of immune processes [112], and, notably, siestas are proposed to be an
evolutionary response to disease [113]. Therefore, it is possible that mid-day naps occur to
mediate inflammation when disease or cell injury is present.

3.2.1 Sleep and inflammation: a bi-directional relationship—Sleep impacts the
immune system [114], potentially via the glymphatic system [115]. Consequently,
individuals with disturbed sleep, such as those with insomnia and untreated sleep apnea,
tend to have immune alterations and chronic inflammation, a non-specific immune response
[116]. On the other hand, the immune system modulates sleep. Through two separate
immune cascades, inflammation causes daytime sleepiness [112]. Within one pathway,
IL-1a elevates body temperature to prepare for immune recovery [117]; elevating
temperature is metabolically costly. Given that energy expenditure is low during NREM
sleep relative to wake and REM [118], having a large portion of NREM is advantageous for
immune-induced recovery. Therefore, sleep occurs in response to this metabolism/
temperature increase as a means of energy preservation [112]. Notably, daytime naps—
especially in older adults—are NREM rich [10] (Figure 1), and thus they may be optimal for
responding to such increased energy demands.

The link between daytime napping and inflammation is ambiguous. On one hand, a daytime
nap is beneficial for immune (IL-6) recovery following experimental immune dysregulation
via sleep restriction [119]. Naps also facilitate immune recovery by working in concert with
nocturnal sleep. Specifically, following sleep deprivation, subsequent nocturnal sleep is
sometimes not sufficient for recovery, and both a nap and nocturnal sleep are required for
immune cytokines to be returned to baseline levels [120]. Therefore, a mid-day nap is an
efficient method for enhancing immune recovery beyond what is provided by nocturnal
sleep [121].

On the other hand, frequent daytime napping has been linked to negative immune outcomes
(eg, increased inflammation) in both young [89] and older populations [122]. However,
despite these seemingly contradictory findings, they may not be mutually exclusive. Acute
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inflammation, occurring following sleep deprivation, may be regulated with a short nap bout
or with multiple subsequent sleep bouts, while chronic inflammation, potentially caused by
disease or illness, may be too severe to be regulated by sleep. Nevertheless, the body may
still induce daytime sleep in an attempt to re-normalize. Thus, daytime naps, in a naturalistic
setting, may occur in response to increased inflammation.

3.2.2 Napping, inflammation, and negative outcomes—\We posit a three-way
relationship between essential napping, inflammatory burden, and poor health outcomes. In
older populations, age-related immune alterations or comorbid disease (eg, hypertension)
elevate chronic inflammation levels. As a consequence of the two pathways described above,
individuals with higher inflammation nap more frequently [89,122]. In some instances,
multiple sleep bouts are required to return inflammatory markers to normal levels [120].
Thus, daytime sleepiness could be recurrent if chronic inflammation is present, and napping
could become more frequent as a consequence.

In parallel, an elevated inflammatory burden is a risk factor for a number of negative
outcomes, including cognitive decline and mortality. For instance, interleukin-6 and several
other inflammatory markers predict cognitive functioning six years later [91]. Similarly,
inflammatory burden predicts increased risk for heart attack and stroke [92]. Therefore,
elevated inflammation is a risk factor for poor health outcomes and it also induces daytime
sleepiness and napping. Given this, it is possible that inflammation is the mediating factor
that links frequent napping with poor subsequent health.

An emerging body of evidence supports this hypothesis. First, in a study focusing on the link
between nocturnal sleep duration and poor health, the relationship between both short and
long sleep duration and mortality was attenuated when controlling for inflammatory burden
and several other lifestyle factors [14]. Additionally, using a longitudinal cohort, we found
frequent napping predicts both cognitive decline and mortality eight years later only in
individuals with inflammatory disease [unpublished results]. This suggests that napping
itself is not detrimental and that inflammation may precede both napping and poor health
outcomes; however, prospective investigation is required to confirm this hypothesis.

3.3 The nap paradox

Given what has been discussed above, a paradox exists within the literature: napping seems
to be simultaneously both beneficial and detrimental for cognitive and physical health. We
propose several explanations that may elaborate on these seemingly contradictory findings.

First, it is possible that well-controlled, empirical studies investigating the acute effects of
naps may not be detecting or searching for concurrent negative effects of napping. Thus,
both beneficial and negative effects could be present in these studies, but they may remain
undetected. Further, these investigations may not have the statistical power to detect effects
that become apparent in large cohort studies. To address this possibility, future work studies
examine multiple dependent variables.

Second, the discrepancy in findings may exist because chronic napping (ie, frequent napping
over the course of many months or years) could be distinct from acute napping (ie, a single
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nap in a well-controlled setting). This situation is comparable to that of sleep deprivation and
sleep restriction; a full night of sleep deprivation in a laboratory setting is not comparable to
years of chronic, acute sleep deprivation. Thus, those who nap chronically may experience
cumulative negative effects that are not detectable or present in the short-term. To address
this hypothesis, nap frequency could be tracked periodically using objective measures (eg,
actigraphy) in conjunction with measures of health and cognition.

Third, characteristics unrelated to sleep could impact how a nap influences each individual.
For instance, the negative effects of a nap on health may increase with age. This could
explain why findings linking naps to negative outcomes have been predominantly identified
in older populations. However, this age-related hypothesis is speculative and not supported
by current literature, as positive effects provided by naps do not change with age [10].

Next, the majority of the work discussed above did not take into account nap ‘types’ that
were originally proposed by Broughton & Dinges [2] (Table 1). It is possible that, for
instance, recovery naps are more beneficial to health than appetitive naps, yet rarely are
these differentiations made. Similarly, in prospective investigations, nap habituality (ie, an
individual’s typical nap routine) is seldom considered, although recent evidence suggests
that nap habituality moderates the relationship between naps and cognition [31,123]. Future
work taking into account both nap type and nap habituality may yield greater insight into the
relationship between napping and subsequent outcomes.

Finally, as has been discussed, it is possible that naps themselves are not detrimental but
instead are a byproduct or side-effect of pre-existing health issues or typical age-related
brain and body degradation. Based on the literature discussed, we believe this to be the most
plausible explanation. However, prospective investigation is necessary in order to confirm
this notion.

4. General conclusion: Should naps be prescribed?

In healthy, young individuals, a mid-day nap is observably beneficial. A bout of mid-day
sleep minimizes sleepiness while enhancing executive functioning [7]. Naps also facilitate
memory consolidation [10], subsequent learning [19], and emotional processing [21], while
providing additional somatic benefits [119]. In young, healthy populations who are in need
of emotional or cognitive intervention, napping could be prescribed.

On the other hand, in older populations, as opposed to the obvious benefits of a mid-day nap
outlined above, excessive napping has been linked with negative outcomes. Yet there is no
direct evidence suggesting that mid-day napping is detrimental. Although it is unlikely that
essential naps are causal in inducing comorbidities, it is perhaps premature to make this
statement definitively. Therefore, it is also premature to prescribe napping in this population.
In the future, studies focusing on the link between napping and negative outcomes, as well
aspotential interactions with inflammatory markers, would be useful in disentangling
directionality.
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Highlights
. Napping can facilitate cognitive and emotional health
. Frequent napping is associated with negative health outcomes in older adults
. Inflammation may mediate the link between frequent napping and poor health
outcomes
. Contradictions in the literature and future research recommendations are
discussed
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Figure 1.

Nap architecture from infancy to older adulthood. Dimmed region represents extrapolated
data. [1,10,31,124-126]
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Figure 2.
Adenosine, one of the so called “sleep factors,” is thought to accumulate and dissipate

depending on the state [34]. SD = sleep deprivation; SR = sleep restriction.
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Figure 3.
Nap architecture impacts immediate and long-term sleepiness following a nap. A brief nap

with ligher sleep stages (NREM1 and NREM2) reduces sleepiness immediately after the
nap, while a nap containing SWS may bring on sleep inertia [7,8]. However, there is a
delayed benefit of naps that contain SWS. After sleep inertia has dissipated, sleepiness is
lower for longer.
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Figure 4.
The potentiated synaptic burden accumulates with wakefulness, while encoding potential

decreases. The mid-day nap reduces this burden and enhances future learning. In this way, a
mid-day nap facilitates learning in 2 ways: through global downscaling (as in the synaptic
homeostasis hypothesis [77]), and by boosting subsequent learning potential [19].
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Table 1

Types of naps [2].

Nap Type Definition
Recovery Due to sleep loss
Prophylactic In preparation for sleep loss
Appetitive For enjoyment
Fulfillment | Due to increased sleep need (during development)
Essential Due to sickness or inflammatory burden
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