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Summary

Sleep disorders are commonplace in our modern societies. Specialized hospital departments are
generally overloaded, and sleep assessment is an expensive process in terms of equipment,
human resources, and time. Biomarkers would usefully complement current measures in the
screening and follow-up of sleep disorders and their daytime repercussions. Among salivary
markers, a growing body of literature suggests that salivary a-amylase (sAA) may be a cross-
species marker of sleep debt. However, there is no consensus as to the direction of variation in
SAA with sleep disorders. Herein, after describing the mechanisms of sAA secretion and its
relationship with stress, studies assessing the relationship between sAA and sleep parameters
are reviewed. Finally, the influence of confounding factors is discussed, along with
methodological considerations, to better understand the fluctuations in SAA and facilitate future

studies in the field.
Keywords: saliva, biomarkers, sleepiness, sleep disorders

Abbreviations: AHI: apnea-hypopnea index; ANS: autonomous nervous system; BMI: body
mass index; EEG: electroencephalogram; ESS: Epworth sleepiness scale; HPA: hypothalamic-
pituitary-adrenal (axis); HF: high-frequency; HR: heart rate; KSS: Karolinska sleepiness scale;
LF: low-frequency; NA: noradrenaline; NREM: non-rapid eye movement; ODI: oxygen
desaturation index; OSA: obstructive sleep apnea; PNS: parasympathetic nervous system; PSG:
polysomnography; PVT: psychomotor vigilance task; REM: rapid eye movement; sAA:
salivary 0-amylase; sCort: salivary cortisol; SD: sleep deprivation; SNS: sympathetic nervous

system; SR: sleep restriction; SSS: Stanford sleepiness scale; SWS: slow-wave sleep.



1. Introduction: why salivary a-amylase?

Whether it is related to a pathology (e.g. insomnia, breathing disorder) or to an
environmental condition (e.g. work- or socially-related), sleep disorders are commonplace in
our modern societies. To assess these disorders, subjective (i.e. scales and questionnaires) and
objective (e.g. sleep monitoring via polysomnography, PSG) methods are available. Although
the former are attractive because of their ease of use and low cost, they are sensitive to inter-
and intra- individual variability and do not represent reliable tools [1]. The latter, on the other
hand, can only be performed in a few sleep laboratories, require considerable time and
resources, and are far from real-life conditions. There is thus a need to develop more readily
accessible markers to screen for sleep disorders and their diurnal repercussions.

Among several biomarkers, salivary 0-amylase (SAA) concentrations are thought to be
modulated by sleep characteristics, which has recently led more researchers to study their
potential use as an objective measure of sleep disorders. This article aims to provide a
theoretical review of the relationship between sAA and sleep, considering the mechanisms of

SAA secretion, its relationship with stress, and the influence of other confounding factors.
1.1.  Generalities

First described by Leuchs [2], sAA is one of the most abundant proteins in saliva (i.e. 10-
20% of total proteins). This calcium-requiring metallo-enzyme, which belongs to the broader
group of glycosyl hydrolases, has as main function the digestion of macromolecules such as
starch and sugars [3-5]. The breakdown of carbohydrate chains into smaller units depends on
its enzymatic activity, which requires the presence of Ca** ions (i.e. 1 to 10 per protein
molecule) [2,6,7]. The cleavage of glycosidic bonds occurs randomly in different parts of the
chain and produces maltose, maltotriose, and glucose units [3,4]. SAA is also involved in the

maintenance of mucosal immunity in the oral cavity via inhibition of bacterial adhesion and



growth [6,8—10]. sAA is expressed in the salivary, lacrimal, and mammary glands, and depends
on the AMY1 gene, while its pancreatic isoform depends on 2 other genes (i.e. AMY?2 A and

B), all located on chromosome 1p21 [3,7,11].

1.2. Secretion mechanisms and diurnal variation

In humans, salivary secretions are dependent on the autonomous nervous system (ANS).
The primary salivary centers (i.e. superior and inferior salivary nuclei) receive afferent
stimulation (e.g. mastication, taste) from cranial nerves (i.e. V, VII and IX). From these primary
centers, (i) parasympathetic nerves project to the salivary glands via the parasympathetic
ganglion using acetylcholine interacting with muscarinic receptors (i.e. M3 and M1) and (i1)
sympathetic nerves project from the superior thoracic cord to the salivary glands via superior
cervical ganglion using noradrenaline (NA) interacting with a1- and B1- adrenergic receptors
(Figure 1) [12]. Although the parasympathetic nervous system (PNS) is mostly responsible for
salivary flow and the sympathetic nervous system (SNS) for protein secretion, the PNS is also
involved in protein secretion from some salivary glands (e.g. sublingual and minors), whereas
the activation of the SNS can lead to a modulation of saliva volume [13]. More specifically,
sAA is produced locally in the oral cavity: its secretion is mainly dependent on the stimulation
of adrenergic receptors in the acinar cells of the parotid glands [5,8,14-21]. As stated above,
while its release depends primarily on the SNS, the PNS may also be involved; thus, sAA levels
reflect the balanced effect of the SNS and PNS, and can be considered as a peripheral biomarker

of the global ANS activity [12,16,18,22,23].

In adults, the diurnal variation in SAA is characterized by a decrease during the first hour
following awakening (called “awakening response”), followed by a steady increase until the
late afternoon, that mirrors that of salivary cortisol (sCort; Figure 2) [5,8,14,17,24-26]. The

circadian rhythm of SAA secretions involve the hypothalamic paraventricular nucleus which



receives inputs from the suprachiasmatic nuclei and projects via the spinal cord to the salivary

glands [27].

1.3.  Stress response

Early studies on sAA examined its relation to changes in the ANS related to physical,
psychological, emotional, or cognitive stress [14,17,19]. These results consistently showed an
increase in sAA levels after exposure to a stressful stimulus (e.g. physical activity, examination,
skydiving, exposure to extreme temperatures, emotional pictures or videos) [7,8,17,18]. Thus,
it was suggested that SAA and sCort can serve as surrogate markers for the two main systems
involved in stress responses; while sCort reflects the activity of the hypothalamic-pituitary-
adrenal (HPA) axis, the sAA reflects the activity of the ANS (i.e. particularly the sympatho-
adrenal system) [7,8,18-20,28-31]. Mainly under hormonal control, the cortisol reaches the
saliva via passive intracellular diffusion, which takes approximately 25-30 minutes post-
stimulation. It is slower than the neural response that causes NA release, leading to sAA
secretion 10-15 minutes post-stimulation [27,32]. This temporal shift may explain the reported

lack of correlation between these 2 markers [14,19].

The reciprocal interactions between stress responses and sleep are well established, and are
already present in children [33,34]. The activity of the SNS (i.e. especially the sympatho-
adrenal system) and HPA axis are closely related to the sleep-wake cycle, due to their
dependence on the hypothalamic suprachiasmatic nuclei [31,35,36]. Under physiological
conditions, they are inhibited during early night sleep (i.e. rich in slow-waves) and reactivated
during late night sleep (i.e. dominated by REM sleep) [31]. Indeed, sleep architecture influences
ANS activity: the cardiac sympatho-vagal balance shows different profiles depending on sleep
stages. From wakefulness to NREM sleep, there is an increase in blood pressure and heart rate
(HR) markers of PNS activity: the high-frequency (HF) index evolves alongside the delta

activity and reaches a maximum during slow-wave sleep (SWS), increasing with the depth of



sleep. From NREM to REM sleep, there is an increase in markers of SNS predominance: the
low-frequency (LF) index evolves in opposition to the HF index and reaches a maximum during
REM sleep [37,38]. Upon awakening in the morning, there is a decrease in the HF component
of HR paralleled by a rise in the LF component of blood pressure [39]. While acute stress can
affect subsequent sleep architecture and ANS activity [31], acute or chronic sleep disorders
(e.g. increased sleep pressure or circadian shift) may result in an increased activity and
reactivity of stress systems, leading first to a modulation of the release of stress mediators (i.e.
glucocorticoids, catecholamines, and cytokines) whose regulation also depends on the negative
feedback from the PNS, and then to secondary endocrine, immune, metabolic, and/or
cardiovascular repercussions [31,33,47-49,34,40-46]. Thus, if sAA is a relevant measure of
the ANS activity, sleep disorders and their repercussions (e.g. sleepiness, attentional lapses)
should be associated with its modulations. The overarching goal of this theoretical review is to

determine whether sAA can be used as a marker of sleep disorders.

2. Literature review: is sSAA a good marker of sleep disorders?
2.1. Method
2.1.1. Literature search and selection criteria

In June 2022, PubMed was searched for all articles reporting the relationship between sAA
and sleep, without a language restriction. The search was structured as follows: saliva AND
amylase AND sleep. The references of all relevant articles were checked to identify additional
sources. The Connected Papers website (https://www.connectedpapers.com) was also used to
check all the extra studies related to the articles included in our review, using the keyword
“amylase”. Based on the title, only those related to sleep were included.

By screening titles, 66 articles were selected. After full-text screening, 34 human studies

and 3 animal studies were conserved for this review. Among the excluded articles, 10 were



reviews or methodological papers and the 19 others did not assess the relationship between
sleep and sAA. Nonetheless, some of their findings are discussed in the introduction and

discussion sections.

2.1.2. Data synthesis

The data are presented as narrative syntheses for studies in which sleep was experimentally
manipulated (i.e. total sleep deprivation, SD, or sleep restriction, SR), those conducted in
ecological situations, in patients with sleep pathologies, and in animals. A summary of the

methods and results of the studies in humans is presented in Supplementary Materials.

2.2. Results

Numerous studies have examined the relationship between sleep and sAA, using different

parameters, leading to conflicting results (Table 1).

2.2.1. Experimental manipulations of sleep

2.2.1.1.  Sleep deprivation

In an initial study, after 28h of SD, sAA activity was increased in adults compared with
circadian-matched controls. However, this change in sSAA activity -significant at the group
level- was only found in 5 out 9 participants when looking at the individual level. This increase
was reported to be independent of that of sCort: sCort levels were not changed after 28h of SD.
A parallel study in flies yielded comparable results, making SAA a potential cross-species
biomarker of sleep debt [50]. These results were then replicated in a study comparing SD (i.e.
one night), SR (i.e. 3h of sleep from 0:45 to 3:45 a.m.), and no manipulation (i.e. 7h of sleep
from 0:45 to 7:45 a.m.) in 10 healthy adults. Decreased sleep duration was associated with
increased SAA concentrations, measured at 8:00 a.m. (i.e., approximately 15 minutes after
awakening in the no manipulation condition and 4h15 after awakening in the SR condition)

[51]. However, 3 studies failed to show a modulation of sAA after SD. The first, carried out in



a sample of 12 healthy adults who were continuously kept awake for 27h, showed that the levels
of SAA measured at 8.00 a.m. returned to the same levels as those measured at the same time
at the beginning of the experiment [52]. Two other studies showed no difference in sAA levels
measured during the afternoon in 26 [53] and 218 adults [54] divided into two groups, with and
without a night of SD. Non-homogeneous sampling times as well as inter- vs intra- individual

comparisons can certainly explain some of the variability in these results.

There are also inconsistencies in the direction of the relationship between sAA and the
repercussions of SD (e.g. sleepiness and cognitive performances). Three studies conducted by
Pajcin and colleagues showed positive associations between sAA and cognitive performance,
at least during the first 24h of SD. During 50h of SD, sAA values assessed in 11 healthy adults
exhibited a diurnal profile similar to that of vigilance levels assessed by the psychomotor
vigilance task (PVT) and a driving simulator, with higher sAA levels associated with better
performance. Unlike performances, which were significantly worse on the 2™ day, SAA levels
did not differ between the 1% and 2" day. The authors explained the inconsistency between
these results and those of previous reports -proposing that SAA may be considered as a measure
of sleep pressure- by the individual variability in SAA activity after SD and by less frequent
saliva sampling in other studies (i.e. traditionally two points, at baseline and after SD) [55]. In
another study, 12 healthy adults were given caffeine during the same SD protocol. As in the
first study, caffeine-mediated changes in the diurnal profile of SAA were similar to variations
in vigilance, with higher sAA levels associated with better performance on the PVT during the
first 24h. However, these associations were not consistent across the entire protocol: only
response speed at the PVT remained associated with SAA levels on day 2 [56]. In a third study,
this team assessed the relationship between sAA and cognitive performance in 10 healthy non-
shift working men during a simulated night-shift protocol composed of 28h SD followed by

sleep opportunities from 10:00 a.m. to 4:00 p.m. over the next 4 days. As in previous studies,



higher levels of SAA were associated with better cognitive performance (i.e. faster PVT
responses, reduced variability in a driving simulation, and faster processing speed) on the 1*
night, but not on the subsequent days [57]. These results are in agreement with observations
realized without sleep manipulation: increased levels of sAA before an fMRI target detection
task were associated with decreased reaction times on the first trial, with no significant
correlation for subsequent trials [58]. However, conflicting results were reported in a study
comparing 11 controls with 11 subjects with an adenosine deaminase polymorphism (i.e.
characterized by higher levels of endogenous adenosine and slow waves during sleep) during
40h of SD. The group with the mutation had higher sleep pressure, reflected by higher
subjective sleepiness, enhanced o power during wakefulness, and slow oscillations (i.e. 0.75 to
1.5 Hz) in non-rapid eye movement (REM) sleep compared to controls. They also had higher
levels of sAA (i.e. collected at 2h-intervals throughout prolonged wakefulness and averaged
per 6h-intervals) and reduced vigilance levels (i.e. assessed by the PVT and attention tasks)

[59].
2.2.1.2.  Sleep restriction

In an overnight SR study of 108 healthy young adults, an increase in sAA levels (i.e.
measured between 9:00 and 12:00 a.m.) was reported in the SR group (i.e. participants were
awakened during the night when they had slept 40% of their usual sleep time, verified by wrist
actigraphy) compared to the rested group who had a full night sleep [22]. Nonetheless, other

studies report contradictory results.

For instance, after 2 nights of SR (i.e. 3h with sleep opportunity from 3:00 to 6:00 a.m.,
monitored by wrist actigraphy) a decrease in SAA levels in the afternoon following the SR (i.e.
starting at 1:30 p.m. with a clear reduction at 4:00 p.m., without changes at 11:00 a.m. or 6:30
p.m.) was shown in a group of 17 young healthy men. In parallel, this SR was associated with

an increase in subjective sleepiness (i.e. assessed with the Stanford sleepiness scale, SSS) and



subjective stress, while memory performance decreased. The relationship between these factors
and sAA levels was not assessed [60]. Rabat and colleagues conducted a longer SR protocol
(i.e. 7 nights of 4h with sleep opportunity between 2:00 and 6:00 a.m., monitored by PSG) in
12 healthy men. They showed that this longer lack of sleep (i.e. after 7 days of SR) was
associated with a modulation of sleep architecture (i.e. a higher percentage of SWS), an increase
in subjective and objective sleepiness (i.e. increased scores on the Karolinska sleepiness scale,
KSS, and decreased sleep latencies on the maintenance of wakefulness test at 10:00 a.m.), and
deficits in sustained attention (i.e. decreased response speed reflecting impulsivity and
increased attentional lapses at 8:30 a.m. and 6:30 p.m.). Finally, they showed a significant
decrease in morning sCort and sAA levels upon awakening on day 7 of SR [61]. In another
protocol, daytime sleepiness, cognitive performance, and SAA were assessed after 5 nights of
SR (i.e. 3h per night with sleep opportunities from 4:00 to 7:00 a.m. and a 30 min early
afternoon nap, monitored by PSG) in 11 healthy young adults. After this SR, subjective
sleepiness and attention deficits increased while SAA levels decreased (i.e. at 8:30 a.m., 90
minutes after awakening) [62]. In both studies, SAA levels were associated with cognitive
performance. In the former, negative correlations were observed between sAA levels and Go-
noGo errors (i.e. between morning sAA levels at baseline and morning errors at baseline, at day
7 of SR and day 3 of recovery; and between morning sAA levels at day 2 of recovery and
evening errors at day 3 of recovery). In the latter, sAA levels were positively correlated with
PVT response speed and negatively correlated with attention lapses and Go-noGo errors.

Furthermore, sAA levels did not always return to baseline after recovery [61,62].

2.2.2. Ecological situations

This section refers to studies without experimental manipulation of sleep and / or carried
out outside research laboratories. Closer to everyday life, they are of major interest for the study

of biomarkers that will eventually be used in naturalistic settings.
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2.2.2.1.  In adults

In a large cohort study (i.e. 454 adults), low sleep efficiency and short sleep duration
were associated with ANS markers indicating lower levels of parasympathetic activation and/or
higher levels of sympathetic tone. Indeed, subjects with good sleep efficiency (i.e. = 85% on 7-
day actigraphy) had decreased sAA levels during the day and increased HF HR variability (i.e.
representing parasympathetic influences), compared with those with poor sleep efficiency.
While sleep duration appears to have an impact on HR and its variability, there was no clear
association with sAA levels in this study [63]. Similarly, a restful self-reported sleep assessed
at awakening over 4 days in 77 young healthy adults was related to decreased sAA levels (i.e.
daily area under the curve) [64]. These results were replicated in cancer survivors with sleep
complaints. In the 19 subjects who practiced mind-body bridging meditation, self-reported
improvement in sleep over the previous week paralleled a decrease in SAA levels (i.e. 30 min
post-awakening), which was not found in the 18 subjects who did not undergo this protocol.
However, while SAA and sleep moved in the same direction, the correlations between them
were weak [65]. In the same line, Unno and collaborators conducted 3 studies assessing the
relationship between low-caffeine green tea consumption (compared to standard green tea),
sleep (i.e. monitored with a single-channel electroencephalogram located at Fpz-M1), and sAA
levels. In 7 elderly people, consumption of low-caffeine green tea for two weeks was associated
with improved sleep and decreased sAA levels in the morning within the first hour after
awakening (i.e. no change in the evening). This decrease in SAA levels was associated with
increased sleep duration - particularly NREM sleep- and decreased arousals [66]. In 20 middle-
aged adults who consumed low-caffeine green tea for 7 days, diminished sAA levels (i.e. in the
evening after work, and a trend in the morning, 30 min post-awakening), and diminished self-
reported fatigue was observed compared to those who consumed standard green tea. In addition,

there was a positive correlation between the proportion of NREM sleep (i.e. N2 + N3) and the
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consumed quantity of low-caffeine green tea. There was a correlation between sleep duration
(i.e. total period of sleep and total sleep time) and sAA levels in the morning, only in the group
who consumed standard green tea [67]. Finally, in a 3" study, 20 students were assigned to a
group taking theanine or placebo during their daily life at university and during professional
practice (i.e. 7 baseline days followed by 10 stressful days). In both groups during practice, no
direct association was found between sleep time and sAA. However, subjects with high sAA
levels following awakening (i.e. > 50 U/ml) had a shorter sleep duration. No variation in SAA
levels between morning and evening was found in the baseline condition [68].

In addition, the sAA awakening response — as an indicator for the morning activation pattern
of the ANS- was also studied in relation to sleep characteristics. In 48 healthy young adults, the
awakening time was positively associated with the SAA awakening response (i.e. the delta
between sAA at awakening and 30 min later) assessed over 7 days: an early awakening time
was associated with greater SAA awakening response [69]. These results contrast with those of
Nater and colleagues, where post-awakening SAA was not related to the time of awakening (nor
to sleep duration or quality — unspecified measures); but participants were required to awaken
before 9:00 a.m. and those who woke up with an alarm clock had slightly higher levels of sAA
on awakening (compared to those who woke up on their own) [14]. Finally, a seasonal
comparison of SAA measurements in 45 healthy individuals showed higher levels 10 min post-
awakening (with no significant difference for 0, 20-, and 30-minutes post-awakening) and a
less pronounced awakening response (i.e. during the 10 minutes following awakening) during
winter compared with summer. Self-reported sleepiness (i.e. using the KSS) was also greater
in winter, but no significant correlation was observed with sAA. The higher sAA levels were
associated with a greater amount of melatonin, and the less deepened awakening response was

associated with shorter self-reported sleep duration [27]. Overall, a decrease in sleep efficiency,
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quality, and / or duration seems to lead to an increase in SAA measures, but these results remain

contradictory.

A study of 12 healthy young adults compared sAA levels on awakening after a night
sleep with or without noise disturbance. If noise did not influence sAA levels, neither did it
affect self-reported sleep quality. In addition, the classical diurnal rhythm of sAA was not
observed (i.e. absence of awakening response) [70]. Another study conducted on 50 healthy
young adults assessed the relationship between sleep characteristics (i.e. self-reported sleep
quality, duration, latency, awakenings, as well as duration assessed by wrist actigraphy in a
subsample of 29 participants) and sAA over 5 days at the beginning and end of the semester
(i.e. low-stress vs high-stress condition). In the high-stress condition, poorer subjective sleep
quality was associated with lower sAA levels at awakening and shorter sleep duration was
associated with lower awakening response. Finally, a longer sleep latency was associated with
a steeper diurnal slope the following day, reflecting a greater increase in ANS activity. None of

the diurnal sAA parameters predicted sleep characteristics the following night [71].

2.2.2.2.  In the pediatric population

While associations between sleep characteristics assessed by actigraphy (i.e. sleep
efficiency, duration and awakenings) and sAA measures (i.e. awakening levels and diurnal
slope) are not yet present in 47 toddlers aged 12-24 months [15], they appear to exist somewhat
later in childhood and adolescence. In a cohort of 55 children and adolescents (i.e. 8-16 years),
increased morning sAA levels were positively associated with subjective sleep disorders (i.e.
assessed with the 10-items sleep-wake problems subscale of the school sleep habits survey),
with no association with objective sleep characteristics (i.e. assessed by wrist actigraphy over
the 7 days of the study) [72]. Likewise, increased morning sAA levels in 76 older adolescents
(i.e. first semester of college) were associated with decreased self-reported sleep quality in the

last few months, but unrelated to sleep duration or short-term objective sleep characteristics
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(i.e. assessed by wrist-actigraphy over 3 or 4 nights) [25]. Another study of 276 children during
a laboratory stress task revealed that the lower the sleep efficiency (i.e. assessed by actigraphy
during 3 to 14 nights), the higher the overall level of afternoon sAA throughout the protocol
[28]. Finally, a recent study by Pradhan and colleagues conducted on 168 adolescents showed
a negative association between subjective sleep duration and late morning sAA levels (i.e.
11:00-11:30 a.m.), which were positively correlated with subjective levels of sleepiness (i.e.
using the Epworth sleepiness scale, ESS). Interestingly, participants with a pathological ESS

score (i.e. >10) showed higher levels of SAA compared to those with a normal score [73].

2.2.3. Sleep pathologies

Overall, obstructive sleep apnea (OSA) syndrome appears to be associated with increased
sAA levels. Indeed, 40 adults with moderate to severe OSA showed higher morning sAA levels
(i.e. at 7 a.m. within 30 min after waking up) compared to 18 controls or patients with mild
OSA [74]. These results are concordant with a study conducted in 72 children with OSA, which
showed higher levels of sAA at bedtime (i.e. around 22:00 p.m., before PSG) and in the morning
(i.e. within 30 min of PSG ending) compared to 74 children without OSA [75]. In these studies,
sAA levels were positively associated with the apnea-hypopnea index (AHI) [74,75], the
oxygen desaturation index (ODI) [75], and negatively with the lowest pulse oxygen saturation
[74]. In another study, the sAA levels were assessed in the evening before PSG and the morning
after (i.e. around 22:00 p.m. and around 7:00 a.m., within 30 min after waking up). The ratio
between the two measurements was higher, while the absolute difference was lower, in 15
children with severe OSA compared to 26 children with mild OSA and 26 controls, with no
difference between children with OSA (i.e. mild and severe combined) and controls. Children
with severe OSA showed lower levels of SAA at night and higher levels in the morning, but

there was no significant difference between sAA levels at each sampling time between the 3
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groups. In this study, the sAA ratio/subtraction was also positively correlated with the AHI and

the ODI [76].

However, these results are not consensual. No difference in SAA levels (i.e. measured
between 08:30 and 9:00 a.m., about 1h post-awakening, and at 7:00 p.m.) was reported in 27
children with OSA (i.e. 13 with mild and 14 with moderate to severe OSA) compared with 7
healthy controls. Also, SAA levels measured at midday (i.e. before lunch) were significantly
lower in children with OSA than in controls [77]. Finally, morning sAA levels (i.e. measured
between 7:00 and 9:00 a.m., immediately after waking-up) were not different between 25 adults
with nocturnal bruxism compared to 20 controls. The relationship with sleep parameters (e.g.

quality, fragmentation) was not assessed [78].
2.2.4. Animal studies

In animals, studies have consistently shown an increase in SAA levels with the perturbation
of sleep. Following the first study in drosophila [50], two studies have examined the
relationship between sleep and sAA in rats and mice. In the first one, 3 groups of 6 rats were
randomly assigned to a sleep condition consisting of SD, SR (i.e. 4h of sleep per night), or
control condition (i.e. uncontrolled sleep) for 7 days. The activity of SAA on the 8" day was
higher in the SD rats than in the SR or control condition. Surprisingly, there was no difference
between the latter two conditions, suggesting that a few hours of recovery may be sufficient to
offset the deleterious impact of sleep debt [79]. Pharmacological manipulation of sleep in mice
by injection of stilbene glucoside resulted in an increase in sleep duration by increasing NREM
sleep and decreasing arousal and REM sleep. This modulation was responsible for a decrease

in SAA concentrations, which were negatively associated with sleep duration [80].

3. Discussion
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Although salivary secretions “lacks the drama of blood, the sincerity of sweat and the
emotional appeal of tears” [81], their ease of use, low cost, and non-invasive collection method
have made them the tools of choice for studies in the pediatric population and in natural settings.
Indeed, samples can be collected close to each other without inducing additional stress, anxiety,
or pain, and without relying on the assistance of trained staff, thus offering clear advantages
over conventional physiological measurements of the ANS (e.g. skin conductance, HR
measurements, or plasma adrenaline/NA) [5,8]. However, although an increase in sAA levels
with sleep disorders appears in the majority of studies, conflicting results persist in the
literature. The underlying mechanisms of the relationship between sAA and sleep, as well as
methodological considerations that might explain this heterogeneity need to be explored to

improve the potential of SAA as a peripheral measure of sleep disorders.

3.1.  What to know before using sAA as a marker of sleep debt? A brief look at the

underlying mechanisms

3.1.1. The intensity of the sleep disorders matters

Given the relative stability of sAA diurnal rhythms, it has been proposed that a moderate
and/or acute sleep disruption might not be sufficient to induce changes in SAA secretions the
following day, and that a chronic (e.g. over several weeks, sleep pathology) or intense sleep
disruption (e.g. SD protocol) might be required to generate greater ANS activation, thereby
increasing sAA levels [25]. Supporting this hypothesis, some studies have revealed that while
SAA measures were not related to objective sleep parameters, increased sAA levels were
associated with self-reported reduced sleep quality and frequently disrupted sleep in healthy
children and adolescents, potentially revealing a more chronic impairment than that measured
by actigraphy over a period not exceeding one week [25,72]. Furthermore, in children with
sleep-related breathing disorders the increased instability of the autonomic activity related to

sleep fragmentation is reflected by the upregulation of sAA [75,76] (i.e. except in [77]). Studies

16



in the adult population are scarcer: only 3 studies investigated SAA in patients with sleep
disorders. While one study conducted in patients with bruxism did not report changes in SAA
compared to healthy controls [78], patients with OSA showed increased sAA levels post-
awakening compared with controls (or patients with mild OSA) [74] and cancer survivors with
subjective sleep improvement showed decreased sAA levels post-awakening [65]. Finally, even
if inconsistent (e.g. [53-55]), changes in SAA in adults have been more massively reported after
SD than SR or control condition [51]. These observations are reinforced by those of animal
studies where changes in SAA only appear when rats are in the SD condition, whereas SR gives
similar results to the control condition. According to the authors, a few hours of sleep per night
would be sufficient to limit the disruption of salivary concentrations [79]. Thus, a lesser
disturbance might not influence sAA or only shift the secretion rhythm, such that the observed
modulation attributed to sleep disorders may be solely attributable to a measurement made at a
different phase of the rhythm [82]. Indeed, a slight circadian shift occurring during long SR
protocols and contributing to the observed changes in SAA cannot be ruled out on the basis of
the current literature, which uses only a few sampling time points. This hypothesis would partly

explain the discrepancies in the literature.

3.1.2. The sleep architecture matters

In humans, increases in sleep duration, especially increases in NREM sleep and decreases
of arousals, have been associated with decreased sAA levels the following day [66-68,73].
Accordingly, drug-induced increases in sleep duration in mice, through increases in NREM
sleep and decreases in REM sleep and nighttime arousals, result in decreased sAA levels [80].
These observations suggest a modulation of sAA through sleep architecture characterized by a
decrease during NREM sleep, and an increase during wakefulness and REM sleep (i.e. also
applicable to sleep fragmentation). Thus, SD would increase sAA levels by increasing arousal,

whereas SR over several days, would promote slow-waves rebound during sleep opportunities
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leading to a normalization (or even a decrease) of sAA levels (e.g. as observed in [61,62]). In
rats, the absence of difference between the SR and control conditions suggests that a few hours
of recovery may be sufficient to compensate for the deleterious impact of sleep debt [79].
Several studies conducted in ecological settings also seem to be in favor of a disruption of sleep
quality or efficiency associated with increased sAA levels [28,63—65,72], potentially due to
more fragmented sleep. Accordingly, as mentioned above, sleep fragmentation due to OSA
induces higher sAA levels, reflecting the SNS stimulation [74-76]. This hypothesis could also
explain why intense sleep disturbance is necessary to observe changes in SAA levels, as only a

pathology or extreme situation leads to massive changes in the sleep architecture.

In addition to these sleep-related concerns, methodological aspects will be briefly discussed
below in order to provide some elements to explain the heterogeneity of the data obtained in
the literature. The interested reader can refer to earlier extensive reviews conducted on these

specific topics (e.g. [7,8,16,18]).

3.2. How to explain this heterogeneity?

3.2.1. Towards an optimal method of analysis

3.2.1.1. Saliva collection

Different collection methods have been used in the literature; therefore, it is important to
emphasize that the collection method itself may influence the biomarker concentrations. First,
collecting saliva from different areas of the mouth can lead to the collection of secretions from
different glands that are not equally involved in the secretion of specific proteins (e.g. SAA is
mainly generated in the parotid glands) [5,8]. In addition, recommendations differ as to whether
the collection method should be passive (i.e. unstimulated or resting) or active (i.e. stimulated)
[8,16]. Some advocate a passive method because saliva stimulation (e.g. by chewing) increases

salivary flow and protein secretion by certain glands (i.e. saliva is primarily produced by the
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submandibular glands in the passive condition, and by the parotid glands in the active condition)
[16]. Since sAA is a digestive enzyme that responds to gustatory stimulation, the influence of
mechanical stimulation (e.g. moving the cotton in the mouth or chewing) on its secretion
induces autonomic reflexes that distort the basal studied effects [16]. In practice, these aspects
are rarely considered. Stimulation of saliva before or during sampling, as well as the duration
of sampling, are rarely reported. Finally, a further distinction can be made between techniques
based on absorbent materials or those based on passive drool into collection tubes. The use of
absorbent material is generally preferred by participants, but has the disadvantage that it
stimulates saliva production even in the absence of chewing, and that the sponge does not fully

release the collected protein and saliva [8,16].

3.2.1.2.  Number and timing of samples

In the present literature review, the number and timing (i.e. on a daily or even seasonal
basis) of collections varied considerably, and many studies were performed using a small
number of samples. However, as sAA follows a diurnal variation (Figure 2), these parameters
have a decisive influence on the collected concentrations. While some studies suggest that only
2 samples are needed (i.e. waking and evening) to characterize the diurnal slope, and 3 to
measure the total secretion of SAA [26], other research emphasizes the value of several samples,
particularly at awakening (e.g. directly upon awakening, 30- and 60- min later, and then

covering the rest of the day, ideally during more than one day) [8,83].

3.2.1.3.  Units of measure

The units of measure are also a factor of variability. The majority of studies use sSAA
enzymatic activity (U/ml) as a measure of protein concentration. However, although correlated,
these two measures are not completely interchangeable [16]. In addition, SAA concentration
(U/ml) reflects the combined effect of salivary flow rate (i.e. mainly under the control of the

PNS) and protein secretion (i.e. mainly under the control of the SNS) [16]. It is therefore
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necessary to determine whether the influence of the PNS on flow rate also has an impact on the
influence of the SNS on sAA concentration: considering the secretion rate (U/min) in
conjunction with the concentration (U/ml) would provide a more accurate measure of the ANS

activity [16,22].

3.2.2. Confounding factors

Apart from these considerations, various elements are likely to influence the secretion of
sAA. Among these confounding factors, it is possible to distinguish between “traits”, which
refer to the characteristics of an individual, and “states’, which refer to the characteristics of a

situation (i.e. which may become traits if chronic).

3.2.2.1.  Trait factors

Among the trait factors, demographic characteristics such as age, sex, body mass index
(BMI), genetic and psychological factors, or those influencing circadian rhythm can affect SAA

measurements.

Age: Absent at birth, SAA emerges in the first years of life [15], with dietary diversification
and dentition, increasing continuously to reach adult levels between 1 and 3 [8,18] or even 5-6
years [7]. In middle school, pubertal status and age have been reported to be positively
correlated with sAA activity [7]. While studies are scarce in children, they are contradictory in
adults. Advancing age may be characterized by a flattening of the diurnal slope [14,18],
associated with a lack of awakening response and higher overall concentrations in older subjects

[18,54]; an increase in the evening [84] or no change [8].

Sex: While some studies suggest no sex difference [8,14,84], others report higher sSAA activity
in women, only in the evening [85]. The menstrual cycle, hormonal contraception, and

pregnancy do not appear to influence daily sAA levels in adolescents and adults (with the
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exception of the last trimester of pregnancy, which may result in increased levels, but with

contradictory results) [18].

BMI: In children, a higher BMI z-score has been associated with a decrease in awakening sAA
levels and with a faster increase during the day [29]. In adults, BMI was not associated with

SAA measures [14,84].

Oral health: Due to its role in protecting the oral mucosa, higher SAA activity is associated

with good oral health [7].

Genetic: Although the intra-individual profiles of adults are relatively stable over time [7], the
large inter-individual variability must be considered [26] as measured values can range over 2
orders of magnitude in some studies (e.g. [14]). Concentrations are positively influenced by
individual copy number variations of the AMY1 gene, that codes for sSAA and varies from 1 to
15 (or 2 to 17): barely detectable in some individuals, SAA can account for more than 50% of
salivary proteins in others. Moreover, for the same concentration, the enzymatic activity can

show large inter-individual variability and vice-versa [11,86,87].

Somatic, psychological, and psychiatric disorders: Fluctuations in SAA levels in different
psychiatric conditions, in response to ANS dysregulation, have been previously described in
detail (for review, [5]). Similarly, somatic conditions may be associated with modulations of

SAA levels, with various orientations [8,18,19,88].

Circadian rhythms: As sAA fluctuates according to a diurnal rhythm, factors that influence the
circadian rhythm such as chronotype, shift work, or light exposure can modulate sAA
concentrations. Indeed, light exposure increases the modulation amplitude of sAA over 24
hours compared to constant darkness (i.e. increasing the night-day contrast) [52], while shift

work results in a flattening of the diurnal slope (i.e. compared to daytime-only work) [89].

3.2.2.2. State factors
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Among the state factors, those that influence the ANS, such as physical activity,
physiological or psychological stress, and those associated with saliva production, such as
smoking, medication, food or beverage consumption, can influence SAA measurements as sAA
is not passively transported in saliva but actively produced by stimulation of sympathetic and

parasympathetic nerves [8].

Physical activity: Exercise acutely increases sAA levels (i.e. with no difference between
morning and afternoon exercise sessions), especially when performed at high intensity [8,18]
whereas minor physical activity (i.e. in intensity and duration, such as running to catch a bus)
in the hour before the collection does not influence sAA levels [14]. Regular physical activity
does not appear to influence sSAA levels, but high-intensity chronic activity, compared to

sedentary behavior, may decrease basal sAA levels [84].

Physiological, psychological, cognitive, or affective stress: Exposure to a stressful event
causes an increase in sAA levels about 10 minutes after exposure, returning to baseline levels
after 30-45 minutes [8,17]. Results for chronic stress are still controversial, suggesting an

increase [14] or no change in baseline sAA levels [90].

Smoking: Cigarette smoke is thought to immediately inhibit SAA activity, resulting in lower
levels after smoking. Studies on chronic smokers are controversial, showing an increased
awakening response, decreased or increased sAA levels, or no influence of smoking

[8,14,18,84,85,91].

Medication: Any form of medication that influences salivation (e.g. diuretics, antidepressants,
antihistamines, analgesics) can impact sAA levels [18]. More specifically, adrenergic agonists
or antagonists influence sAA levels [8,18,20,21,92]. However, the influence of their chronic

consumption is not known [84].

22



Food and beverage consumption: While some studies report no impact of food and beverage
consumption in the hour prior to sample collection on sAA measurements [14], some authors
recommend the avoidance of food and beverage consumption at least 30 minutes before salivary
sampling to avoid the modulation of sAA levels, which may be stimulated by chewing and food
contact with the oral cavity [8]. The impact of diet type must also be considered. As sAA has a
primary function in the degradation of macromolecules, a high-carbohydrate diet (e.g.
vegetarianism or veganism) may result in a higher concentration of sAA [8,18]. Indeed, an
elevated AMY1 gene copy number (i.e. which is associated with higher sAA levels) has been
observed in subjects whose ancestors ate a starchy diet [11]. In addition, chronic alcohol
consumption, through its impact on saliva, salivary glands, and stress response systems, tends
to decrease baseline sAA levels, although studies are not consensual [8,64,84]. Finally, caffeine
and green tea consumption appear to acutely increase SAA levels [8,18], whereas the effect of
habitual caffeine consumption is unclear, resulting in either an increase or no change in SAA

levels [14,64,85].

3.2.3. About the stress factor: disturbed sleep, increased stress

As sAA is a marker of physiological and psychological stress [17], it is questionable
whether sAA reflects the effect of sleep disorders independently of stress itself. For example,
one study reported no effect of sleep on sAA levels other than an impact of waking up with an
alarm clock compared to waking naturally [14], which makes it unclear whether the increase in
SAA levels is the result of a stress response or a sleep disturbance. Inadequate sleep may also
potentiate the physiological effects of stress [46]: under high-stress, poor sleep has been
associated with lower sAA levels at awakening and a more rapid increase during the day, which
was not the case under low-stress [71]. Disentangling the respective influence of each of these
factors and their interactions would provide a better understanding of the determinants of sAA

fluctuations. Furthermore, it is questionable whether sleep disorders can be equated with stress.
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The modulation of cortisol levels (i.e. decreased amplitude, increased evening levels, and shift
in the quiescence period), as well as the modification of the immune response and general state
following intense or chronic sleep restriction, have led some authors to equate sleep disorders
with biological stress state [31,93,94]. Nevertheless, some experimental conditions (e.g. acute
SD or SR) sometimes show an effect of sleep disorders independent from stress. For example,
Seugnet et al. have suggested that stress in unlikely to play a role in modifying SAA activity
during a sustained period of wakefulness, by showing an elevated sAA activity after SD without
change in sCort in humans [50]. Still, using the association between SAA and sCort activities
to address their independence is also limited by the temporal shift of their secretion, as
discussed in the introduction section. It is also possible that this dissociation is only made
possible in an artificial way, via the experimental modalities allowing anticipation of the
disturbance and recovery possibilities [31]. Thus, the independent effect of stress and sleep
assessed in laboratories would not reflect their often-inextricable interaction in real-life

conditions.

4. Conclusions and future directions

In conclusion, the reviewed studies seem to suggest that the increase in sAA is associated
with a stimulation of the SNS, which may result from stress and/or sleep disorders (i.e. sleep
fragmentation, reduced NREM sleep), and also explains the positive association between sAA
and cognitive performance (at least during the first 24h of SD) that may result from the SNS

stimulation as a compensatory mechanism to counteract the cognitive repercussions of SD.

Although sAA is an attractive alternative to conventional ANS measures, the lack of
normative values [27], the heterogeneity of the literature regarding the influence of confounding
factors, and the large number of studies conducted on between-group comparisons -while
acknowledging the large inter-individual variability-, may explain some discrepancies

regarding the links between sleep and sAA. Furthermore, the variability in procedures (e.g. SD,
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SR over a variable duration) and measurements (i.e. from subjective to objective methods) -
added to their own limitations (e.g. low reliability, far from real-life conditions)- results in a

variety of situations and indices that are not always comparable.

The reviewed findings suggest that the sensitivity of SAA to massive sleep disturbances
may make this biomarker an interesting tool for the screening of sleep disorders, prior to full
clinical evaluation. Because of its relationship with NA, diurnal profile, and sensitivity to
homeostatic pressure, SAA seems to be the ideal biomarker for sleep disorders. However,
although some teams have already developed portable tools for the rapid and easy assessment
of SAA concentrations [95], assessed its usefulness for the objective assessment of sleepiness
in drivers [96], or suggested its use to determine appropriate times for the administration of
sleep pressure countermeasures (e.g. caffeine, stimulants) [55], the methodological difficulties
listed above still need to be addressed. Further controlled laboratory studies seem necessary to
optimize and standardize these measures before being able to use them as a biomarker of sleep

disorders in everyday life.
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Practice points

* The sAA is a peripheral measure of the autonomous nervous system activity and is
sensitive to sleep disorders.

* The intensity of sleep disorders alters the biomarker response: a massive and / or
chronic sleep impairment would be required to observe the modulation of sAA
concentrations.

* The sAA can be considered as a reflection of sleep quality / efficiency on the previous
night: the higher the proportion of NREM sleep and the lower the fragmentation, the
lower the sAA.

* The effects of stress may confound the impact of sleep disorders on sAA.

e All these effects seem to be related to the stimulation of the sympathetic nervous

system.

Research agenda

* Standardized protocols are needed to avoid the methodological pitfalls that hinder the
promising use of salivary markers.

* Potential confounding factors should be accounted for.

e Intra-individual analyses should be favored to counterbalance the inter-individual
variability of sAA.

e Multiple sampling over more than one day in addition to a serial measurement of a
robust circadian marker is required to assess the effect of sleep pressure accounting for

the circadian rthythm of sAA.
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Table

Table 1. Descriptive table of studies assessing the relationship between sleep and sAA in

humans.
SAA modulation
Increase No variation Decrease
Studies (N) 20 7 7
ies
" [14,22,65-69,72— [15,52— [55-57,60—
76,25,27,28,50,51,59,63,64]  54,70,77,78] 62,71]
Volunteers (N)
Adults: M/W 052: 194/304* 288: 134/134%* 122: 78/44
Children: B/G 499: 252/247 54:33/21 0: 0/0
Patients with sleep disorders (N)
Adults: M/W 134: 60/74 25% 0: 0/0
Children: B/G 187: 131/56 27:12/15 0: 0/0
Sleep manipulation (number of
studies) o 3 3 )
Sleep deprivation ) 0 4
Sleep restriction
. . 17 4 1
No manipulation
Sleep measures (number of studies)
Subjective 10 1# 1#
Objective 12 3 6

* Unreported subdivision [63,78]; # No sleep measurement during the experimentation
[52,54,55,57,78]. B/G: boys/girls; M/W: men/women; sAA: salivary a-amylase
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Supplementary materials

Table S1. Summary of studies in humans included in the narrative review

Authors, Year N Age Population Salivary samples Sleep Sleep Key findings
(%Female) group N, method, procedure manipulation measure
Bachmann et al., (2012) [59] 22 (10) A H 20, AM, every 2h from 8 am.  SD (40h) EEG 1 sAA with 1 sleep pressure (group with genetic mutation)
Bright et al., (2014) [15] 47 (17) C H Zs‘iﬁe:t awakening and 30- ACT No modification of sAA with sleep characteristics
. 4, AM, before a stress task, 38, . ..
Castro-Diehl et al., (2016) [63] 454 (-) A - 55, and 85 later O ACT 1 sAA with | sleep efficiency
8, SS, at awakening, 10, 20,
Danilenko et al., (2021) [27] 45 (33) A H and 30’ later (summer, O SRM { sAA awakening response with | decreased sleep duration
winter)
. 2 -,10 p.m. and 30" post sAA: OSA >H
D ., (2017) [7 146 (4 H, OSA P
ing et al., (2017) 73] 6 (1) ¢ /05 awakening . 56 t sAA with 1 AHI and + ODI
24, PD, at 11 a.m., 1:30,4, and SR (2 nights of 3h
Faraut et al., (2020) [60] 16 (0) A H 6:30 p.m. (2 x 3 days) from 3 to 6 a.m.) ACT I sAA at 4 p.m. post SR
L 14, AM, at8,9am. 12,1,4,5, e .
Figueiro & Rea (2010) [52] 12 (4) A H 8 9pm,0,1,4,5 8 9am. SD (27h) ad No modification of sAA levels at 8:00 a.m. after SD
SD (1 night) vs SR
Figueiro & Rea (2011) [51] 10 (5) A H 14, AM,at8, 9am, 12,1, 4,5 5 ¢ 11104 0 | sAA at awakening with 1 sleep duration (SD > SR > (1)
8,9pm.,0,1,4,5,8,9am.
a.m.) vs U
. 12, PD, at 8 a.m. (3 x 4 days: .
Gomez-Merino et al., (2022) 13 (6) A H before and after SR, after 2 SR (5 nights of 3h PSG | sAA after SR
[62] . , from 4 to 7 a.m.)
and 5 nights of recuperation)
1, AM, at keni t
Karakoulaki ef al., (2015) [78] 45 (25) A H, bruxism v AM atawakening between 0 SAA: bruxism = H
7 and 9 a.m.
50, PD, 30" post-awakening, SRM High stress condition: | sAA at awakening and t diurnal
Klaus et al., (2019) [71] 50 (31) A - 10am. 2,6,9p.m. (2x5 O ACT slope with sleep perturbation
days) Low stress condition: no association between sAA and sleep
. SRM 1 sAA with 1 subjective sleep disorders
LaVoy et al., (2020) [72] 55 (29) C H 1, PD, at awakening O ACT 0 association with objective measures
. { sAA at awakening following intervention to | stress
. . H (cancer 5, AM, 30’ post-awakening, .
Lipschit ., (201 7 (4 A RM 1
ipschitz et al., (2013) [6] 57 (43) survivors) 12 am., 5,10 p.m., and 8 a.m. S during sleep

0 association sAA / subjective sleep disorders




Michaud et al., (2006) [70] 12 (5) H later, 12 a.m., 5 p.m,. and . . SRM No modification of sAA levels with sleep disturbance
. . with noise vs 0
before nighttime (4 days)
5, AM, between 5 and 5:30
Minkel et al., (2014) [53] 26 (12) H p.m., 20, 5" before TSST, 5, SD (1 night) vs O - No modification of sAA following SD vs [
20, 40’ later
15, AM, at awakening, 30", 60’ . : ,
Nater et al, (2007) [14] 76 (44) H later, and every hour between 0 (awakening i T sAA aF e.lwa‘kemng and 39 later (alarm cloc‘k Ys natural)
before 9 a.m.) No modification of sAA with sleep characteristics
9 a.m. and 8 p.m.
2, PD, before and after SR (40% TST
O’Leary et al., 2015 [22] 108 (80) H exposure to stressor (between N (E0 )vs ACT sAA:SR>[
9 and 12 a.m.)
0 (EEG No modification of sAA during SD (1t = 2nd day)
Pajcin et al., (2017) [55] 11 (4) H 15, AM, every 3h from 9 am.  SD (50h) tSD Positive association between sAA and cognitive
postSD) performance
O (EE Positi iati tw AA iti
Pajcin ef al., (2019) [56] 12 (4) H 5, AR ey S G Oem,  SDEL)S @l D Che  ROEETE RO RS ohv S G
post SD)  performance (1 day)
SD (28h) +4
L. 17, AM, at 11 a.m., 5, 8 :30 simulated night Positive association between sAA and cognitive
Pajein et al., (2019) [57] 10(0) H p.m., 0:00, and 3 a.m. (4 days) ~ shifts (sleep from performance (1%t day SD)
10 a.m. to 4 p.m..)
1 sAA ratio (night/day) with 1 OSA severity
Park et al., (2014) [76] 67 (28) H, OSA 2,PD, at 10 p.m. and 7 a.m. O PSG SAA levels: OSA = H
3, AM, 1h post-awakening
Patacchioli et al., (2014) [77] 34 (19) H, OSA (between 8:30 and 9 a.m.), at O PSG sAA: OSA=H
12am.and 7 p.m.
Pradhan et al., (2018) [73] 168 (74) H 7 Sy et L el D SRM 1 SAA with | sleep duration
a.m. (2 years)
4, PD, at awakening before
| sAA after SR
R (7 a.m.), after SR (6 a.m. R (7 nights of 4h
Rabat et al., (2016) [61] 12 (0) H SR (7 am.), after SR (6 a.m.) SR (7 nights 0 PSG Positive association between sAA and cognitive
and after 2 and 7 days of from 2 to 6 a.m.)
. performance
recuperation (7 a.m.)
7, AM, between 12 a.m. and 2
Raikkonen et al., (2010) [28] 276 (143) H p-m., before and after the 0 ACT t sAA during stress task with | sleep efficiency
task, 10’, 207, 30’, 45’ later
5, PD, before TSST (at 1 or 4 . ) _
Schwarz et al., (2018) [54] 218 (114) H p.m.), 28, 46/, 66, 86’ later SD (1 night) vs O O sAA:SD=0
Seugnet et al., (2006) [50] 9(2) H 2, AM, before and after SD SD (28h) PSG 1 sAA after SD

24, AM, at awakening, 30°, 90’

Sleep disturbance
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Skoluda et al., (2016) [69]
Strahler et al., (2020) [64]

Unno et al., (2013) [68]

Unno et al., (2017) [66]

Unno et al., (2017) [67]

Van Lenten & Doane (2016)
[25]

Yan et al., (2019) [74]

44 (25)
77 (38)

20 (6)

10 (9)

20 (9)

76 (58)

58 (17)

A

OSA

6, PD, at awakening, 30’ later,
11am., 2,6,9 p.m.

6, PD, at awakening, 30 later,
11am. 2,6,9 p.m.

20, CS, morning and evening
(10 days)

42, CS, morning (1%t hour
post-awakening) and evening
(3 weeks)

10, CS, morning (30" post-
awakening) and evening
(before dinner) (5 days)

15, PD, at awakening, 30", 3
and 8h later, at bedtime (3
days)

1, AM, at awakening

O

SRM

SRM

SRM

EEG

EEG

SRM
ACT

PSG

1 sAA (awakening response) with | time of awakening
L sAA with 1 sleep quality

1 sAA with | sleep duration

{ sAA (morning) with 1 sleep quality

L sAA (evening) and 1 sleep quality (group with low
caffeine green tea vs standard)

t sAA (awakening) with | subjective sleep quality
O association with objective measures

1 sAA with 1 OSA severity
1 sAA with 1 AHI and | lowest pulse oxygen saturation

- unknown; 0: none; A: adults; ACT: actigraphy; AHI: apnea-hypopnea index; AM: absorbent material; C: children; CS: colorimetric system; EEG: electroencephalogram; H:
healthy; ODI: oxygen desaturation index; OSA: obstructive sleep apnea, PD: passive drool; PSG: polysomnography; sAA: salivary a-amylase; SD: sleep deprivation; SR: sleep

restriction; SRM: self-reported measurement; SS: stimulated spitting; TST: total sleep time; TSST: trier social stress test

43



Descending pathways
from cortical centers

0 Sensory afference
(e.g. mastication, taste)

N Primary saliva
SNV s cglters it
O O = = =TGN, =
PR SeSVH o Pons, Medulla
upimandaiouidar INTS -
ganglion N EA
"""" SSN
| . CNVIIL
| i ISN
- PG :'—@W
|
{ j Descending pathways
& ___ w0 C from salivary centers)
f X
| i )
SLG || SM S
R S thoracic cord

Salivary glands

Superior cervical

ganglion

- =p Afferent inputs
Parasympathetic nerves
Sympathetic nerves




sAA (U/ml)

200 H=SAA =e-sCort
g i
\
150 /l/ &
o ¥
. / \ ) /
100 .
= o
\./ e
50 ®
.-—..,‘_
0 O —
Q
&Q% ‘&'\« X‘QQ x"\? xgo x@ XCSQ X‘SSSQ x:\io’
\L_e, ,,_.,Q
& g
s

Time since awakening

20

15

e
o

sCort (nmol/1)





