
Abstract

Objectives: To evaluate sleep architecture in children and adolescents with both cystic fibrosis (CF) and a 
clinical suspicion of sleep-disordered breathing (SDB), and to identify the respiratory polysomnographic profile 
of these patients.

Methods: Parents or guardians of children with CF filled out a questionnaire designed to assess their 
clinical and sleep conditions. Children who were identified as having behaviors associated with SDB underwent 
polysomnography. After polysomnography, patients were grouped according to the obstructive apnea index (AI) 
obtained (either < 1 or ≥ 1), and a multiple correspondence factor analysis was used to analyze and identify the 
polysomnographic profile of patients.

Results: Of the 74 patients who met inclusion criteria for this study, 67 underwent polysomnography, and 
38 (56.7%) of the 67 patients showed an AI ≥ 1. Median age was 8 years. The group of patients with an AI ≥ 1 
was characterized by total sleep time (TST) during stage 4 and rapid eye movement (REM) stage of sleep < 21 
and 13%, respectively, REM sleep latency > 144 minutes, percentage of TST with pulse oxyhemoglobin saturation 
(SpO2) < 90% higher than 0.28 seconds, and an oxygen desaturation index higher than 0.92.

Conclusion: Results suggest that clinically stable pediatric patients with CF have a high prevalence of SDB and 
present frequent sleep complaints, significant changes in sleep architecture, and episodes of oxygen desaturation 
during sleep.
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Introduction

Cystic fibrosis (CF) is a recessive autosomal genetic 

disease with multi-systemic involvement that primarily 

affects the respiratory tract.1,2 Compromised lung function is 

responsible for the majority of deaths in CF patients, followed 

by respiratory insufficiency, pulmonary hypertension and 

cor pulmonale.3,4

Several factors can lead to disturbed sleep and sleep 

fragmentations in these patients, including nocturnal hypoxia, 
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hypoventilation, chronic cough, chronic inflammation, and 

drug effects.3 Sleep-disordered breathing (SDB), especially 

obstructive sleep apnea syndrome (OSAS), can also lead 

to sleep disturbances, subsequently causing changes in 

ventilation and gas exchange in CF patients, which may be 

worsened by the presence of advanced pulmonary disease. 

These changes can result in oxyhemoglobin desaturation and 

hypercapnia, particularly during the rapid eye movement 

(REM) stage of sleep.3

Previous data have demonstrated that upper airway 

obstruction caused by chronic infection and nasal polyposis 

may contribute to the presence and severity of OSAS in 

CF patients.3,5,6 However, OSAS is not believed to be an 

important cause of sleep disorders in CF, nor is it thought to 

be part of the etiology of the oxyhemoglobin desaturation 

observed in these patients.3 Few studies have evaluated sleep 

architecture or the prevalence of OSAS in this population.

The aims of the present study were: 1) to evaluate sleep 

architecture using polysomnography in a cohort of clinically 

stable children and adolescents with CF and clinical signs of 

SDB; and 2) to identify the polysomnographic respiratory 

profile of patients with OSAS and compare it to that of 

patients without OSAS.

Materials and methods

Study population

Study participants were recruited from the Cystic 

Fibrosis Reference Center at the Hospital Especializado 

Octávio Mangabeira (HEOM) between November 2006 and 

April 2008, using a non-probability, sequential sampling 

technique. For the sample size calculation, the Pepi-Sample 

software (Sagebush Press, Salt Lake City, USA) was used, 

and the following parameters were set: a 95% confidence 

interval, a 5% prevalence of SDB in children and adolescents, 

and a 5% acceptable difference in the prevalence of SDB. 

The population from which the sample was recruited was 

comprised of approximately 200 children and adolescents 

with CF registered at the reference center. The initial sample 

included 54 patients. However, in order to achieve the 

study’s objectives and to include the possibility of a 10% 

loss, the final sample size was increased to 59. 

Inclusion criteria were as follows: 1) between 2 and 14 

years of age; and 2) diagnosis of CF and attendance at routine 

clinical evaluations during the study period. The following 

exclusion criteria were also taken into consideration: 1) 

use of an orogastric or nasogastric tube; 2) presence of 

pulmonary exacerbation before enrollment in the study 

or during the course of the study; 3) use of home oxygen 

therapy; 4) previously diagnosed SDB, neuromuscular 

diseases, or craniofacial abnormalities; and 5) prior lung 

transplantation. The sleep portion of the study was conducted 

overnight in a specialized laboratory, and the onset of sleep 

was spontaneous. Race was self-reported according to the 

official terms used in the demographic census. Using skin 

color as a parameter, the reported categories were white, 

black, and mixed race.7 All CF diagnoses met the standard 

Cystic Fibrosis Foundation criteria.2

This study was approved by the Research Ethics 

Committee at Fundação Oswaldo Cruz (CPqGM-FIOCRUZ, 

decision no. 119/2007). Informed consent was obtained 

from all parents or guardians of the children, or from the 

children who were mature enough to comprehend the 

study goals.

Sleep disturbance questionnaire

Parents/guardians completed the sleep disturbance 

questionnaire administered by team members of the study 

including demographic data and issues related to the history 

of the child and about sleep. Clinical suspicion of SDB was 

performed using a previously validated sleep-disturbance 

questionnaire8 that included the following key questions: 

“Does your child snore?,” “Does your child have pauses 

in breathing (or assisted apnea)?,” “Does your child have 

difficulty in breathing during sleep?,” and “Does your child 

have a disturbed sleep pattern?” Possible responses were: 

“never,” “only during colds,” “less than once a week,” “one 

to three times a week,” and “more than three times a week,” 

or “yes,” “no,” and “I don’t know.”

Clinical score and nutrition

The Shwachman-Kulczycki (S-K) score was calculated 

for each patient, and the child’s nutritional status was 

evaluated. The S-K score9 covers four domains, each 

one with five possible scores, according to the degree of 

impairment: general activity, physical examination, nutrition, 

and radiological findings. The four domains were totaled to 

obtain the final score, and the condition of the patient was 

categorized as excellent (86-100), good (71-85), average 

(56-70), poor (41-55), or severe (≤ 40). The heights and 

weights of all patients were measured, compared to the 

National Center for Health Statistics (NCHS) growth charts, 

and converted into weight/age (W/A) and height/age (H/A) z 

scores based on age and gender, using the Epi-Info program 

(Centers for Disease Control and Prevention, Atlanta, USA), 

version 3.4.1.

Polysomnography

Standard overnight polysomnography recordings were 

obtained using a computerized system (BrainNet BNT; LYNX 

Tecnologia Eletrônica, Rio de Janeiro, Brazil). The sleep stage 

was determined from four electroencephalogram (EEG) 

channels, two electrooculogram channels, and a submental 

electromyogram. Heart rate was recorded, and the patient’s 

respiratory effort was monitored using piezoelectric chest 

and abdominal belts. Oronasal airflow was recorded using a 

nasal cannula; if necessary, a thermocouple was also used 
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as an additional method of monitoring airflow. Snoring was 

detected by a microphone. Pulse oxyhemoglobin saturation 

(SpO2) was measured using a finger probe (Onyx® II 9650 

Bluetooth®, Nonim Medical, Plymouth, USA). 

Sleep stages were scored in 30-s epochs, according 

to the standard criteria of Rechtschaffen & Kales.10 The 

proportion of time spent in each sleep stage was expressed 

as a percentage of the total sleep time (TST). The following 

parameters were calculated: 1) sleep efficiency, defined as 

the TST divided by the total recording time and expressed 

as a percentage; 2) first-stage sleep latency, defined as the 

time elapsed between turning off the lights and the onset 

of sleep; and 3) REM sleep latency, defined as the time 

elapsed between the onset of sleep and the first REM sleep 

period. Number of EEG arousals per hour (according to the 

arousal index) and periodic leg movement per hour of sleep 

(PLM index) were also calculated.11-14 Obstructive apnea 

was defined as the presence of abdominal and thoracic wall 

movement and absence of oronasal airflow for a minimum 

time of two respiratory cycles. Hypopnea was defined as a 

50% or greater reduction in the airflow signal amplitude, 

and it was quantified if an episode lasted more than two 

respiratory cycles with a 3% or greater reduction in SpO2 

and/or EEG arousals. Mixed apneas were also recorded. 

The obstructive apnea index (AI) was defined as the total 

number of obstructive apneas and mixed apneas divided 

by the TST, and the apnea-hypopnea index was defined 

as the total number of obstructive apneas and hypopneas 

added to the number of mixed apneas per hour of sleep.13,14 

OSAS was diagnosed when the AI was greater than or 

equal to one event/hour of sleep; OSAS was considered 

mild when the AI was between one and five events/hour 

of sleep, moderate when the AI was greater than 5 and up 

to 10 events/hour of sleep, and severe when the AI > 10 

events/hour of sleep.14,15 The mean duration of apnea was 

calculated for each patient. Desaturation was defined as a 

3% or greater reduction in oxygen saturation13; the number 

of desaturations per hour was calculated and reported as 

the desaturation index. The mean value and SpO2 nadir 

were measured. TST spent with SpO2 below 90% was also 

calculated. Nocturnal hypoxia in CF was defined as SpO2 

< 90% for more than 5% of the TST.16

Statistical analysis

This is a descriptive, explanatory, cross-sectional 

study. Quantitative variables were compared using 

Student’s t test or Mann-Whitney test. To analyze 

respiratory polysomnographic profiles, we used a multiple 

correspondence factor analysis (MCFA),17 with patients 

divided into two groups: patients without OSAS (AI < 1) 

and patients with OSAS (AI ≥ 1). This analysis allows to 

assess the most important relationships in a large pool 

of categorical and continuous variables. MCFA analysis 

uses graphs that are also known as factorial planes. Each 

variable is represented by a point included in the plane. 

Relationships among variables can be assessed graphically 

by the proximity between the points on the plane, and 

the cumulative contribution (expressed as a percentage) 

of each variable in the first two factorial axes can be 

calculated. The purpose of this analysis was to assess 

the strength of relationships between presence of OSAS 

and each one of the polysomnographic variables, so as 

to identify the profiles of CF children that have OSAS. 

Each group of data was analyzed separately. MCFA is a 

powerful tool for inspecting large amounts of data and 

selecting the most important variables for a more detailed, 

subsequent analysis.

All statistical tests were two-tailed, and significance was 

set at p ≤ 0.05. The software used for database management 

and statistical analysis was the Statistical Package for the 

Social Sciences for Windows, version 12.0 (SPSS Inc., 

Chicago, USA), and the R 2.0.2 software (R Development 

Core Team, Vienna, Austria). The Système Pour Analyse 

de Données (SPAD) software, version 3.5 (Cisia-Ceresta, 

Montreuil, France), was used for the correspondence 

analysis.

Results

The parents of 120 of the 200 pediatric patients registered 

at the CF reference center agreed to participate in the study 

and completed the sleep disturbance questionnaire; 85 of 

these 120 children met clinical criteria for sleep disturbance. 

Of the 85 children with CF and a clinical suspicion of SDB, 

74 met inclusion criteria for this study, and 67 agreed to 

undergo polysomnography. Their demographic data are 

shown in Table 1, and their sleep and everyday performance 

complaints are shown in Figure 1.

Mean and standard deviation of TST (minutes) and 

sleep efficiency (%) of the patients studied were 379±60 

and 81±11, respectively, and 38 (56.7%) of the 67 

patients with CF showed an AI ≥ 1 event/hour of sleep. 

Of these 38 patients, seven (18%) were identified as 

having moderate OSAS (5 < AI ≤ 10 events/hour of 

sleep), and two (5%) were identified as having severe 

OSAS (AI > 10 events/hour of sleep); the remaining 29 

(43.3%) patients were diagnosed as non-OSAS cases. 

Four patients had SpO2 < 90% in over 5% of the TST. 

The mean and standard deviation of mean SpO2 level 

and SpO2 nadir during sleep were 94±2 and 81±6%, 

respectively. The polysomnographic profile of patients is 

detailed in Table 2.

Profiles of CF patients in the OSAS group and in the 
non-OSAS group

Analysis of polysomnographic MCFA results showed that 

the OSAS group was characterized by longer sleep latency 

Sleep architecture in cystic fibrosis – Ramos RT et al.
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Characteristics	 Results

Male (%)	 56.7 (38/67)
Age (years)*	 8 (5:10)
Skin color: black and mixed race (%)	 80.6 (54/67)
Weight/age z score*	 -0.54 (-1.3:0.2)
Height/age z score*	 -0.50 (-1:0.5)
BMI percentile*	 34 (11:64)
Total S-K†	 85.6±9.1
FEV1*	 78.5 (67:92.8)

BMI = body mass index; CF = cystic fibrosis; FEV1 = forced expiratory volume 
in 1 second; Total S-K = total Shwachman-Kulczycki score.
*	 Median and interquartile range.
†	 Mean ± standard deviation.

Figure 1 -	 Frequency of complaints related to sleep and everyday performance 
in the 67 cystic fibrosis children assessed from November 2006 to 
April 2008

		  General population	 Patients with OSAS	 Patients without OSAS
Polysomnographic data	 (n = 67)	 (n = 38)	 (n = 29)	 p

TST (min)*	 379±60	 383±65	 361±51	 0.14
Sleep efficiency (%)*	 81±11	 82.1±12	 79±10	 0.34
REM (%)†	 13 (10:20)	 15 (10:21)	 12 (9:18)	 0.11
Stage 1 (%)†	 6 (4:10)	 6.5 (4:10)	 6 (4:10)	 0.94
Stage 2 (%)†	 38 (31:46)	 41 (30.8:50)	 37 (31:43)	 0.25
Stage 3 (%)†	 3 (2:4)	 4 (2:4)	 3 (3:4)	 0.38
Stage 4 (%)†	 21 (16:26)	 21 (17:26)	 22 (16:27)	 0.69
REM latency (min)†	 144 (84:241)	 162 (104:241)	 139 (56:245)	 0.59
Sleep latency (min)†	 12 (5:28)	 12 (6:31)	 13 (5:27)	 0.71
Arousal index/h†	 8 (4:11)	 7 (5:9)	 6 (4:7)	 0.03
AI/h†‡	 1 (0:1)	 1 (1:3)	 0 (0:0)	 < 0.001
AHI/h†	 3 (2:6)	 5 (3:7)	 2 (1:2)	 < 0.001
SpO2 nadir (%)*	 81±6	 80±5	 83±6	 0.02
% of TST with SpO2 < 90%†	 0.3 (0:1)	 0.4 (0:1)	 0.2 (0:1)	 0.15

Table 2 -	 Comparison of polysomnographic data of the 67 CF patients, with and without OSAS, studied from November 2006 to April 
2008

AHI = apnea-hypopnea index; AI = apnea index; CF = cystic fibrosis; OSAS = obstructive sleep apnea syndrome; REM = rapid eye movement; 
SpO2 = pulse oxyhemoglobin saturation; TST = total sleep time.
Results expressed as mean ± standard deviation or median with interquartile range.
*	 Student’s t test.
†	 Mann-Whitney test.
‡	 AI cut-off point = 1. 

Table 1 - Demographic and clinical data of the 67 CF patients 
studied from November 2006 to April 2008

periods (> 12 minutes), higher percentages of time spent 

in stages 1 and 2 (> 6 and > 38%, respectively), greater 

arousal index per hour of sleep (> 8 events/hour of sleep), 

longer REM sleep latency periods (> 144 minutes), and 

lower percentages of time spent in stages 3 and 4 and REM 

sleep (≤ 3, 21, and 13%, respectively) when compared to 

the non-OSAS group. When respiratory parameters were 

evaluated, the OSAS group demonstrated lower mean and 

minimum SpO2 values (≤ 94% and ≤ 81%), longer apnea 

periods (> 13 seconds), higher desaturation indices (> 0.92), 

and higher percentages of TST with SpO2 less than 90% 

(> 0.28) compared to the non-OSAS group (Figure 2).

Sleep architecture in cystic fibrosis – Ramos RT et al.
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Figure 2 -	 Representation of polysomnographic respiratory variables of 67 cystic fibrosis patients, shown in a factorial 
plane graph using the first two axes

OSAS = obstructive sleep apnea syndrome; SpO2 = pulse oxyhemoglobin saturation; TST = total sleep time.

Discussion

Children and adolescents with CF and a clinical suspicion 

of SDB evaluated in our study had frequent sleep complaints 

and significant changes in sleep architecture. This study 

also found a high prevalence of OSAS in this group of 

patients. There is limited information available on sleep 

architecture from sleep studies in patients with CF, as well 

as on the prevalence of SDB in CF patients, particularly 

OSAS in children.5 The majority of studies published so far 

on SDB and CF include older populations, namely patients 

in late adolescence and young adults.18 The present study 

assessed a younger sample of patients (range of 5 to 10 

years and median age of 8 years).

Naqvi et al.19 evaluated sleep architecture in children 

and adolescents (14.2±3.8 years) with CF, and noticed that 

they presented frequent sleep complaints and changes in 

sleep architecture. In addition, those authors observed that 

the magnitude of sleep disruption was associated with the 

severity of lung disease, but was not directly correlated 

with the degree of nocturnal hypoxemia or hypoventilation. 

Furthermore, the majority of patients did not have significant 

OSAS. Conversely, in our study, nine patients (23.7%) 

had moderate and severe OSAS, and we did not observe 

any correlation between sleep disruption and the severity 

of lung disease. A possible explanation for our results is 

that we studied a younger, clinically stable population with 

shorter disease duration.

Nocturnal polysomnography13 is the standard diagnostic 

test to confirm OSAS. However, the reference values for 

this test vary between pediatric population-based studies. 

We adopted an AI ≥ 1 as a polysomnographic diagnostic 

criterion,14,15 as recommended by Sociedade Brasileira 

de Sono14. In this study, only one polysomnography was 

performed, but data from the literature support the concept 

that a single nocturnal exam is sufficient for diagnosing 

OSAS, even in CF patients.5,20-22

In the present study, children with OSAS were 

predominantly below 8 years of age and female. OSAS 

occurs in children of all ages, but is more common from 3 

to 6 years of age.23 Adenotonsillar hypertrophy may explain 

the occurrence of OSAS in this population and age group 

(< 8 years). Furthermore, upper airway obstruction caused 

by chronic infection and nasal polyposis is another possible 

cause of OSAS in CF patients and possibly contributes to 

the severity of OSAS.3,24 Ramos et al.,25 studying this same 

population, noted that the presence of chronic rhinosinusitis 

(with or without nasal polyposis) may serve as causal or 

aggravating factor for SDB in this population.

TST, sleep efficiency, and sleep latency were not useful 

in distinguishing between OSAS and non-OSAS groups, 

except for the arousal index. Previous reports using 

polysomnography or actigraphy in CF patients have shown 

that they have a poor sleep quality despite normal sleep 

latency and efficiency.26,27 In this study, patients in the 

Sleep architecture in cystic fibrosis – Ramos RT et al.
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OSAS group had longer REM sleep latency periods and a 

lower percentage of TST in stage 4 and the REM stage of 

sleep, and we did not find a significant correlation between 

the degree of sleep fragmentation and the severity of lung 

disease.

We used the Rechtschaffen & Kales’ criteria to score the 

sleep architecture parameters instead of the new American 

Academy of Sleep Medicine rules which could have disclosed 

some additional differences, such as a higher percentage of 

stage 1 and a higher number of stage shifts in children with 

OSAS. Coughing occurred during the initial stages of sleep, 

which may have contributed to delays in the progression 

from these stages of sleep to slow wave stages and REM 

sleep. Another possible explanation is that the so-called 

first-night effect interfered with sleep architecture.5,28

The respiratory events that made the greatest 

contribution to distinguishing between the OSAS and non-

OSAS groups were desaturation index, apnea duration, 

percentage of the TST with SpO2 < 90%, and SpO2 

nadir. Oxyhemoglobin desaturation during sleep has been 

documented as being more prevalent in patients with CF 

and severe lung disease. However, limited information 

describing nocturnal oxygen saturation in patients with CF 

and mild lung disease is available.4 Villa et al.29 studied 

young children with CF (mean age, 13.1 months; range, 

3-36 months) and observed the presence of desaturation 

during sleep. We studied patients from 2 to 14 years of age 

and frequently noticed intermittent drops in SpO2; this was 

even observed in younger patients, patients with normal 

lung function, and patients with minor changes in lung 

function. Of the patients studied, 56 (84%) experienced 

desaturation during sleep. Nocturnal hypoxemia, defined 

as SpO2 < 90% for more than 5% of the patient’s TST, was 

observed in four patients in our study. Although OSAS has 

not been identified in the medical literature as a mechanism 

responsible for progressive oxygen desaturation during 

sleep in populations of patients with CF, the OSAS group 

presented strong associations with a higher TST percentage 

with SpO2 < 90%, a higher number of desaturation events, 

and more prolonged apnea events. Even though there is a 

significant difference in some of these parameters in the 

OSAS and non-OSAS group, it is not possible to confirm that 

these parameters exert influence on CF clinical progression. 

The coexistence of a chronic lung disease (such as CF) 

and OSAS might possibly contribute to a higher number of 

desaturation and hypoxemia episodes compared to patients 

with CF alone.

We needed to be careful about adopting the AI as 

our diagnostic criterion, since hypopneas are frequently 

described in CF patients,30 so that the prevalence of OSAS 

in our cohort of CF is not overrepresented. The strength 

of the present study is the wide age group of children and 

adolescents with CF evaluated; however, several limitations 

also deserve to be mentioned: 1) the study design is cross-

sectional, which does not allow us to establish a causal 

relationship between sleep apnea and CF-related factors; 

2) capnography was not used, which limited the observation 

of hypoventilation; 3) sleep architecture parameters were 

scored using the Rechtschaffen & Kales’ criteria instead of 

the new American Academy of Sleep Medicine guidelines.

It is concluded that children and adolescents with CF 

had frequent sleep complaints, significant changes in their 

sleep architecture, and a high prevalence of SDB. Further 

studies should be conducted to explore the nature of the 

interaction between lung disease in CF and sleep, and to 

determine whether intervention in SDB in CF patients will 

modify the clinical course of the disease.
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