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Poor sleep quality is recognized as a major risk factor for poor health, increasing the

incidence of serious chronic diseases. In people with Down syndrome, sleep apnea

prevalence is significantly greater, it is caused by genetic, anatomical, endocrine, and

metabolic abnormalities. The consequences of sleep disruption due to sleep apnea

are very serious, especially in terms of neurocognitive and cardiovascular e�ects,

leading to reduced life expectancy and quality of life in this population. However, the

management, care, and treatment of related disorders in people with Down syndrome

are still inadequate and limited. Therefore, this article wants to increase understanding

and awareness about sleep apnea and the benefits of physical activity in improving

sleep quality in the Down syndrome community, families, and their care specialists.
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1. Introduction

Sleep is a biological process essential to life. It plays a fundamental role in the functioning of

the brain, metabolism, systemic functions, regulation of appetite, but also in the regulation of the

immune, hormonal and cardiovascular systems (1). Besides it, sleep is essential for recovery and

good mental health. Healthy, normal, good-quality sleep is characterized by duration, regularity,

absence of sleep disturbances and/or decreased wakefulness hence decreased daytime sleepiness

(2, 3). Sleep is also an essential element for learning, memory, emotional control, and mood

maintenance. However, today, a large part of the population “sleeps badly” and goes to bed later

and later, thus reducing the amount of sleep. The abuse of screens, work pressure or certain

professional specificities requiring night work (sleep deprivation) affect sleep and ultimately

health and quality of life (4). The decline in sleep quality in children, adolescents and adults

is a real problem in our society because sleeping poorly is reported to affect approximately one-

third of the general population (5). Its consequences lead to impaired cognition, lower quality

daily activities, poorer work performance, and impaired physical and mental health (6, 7).

From clinicians who consider the increasingly frequent complaints related to an alteration of

sleep quality to the large industrial companies who market more and more devices allowing the

detection of sleep abnormalities and the quantification of their duration in outpatients, it can be

seen that many individuals and organizations were indeed interested in this issue.

Actually, sleep is an essential time for the recovery and homeostasis of physiological

processes. It is not a lost time but a time during which cerebral activities allow the processing

of acquisitions, the consolidation of learning and their memorization. Controlled by two major

factors, homeostatic factors, and circadian factors (biological clock), sleep is also strongly

Frontiers inNeurology 01 frontiersin.org

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2023.1123624
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2023.1123624&domain=pdf&date_stamp=2023-02-02
mailto:sduongquy.jfvp@gmail.com
https://doi.org/10.3389/fneur.2023.1123624
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2023.1123624/full
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Nguyen et al. 10.3389/fneur.2023.1123624

influenced by many other factors (noise, state of health, stress,

light, temperature...). Therefore, any quantitative and/or qualitative

alteration of sleep has an impact on the daily performance, and

increases many risks, in particular those related to health: obesity,

diabetes, cardiovascular diseases, decrease in immunity, increase in

mortality and ultimately poor quality of life.

Today, variations in many environmental and social conditions,

have caused sleep disorders to become common and frequent (8, 9),

but their management and treatment have long been underestimated.

Compared to other health issues, sleep health is a topic that has only

recently been studied (10), especially for vulnerable individuals such

as those with disabilities.

People with disabilities have physical, motor, or intellectual

specificities that can cause certain sleep disorders (such as breathing

disorders) and affect their quality of life (11). According to theWorld

Health Organization, up to 15% of the world’s population has a

specific form of disability with associated sleep disorders (12). For

example, several studies have shown that 86% of children and adults

with disabilities had symptoms related to sleep disorders (sleep apnea

syndrome, narcolepsy...) resulting in sleep deprivation, and daytime

sleepiness... (13). The health consequences for populations with

disabilities are multiple (14–16). Sleep disorders, if left untreated, can

progress to serious chronic diseases that increase the risk of death and

decrease life expectancy in people with disabilities (17).

Down syndromes (DS) represent a significant population in the

disability community. They are characterized by a high prevalence

of sleep problems, such as sleep apnea syndrome, which manifest

from early childhood through late life. Sleep apnea syndrome

(SAS) in people with DS is characterized by frequent pauses in

breathing during sleep, causing oxygen desaturation and arousals

(18). Hypoxemia due to these apnea episodes can occur several

hundred times during the night, increasing the risk of cardiovascular

complications and hypertension in these subjects (19). In addition,

dysfunctions of physiological functions and anatomical abnormalities

in people with DS facilitate overexpression of SAS and exacerbate

acquired pathologies in this population (20). Studies on the treatment

and management of sleep disorders in people with disabilities,

particularly with Down syndrome, show several options. One of

the most frequently used treatments for sleep disorders is the

prescription of drug treatments, which are certainly effective, but

which have many potential side effects. In people with Down

syndrome, the therapeutic option is more complex because of

the cognitive handicap, the anatomical malformations, and the

frequent non-observance of the proposed treatments. Therefore,

understanding the etiology and characteristics of specific sleep

disorders in this population is extremely important to find more

effective treatments.

2. Characteristics of sleep disorders in
people with Down syndrome

2.1. Historical background and definition

Trisomy 21 (T21), or Down syndrome, was initially described in

1838 by the French physician Jean-Etienne Esquirol, and in 1846,

Dr. Edouard Seguin, proposed a clinical description of Trisomy

21 based in part on the writings of Jean-Etienne Esquirol (21).

In 1866, the English physician John Langdon Down published the

article “Observations on an ethnic classification of idiots” in the

London Hospital Reports (22) and gave the name “Mongolian type”

to the profile of T21 children. He observed that this handicap always

appeared congenitally, and never after birth.

On January 26, 1959, the French doctors Jérôme Lejeune, Marthe

Gautier and Raymond Turpin published an article in the Bulletins

de l’Académie des Sciences (23) which was to become a milestone in

the treatment of children with trisomy 21. They presented the cases

of three children with Down syndrome and demonstrated that this

syndrome is caused by the presence of a supernumerary chromosome

21. Down syndrome was then renamed “trisomy 21.”

Trisomy 21 is the first chromosomal anomaly described in

humans. It is also the first syndrome for which a link between

genotype and phenotype has been established.

Trisomy 21 is defined not as a disease but as a syndrome. It

is a genetic syndrome, due to the presence of a supernumerary

chromosome 21. A person with Down syndrome can live in

good health, in a complete state of physical, mental and social

wellbeing. It only requires adaptations to his condition concerning

his physical environment, his social environment, his organization,

language etc.

2.2. Epidemiology and etiology

Trisomy 21 is the most common chromosomal anomaly, and

it manifests itself from the beginning of pregnancy (Figure 1). Its

prevalence is 1 in 700 births, which represents about 1,100 new cases

per year in France, for a total population of about 60,000 people

with T21. In France, the number of births of children with T21

is decreasing thanks to efficient screening and prenatal diagnosis.

However, the risk of giving birth to a child with T21 increases with the

mother’s age. Thus, at 20 years of age, the risk of having a pregnancy

with a trisomy is 1/2,000, whereas this risk increases to 1/20 at 45

years of age.

FIGURE 1

Karyotype of an individual with free and homogeneous trisomy.

Source: Imago/Science Photo Library.
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Today, it is reported in France one birth of T21 child per day,

despite this very well-organized antenatal screening. This screening

includes numerous examinations during the pregnancy (questioning,

ultrasound, and biological examinations), and especially in case

of doubt, a screening with specific serum markers. Thanks to

these examinations, a risk calculation is obtained, and it is then

possible to perform a fetal karyotype to establish the type of

T21. This karyotype makes it possible to identify the precise

type of T21 among the three known forms which are free and

homogeneous trisomy, mosaic trisomy and trisomy by translocation.

Each of these three forms is distinguished by different clinical

features. All of them are the result of an abnormality brought on

by chromosome 21.

This chromosome 21 alone expresses 1.5% of the human

genome, the information is thus carried on 47 million nucleotides

representing 300–400 genes that code for different proteins. The

genetic importance of chromosome 21 explains why this gain of

genetic material leads to a significant biochemical imbalance with

multiple and irreversible consequences.

2.3. Risk factors and sleep apnea

Children with Down syndrome present clinical signs whose

expression and severity vary according to the type of Down

syndrome. However, according to the proposed treatments, thanks to

early diagnosis, thanks to physical activity and/or cultural activities

programs... the life expectancy of these children has increased

considerably over the last decades.

However, this improvement is based on a heavy and constraining

medical course for the child and his parents, because trisomy

21 predisposes to hormonal, cardiac and metabolic dysfunctions,

numerous and sometimes severe. It is associated with a wide

spectrum of cognitive deficiencies (learning, memory, and language),

delays in motor and neurological development (24, 25). Structural

abnormalities of the brain (reduced brain volume, especially at

the frontal, temporal and cerebellum levels) are predictive of

dementia, and signs of Alzheimer’s disease are much more frequently

described in the population with T21. These abnormalities are

known to be the cause of poor cognitive activity and rapid decline

(24, 26).

The severity and frequency of clinical signs vary, but almost all are

related to the development of sleep disorders that are more common

in this population. In 2020, Dumortier and Bricout (19) published

a review of the literature regarding the presentation of these links

between T21 and sleep apnea syndrome. The authors of this review

highlighted the causes and consequences between T21 and OSAS,

specifying their birelation (OSAS in adult with Down syndrome:

causes and consequences: Is it a “chicken and egg” question?).

Other studies showed the physical phenotype of T21 is

very characteristic:

• The face is round, flat, and with little relief,

• The skull is small and the occiput flat,

• The eyes are oblique, spaced, and the eyelid is without fold,

• The ears are round and small,

• The nose is small,

• The tongue is very particular: thick, and rough, with many

folds (macroglossia),

• The mouth presents anatomical anomalies, small size, dental

problems, and prognathism.

In addition, there are anatomical vertebral particularities

(instability of the first two cervical vertebrae, prevalence of narrow

lumbar canal) that induce pain during activities (walking, shift work

or physical activities). Both children and adults are small in stature

and are characterized by overweight or obesity.

Associated with these specific physical characteristics, other

clinical signs have been reported (endocrine, metabolic, autonomic).

In this manuscript, we will limit ourselves to those that have a direct

impact on sleep disorders.

2.3.1. Endocrine disorders
Endocrine disruption has been reported in individuals with DS

and it is strongly linked to obesity due to dysautonomia and the

increase in fat mass, thereby indirectly causing SAS. Abnormal levels

of hormones involved in metabolism, storage and lipolysis, such as

leptin and insulin, have been observed to increase the risk of sleep

apnea and cardiovascular complications (27). The best-described

endocrine pathologies in Down syndrome are thyroid dysfunctions

(hypothyroidism, hyperthyroidism) (28, 29). Hypothyroidism has

major effects on basal metabolic rate and is thought to promote

overweight. Hyperthyroidism induces tachycardia with palpitations

and is very frequently diagnosed in conjunction with sleep disorders.

These thyroid dysfunctions have multiple consequences: slowed

cognitive development, fatigability, lowered energy metabolism,

slowed development and growth.

Abnormalities in catecholamine secretion are also reported,

with a decreased amplitude of adrenergic responses that blunt

cardiovascular responses during stress or exercise (30, 31).

Furthermore, in men with T21, a decrease in testosterone

secretion associated with hypogonadism is described. This acts

directly on body composition, favoring the accumulation of fat mass

(32). This development of fat mass has many consequences on the

appearance of obstructive apneas by an accumulation effect in the

upper airways.

2.3.2. Metabolic dysfunctions
A sedentary lifestyle is the source of the metabolic

syndromes associated with obesity, low-grade inflammation,

and diabetes in people with DS. It maintains a loop of

“ataxia—overweight—sedentary” and results in lower muscle

mass, increased fat mass and finally SAS (33). Studies have shown

that hypoxia caused by SAS induces inflammatory cytokine release

leading to dysglycemia and insulin resistance in the T21 population.

Meanwhile, insulin resistance also increases the risk of diabetes and

obesity, which contributes to SAS (34).

In addition, generalized hypotonia increases the risk of airway

collapse and airway obstruction (complete or partial) can occur

during sleep, due to decreasedmuscle tone in the oropharynx, leading

to snoring and OSA in individuals with DS (35). It also alters the

quality of motor skills and effort in people with T21 (36–39). These

impairments make activities of daily living more taxing and difficult

to continue, with fatigability occurring more rapidly during exertion.

Spontaneously, people with T21 are less inclined to engage in physical

activities, and they then fall into a loop of deconditioning, sedentary
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lifestyle, weight, fatigue and activity limitation. Numerous studies

have confirmed this vicious circle of deconditioning, which results

in a lower tolerance to effort in people with T21 (36, 40).

In T21, there are more frequent digestive dysfunctions and also

contribute to the development of metabolic syndrome, in particular

the presence of gastroesophageal reflux (41). There is more evidence

for a link between SAS and gastroesophageal reflux disease. In

which, the large negative intrapleural pressure fluctuations during

apnea will cause reflux phenomena (42). This may also be involved

in the reduced desire to practice physical activity, as the subjects

describe more reflux during exercise. These digestive disorders are

also particularly observed when there is low-grade inflammation,

with high inflammatory markers (43), or dysautonomia, with an

altered vagal tone favoring gastroesophageal reflux.

2.3.3. Autonomic nervous system dysfunctions or
dysautonomias

Nervous system dysfunction has been the subject of numerous

studies in the T21 population, it often presents with dysautonomia

at rest, during sleep, during exercise, or during stimulation tests

with an inappropriate vagal response, which effectively reflects

maladaptations of the autonomic nervous system dysfunctions

(ANS) (44–47). Cardiovascular and neurological parameters are

cyclically altered, corresponding to respiratory events due to sleep

apnea syndrome at T21, particularly with low blood pressure and

heart rate than in the general population. During exercise, there

is joint chronotropic incompetence and poor hormonal regulation

(catecholamines, cortisol, and glycemic regulation hormones) that

increase the consequences of autonomic maladaptation leading to

early fatigue and limitation to exercise (30, 40, 48). Hypoxia during

apnea causes bradycardia, followed by tachycardia on the resumption

of breathing (49). The increase in heart rate at the end of apnea

may be due to catecholaminergic release and sympathetic stimulation

following a respiratory event. Sleep apnea increases arterial pressures

and activates nocturnal sympathetic tones that increase pulmonary

arterial pressure (50). This increases the risk factors for coronary

heart failure, cardiovascular death, and stroke.

One of the proposals has been to implement regular physical

activity (PA) whose beneficial effects could also have various impacts:

increased practice times, loss of body fat, a gain of muscle mass, a gain

of strength, improvement of sleep... (51).

All of this clinical picture drawn up to characterize trisomy 21,

explains to a large extent the appearance of sleep apnea syndrome in

this population.

3. Sleep apnea syndrome and Down
syndrome

In T21, sleep apnea syndrome shows an exceptionally high

prevalence ranging from 40% to 88% in adults (52) and up to 97% in

children (53) while only 7–13% of the general population is affected

by this syndrome (54). However, sleep apnea is still misdiagnosed in

T21 while it is responsible for cardiovascular pathologies and reduced

life expectancy (55). The consequences of SAS can be observed

in various abnormalities such as sleep fragmentation, nocturnal

awakenings, snoring, morning asthenia, daytime hyper sleepiness and

mood disorders.

Obstructive sleep apnea syndrome is characterized by partial or

complete obstruction of the upper airway that is intermittent and

repeated during sleep (18). These events are typically associated with

a decrease in blood oxygen saturation and can occur several hundred

times in a single night of sleep. Apnea episodes can occur during

NREM or REM sleep, but are generally more deleterious to health

when they occur during REM sleep (56). There are three possible

types of apneas that can be observed during sleep: obstructive, central,

or mixed apneas, and these hypopneas characterized by the apnea-

hypopnea index (AHI), it is the total number of abnormal events

measured during 1 h of sleep. To make a precise diagnosis of these

sleep disorders, polysomnography (PSG) is used to calculate AHI and

classified according to the following levels: AHI> 5=mild SAS, AHI

> 10 = moderate SAS, AHI > 15 = severe SAS, AHI > 30 = very

severe SAS (57, 58).

While PSG is indeed the gold standard for diagnosing SAS, there

are still other warning signs that exist. Nocturnal events such as

difficulty in falling asleep, multiple awakenings, sleep fragmentation,

snoring can be retained. The consequences of these poor nights

are also elements of attention: fatigue, irritability, excessive daytime

sleepiness, and attention and memory problems (59). However, the

consequences of SAS are particularly dramatic for the cardiovascular

health of patients. They must therefore be diagnosed very early in

order to be managed rapidly to avoid the development of pathologies

that are deleterious to health and quality of life.

The diagnosis of SAS can only be established after a rigorous

clinical investigation, based on several diagnostic elements

(questionnaires, polysomnography. . . ). Treatment then usually

consists of the use of a continuous positive airway pressure (CPAP)

machine during sleep (60). This treatment is sometimes very

restrictive for the patient and therefore poorly tolerated. Today, one

of the proposals made in T21, when the AHI is not severe and the

patient refuses to use devices at night, is based on a physical activity

program associated with the implementation of strict hygienic and

dietary measures.

Interest in the effects of physical activity for populations with

cognitive disabilities is a relatively recent topic. Physical activity

has been proposed for about a decade as a non-pharmacological

interventional method that has many benefits for children with

disabilities and sleep disorders. However, offering physical activity

to these populations must also be done within a rigorous and safe

framework in order not to induce additional deleterious effects.

4. Physical activity and Down syndrome

Physical Activity is defined as the movement of the human

body that requires energy expenditure (61). It is considered an

effective, non-pharmacological approach to improving sleep. The

scientific literature on the links between sleep and physical activity

is now particularly rich and the consensus on the bi-directional

links between sleep and physical activity is also well demonstrated

(Figure 2). Healthy sleep of sufficient quality and quantity contributes

to better physical performance and conversely regular physical

activity improves sleep (62, 63). However, physical activity is

considered to have positive effects on sleep quality if indeed the

adjustment of factors such as level, intensity and duration of

exercise is adequate (64). For example, significant improvements

in sleep efficiency, sleep latency, sleep duration, and nocturnal
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FIGURE 2

Positive e�ects of physical activity on sleep.

wakefulness times are reported when physical activity is increased

and controlled (64).

The benefit of PA in the management of SAS for the population

with Down syndrome has been demonstrated (65, 66). PA not only

reduces the severity of SAS but also improves autonomic function

through decreased sympathetic tone (67). Some studies have also

reported positive effects of regular physical activity on physiological

responses to stress (38), weight loss, and cardiovascular responses to

exercise (68–70).

However, some anatomical peculiarities of T21, described

previously, may limit the ability to perform certain types of effort, and

at the same time explain the prevalence of SAS in this population.

Many malformations (macroglossia, glossoptosis, narrow upper

airways) that are well described in the responsibility of obstructive

apneas, limit ventilatory exchange during physical activity (71).

Although PA has clear benefits in limiting the health

consequences of SAS in T21 and non-T21 patients with Down

syndrome, there are a variety of factors that not only contribute to

worsening the consequences of SAS, but also act as barriers to the

management of these sleep disorders.

The practice of PA is not yet offered in all establishments that

receive people with Down syndrome. The institutionalization of

people with T21 and their drug treatments are factors that limit

physical activity.

The cognitive characteristics of T21 (early aging, intellectual

deficit, difficulties in understanding instructions, low motivation to

practice) also constitute barriers to physical activity.

However, encouraging the practice of a regular physical activity is

a major challenge. In this sense, several studies have shown that for

young people with T21, group activities should be preferred (72, 73)

which are more in line with the social character of people with

T21. Several studies have shown the benefit of re-training programs

in T21 with an improvement in physical fitness with benefits on

aerobic capacity (74), cardiovascular function (69, 75), muscular

strength, balance and motor function (76–80). Improving this fitness

simultaneously contributes to a decrease in body fat (76–80).

Finally, the benefits of PA on cognitive abilities in individuals

with T21 have also been widely described (81). The management

of sleep apnea through physical activity in T21, helps to combat a

sedentary lifestyle and reduce the risk factors associated with SAS

(82). It also increases sleep duration and quality (77, 83–85). In order

to improve the health and quality of life of individuals with T21,

early interventions and physical activity recommendations should be

offered to value a healthy lifestyle and improve understanding of the

benefits on sleep quality and quantity.

5. Conclusion

Individuals with Down syndrome had adverse genetic,

anatomical characteristics that increase the risk of sleep apnea

and mobility limitations, meanwhile physical activity has been

reported with positive effects on sleep quality through a significant

reduction in the apnea-hypopnea index in this population in this

population. However, we need to understand more about the

relationship between quantity and level of physical activity on

sleep quality to provide information and recommendations for

the design the optimal physical activity programs for the Down

syndrome community, thereby helping to improve their quality

of life.
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