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ABSTRACT
Objective: The onset and development of  sleep disordered breathing (SDB) remains unclear in 
an age - dependent manner. Despite treatment, persistent symptoms such as snoring and excessive 
daytime sleepiness, as well as cognitive impairment may be present. The aim of  the research was to 
determine the prevalence of  residual symptoms of  SDB in adolescence and early adulthood, the 
predisposing factors and its neurocognitive complications. Methods:  In the present pilot study-
cohort, a questionnaire was utilized to 154 people (average age: 17.9 ± 3), who as children (mean 
age: 5.3 ± 1.4) had AHI  ≥2.5 episodes/h. They were divided into two groups based on AHI = 5 
episodes/h. Depending on the results, they were invited to undergo a repeated polysomnography 
(PSG) and complete the Montreal Cognitive Assessment (MoCA) test. Statistical analysis was 
made with IBM SPSS software. Results: Out of  the total, 35.7% claimed to still snore. AHI 
was negatively correlated to the severity of  residual symptoms (Mann-Witney U test, p <0.005). 
According to repeated PSGs, 9/17 met the criteria for OSAS, while high BMI was associated with 
the severity of  new AHI (chi squared test, p<0.005). Additionally, 7/16 scored below the MoCA 
baseline (<26/30). The characteristics of  cognitive declines were mapped, with most prominent 
having been visuospatial, short - term memory and naming/language deficits. Discussion: A 
significant percentage of  children with sleep breathing disorder present with residual symptoms 
during their transition to early adulthood, as well as undiagnosed neurocognitive complications. 
Clinicians suspicion for the underlying neurocognitive complications is required, even in young 
adults, while guidelines on monitoring pediatric OSAS patients after treatment should be addressed.
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INTRODUCTION
Sleep disordered breathing (SDB) encompasses a 

wide spectrum of  abnormal breathing during sleep including 
primary snoring, upper airway resistance syndrome, obstructive 
hypoventilation syndrome and obstructive sleep apnea-hypopnea 
syndrome1. From all the SDB syndromes, the most significant 
in terms of  severity, prevalence and underdiagnosis is the 
obstructive sleep apnea syndrome (OSAS)2. A biphasic peak of  
the prevalence of  OSAS occurs between 2 and 8 years, as well as 
during adolescence. The most common causes are adenotonsillar 
hypertrophy and obesity, which both seem to share a common 
inflammatory background3,4. The significance of  the underlying 
inflammatory processes is mostly prevalent through the therapeutic 
results of  anti-inflammatory treatments in mild cases, which include 
the reversal of  symptoms, PSG values and complications5.

It has been reported that OSAS, under certain 
circumstances like obesity6 and male gender7, tends to persist 
after treatment, regardless of  the therapeutic approach8,9. Despite 
the high success rates of  adenotonsillectomy in children10 and 
the proper application of  CPAP in adults11, patients exhibit 
either snoring or residual excessive daytime sleepiness (REDS). 
Although it was considered as a benign symptom, these obstructive 
symptoms might conceal more serious underlying conditions12.

REDS has been associated with cognitive impairment, 
especially in adults13. Despite the proper appliance of  continuous 
positive airway pressure (CPAP) – the gold standard of  treatment 
in adults and an alternative approach in children – and the patients’ 
compliance, REDS usually persists, counteracting the benefits of  
CPAP in cognitive health11,14. REDS has been partly attributed 
to mechanisms that activate neurodegenerative processes, such 
as sleep disturbances, due to cortical arousals, as well as to 
intermittent hypoxia15. However, the mechanisms that occur on 
a cellular level and on the level of  blood brain barrier (BBB) have 
not been established yet16. Even though cognitive impairment as 
a correlate of  aging affects adults17, it has been described in the 
pediatric population as well18. Children seem to complain less 
about REDS19, probably due to the normal sleep architecture. 
However, subcortical arousals, which are not detected on PSGs, 
occur20 contributing to rather neurobehavioral complications21, 
alongside with multifocal domain dysfunction like memory 
problems, attention impairments, learning disabilities and lower 
intelligence scores22. To date, the interrelationship between OSAS 
and cognitive/behavioral effects remains to be fully elucidated, in 
order to acknowledge the neurodevelopment sequelae in children.

The primary aim of  this study was to estimate the prevalence 
of  the most prominent symptoms of  residual OSAS in the context 
of  the transitional period of  adolescence, their predisposing factors 
as well as to define the complications through the levels of  C - 
reactive protein (CRP) and a cognitive assessment.

MATERIAL AND METHODS

Questionnaire 

All the children that had had a sleep study from January 
2001 up to December 2010 were enrolled. The children were 
selected from the database of  the sleep laboratory of  pulmonology 

clinic of  the University Hospital of  Larissa. Inclusion criteria were 
a previous diagnosis of  OSAS via PSG with AHI≥2.5. Exclusion 
criteria concerned only cognitive assessment, for individuals with 
mental incapabilities due to underlying conditions (e.g., Prader-Willi 
syndrome). Two groups were formed based on the AHI of  their 
first PSG. The first group contained all the patients with AHI range 
2.5-4.9, whereas the second the ones with AHI≥5 episodes/h. 
They were approached via the telephone by a group of  researchers 
to complete a questionnaire, which was a variation of  the Berlin 
questionnaire (Supplementary Table 1). The respondents were 
asked about their anthropometric features, like weight and height, 
their age, educational level, as well as whether they still snore. To 
whomever responded positively, additional descriptive questions 
about this symptom were asked. The intensity and frequency of  
snoring, whether it has become annoying to third parties, possible 
episodes of  apnea, sleep exhaustion after sleep and during the 
day, and the possibility of  falling asleep while driving, with the 
corresponding frequency, were evaluated. In addition, the treatment 
method that was followed and if  there has been a treatment for 
arterial hypertension, were recorded. Intensity was calibrated as 
“slightly more intense than breathing”, “as intense as speech”, 
“more intense than speech” and “very loud, it can be heard from 
the next room”. The episodes of  apnea, the frequency of  snoring, 
the exhaustion after sleep and during the day, and the frequency of  
falling asleep on the wheel, were calibrated as “almost every day”, 
“1-2 times a week”, “3-4 times per week”,”1-2 times a month” and 
“never or almost never”. The recipients of  the questionnaires were 
able to note comments and observations concerning the symptoms 
in the middle of  the questionnaire, and more general ones at the 
end of  the questionnaire. For every patient, BMI was calculated and 
recorded. For patients under 21 years old, BMI was calculated in the 
same way as for adults, but then compared with the percentile for 
children of  the same sex and age.

Polysomnography

According to the questionnaire’s results, only the 
respondents who claimed to still snore were invited to undergo a 
repetitive PSG at the Sleep Laboratory of  Respiratory Medicine 
Department of  University of  Thessaly, for the evaluation of  
their symptoms. Electrocardiograph, electrooculography of  
both eyes and electroencephalograph were obtained during 
PSG. The flow of  air through the nose and mouth was 
evaluated using a special thermistor and thoracic and abdominal 
movements were calculated by inductive plethysmography. 
Saturation of  haemoglobin (SaO2) was recorded by a pulse 
oximeter and snoring by a microphone application. All sessions 
were performed under the same conditions in the facilities of  
Sleep Laboratory with environmental temperature at 24±1 °C, 
humidity 47±2% and quite level <30dB.

Upon their arrival, participants and their legislated guardians 
submitted a written consent, after a trained medical doctor explained 
the protocol, related procedures concerning PSG, cognitive 
evaluation and blood sampling, as well as the purpose of  the study. 
The participants were able to express any concerns or queries, 
regarding the research, while their anonymity and confidentiality 
were ensured. A special neuropsychiatric test to assess cognitive 
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health was performed at night before sleep and blood sampling to 
determine CRP, the next morning. For the cognitive evaluation, the 
Montreal Cognitive Assessment (MoCA) test was utilized (Figure 1). 
The study was conducted according to the Helsinki declaration for 
use in Human subjects (No. 25731/16-07-2020, Scientific Council 
of  University Hospital of  Larissa, Greece).

For serologic calculation of  CRP levels, venous blood was 
taken after fasting in the morning from a vein of  the arm. At 
least 5ml of  blood, without anticoagulant, was received. It was 
then be centrifuged and the serum was placed in the freezer at 
-70˚C. When all the blood samples were collected, analyses were 
performed at the same time after a single batch defrost. CRP 
levels were quantified by a high-sensitivity immunonephelometric 
method with a lowest detection limit of  0.0175mg/dl.

Statistical analysis 

Data are presented as the means ± standard deviation (SD) 
where applicable. Data normality was assessed with the Kolmogorov-
Smirnov test. Comparisons between the two groups were performed 
via Mann-Whitney U according to variable distribution. Data from 
PSGs were analyzed as categorical variables, via chi-squared test, for 
the detection of  possible risk factors. Data analysis was performed 
using the IBM SPSS Statistics software for Windows, version 25 
(IBM Corp., Armonk, NY, USA) and Microsoft Excel Software 
for Windows, version 16 (Microsoft Corp., Redmond, Washington, 
USA). For all tests, a p-value<0.05 was considered to indicate a 
statistically significant difference. Guttman’s Lambda 4 coefficient 
was chosen as the index of  internal consistency.

RESULTS

Questionnaire

In total, 325 people were approached via telephone (AHI 
range: 2.5-62.1). A total of  154 were included in the study, having 

responded and completed a questionnaire (response rate: 40.2%). 
The internal consistency reliability of  the questionnaire was 
approximately 0.8.  Among them, men were 62% and the rest were 
women. The age range was from 12 to 25 years (mean age: 17.9±3), 
with the half  of  them being under eighteen years old. Regarding 
the educational level of  the respondents, 53.9% of  the participants 
was in secondary education, 44.8% in third and in primary the 
1%. Concerning residual symptoms, approximately one out of  
third (n=54 subjects, 35.7%) claimed that they still snore. Out of  
this percentage, 27.7% characterized its intensity as “slightly more 
intense than breathing”, 44.4% as “as intense as speech”, 18.5% 
as “more intense than speech” and 9.30% as “very loud, it can be 
heard from the next room”. Regarding the frequency of  snoring 
and exhaustion after sleep and during the day, the results are shown 
in Table 1. According to Table 1, the symptoms tend to concern the 
majority participants on a weekly basis. The 63% claimed to present 
these obstructive episodes, while the 54% complained about waking 
up and the 58% feeling exhausted during the whole day. 

In the question whether their snoring has become 
annoying to others, 61.5% responded negatively. In case of  
episodes of  apnea, 19.2% (10 in absolute number) replied that 
they present “1-2 times a month” (n=5), “1-2 times a week” 
(n=2), “34 times a week” (n=1) and “almost every day” (n=2). 
Of  all the snorers, only one reported that he falls asleep while 
driving, at a frequency of  “1-2 times a week”.

All the respondents were divided in two groups, 
according to the former AHI they had on their previous 
diagnosis of  OSAS. The formation of  the two groups based 
on AHI aimed to examine the possibility of  an interrelationship 
between AHI and the severity of  residual symptoms. The first 
group contained the subjects with AHI: 2.5-4.9 episodes/h 
whereas the second, the ones with AHI≥5 episodes/h. Table 2 
demonstrates the results of  the questionnaire concerning the 
two groups in comparison, separately.

Since none of  the measurements displayed parametric 
distribution based on the Kolmogorov-Smirnov test, non-
parametric tests (i.e., Mann-Whitney U and chi-squared test) 
were used. The comparison between the two groups displayed 
an increase in the severity of  most the symptoms (intensity of  
snore as well as frequency of  exhaustion after sleep and during 
the day) in the lower AHI group (group A) (Mann-Whitney U 
test, p<0.001 and p<0.005, respectively).

All subjects that responded positively about snoring 
were invited to undergo a repetitive PSG, to further evaluate 
their claimed obstructive phenomena. From the sample 
that claimed to still snore (n=54), 17 individuals agreed and 
underwent a sleep study at the Sleep Laboratory. Figure 2 and 
Figure 3 demonstrate the evolution of  OSAS according to the 
AHIs from their first and the repetitive PSG. 8/17 cover the 
adult criteria for OSAS (AHI≥5). They were divided in two 
groups, the one in which no treatment was followed during the 
period of  the first PSG and the other that either surgery or a 
conservative approach was chosen.

The past and recent anthropometrics and polysomnographic 
features, along with C-RP levels, are shown in Supplementary Table 

Figure 1. Flow chart of  the study phases.
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Frequency How often do you snore? How often do you feel exhausted after sleep?  How often do you feel exhausted during the day?

Never/almost never, % 0 31.48 24.07
1-2 times/month, % 37.00 14.81 12.96
1-2 times/week, % 26.00 20.37 16.67
3-4 times/week, % 16.67 25.93 30.00
Almost everyday, % 20.37 7.41 16.67 

Table 1. Frequency of  snoring and exhaustion after sleep and during the day.

Results Total n=54 Group A (2.5 ≤ AHI ≤ 4.9) n=25 Group B (AHI ≥ 5) n=29 p-value
Age, years 18.9±3.1 19.7±3.3 18.3±2.8 -
Gender (male, %) 72 68 76 -
Severe obstruction 27.8 32.0 24.1 <0.001
Frequency in weekly basis…
…snore, % 63.0 68.0 55.1 NS
…exhaustion after sleep, % 53.7 56.0 51.6 <0.05
…daytime exhaustion, % 63.0 76.0 55.1 <0.05
Abnormal BMI…
…underweight, % 0 0 0 NS
…overweight, % 14.8 8.0 28.0 NS
…obese, % 16.7 16.0 21.0 NS
Treatment…
…none, % 29.6 40.0 21.0 NS
…surgery, % 53.7 44.0 62.1 NS
…conservative, % 7.4 4.0 10.3 NS
…combination, % 9.3 12.0 6.9 NS

Table 2. Results of  each group separately. Data are expressed as mean ± standard deviation or percentages. The p-value refers to the Mann-Whitney U test 
for comparing variables between groups. Significant differences concerning the severity of  symptoms and AHI, were observed (severe obstruction: p<0.001, 
exhaustion after sleep: p<0.05, daytime exhaustion: p<0.05).

Polysomnography studies

Figure 2. Natural History of  SDB of  the cases undergone two PSGs. Dark grey lines indicate residual OSAS (AHI=5).

Figure 3. History after Treatment of  SDB of  the cases undergone two PSGs. Dark grey lines indicate residual OSAS (AHI=5).
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Figure 4. Clustered column chart with cases that scored below 26/30 in MoCA per domain.

MoCA (score) Age (years) BMI (kg/m2) Treatment AHI (events/h)

<26 ≥26 <17 ≥17 <25 ≥25 Yes No <5 ≥5

p-value NS NS NS NS NS NS NS NS NS NS

Table 3. The MoCA results corresponded with the age, BMI and the treatment approach of  each individual. One was excluded due to Prader-Willi syndrome.

Note: AHI = Apnea-hyponea index; BMI = Body mass index; MoCA = Montreal Cognitive Assessment; Treatment was defined as dichotomous variable: Treatment = 0 
corresponds to the absence of  therapy, Treatment = 1 to the presence of  any.

2 and Supplementary Table 3. Table 3 demonstrates the results of  
the neurocognitive assessment in relation to age and BMI. The 71% 
were male, the 44% has abnormally high BMI and 44% (7/16) 
scored below the baseline (<26/30) of  MoCA test (sensitivity: 
90% and 100% adjusted in mild AD group, and specificity: 87%). 
All CRP measurements were within normal range (Supplementary 
Table 3). AHI severity was associated with several risk factors 
(Supplementary Table 3), but only BMI yielded a significant 
correlation (chi-squared test, p<0.005). 

As all neurocognitive tests, MoCA contains clusters of  
tasks that represent each cognitive domain. The 7/16 cases that 
scored below the baseline of  MoCA, had their scores analyzed 
in each domain separately. Subsequently, the results were 
converted to detect the cognitive domains declined by recording 
the deviation or otherwise the score of  each for every wrong 
answer and are presented in Figure 4. 

The characteristics of  cognitive performance and the 
deviations from the mean are displayed in Figure 5. Thus, there are 
candidate cognitive decline phenotypes defined by the domains. 

DISCUSSION 
Our results have shown that during the transitional stage 

of  adolescence, a considerable proportion exhibits persistent 
symptoms of  SDB, like snore and REDS, as well as undiagnosed 
neurocognitive deficits. It is unclear whether OSAS under 
certain circumstances as a continuum throughout the transition 
from childhood to adulthood or two different age-defined 
phenotypes. Despite the evidence that supports different 
pathophysiology between pediatric and adult OSAS23, several 
studies have addressed the natural history of  OSAS through 
ages24,25 as well as the long-term effects26 with the factors that 
contribute to this persistence remaining to be elucidated.

A significant percentage claimed to still snore on a 
weekly basis, in the questionnaire that was utilized as a screening 
method. However, the risk of  underestimation is substantial as 
the symptoms are underreported by patients while they tend to 
elude clinicians’ attention27. The results from the comparison 
between the two groups showed the one with the lower AHI (2.5-
4.9 episodes/h) scored higher in terms of  severity of  the residual 
symptoms, compared to the group with AHI≥5 episodes/h. It 
was attributed to the differences of  the treatment method the 
two groups followed. According to the data, the respondents 
with higher AHI followed a more aggressive treatment, mainly 
surgery alone or in combination with a conservative approach 
(mainly intranasal corticosteroids). On the other hand, the 
majority of  the group with lower AHI recorded none or merely 
conservative treatment approaches. 

The therapeutic efficacy of  intranasal corticosteroids 
possibly applies only in mild pediatric cases of  OSAS and is 
short-term28 as their long-term efficacy has not been established 
yet29. Therefore, the suboptimal treatment of  OSAS in childhood 
is likely to be responsible for its persistence. Additionally, the age 
dependence of  the physiology of  sleep results in differences in 
clinical manifestation between pediatric and adult onset OSAS, 
extending not only to clinical phenotypes and PSG findings, but 
also to the evaluation of  OSAS’ severity30. These age-dependent 
disparities may result in both underdiagnosis of  pediatric OSAS 
and its inappropriate therapy31.

Concerning the individuals with persisting SDB, our 
data shows that almost half  were diagnosed with residual 
OSAS. According to the results and relevant literature32, high 
BMI occurred as predicting factor. Weight gain and sleep apnea 
seem to be interrelated. Sleep apnea may lead to weight gain 
due to the dysregulation of  hormones concerning appetite and 
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through the sedentary lifestyle daytime sleepiness enhances33. 
On the other hand, weight gain may worsen apneic episodes, as 
the extra adiposity is deposited in the neck area. Facial obesity, 
alongside with other craniofacial abnormalities and increased 
volume of  intraluminal soft tissue structures, like tongue and 
soft palate, have been associated with the upper airway (UA) 
collapsibility34,35. Neck circumference, especially when corrected 
for height, has been found to serve as an additional clinical 
predictor of  OSAS36. The increase of  neck circumference 
probably worsens OSAS, by attenuating a protective reflex by 
UA mechanoreceptors, which prevent its collapse by enhancing 
the activity of  UA dilators37. This reflex re-establishes ventilation 
in an alternative to arousal manner, resulting in less cortical 
arousals and hence sleep fragmentation.

Despite being reported as a risk factor38, male gender 
was not associated with an increased risk of  residual OSAS in 
the present study. This could be possibly attributed to the small 
sample as well as the onset of  OSAS in childhood. Gender 
differences in the prevalence of  OSAS occur from adolescence 
and henceforth, due to mainly anatomical differentiations in the 
UA39, whereas during childhood, boys and girls demonstrate 
similar OSAS severity, indicating different pathophysiology40. 
In fact, adenotonsillar hypertrophy is the main cause of  OSAS 
in prepubertal children, regardless of  the gender41. Since the 
participants enrolled and re-diagnosed with OSAS, had their 
onset during childhood, sex was unlikely to be associated with 
the progress of  SDB. Therefore, the factors that determine the 
presence of  residual OSAS might be regardless of  the therapy.

Due to its multifactorial origin, OSAS has reciprocally been 
linked to inflammation and therefore complications. Inflammation 
processes are assessed through elevated plasma proteins, such as 
CRP, which could serve as risk factor42. In the present study, CRP 
levels were normal in all individuals that underwent a repetitive 
PSG and were diagnosed with SDB. Even though some studies 
have correlated CRP levels with OSAS severity in adult patients43, 
the results remain controversial, especially in children44. Due to 
the highly variable causality of  elevated CRP levels, even marginal 
elevations are difficult to interpret, especially when not combined 
with other tests45. Elevated levels would require clinical correlation, 

as the most common comorbidities of  OSAS, like obesity and 
hypertension, could independently make inflammation processes 
become more explicit46.

Despite the lack of  association of  OSAS with inflammatory 
processes based on CRP, MoCA test results supported the 
detrimental effect of  the syndrome on cognitive function. In fact, 
almost half  of  the respondents scored below baseline (<26/30), 
indicating neurocognitive deficits. The MoCA test seems to be 
superior in the detection of  mild cognitive impairment (MCI) 
than other tools (e.g., mini-mental state examination (MMSE) with 
sensitivity: 18% and 78% when adjusted, and specificity: 100%)47 
even in the early stages of  decline48. The MoCA results were 
expected to be underestimated, given the ample cognitive reserves 
relatively young and educated individuals, as our participants, 
expected to have49. Nevertheless, adjusted to age cut-offs are not 
available, yet50. Furthermore, it allows the allocation of  cognitive 
decline to a cognitive domain, allowing the extrapolation of  a 
cognitive decline phenotype. Visuospatial, short-term memory 
and naming/language deficits were the most prevalent in the 
study population. In a meta-review study, most of  the above 
domains were linked to hypoxia-hypercapnia and EDS observed 
in OSAS, with the visuospatial deficits being unique feature51. In 
adolescents, maturation during sleep begins at the back of  the 
brain, where visual and spatial perception are performed, and 
progresses forward52. This fundamental process is hindered by 
sleep fragmentation in OSAS, with its implications being radiated 
to the relevant cognitive domain. Endothelial dysfunction and 
cerebrovascular disease have, also, been addressed as possible 
mechanisms53, but data are mixed concerning visual perception54.

The characteristics of  declining cognitive performance 
were approached as ordinal variables, acknowledging, and 
proposing cognitive-impairment phenotypes to enhance 
clinical suspicion. Although cognitive deficits are not expected 
in younger adults, they seem to be present and alarmingly 
underrecognized. The necessity to screen for these deficits 
emerges in the context of  standardized assessment for larger 
scale research upon scrutinizing causality. Since these are 
preliminary results, the official diagnosis of  MCI cannot be 
made in young adults, until the cause and effect link between 
MCI and OSAS is documented. The way the complications 
of  the syndrome undermine the quality of  life has not been 
fully unveiled, it could be suggested that they predispose for 
comorbidities55 and increased risk for accidents56. 

Limitations 

Our research had some limitations. The questionnaire 
utilized was small, as it was modified for telephone approach. 
The systematic error due to the researchers’ bias in interpreting 
the symptoms was unavoidable. Additionally, several 
questionnaires are available for the screening of  sleep apnea, 
but none has been verified because of  low precision, resulting in 
inadequate validity57. The results about the diagnostic accuracy 
of  Berlin questionnaire are generally mixed and satisfying in 
discriminating severe cases of  OSAS58. As mentioned above, 
the risk of  underestimating the clinical manifestation via the 

Figure 5. Radar plot with the features of  cognitive performance defined by the 
domains of  decline.



Sleep Sci. 2021;14(Special 2):140-149

146 Sleep Disordered Breathing from Preschool to early Adult Age and its Neurocognitive Complications

questionnaire exists signifying that, ideally, all the respondents 
should undergo a PSG. Regarding the respondents for a repetitive 
PSG, only a few were enrolled, leading to a small sample size 
and inevitable statistical bias in our results. Lastly, the individuals 
were not tested for various causes that could overshadow the 
mental capabilities. Attention deficit/hyperactivity disorder 
(ADHD) is one of  the most commonly diagnosed behavioral 
health disorders, principally diagnosed in childhood but tends 
to evade the clinicians’ attention in adulthood59. ADHD is not 
only a rather heterogeneous disorder with several subtypes, but 
also demonstrates developmental changes through age60. Hence, 
the possibility of  coexisting conditions acting as a coverage of  
cognitive abilities could not be excluded. However, the study 
design was not specifically directed in revealing cognitive deficits, 
but rather to map their existence and provide the rationale for 
closer scrutiny, as a pilot study.

CONCLUSION
In conclusion, a significant proportion was presented 

with residual symptoms and undiagnosed neurocognitive 
impairment. Clinical suspicion may be necessary even in mild 
cases with young adults. Therefore, the necessity for larger 
studies emerges, to identify residual SDB and the underlying 
features and mechanisms towards cognitive complications, as 
well as to modify current guidelines for monitoring children and 
adolescents, especially obese individuals, after the treatment of  
OSAS.

REFERENCES
1. Tsara V, Amfilochiou A, Papagrigorakis JM, Georgopoulos D, Liolios 

E, Kadiths A, et al. Guidelines for diagnosing and treating sleep related 
breathing disorders in adults and children (part 3: obstructive sleep 
apnea in children, diagnosis and treatment). Hippokratia. 2010 Jan/
Mar;14(1):57-62. 

2. Foldvary-Schaefer NR, Waters TE. Sleep-disordered breathing. 
Continuum (Minneap Minn). 2017 Aug;23(4):1093-116.

3. Chang SJ, Chae KY. Obstructive sleep apnea syndrome in children: 
epidemiology, pathophysiology, diagnosis and sequelae. Korean J 
Pediatr. 2010 Oct;53(10):863-71. 

4. Kaditis AG, Gozal D, Khalyfa A, Kheirandish-Gozal L, Capdevila OS, 
Gourgoulianis K, et al. Variants in C-reactive protein and IL-6 genes 
and susceptibility to obstructive sleep apnea in children: a candidate-
gene association study in European American and Southeast European 
populations. Sleep Med. 2014 Feb;15(2):228-35.  

5. Goldbart AD, Tal A. Inflammation and sleep disordered breathing in 
children: a state-of-the-art review. Pediatr Pulmonol. 2008;43(12):1151-60.

6. De A, Waltuch T, Gonik NJ, Nguyen-Famulare N, Muzumdar H, Bent 
JP, et al. Sleep and breathing the first night after adenotonsillectomy 
in obese children with obstructive sleep apnea syndrome. J Clin Sleep 
Med. 2017 Jun;13(6):805-11. 

7. Boudewyns A, Abel F, Alexopoulos E, Evangelisti M, Kaditis A, Miano 
S, et al. Adenotonsillectomy to treat obstructive sleep apnea: is it 
enough?. Pediatr Pulmonol. 2017 May;52(5):699-709.

8. Marcus CL, Moore RH, Rosen CL, Giordani B, Garetz SL, Taylor G, 
et al. A randomized trial of  adenotonsillectomy for childhood sleep 
apnea. N Engl J Med. 2013;368:2366-76.

9. Santamaria J, Iranzo A, Ma Montserrat J, Pablo J. Persistent sleepiness 
in CPAP treated obstructive sleep apnea patients: evaluation and 
treatment. Sleep Med Rev. 2007 Jun;11(3):195-207.

10. Bhattacharjee R, Kheirandish-Gozal L, Spruyt K, Mitchell RB, 
Promchiarak J, Simakajornboon N, et al. Adenotonsillectomy outcomes 
in treatment of  obstructive sleep apnea in children: a multicenter 
retrospective study. Am J Respir Crit Care Med. 2010 Sep;182(5):676-83. 

11. Chapman J, Serinel Y, Marshall NS, Grunstein RR. Residual daytime 
sleepiness in obstructive sleep apnea after continuous positive airway 

pressure optimization: causes and management. Sleep Med Clin. 2016 
Sep;11(3):353-63. 

12. Deary V, Ellis JG, Wilson JA, Coulter C, Barclay NL. Simple snoring: 
not quite so simple after all?. Sleep Med Rev. 2014 Dec;18(6):453-62. 

13. Zhou J, Camacho M, Tang X, Kushida CA. A review of  neurocognitive 
function and obstructive sleep apnea with or without daytime sleepiness. 
Sleep Med. 2016 Jul;23:99-108. 

14. Crawford-Achour E, Dauphinot V, Martin MS, Tardy M, Gonthier R, 
Barthelemy JC, et al. Protective effect of  long-term CPAP therapy on 
cognitive performance in elderly patients with severe OSA: the PROOF 
study. J Clin Sleep Med. 2015 May;11(5):519-24.  

15. Slater G, Steier J. Excessive daytime sleepiness in sleep disorders. J 
Thorac Dis. 2012 Dec;4(6):608-16. 

16. Pan W, Abba JK. Can sleep apnea cause Alzheimer’s disease?. Neurosci 
Biobehav Rev. 2014 Nov;47:656-69. 

17. Torelli F, Moscufo N, Garreffa G, Placidi F, Romigi A, Zannino S, et al. 
Cognitive profile and brain morphological changes in obstructive sleep 
apnea. Neuroimage. 2011;54(2):787-93.  

18. Yuan HC, Sohn EY, Abouezzeddine T, Mahrer NE, Barber BA, Keens 
TG, et al. Neurocognitive functioning in children with obstructive sleep 
apnea syndrome: a pilot study of  positive airway pressure therapy. J 
Pediatr Nurs. 2012 Dec;27(6):607-13. 

19. Marcus CL, Carroll JL. Obstructive sleep apnea syndrome. In: Loughlin 
GM, Eigen H, eds. Respiratory disease in children: diagnosis and 
management. Baltimore: Williams & Wilkins; 1994. p. 475-99.

20. Praud JP, D’Allest AM, Nedelcoux H, Curzi-Dascalova L, Guilleminault 
C, Gaultier C. Sleep-related abdominal muscle behavior during partial 
or complete obstructed breathing in prepubertal children. Pediatr Res. 
1989;26(4):347-50. 

21. Gozal D. Obstructive sleep apnea in children: implications for the developing 
central nervous system. Semin Pediatr Neurol. 2008 Jun;15(2):100-6. 

22. Chan KC, Au CT, Hui LL, Ng SK, Wing YK, Li AM. How OSA evolves 
from childhood to young adulthood. Chest. 2019 Jul;156(1):120-30.

23. Kurnatowski P, Putyński L, Lapienis M, Kowalska B. Neurocognitive 
abilities in children with adenotonsillar hypertrophy. Int J Pediatr 
Otorhinolaryngol. 2006 Mar;70(3):419-24. 

24. Katz ES, D’Ambrosio CM. Pathophysiology of  pediatric obstructive 
sleep apnea. Proc Am Thorac Soc. 2008 Feb;5(2):253-62. 

25. Spilsbury JC, Storfer-Isser A, Rosen CL, Redline S. Remission and 
incidence of  obstructive sleep apnea from middle childhood to late 
adolescence. Sleep. 2015 Jan;38(1):23-9. 

26. Imanguli M, Ulualp SO. Risk factors for residual obstructive sleep 
apnea after adenotonsillectomy in children. Laryngoscope. 2016 
Nov;126(11):2624-9. 

27. Leclerc G, Lacasse Y, Page D, Sériès F. Do obstructive sleep apnea syndrome 
patients underestimate their daytime symptoms before continuous positive 
airway pressure treatment?. Can Respir J. 2014 Jul/Aug;21(4):216-20. 

28. Alexopoulos EI, Kaditis AG, Kalampouka E, Kostadima E, 
Angelopoulos NV, Mikraki V, et al. Nasal corticosteroids for children 
with snoring. Pediatr Pulmonol. 2004 Aug;38(2):161-7. 

29. Kuhle S, Hoffmann DU, Mitra S, Urschitz MS. Anti-inflammatory 
medications for obstructive sleep apnoea in children. Cochrane 
Database Syst Rev. 2020 Jan;1(1):CD007074. 

30. Choi JH, Kim EJ, Choi J, Kwon SY, Kim TH, Lee SH, et al. Obstructive 
sleep apnea syndrome: a child is not just a small adult. Ann Otol Rhinol 
Laryngol. 2010 Oct;119(10):656-61. 

31. Alsubie HS, BaHammam AS. Review obstructive sleep apnoea: children 
are not little adults. Paediatr Respir Rev. 2017 Jan;21:72-9.   

32. Apostolidou MT, Alexopoulos EI, Chaidas K, Ntamagka G, Karathanasi 
A, Apostolidis TI, et al. Obesity and persisting sleep apnea after 
adenotonsillectomy in Greek children. Chest. 2008 Dec;134(6):1149-55.  

33. Romero-Corral A, Caples SM, Lopez-Jimenez F, Somers VK. 
Interactions between obesity and obstructive sleep apnea: implications 
for treatment. Chest. 2010 Mar;137(3):711-9. 

34. Agha B, Johal A. Facial phenotype in obstructive sleep apnea-hypopnea 
syndrome: a systematic review and meta-analysis. J Sleep Res. 2017 
Apr;26(2):122-31. 

35. Kim AM, Keenan BT, Jackson N, Chan EL, Staley B, Poptani H, et al. 
Tongue fat and its relationship to obstructive sleep apnea. Sleep. 2014 
Oct;37(10):1639-48. 

36. Davies RJ, Ali NJ, Stradling JR. Neck circumference and other clinical 
features in the diagnosis of  the obstructive sleep apnoea syndrome. 
Thorax. 1992 Feb;47(2):101-5. 

37. Eckert DJ, Malhotra A. Pathophysiology of  adult obstructive sleep 
apnea. Proc Am Thorac Soc. 2008 Feb;5(2):144-53. 

38. Kaditis AG, Alvarez MLA, Boudewyns A, Alexopoulos EI, Ersu 
R, Joosten K, et al.  Obstructive sleep disordered breathing in 2- to 



147Astara K, et al.

Sleep Sci. 2021;14(Special 2):140-149

18-year-old children: diagnosis and management. Eur Respir J. 2016 
Jan;47(1):69-94.

39. Mohsenin V. Gender differences in the expression of  sleep-disordered 
breathing. Role of  upper airway dimensions. Chest. 2001;120(5):1442-7.

40. Inoshita A, Kasai T, Matsuoka R, Sata N, Shiroshita N, Kawana F, et 
al. Age-stratified sex differences in polysomnographic findings and 
pharyngeal morphology among children with obstructive sleep apnea. J 
Thorac Dis. 2018 Dec;10(12):6702-10.

41. DelRosso LM. Epidemiology and diagnosis of  pediatric obstructive sleep 
apnea. Curr Probl Pediatr Adolesc Health Care. 2016 Jan;46(1):2-6.

42. Lombardi C, Tobaldini E, Montano N, Losurdo A, Parati G. Obstructive 
sleep apnea syndrome (OSAS) and cardiovascular system. Med Lav. 
2017 Aug;108(4):276-82. 

43. Tie YX, Fu YY, Xu Z, Peng Y. Relationship between C-reactive protein 
levels and obstructive sleep apnea syndrome. Genet Mol Res. 2016 
May;15(2). 

44. Kaditis AG, Alexopoulos EI, Kalampouka E, Kostadima E, Germenis 
A, Zintzaras E, et al. Morning levels of  C-reactive protein in children 
with obstructive sleep-disordered breathing. Am J Respir Crit Care 
Med. 2005 Feb;171(3):282-6. 

45. Nehring SM, Goyal A, Bansal P, Patel BC. C reactive protein (CRP) 
[Internet]. Treasure Island: StatPearls Publishing; 2020. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK441843/

46. Conwell WD, Tsai SC. Managing comorbid illness in obstructive sleep 
apnea: what can we learn from other diseases?. Sleep Med Clin. 2016 
Sep;11(3):313-21. 

47. Pinto TCC, Machado L, Bulgacov TM, Rodrigues-Júnior AL, Costa 
MLG, Ximenes RCC, et al. Is the Montreal cognitive assessment (MoCA) 
screening superior to the mini-mental state examination (MMSE) in the 
detection of  mild cognitive impairment (MCI) and Alzheimer’s disease 
(AD) in the elderly?. Int Psychogeriatr. 2019 Apr;31(4):491-504. 

48. Kang JM, Cho YS, Park S, Lee BH, Sohn BK, Choi CH, et al. Montreal 
cognitive assessment reflects cognitive reserve. BMC Geriatr. 2018 
Oct;18(1):261. 

49. Stern Y. Cognitive reserve. Neuropsychologia. 2009 Aug;47(10):2015-28.
50. Oren N, Yogev-Seligmann G, Ash E, Hendler T, Giladi N, Lerner Y. 

The Montreal cognitive assessment in cognitively-intact elderly: a case 
for age-adjusted cutoffs. J Alzheimers Dis. 2015;43(1):19-22.

51. Olaithe M, Bucks RS, Hillman DR, Eastwood PR. Cognitive deficits in 
obstructive sleep apnea: Insights from a meta-review and comparison 
with deficits observed in COPD, insomnia, and sleep deprivation. Sleep 
Med Rev. 2018 Apr;38:39-49. 

52. Feinberg I, Bie E, Davis NM, Campbell IG. Topographic differences in 
the adolescent maturation of  the slow wave EEG during NREM sleep. 
Sleep. 2011 Mar;34(3):325-33.

53. Lal C, Strange C, Bachman D. Neurocognitive impairment in obstructive 
sleep apnea. Chest. 2012 Jun;141(6):1601-10.

54. Beebe DW, Groesz L, Wells C, Nichols A, McGee K. The neuropsychological 
effects of  obstructive sleep apnea: a meta-analysis of  norm-referenced and 
case-controlled data. Sleep. 2003 May;26(3):298-307. 

55. Vavougios GD, George DG, Pastaka C, Zarogiannis SG, Gourgoulianis KI. 
Phenotypes of  comorbidity in OSAS patients: combining categorical principal 
component analysis with cluster analysis. J Sleep Res. 2016 Feb;25(1):31-8. 

56. Karimi M, Hedner J, Zou D, Eskandari D, Lundquist AC, Grote L. Attention 
deficits detected in cognitive tests differentiate between sleep apnea patients 
with or without a motor vehicle accident. Sleep Med. 2015 Apr;16(4):528-33.  

57. Jonas DE, Amick HR, Feltner C, Weber RP, Arvanitis M, Stine A, et 
al. Screening for obstructive sleep apnea in adults: evidence report and 
systematic review for the US Preventive Services Task Force. JAMA. 
2017 Jan;317(4):415-33. 

58. Ng SS, Tam W, Chan TO, To KW, Ngai J, Chan KKP, et al. Use of  Berlin 
questionnaire in comparison to polysomnography and home sleep study 
in patients with obstructive sleep apnea. Respir Res. 2019 Feb;20(1):40. 

59. Ginsberg Y, Quintero J, Anand E, Casillas M, Upadhyaya HP. Underdiagnosis 
of  attention-deficit/hyperactivity disorder in adult patients: a review of  the 
literature. Prim Care Companion CNS Disord. 2014;16(3):PCC.13r01600. 

60. Willcutt EG. The prevalence of  DSM-IV attention-deficit/hyperactivity 
disorder: a meta-analytic review. Neurotherapeutics. 2012 Jul;9(3):490-9.



Sleep Sci. 2021;14(Special 2):140-149

148 Sleep Disordered Breathing from Preschool to early Adult Age and its Neurocognitive Complications

Supplementary Table 1. Questionnaire for OSAS - Variation of  the Berlin Questionnaire.

Questionnaire for Obstructive Sleep Apnea Syndrome (OSAS)  
Variation of  the Berlin – Questionnaire
1.Gender ………………..  Age ………………..………  Weight ……………..  Height ……………….. Education Level ……………………..
2. Do you snore?
     • Yes
     • No
     • Do not Know
If  participant answered YES proceed to questions 3 – 10. Otherwise, procced to question 11:
3. How would you describe your snore?
     • Slightly more intense than breathing
     • As Intense as speech
     • More intense than speech
     • Very loud It can be heard from the next room
4. How often do you snore?
     • Almost every day
     • 1 -2 times a week
     • 3-4 times per week
     • 1-2 times a month
     • Never or almost never
5. Has your snore become annoying to third parties?
     • Yes
     • No
6. Has anyone noticed that you stop breathing during sleep?
     • Almost every day
     • 1 -2 times a week
     • 3-4 times per week
     • 1-2 times a month
     • Never or almost never
7. How often do you feel exhausted after sleep?
     • Almost every day
     • 1 -2 times a week
     • 3-4 times per week
     • 1-2 times a month
     • Never or almost never
8. How often you feel tired during the day?
     • Almost every day
     • 1 -2 times a week

     • 3-4 times per week
     • 1-2 times a month
     • Never or almost never
9. Have you ever fallen asleep while driving?
     • Yes
     • No
10. If  participant answered YES, how often does this happen?
     • Almost every day
     • 1 -2 times a week
     • 3-4 times per week
     • 1-2 times a month
     • Never or almost never
11. Do you have high arterial blood pressure?
     • Yes
     • No
     • Do not Know
12. Treatment method during the first PSG: ……………………………………………….
13. BMI = ……………………………………………….

(Note: for patients under 21 years old, BMI should be compared with the percentile for children of  the same sex and age)
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Supplementary Table 2. Former Anthropometric and Polysomnographic Features. 

Gender Age BMI AHI Desaturation Index Nadir O2 <95 min <90 min C- RP (mg/dl)

M 3 0 9.2 9.80 84.00 77.5 2.5 1.000

M 4 0 10.1 11.00 77.00 19.5 0.0 0.090

M 4 0 7.2 7.20 90.00 13.0 0.0 0.090

F 4 1 16 16.00 79.00 349.0 87.5 0.090

F 4 1 8.2 11.10 78.00 18.0 5.5 3.000

M 5 0 9.15 8.70 85.00 13.0 1.0 1.700

F 5 1 25.7 24.80 70.00 80.0 21.0 1.000

M 5 0 8.6 6.70 88.00 10.0 0.5 0.090

M 5 1 13.3 37.20 71.00 48.0 1.0 0.090

M 5 1 7.3 8.50 90.00 15.0 0.0 0.100

M 5 0 7.4 7.80 90.00 8.0 0.0 0.100

M 6 0 23.5 28.50 81.00 63.0 8.0 0.090

M 7 0 3.1 2.80 90.00 3.0 0.0 1.000

M 8 0 14.34 13.10 83.00 23.,0 2.5 0.090

F 8 0 3.6 3.40 90.00 6.0 0.0 0.870

M 8 1 3 2.80 91.00 1.0 0.0 0.000

F 11 0 2.8 6.60 91.00 16.0 0.0 3.000

BMI = 0 corresponds to normal, BMI = 1 to obese (all categories included). M = male gender, F = female gender.

Supplementary Table 3. New Anthropometric and Polysomnographic Features.

Gender Age BMI AHI Desaturation Index Nadir O2 <95 min <90 min C- RP (mg/dL)

M 14 1 25.2 21.9 68 32.4 1.6 0.22

M 16 0 2.4 3.2 94 0.2 0 0.01

M 17 0 7.7 5.8 87 8.9 0.7 0.1

F 17 1 10.2 4.7 88 2.5 0.2 excluded

F 17 0 4.4 2.6 89 0.3 0.1 0.05

M 17 0 1.8 0.2 95 0 0 0.11

F 17 0 10.3 11.2 80 26.1 18.1 0.02

M 17 0 2 3.2 92 35.6 0.1 0.05

M 18 1 0.6 1.3 95 5.7 0 0.06

M 18 0 5.5 1.7 93 0.8 0 0.48

M 19 1 9.3 10.9 91 24.1 0 0.04

M 20 0 2.6 1.5 95 0.1 0.1 0.05

M 20 0 24.5 25.9 80 285.7 24.2 0.02

M 20 1 9.1 10.1 88 250.2 2.2 0.11

F 20 0 1.9 2.2 86 1.1 0.4 0.06

M 22 1 17 18.2 89 292.3 8.6 0.38

F 24 0 0.8 0 95 22.4 0 0.1

BMI = 0 corresponds to normal, BMI = 1 to obese (all categories included). M = male gender, F = female gender significant correlation observed only between AHI – BMI 
(Chi-square test, p < 0.005).


