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Abstract
Purpose  Demanding lifestyle characterized by extended working hours, shift work schedules as well as excessive use of 
mobile gadgets leads to the disruption of the circadian and homeostatic factors affecting the sleep quality of individuals. 
As consequence, subjects complain of suffering several sleep disorders some of them characterized by inducing excessive 
daytime sleepiness (EDS). Currently, the therapeutic approaches for managing EDS include medication, promotion of sleep 
hygiene, cognitive and behavioral therapy or using of continuous positive airway pressure machine. In this review, we propose 
the posology of the personalized sleep medicine by the prescription of naps for treating EDS.
Methods  This review included the online search in PubMed and manual review of articles (basic and clinical trials) of a 
range of personalized medicine potentially associated to factors of dosage in areas such as nutrition, sports and sleep. Articles 
in English were identified and subsequently analyzed for consideration for this review.
Results  Current evidence has demonstrated that naps exert positive outcomes for individuals complaining with EDS. The 
dosage of naps might follow similar procedures as reported for personalized interventions in diets or exercise programs (by 
taking the right dose, at the proper time, with a recommended frequency) which have demonstrated successfully results.
Conclusions  The management of EDS may include the personalized sleep medicine considering the prescription of dosage 
of naps.
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1  Introduction

Prolonged working hours, shifting work schedules and 
excessive use of mobile gadgets at night are current 
features of modern lifestyle leading to induce sleep dis‑
turbances [1–4]. The field of sleep disorders comprises 
insomnia, sleep-related breathing disorders, central dis‑
orders of hypersomnolence, circadian rhythm sleep–wake 
disorders, parasomnias, sleep-related movement disorders 
and other sleep disorders. Most of the sleep disturbances 
are linked to excessive daytime sleepiness (EDS), which 
is the tendency to fall asleep during alertness. It is worthy 
to highlight that this symptom is a common complaint in 
general population [5, 6]. Moreover, insufficient sleep has 
been classified as a “public health problem” since signifi‑
cant proportion of population sleep less hours than the rec‑
ommended rising economical and health consequences [7, 
8]. Although general guidelines for managing EDS have 
been discussed, these interventions need to be tailored to 
the individual patient. Therefore, the precision medicine 
including the timing for the appropriate quantity of sleep 
provided by naps may be considered for managing EDS. 
The present narrative review discusses the likely use of 
naps with a metric measurement of its use in the control 
of EDS.

2 � Methods

Identified eligible original articles by searching in Pub‑
Med, included reports containing information about sleep 
stages and sleep architecture, sleep disorders, circadian 
and homeostatic factors, diets, exercise dosage, precision 
medicine and naps were included in the analysis. Articles 
were searched in the computerized databases up to July 
2015, without limits of language. Next, we screened the 
titles and abstracts of the identified studies, and articles 
were selected if they contained data regarding the searched 
terms. The inclusion criteria were as follows: (1) Stud‑
ies including sleep stages and sleep architecture, sleep 
disorders, circadian and homeostatic factors, naps; (2) 
Reports in which personalized medicine was used in diets 
and exercise. The exclusion criteria included non-english 
publications, comments, editorials, and case reports. The 
information used for the review was collected from each 
selected publication.

3 � Results

3.1 � Sleep Stages and Sleep Architecture

The sleep–wake cycle has been characterized in chordate 
(mammals, birds and Squamata), Arthropoda (flies, bees, 
scorpions) cnidarian (jellyfish) and nematodes species 
(C. elegans [9–11]). Based in electroencephalographic 
traces, three states of vigilance have been identified in 
most of the studied animals, including mammals (Fig. 1): 
wakefulness (W), slow wave sleep (SWS) and rapid eye 
movement sleep (REMS). As a consensus, W is charac‑
terized by low voltage (10–30 µV), and fast (16–25 Hz) 
cortical electroencephalographic (EEG) and electromyo‑
graphic (EMG) activity. The transition from W to SWS 
displays the appearance of slower frequencies and higher 
voltage activities observed in the EEG. In regards SWS, 
3 stages have been described in humans: stage 1 is pre‑
sent approximately 5 min from the transition from W to 
SWS and includes rolling eye movements and low volt‑
age and mixed-frequency EEG activity and decreased 
EMG signal. The stage 2 is characterized by bursts of 
sleep spindles (12–14 Hz sinusoidal waves), and high-
voltage biphasic waves named “K complexes”. The stage 

Fig. 1   The polysomnographic traces of the sleep–wake cycle. In 
mammals, the sleep–wake cycle is characterized in 3 stages: Wake‑
fulness, slow wave sleep and rapid eye movement (REM) sleep. Wak‑
ing consists in EEG patterns of rapid (alpha) activity (8-13 Hz) while 
the EMG signal shows higher activity. The slow wave sleep shows in 
the EEG spindle activity accompanied by low voltage, K complexes 
and waves over 100  μV of amplitude and less than 2  Hz frequency 
while the EMG patter is reduced compared to wakefulness. Lastly, 
REM sleep shows in the EEG, low voltage with mixed frequencies 
(2-7  Hz) as well as irregular bursts of rapid eye movements with 
atonic features or muscle twitches observed in the EMG. Abbrevia‑
tions: Electroencephalogram (EEG); electromyogram (EMG); rapid 
eye movement (REM) sleep
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3 displays high-amplitude, slow (0.5–2 Hz) waves named 
delta waves. Lastly, REMS is characterized by muscle 
atonia in the EMG and EEG patterns that resemble those 
during alertness as determined by high-frequency and 
low-amplitude voltage [12, 13].

The sleep–wake cycle, as another neurobiological 
functions, displays aberrant features classified as sleep 
disorders [14]. The family of sleep abnormalities encom‑
passes insomnia, sleep-related breathing disorders, cen‑
tral disorders of hypersomnolence, circadian rhythm 
sleep–wake disorders, parasomnias, sleep-related move‑
ment disorders and other sleep disorders. They are tradi‑
tionally divided into two broad categories: dyssomnias 
(characterized by abnormalities in the quantity or qual‑
ity of sleep) and parasomnias (associated with difficulty 
initiating or maintaining sleep or excessive sleepiness).

3.2 � The Control of the Sleep–Wake Cycle: Circadian 
and Homeostatic Factors

The sleep–wake cycle is under the orchestration of a 
diversity of neuroanatomical, neurochemical and geneti‑
cal substrates [15–18]. Moreover, circadian and homeo‑
static factors also exert influence on the control of the 
sleep–wake cycle. In this regard, the circadian rhythms 
facilitate temporal patterns to the organisms for periods 
of time of 24 h. The circadian component of sleep modu‑
lation is known as Process C, which fluctuates within a 
cycle of ~ 24 h and it is synchronized by external signals, 
including the light–dark period [19, 20].

Regarding the homeostatic process (Process S), diverse 
physiological systems, including the sleep–wake cycle, 
display mechanisms that detect deficits of normal states 
and in response exert biological adjustments. In the case 
of the sleep homeostasis, this process consists in the drive 
for sleep that increases as a result to the prolonged waking 
time reaching a point that sleep pressure dissipates with 
the sleep onset. Thus, the sleep homeostasis mechanism 
exerts an adjustment after periods of prolonged waking by 
increasing the sleeping time, known as “sleep rebound” 
[19–23].

The circadian and homeostatic processes suggest that 
the bigger the distance between Process C and Process 
S, the higher the sleep pressure (Fig. 2). Then, the dis‑
tance between both processes corresponds to the time 
when sleep normally is initiated. In sum, the interaction 
between Process C and Process S impacts the sleep–wake 
cycle and determines the importance of hourly patterns 
for prognosis, prevention and interventions for sleep dis‑
turbances, such as excessive sleepiness [19–24].

3.3 � Dose and Dosage

According to the National Institutes of Health in the United 
States of America, a dose refers to a specific amount of 
medication taken at certain time. The doses are expressed 
in conventional metric mass units, such as milligrams or 
milligrams per kilogram. However, depending of the type 
of drug, the dose might be referred in distinct units such 
as drops (e.g., ophthalmologic preparations). By contrast, 
the dosage is prescribed as a specific amount, number, and 
frequency of doses over a determined period [25]. In this 
review, we propose that EDS may be addressed by person‑
alized sleep medicine based in the posology of timing for 
an appropriate dosage of sleep. The rationale on precision 
sleep medicine aimed to improve the patient outcomes is 
discussed in the context of two examples of interventions 
under dosage regimen.

3.3.1 � Amount of Food as a Dose

Designed as part of nutrition intervention for managing 
obesity, diets are time-restricted food-intake plan within 
a window of time each day. Thus, the quantity or dosage 
of food regimen includes circadian feeding patterns dis‑
tributed across the day conventionally defined as breakfast, 
lunch, and dinner [26]. Moreover, suggested healthy dosed 
balance of foods have been suggested in the Healthy Eat‑
ing Plate. Hence, a subject on a time-restricted eating diet 
would only eat during specific hours of the day [27–29].

Fig. 2   The Two Processes Model of Sleep Control. The sleep–wake 
cycle is controlled by circadian (Process C) and homeostatic (Pro-
cess S) mechanisms. In the case of the circadian component (Process 
C), consists in a rhythm that fluctuates within a cycle of ~ 24 h and 
this rhythmicity is under the influence of external signals such as the 
light–dark period. The homeostatic component (Process S) represents 
the drive for sleep that increases as wakefulness is maintained beyond 
habitual bedtime and then it dissipates with sleep, this process plays 
an important role during total sleep deprivation period. The homeo‑
stasis component adjusts the sleep debt by enhancing the sleeping 
time known as “sleep rebound” in the first opportunity to sleep. In the 
drawing, the black horizontal bars represent the dark period
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3.3.2 � Exercise Dosage

It is worthy to highlight the differences between physical 
activity and exercise. For the purposes of this article, we 
would suggest Budde and coworkers’ (2016) definitions: 
Physical activity is understood as any body movement 
produced by skeletal muscles whereas exercise is struc‑
tured and planned physical activity with repetitive pro‑
gress aimed to achieve physical fitness [30]. Numerous 
studies have examined the quantification of exercise using 
the concept of exercise dose [31, 32].

Dosage of food is important because for structuring 
diets, but why physical activity and exercise should be 
also dosed? We assume that all living beings of animal 
kingdom display in nature specie-dependent physical 
activity due to sedentary styles. Mankind, on the other 
hand, was able to set as a sedentary specie diminishing 
physical activity [33, 34]. Indeed, we have left recently 
the nomadic lifestyle and moved to sedentary behaviors. 
In turn, health disorders have been linked with the seden‑
tary lifestyle and the lack of physical activity [35–37]. To 
tackle some diseases linked to the lack of physical activ‑
ity, current exercise dose recommends 150 min of mod‑
erate-intensity weekly exercise according to reports that 
show that 2–2.5 h of moderate-intensity exercise appear 
to be the minimum amount required to avoid no commu‑
nicable diseases and premature mortalities [38, 39]. In 
similar fashion as diets, the dose of exercise (minimum, 
optimal, and maximum) has been individualized meeting 
specific objectives.

Current evidence has demonstrated that structured 
exercise dose spectrum is measurable. According to 
Araújo and coworkers (2017), the exercise doses could 
be measured by the caloric expenditure in relation to the 
rest value (1MET). For example, 1 METs-h/week would 
consist of multiplying the number of exercise hours, in 
each week. In line with this idea, one person that walks 
(6 km/h) would display 4METs [40]. Thus, structured 
exercise  programs are equally effective at improving 
training goals as well as health schedules [41–44]. In 
this regard, Gabriel and Zierath (2019) demonstrated 
that exercise as an intervention for the treatment of meta‑
bolic diseases showed positive outcomes. Remarkably, 
they suggested that timing of exercise for obtaining opti‑
mal results in heath might be a strategy for managing met‑
abolic disorders since resistance exercise peaked in the 
afternoon and evenings (16:00–20:00 h). These findings 
suggested that the response to this type of exercise might 
be time dependent [45]. Taking together, the dose of exer‑
cise should consider the time of the day to obtain the most 
desirable effects [46–48].

3.4 � The Posology of Sleep

Several measures have been proposed to counteract the EDS 
as consequence of sleep deprivation as result of social jet‑
lag, consumption of stimulants, shift work, etc.[49]. Among 
the suggested interventions, the naps or siestas seem to be 
a promising approach. In this regard, multiple pieces of 
evidence have shown the positive outcome of napping for 
managing EDS [50–52]. For example, Davy and Göbel 
(2018) reported that taking siestas of 3 h and 20 min sleepi‑
ness was decreased [53]. This result is in line with previous 
reports showing the beneficial effects of naps for treating 
EDS [54–56].

3.5 � Sleep Precision Medicine and the Sun Proposal

Precision medicine or individualized medicine is a medical 
process that addresses healthcare from a customized per‑
spective [57]. In regards the impact of precision medicine 
in sleep disturbances, it is precisely here where personalized 
medicine requires the comprehension of the individual diag‑
nostic of sleep disturbances for personalizing an efficient 
medical treatment [58–60]. Currently, EDS is a common 
sleep complaint in general population [61, 62] and although 
the availability of some prevention strategies are available, 
its prognosis is nevertheless often viewed as part of the 
intervention in a new approach. This view needs to change.

Compared to the quantification of food or dosage of exer‑
cise, the apparent limitation to establish a unit of measure‑
ment for the dosage of sleep lies in the fact that this new 
approach should consider for the individual sleep needs. In 
line with this idea, precision medicine has been aimed to 
maximize the quality of interventions by the individualiza‑
tion of the therapeutical procedures, including which inter‑
vention would be prescribed, dose, route of administration, 
timing of administration, etc.[63, 64]. Thus, we propose that 
sleep dosage should also follow the personalized medicine 
guidelines. To consider a dosage of sleep by using naps 
will require further objective study. Therefore, we propose 
a standardized procedure to provide an objective measure‑
ment for the dosage of sleep. To address this point, current 
technological advances have allowed to develop personal 

Fig. 3   The SUN proposal for dosage of sleep. Current evidence sug‑
gests that taking naps of ~ 20  min decreases the sleep pressure. We 
propose the unit of 1 SUN for 20 min of napping as a dosage of sleep 
for managing excessive daytime sleepiness
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sleep trackers offering a useful support to monitor the sleep 
dosage [65–67]. Thus, using modern technology naps might 
be measured as proposed: The sleep dosage is defined in 1 
Single Unit of Nap (1SUN) which is the equivalent of 20 m 
of napping (Fig. 3). This new perspective might be included 
in the personalized sleep medicine as part of the treatment 
for managing EDS. Despite that portable gadgets have dem‑
onstrated promising results for monitoring sleep, further 
research is needed to strengthen this proposed strategy.

3.6 � Future Perspectives Regarding the Sun Proposal

Modern lifestyle requires high demand of waking time dur‑
ing nighttime. By invasion of sleeping time, the disruption 
of the circadian and homeostatic processes provokes sev‑
eral health issues such as obesity, psychiatric disorders, and 
sleep disturbances [68, 69]. Among the highest prevalence 
of sleep complaints in population is EDS. The insufficient 
sleep has been associated with multiple negative health 
outcomes, such as an increase in mortality risk and nega‑
tive labor efficiency including the reduction of productiv‑
ity. For example, the USA sustains an annual economic loss 
higher than US$280 billion linked to EDS [70, 71]. Here, 
we revised that naps could be considered as equivalent of a 
dosage for sleeping time as a medical intervention for EDS. 
This assumption is based in current data that have demon‑
strated that naps induce positive effects for releasing sleep 
pressure in EDS cases. However, the standardized uses of 
naps as a therapeutical approach require a precise methodol‑
ogy which should include the objective measurement for the 
sleep dosage. Following the idea of personalized medicine, 
with efficient examples in diets and exercise, naps might be 
prescribed under an objective dosage parameter. Moreover, 
by using a metric measurement of naps (1SUN), we propose 
that benefits of naps could promote a substantial life-quality 
improvement in patients with EDS. Hence, whenever naps 
are prescribed for patients, relevant guidelines regarding the 
metric measurement of napping must be strictly followed. 
Indeed, further clinical studies are required for testing the 
likely therapeutical properties of naps managing EDS in 
patients with different sleep disorders such as narcolepsy.

4 � Conclusions

There are several medical approaches for managing EDS. 
However, a new therapeutical option might include the 
prescriptions of naps. We consider that this proposal will 
stimulate future studies to explore the possibility to consider 
the dosage of naps as part of the precise sleep medicine for 
managing EDS.
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